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Foreword 
 
Our purpose in the 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 
2013) is to provide, in these increasingly related areas, a multi-disciplinary forum, to foster 
interdisciplinary communication among the participants, and to support the sharing process of diverse 
perspectives of the same transdisciplinary concepts and principles. 
 
Systemics, Cybernetics and Informatics (SCI) are being increasingly related to each other in almost 
every scientific discipline and human activity.  Their common transdisciplinarity characterizes and 
communicates them, generating strong relations among them and with other disciplines.  They work 
together to create a whole new way of thinking and practice.  This phenomenon persuaded the 
Organizing Committee to structure WMSCI 2013 as a multi-conference where participants may focus 
on one area, or on one discipline, while allowing them the possibility of attending conferences from 
other areas or disciplines. This systemic approach stimulates cross-fertilization among different 
disciplines, inspiring scholars, originating new hypothesis, supporting production of innovations and 
generating analogies; which is, after all, one of the very basic principles of the systems’ movement and 
a fundamental aim in cybernetics.  
 
WMSCI 2013 was organized and sponsored by the International Institute of Informatics and Systemics 
(IIIS, www.iiis.org), member of the International Federation of Systems Research (IFSR). The IIIS is a 
multi-disciplinary organization for inter-disciplinary communication and integration, which 
includes about 4500 members.  Consequently, a main purpose of the IIIS is to foster knowledge 
integration processes, interdisciplinary communication, and integration of academic activities. Based 
on 1) the transdisciplinarity of the systemic approach, along with its essential characteristic of 
emphasizing relationships and integrating processes, and 2) the multi-disciplinary support of 
cybernetics’ and informatics’ concepts, notions, theories, technologies, and tools, the IIIS has been 
organizing multi-disciplinary conferences as a platform for fostering inter-disciplinary communication 
and knowledge integration processes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Multi-disciplinary conferences are organized by the IIIS as 
support for both intra- and inter-disciplinary communication. 
Processes of intra-disciplinary communication are mainly 
achieved via traditional paper presentations in corresponding 
disciplines, while conversational sessions, regarding trans- and 
inter-disciplinary topics, are among the means used for inter-
disciplinary communication. Intra- and inter-disciplinary 
communications might generate co-regulative cybernetic loops, 
via negative feedback, and synergic relationships, via positive 
feedback loops, in which both kinds of communications could 
increase their respective effectiveness. Figure 1 shows at least 
two cybernetic loops if intra- and inter-disciplinary are 
adequately related. A necessary condition for the effectiveness of 
Inter-disciplinary communication is an adequate level of variety 
regarding the participating disciplines. Analogical thinking and 
learning processes of disciplinarians depend on it; which in turn 
are potential sources of the creative tension required for cross-
fertilization among disciplines and the generations of new 
hypothesis. An extended presentation regarding this issue can be 
found at www.iiis.org/MainPupose.   
 

 

Figure 1 



In the specific case of Systemics, Cybernetics and Informatics (SCI), the IIIS is an organization 
dedicated to contribute to the development of the Systems Approach, Cybernetics, and Informatics 
potential, using both: knowledge and experience, thinking and action, theory and practice, for:  
 
a) the identification of synergetic relationships among Systemics, Cybernetics and Informatics, and 

between them and society; 
b) the promotion of contacts among the different academic areas, through the transdisciplinarity of 

the systems approach; 
c) the identification and implementation of communication channels among the different 
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ABSTRACT 

 

Emerging markets are considered to be the providers of 

great investment opportunities due to their continually 

improving economic and political conditions.  However, 

high risks aligned with high potential return make 

investors’ approach towards stock investing more careful 

and the analysis of the publicly available market 

information more thorough. The question about the best 

proxy of the market performance of the listed companies 

is one of the most important for the fundamental analysis 

followers. 

 

The goal of the current paper is to analyze the 

relationship between the market and economic 

performance of a company in order to test whether 

Central and Eastern European (CEE) companies’ 

economic performance is reflected in their market return. 

 

Correlation and quartile analysis were used to discover if 

any economic performance ratio can be used as a proxy 

to TSR (total shareholder return). Analysis was made 

based on the sample data of CEE 117 companies. 

 

 

Keywords: CEE equity markets, TSR, regression 

analysis, market performance, economic performance 

 

 

1. INTRODUCTION 

 

In the last decade, the issues around shareholder value 

(SHV) and its drivers became the most frequently 

debated questions in an academic literature, among 

financial markets professionals and in the financial 

reports of international consulting firms. The most 

successful organizations choose a value-creation strategy 

as a bottom line for doing business in a highly 

competitive modern environment. Despite the criticism of 

shareholder value by the proponents of stakeholder theory 

[23], it is proved that value creating companies better 

serves all their stakeholders [17]. 

 

Based on the viewpoint of experts from Boston 

Consulting Group (BCG), it is important to establish an 

appropriate quantitative target to create sustainable, long-

term shareholder value. Since 1980, when the concept of 

shareholder value was introduced, traditional accounting 

measures have been criticized for not capturing firm’s 

true economic position. A number of new metrics were 

developed to support the concept of SHV [18, 20].  

 

However, there is still no consistent viewpoint about 

what performance measures better reflect a company’s 

current position and its potential to creation shareholder 

value in long term.  Jeff Kotzen, BCG regional sector 

leader in Americas [11], states that many companies 

today want to know what moves they can make to align 

their share price with fundamentals. Thus, the research 

questions are: (1) what are the most appropriate economic 

performance indicators equity investors have to rely on? 

and (2) whether the high economic performance is 

reflected in the share price?  

 

The goal of the research is to explore whether an 

economic performance of a company is aligned with its 

market performance / (to specify the relationship between 

a company’s economic return and its market return). The 

authors’ stated hypothesis is, as follows: 

 

There is a strong relationship between company’s 

economic and market performance in the CEE equity 

markets. 

 

This paper reflects the authors’ attempt discover which 

economic performance measure can become the best 

proxy for the firms’ market development.  Information 

about the relationship between market data and economic 

performance allows making a reliable forecast of SHV 

growth, based on company’s fundamentals.  Besides, the 

research results can help investors to make informed 

decisions, avoiding   investment mistakes related to the 

expectations premiums. 

 

 

2. LITERATURE REVIEW 

 

Focusing on the shareholder value creation led to the 

development of a number of ratios to measure it.  

However, there are ongoing debates regarding which 

ratio is the best in measuring shareholder value creation 

and, therefore, has a strong relationship with the 

companies’ market performance. 

 

According to Damodaran [7], the stock price is an 

observable and real measure of stockholder wealth in a 
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publicly traded company. In turn, other experts consider 

total shareholder return (TSR) is the best measure of 

corporate value creation [1, 10]. However, this approach 

has its limitations, because „over short periods TSR 

embodies changes in expectations about the future 

performance of a company more than its actual 

underlying performance and health” [8]. To overcome 

these problems, other measures should be introduced to 

interpret TSR quality [3]. It is possible to use market 

value added (MVA) as a complementary measure of 

stock market performance. MVA reflects the difference 

between the value of equity capital and net debt, and their 

book value; it is expressed in monetary units. TSR is 

expressed as a percentage and is the sum of dividend 

yield (dividend/share price) and the capital gain (capital 

gain during the period/initial share price) [22]. 

 

Market performance of a company is a function of two 

components: fundamental business performance and 

investor expectations [19]. The role of fundamentals as 

drivers of market performance is frequently discussed 

topic in both academic and professional environment [9, 

24].  

 

Traditional measures that represent an economic 

performance of a company are: return on equity (ROE), 

return on assets (ROA), earnings per share (EPS), return 

on capital employed (ROCE), return on invested capital 

(ROIC), dividends per share (DPS). The list can be 

complemented with a set of more sophisticated metrics—

for instance, economic value added (EVA) or cash flow 

return on investment (CFROI).  

 

BCG experts assert that top value creators owe their 

success to an improvement in the key fundamental 

drivers of value creation: cash flow return on investment 

(CFROI) and profitable investment growth [2]. BCG 

estimated that from two-thirds to three-fourths of a 

company’s TSR over the long term is due to the 

profitable growth [16]. Based on Stewart, the true drivers 

of shareholder returns are earnings and increasing EVA 

[21]. High correlation between EVA and MVA was 

confirmed also by other researchers [14, 15].  

 

However, other studies do not support the idea that EVA 

is the best measure of shareholder value [12]. Biddle 

found that the market is more focused on accounting 

earnings [5]. Findings of Dodd and Chen showed that 

market performance is largely driven by ROA. 

Correlation between share returns and other measures – 

EPS and ROE, was low [6]. 

 

Bhunia examined the relationship between TSR, MVA 

and a range of financial variables [4]. The results 

demonstrated positive correlation between MVA and 

such measures, as EVA, ROCE, RONA (return on net 

assets) and EPS. In turn, TSR is linked to ROCE and 

EPS. In a study conducted by Lehn and Makhija 

relationship between share returns and such measures as 

ROA, ROE and EVA was found [13]. 

3. RESEARCH DESIGN 

 

The authors of the present research analyzed 117 

companies, which are included in the main lists of the 

CEE (Croatia, Czech Republic, Estonia, Hungary, Latvia, 

Lithuania, Romania, Poland, Slovakia, Slovenia) stock 

exchanges to discover if there is a robust relationship 

between the firms’ market performance and their 

economic performance. The authors selected the 

following analysis period: January 2005 to December 

2012 as the quality of earlier periods’ data is 

questionable, which might lead to the incorrect results. 

Quantitative and financial data for the present research 

needs were extracted from the annual reports of the 

analyzed companies. The stock prices were compiled 

using the historical data provided by the local stock 

exchanges. 

 

To determine the relationship between the companies 

market and economic performance within the CEE 

market the authors correlated the ratios, which describe 

the market performance with the ones, which describe the 

corporate financial (economic) performance as indicated 

in the figure 1. 

 

Every market performance indicator was correlated with 

each economic performance indicator and the statistical 

significance was calculated for each correlation ratio. The 

correlation was calculated in MS Excel in two ways: a) 

for bulk market; b) correlation was calculated for each 

company and then the mean of all correlation indicators 

was calculated. In the latter case, the company was 

deleted from the calculation sample in case there were 

less than 4 observation years. The correlation was done 

with a 1 year lag: market performance in 2005 was 

correlated with ROE the company had in 2004.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Market Performance and Economic 

Performance Measures (correlation methodology) 
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In addition, the authors applied more practical for 

investor method to determine the possible influence of 

the financial performance indicators on the company’s 

market performance. The quartile analysis was used for 

this purpose. The companies analyzed were divided into 4 

equal groups (quartiles) according to the certain 

economic performance ratios: ROE, ROCE, 

OpCf/Equity, EPS growth, EVA growth, DPS growth. 

The conclusions are made based on the quartile analysis, 

where the first quartile is comprised of the companies 

having the weakest financial indicator and the fourth 

quartile is comprised of the companies having the 

strongest financial indicator. Therefore, each group was 

rebalanced every year when the new financial results 

were published. The performance for each quartile was 

calculated and compared. 

 

 

4. RESEARCH RESULTS 

 

A. Market and Economic Performance Correlation 

 

Table 1 provides an overview of the correlation results 

explaining the relationship between the market 

performance and the economic performance as indicated 

by the financial ratios. 

 

Traditional economic performance measures such as 

ROCE and DPS do not demonstrate a meaningful 

correlation with the price performance and TSR. 

Statistically significant correlation is seen with one of the 

most favourite investors’ financial performance 

measures, ROE, which, however, is negative.  

 

Negative and statistically significant correlation is also 

with the EPS. The only positive and moderate correlation 

is seen with relatively novel financial performance 

indicator, EVA. It is worth noticing that the correlation 

results are statistically significant only in case of the 

average correlation calculation method.  

 

Table 1 

Correlation Table of Market Performance vs. 

Economic Performance 
(Areas marked in grey indicate statistically significant 

correlation at 95% confidence level; critical t-value is 

1.96) 

 
 

The correlation of the economic indicators with MVA, 

which is calculated as the difference between the current 

firm’s market value and the capital contributed by the 

shareholders and bondholders, provides more statistically 

meaningful results. EVA ratio rather closely correlates 

with MVA as proved by the 50% correlation result. 

Statistically significant relationship between EVA and 

MVA is seen with the both calculation methods.  

 

ROCE and operating cash return similarly as in the cases 

with price return and shareholder return do not 

demonstrate any relationship. ROE positively correlates 

with the MVA ratio, while the net earnings show negative 

correlation with MVA. Correlation result for the 

dividends cannot be interpreted straightforward and 

might create rather ambiguous picture as the results are 

positive or negative depending on the calculation method.  

 

To sum up, the traditional financial measures obviously 

cannot be of good proxy of the shareholder value creation 

ability of the company due to their poor correlation with a 

number of the market performance measures. The 

strongest correlation with all market performance ratios 

(price return, TSR, MVA) demonstrates Economic Value 

Added (EVA), economic profit of the company. 

 

B. Economic Performance as a Leading Indicator of 

Market Performance 

 

In the second part of the present article the authors review 

the practical application of the economic performance 

measures and propose which ratios have the highest 

power in delivering superior returns. 

 

The values of TSR indices based on ROE quartiles in 

December 2012 follow the logical pattern – the more 

profitable the company the better performance it can 

deliver (Figure 2). However, the performance quality is 

not consistent during the first five observation years 

(2005-2009) the best performing was 2
nd

 ROE quartile, 

while in 2010 the best performance over the period was 

delivered by the 1
st
 ROE quartile (companies with the 

lowest profits), which were the fastest to recover after the 

crisis. 

 

 
 

Figure 2 TSR index based on ROE quartiles 

bulk average bulk average bulk average

ROE -4% -12% -5% -11% 2% 10%

T-stat -1.02 -3.27 -1.41 -3.13 0.57 2.84

ROCE 3% 0% -1% 0% 1% 2%

T-stat 0.85 0.00 -0.28 0.00 0.28 0.57

OpCF/Equity -2% -1% 0% 1% 1% 0%

T-stat -0.57 -0.28 0.00 0.28 0.28 0.00

EPS -2% -16% -1% -17% -2% -13%

T-stat -0.57 -4.58 -0.28 -4.87 -0.57 -3.70

EVA -1% 17% 1% 19% 50% 11%

T-stat -0.28 4.87 0.28 5.47 16.31 3.13

DPS -6% -4% -5% 0% 19% -10%

T-stat -1.70 -1.13 -1.41 0.00 5.47 -2.84
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In case with the ROCE quartiles, 2
nd

 ROCE quartile is the 

clear outperformer throughout the whole observation 

period (Figure 3). 

 

 
 

Figure 3 TSR index based on ROCE quartiles 

 

The companies with the worst profitability managed to 

outperform the companies with high capital employed 

profitability with the exception of the last two years 

(2011-2012). 

 

Operating cash over equity capital ratio does not provide 

a logical pattern of TSR dependence on the operating 

cash return as well (Figure 4). However, the 4
th

 quartile 

shows the steady growth after the crisis beating the 1
st
 

and 2
nd

 quartiles, which represent the companies with the 

relatively weak operating cash generation ability. 

 

 
 

Figure 4 TSR index based on OpCF/Equity quartiles 

 

The companies posting the highest growth in EPS 

(4
th

quartile) appear to suffer the worst during the 

financial crisis, but managed to recover to beat all the rest 

EPS growth quartiles (Figure 5). It needs to be mentioned 

that the companies posting the lowest growth in net 

earnings did were not affected by the decline in 2008 as 

much as other companies and were the fastest to recover 

after the liquidity crunch.  

 

The possible explanation for the mentioned phenomenon 

can be the following: large stable companies usually 

cannot boast of the high sales or earnings growth but they 

often become safe harbors during the massive sell off on 

the financial markets. 

 

 
 

Figure 5 TSR index based on EPS growth quartiles 

 

The correlation research provided in the first part of the 

paper proved the highest correlation of EVA indicator 

with the market performance.  

 

The quartile analysis supports the results obtained in the 

correlation analysis: high EVA growth companies appear 

to be the best performers prior to the financial crisis and 

are also among the leader in the recovery phase (Figure 

6). While the enterprises with the weakest EVA growth 

(1
st
 quartile) are, indeed, the worst performers throughout 

the whole observation period. 

 

 
 

Figure 6 TSR index based on EVA growth quartiles 

 

In the dividend growth case the companies delivering the 

highest performance over the analyzed period are the 

ones with the highest and the lowest dividend growth 

(Figure 7). Safe harbor in the financial crisis time were 

the companies scarcely increasing the dividends, which is 

often typical for the large stable companies. It should be 

noted though that the difference in the end values of all 

quartiles is relatively small. 
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Figure 7 TSR index based on DPS growth quartiles 

 

To sum up, selecting fundamentally the best companies 

according to just one economic performance measure 

would hardly deliver a consistent outperformance for the 

equity investor. Investors should consider the group of 

the indicators as well as pay attention to the relevance of 

the fundamental analysis, which seems to gain the 

importance in CEE equity markets right after the crisis as 

proved by the performance of the 4
th
 quartile in almost 

every financial measure case. 

 

 

5. CONCLUSIONS 

 

The research results refute the hypothesis stated by the 

authors prior to conducting a study. It was discovered that 

there does not exist strong relationship between 

company’s economic and market performance in CEE 

equity markets.  

 

The first part of the research was dedicated to the 

correlation analysis to find out if various economic 

performance measures (ROE, ROCE, OpCF/Equity, EPS, 

EVA, EPS) have significant relationship with the market 

performance measures such as: price return, total 

shareholder return and MVA. In the majority of cases 

correlation was insignificant or even negative. EVA 

turned out to be the best proxy among the selected 

economic performance indicator – its correlation with 

MVA reached 50%. It was found out that MVA 

correlates also with ROE (average calculation method) 

and with the DPS (bulk market calculation method) 

ratios. 

 

The second part of the research was dedicated to the 

quartile analysis with a purpose to understand if the 

economic performance measure can become a stock 

selection criterion to be able to reach consistent 

outperformance. Selecting the best stocks according to 

the ROE, EVA growth and operating cash return 

(OpCF/Equity), would deliver the highest TSR for the 

equity investors. However, the delivered performance is 

not consistent throughout the period and the 4
th

 quartile 

(the best) index beat the other quartile TSR indices only 

in the post-crisis period, when, obviously, CEE market 

investors started to consider the fundamentals when 

building equity portfolios. Rather often the best-

performing companies were classified in 2
nd

 or even 

1
st
quartile (the worst quartiles according to the 

fundamental ratios). 

 

The authors assume that the obtained results can be a 

reflection of the development stage of the stock investing 

in the emerging markets, where the relevant education 

level of the investors is not yet too high. Thus, the 

fundamental analysis is not yet employed at its full 

potential. Therefore, the economic performance of the 

company in CEE is not the best proxy of its market 

performance, but the trend towards employing 

fundamental analysis is well-seen. 
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ABSTRACT 
 

The goal of the present article is to assess bank customer 

equity and the dimensions of the factors affecting it. 

 

To achieve the goal, the authors have performed a 

qualitative analysis of scientific literature on customer 

equity and its dimensions. 

 

To obtain empirical data, the authors have developed the 

questionnaire and adapted it for the bank customers in 

Latvia on the basis of factors affecting value proposed by 

Rust et al. [1]. The questionnaire mainly consists of 

closed questions, the evaluation of which is based on 5-

point Likert scale (1 – strongly disagree, 5 – strongly 

agree). 

 

The obtained empirical data has shown that bank 

customer equity may be affected by value and retention 

equity. By conducting the research, the authors have not 

only proven the hypotheses put forward, but also 

substantiated the findings with the scientific literature. 

 

The authors also faced the restriction that only one of 

Latvia’s commercial banks participated in the empirical 

research activities. 

 

Keywords: Bank, Customer Equity, Model, Latvia. 
 

1. INTRODUCTION 
 

Financial institutions, such as banks, have a decisive role 

in any sector of the economy. Similarly, the fundamental 

objective is to increase the value of business 

shareholders [2]. However, with the increase of global 

competition, the issue of increasing the value of 

customer equity for both the customer and the economy 

involved becomes more topical. 

 

Customers are intangible assets, and it is difficult to 

determine their future value [3]. Nevertheless, customer 

equity is considered the main source of current and 

future cash flow. Gupta et al. (2004) also stress that it is 

important for an institution to obtain the maximum 

present value of customer equity as in the future it will 

provide an increase in value [4]. Thus, the models 

available in the scientific literature based on customer 

equity are regarded as powerful tools to maximize profit. 

By its nature, customer equity model is a financial 

instrument based on strategic decision management; 

besides, being dynamic, it may change depending on the 

type of industry and customer [1]. Great importance is 

also given to equity ratio, especially in such economic 

sectors where it is the dominating aspect. 

 

The model developed by Rust et al. for determining 

customer equity from the point of view of the customer 

was used by Holehonnur et al. in their later studies [1, 5]. 

The conclusion was as follows: the goal of product 

acquisition is affected by the market of tangible and 

intangible factors classified as value and brand equity. 

However, in this research equity ratio has not been taken 

into account.  

 

The goal of present study is to estimate customer equity 

and its structure from the point of view of the customer, 

which is based on three different factors affecting value 

developed by Rust et al. [1]. 

 

To achieve the goal, a questionnaire, quantitative and 

qualitative methods, including the method of sociologic 

research, monographic and descriptive methods have 

been used. 
 

2. LITERATURE REVIEW 
 

Blattberg and Deighton were one of the first who 

investigated customer equity in 1996 [6]. Later, studies 

have been conducted by other scientists [7, 3, 8]. 

 

Customer equity oriented model has been considered by 

many authors. For example, Blattberg and Deighton’s 

(1996) model was based on determining the level of 

expenditure to maximize customer equity [6]. In the 

further studies, Blattberg et al. (2001) aimed at raising, 

retaining and selling equity [7], whereas Berger and 
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Nasr-Bechwati (2001) based their studies on the rate of 

acquisition and retention [9]. Rust et al. (2000), in their 

turn, defined the essential customer affecting factors as 

follows: value, brand and retention equity (known also as 

equity ratio) [1]. 

 

Not only companies, but also banks have established 

customer relationship marketing programmes for 

customer relationship management. However, there is no 

unanimous opinion concerning customer equity and the 

concept of assessing it. Lemon (2001) also stresses that 

customer equity is a new marketing approach; it is based 

on increasing customer value [10]. Besides, Lemon 

(2001) and Gupta et al. (2004) define customer equity as 

the customer value of the   company; it is customer 

lifetime value of its current and future customers [10, 4]. 

However, Rust et al. (2004) and Blattberg and Deighton 

(1996)    defined customer equity as discounted life 

values of present and future customers [11, 6].        

 

As for customer equity and its future value that is aimed 

at mutual relations, according to Villanueva and 

Hanssens (2007) it is based on three different 

conceptions: customer lifetime value, static customer 

equity and dynamic customer equity [12]. Moreover, 

Hanssens et al. stress that one of the essential and most 

complicated tasks is to identify the combinations of 

essential factors affecting customer equity that will allow 

retaining the existing customers and attracting new ones. 

 

In the scientific literature, customer lifetime value is 

characterized as discounted amount of cash flow to 

individual customers or customer segment groups [9].  

Static customer equity is the customer lifetime value of 

specific customers, while dynamic customer equity is the 

discounted amount of present and future value [12]. 

 

However, Rust et al. (2004) developed a comprehensive 

model, which identifies various factors that can affect the 

results of a company [11]. The model is called customer 

lifetime value (CLV) and is based on value, brand and 

retention equity. Reinartz and Kumar (2000), Rust et al. 

(2004) used the CLV model to assess the financial 

results of a company [13, 11]. However, it should be 

mentioned that this model can also affect customer 

equity. 

 

Customer Equity Drivers 

 

In general, value equity determines relationships among 

products, services and their price. However, Rust et al. 

(2000) define it as “customers’ objective assessment of 

the utility of a brand based on perceptions of what is 

given up for what is received” (Rust et al., 2000: 56) [1]. 

Furthermore, value equity is characterized by three main 

components: quality, price and convenience (Rust et al., 

2000: 74) [1]. Lemon et al. (2001) also consider that 

value equity is one of the most effective strategies of 

customer retention; however, it does not function if 

products and services are not aimed at satisfying 

customer needs [10]. 

 

Brand equity, in its turn, is defined as “customers’ 

subjective and intangible assessment of the brand, above 

and beyond its objectively perceived value” (Rust et al., 

2000: 57) [1]. There are also three important components 

of brand equity: customer brand awareness, customer 

attitude towards the brand, customer perception of brand 

ethics (Rust et al., 2000: 88) [1]. 

 

However, retention equity is defined as “a tendency of 

the customer to stick with the brand, above and beyond 

the customer’s objective and subjective assessment of 

the brand” (Rust et al., 2000: 57) [1]. Retention equity is 

characterized by five components: loyalty programs, 

special recognition and treatment programs, affinity 

programs, community building programs, knowledge 

building programs (Rust et al., 2000: 100) [1]. 

 

3. METHODOLOGY 

 

To obtain the necessary data, the authors have used the 

conceptual framework of consumer equity [1] shown in 

Fig. 1: 

 

 
Fig. 1. Conceptual framework of bank customer equity 

 

Based on the conceptual framework of bank customer 

equity, the authors have put forward and tested several 

hypotheses: 

 

H1. Perceived value equity has a positive impact on bank 

customer equity. 

 

H2. Perceived brand equity has a positive impact on 

bank customer equity. 

 

H3. Perceived retention equity has a positive impact on 

bank customer equity. 

 

The research has been conducted in one of the leading 

banks of Latvia during the period of time from January 

to April 2013 in order to evaluate bank customer total 

equity and its influencing factors. 
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Based on empirical studies abroad and research 

conducted by Rust et al. (2000), a questionnaire has been 

developed and adapted for the bank customers in Latvia, 

as well as the collected data has been analysed [1]. 

 

The questionnaire contains 30 questions that make up 

five question blocks. The first question block (questions 

1–3) includes demographic questions; the second block 

comprises the questions related to the evaluation of the 

bank position in the market (questions 4–8) and the 

questions regarding customer leaving probability 

(questions 9–10); the third block – the questions 

concerning value equity and its influencing factors 

(questions 11–17); the fourth block includes the 

questions related to brand equity and its influencing 

factors (questions 18–25); the fifth block – the questions 

regarding retention equity or interrelationship and its 

influencing factors (questions 26–30). 

 

The questions used in the questionnaire are mainly 

closed-ended questions, the evaluation of which is based 

on five-point Likert scale (1 – strongly disagree, 5 – 

strongly agree), excluding the demographic questions. 

 

The research findings have been summarised and 

displayed graphically. The questionnaire has been 

completed by bank customers, who have been divided 

into two groups: natural persons and legal persons. 

 

4. RESEARCH DATA 
 

The main aim of the survey of bank customers has been 

to access the customer equity and its influencing factors, 

as well as to test the hypotheses put forward. 

 

For the purpose of data collection, 283 questionnaires 

have been sent by e-mail to bank customers. A total of 

232 filled questionnaires have been returned and 

considered valid, out of which 171 questionnaires have 

been received from natural persons and 61 

questionnaires – from legal persons.  

 

To collect the necessary data, the income level of natural 

persons and the annual turnover of legal persons have 

also been taken into account. Moreover, natural persons 

and enterprises have been divided into three groups.  

 

Natural persons: 

1.1. A – natural persons with high income, i.e., 

over 500 LVL; 

 

1.2. B – natural persons with middle income, i.e., 

ranging between 200 to 500 LVL; 

 

1.3. C – natural persons with low income, i.e., up 

to 200 LVL. 

 

Enterprises: 

 

1.4. AA – enterprises with an annual turnover of 

over 500,000 LVL; 

 

1.5. BB – enterprises with an annual turnover 

ranging between 100,000 and  500,000 

LVL; 

 

1.6. CC – enterprises with an annual turnover of 

up to 100,000 LVL.   

 

The demographic and private data obtained from 

customers of natural persons have demonstrated that of 

all the respondents 59% are women, and 41% men. A 

total of 29% of respondents are aged 20–29; 44% are 

aged 30–39 and 27% aged above 40. The majority of 

respondents, i.e., 67% are highly educated, 23% have a 

master’s degree, and 10% have a secondary education. In 

terms of income, 24% of respondents consider 

themselves to be lower class, 67% of respondents – 

middle class and 9% – upper class. 

 

However, the demographic and private data obtained 

from customers of enterprises have demonstrated that of 

all the respondents 36% are women, and 64% men. A 

total of 11% of respondents are aged 20–29; 36% are 

aged 30–39 and 53% aged above 40. The majority of 

respondents, i.e., 49% are highly educated, 13% have a 

Master’s degree, and 38% have a secondary education. 

In terms of annual turnover, 51% of the enterprises have 

annual turnover of up to 100,000 LVL, 40% of the 

enterprises have annual turnover ranging between 

100,000 and 500,000 LVL, while 9% of the enterprises 

reach turnover of over 500,000 LVL. 

 

Bank Position in the Market and Customer Leaving 

Probability  

 

Fig. 2 illustrates the issues related to the bank position in 

the market from the customer perspective.  

 

 
Fig. 2. Bank position in the market 

 

As shown in Fig. 2, both natural persons and legal 

persons highly evaluate confidentiality of customer data. 

However, bank leader position in the market and bank 

working hours are low rated by natural persons and legal 

persons, respectively.  
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The use of products and services provided by banks, as 

well as customer leaving probability is demonstrated in 

Fig. 3.  

 

 
Fig. 3. The use of consumer banking products and 

services, as well as customer leaving probability 

 

The obtained data has demonstrated that legal persons 

use banking products and services more often than 

natural persons. In terms of customer leaving probability, 

middle- and low-income natural persons, if attracted by 

competitors, will join them as soon as possible.  

 

Value Equity 

 

To estimate value equity, it was necessary to consider the 

three sub-drivers: quality, price and convenience [1].  

 

The questions related to the evaluation of quality (Q. 11. 

Quality of services and products; Q. 12. Service and 

product price-quality relationship) have demonstrated 

that all three categories of legal persons highly evaluate 

the quality of banking products and services (mean value 

ranged from 3.87 to 3.89); natural persons also share 

similar views (3.75–3.77). 

 

Service and product price-quality relationship has been 

highly evaluated by customers of legal persons from AA 

(3.77) and CC (3.67) categories, but BB category has 

rated it low (3.45). The same issue has also been highly 

evaluated by A (3.45) and B (3.35) categories of natural 

persons, but C category has rated it low (3.23).  

 

The questions related to the price of banking products 

and services (Q. 13. Competitiveness of the price; Q. 14. 

Service and product price compared to that of other 

banks; Q. 15. Discounted price for services and products) 

have demonstrated that all customer categories consider 

this issue important (Q. 13 – natural persons: 3.52–3.55; 

legal persons: 3.59–3.61 and Q. 14 – natural persons: 

3.53–3.56; legal persons: 3.61–3.67). In terms of 

discounted price, AA (3.23) and BB (3.01) customers 

consider it to be important, but it is low rated by A 

(2.56), B (2.33) and C (2.31) customers. As one of the 

possible reasons for such assessment could be the fact 

that the bank is much more flexible in terms of 

discounted price for legal persons than natural persons.  

 

The issues related to convenience (Q. 16. Bank offers 

services and products that I need; Q. 17. Services and 

products are easy available) have been highly evaluated 

by all customer groups (natural persons: 3.99–4.03; legal 

persons: 4.03–4.05), except for CC group (3.59). The 

availability of products and services has been highly 

evaluated by AA, BB, CC (4.01–4.06) customers; while 

A, B, C customers have rated it low (3.51–3.59).  

 

To evaluate the importance of each component of value 

equity, the authors have calculated the total customer 

mean values (see Fig. 4).  

 
Fig. 4. Mean values of value equity components  

 

As shown in Fig. 4, from the customer perspective, the 

three components of value equity are of importance: 

convenience, quality and price. 

 

Brand Equity 

 

The evaluation of brand equity is also based on the 

components developed by Rust et al. (2000): customer 

brand awareness, customer attitude toward the brand and 

customer perception of brand ethics [1]. 

 

The questions related to customer brand awareness (Q. 

18. I pay attention to the bank media advertising; Q. 19. I 

pay attention to the information sent by the bank) have 

shown that bank advertisements attract attention of C 

(2.88) and CC (2.94) customers; all the other customer 

categories pay little attention to bank advertisements. 

However, the opposite results have been obtained 

regarding the issue related to the information sent by the 

bank that attracts attention of A (2.61) and AA (2.71) 

customers. 

  

However, the questions related to the attitude toward the 

bank (Q. 20. Attitude toward the bank is extremely 

favourable; Q. 21. The image of this bank fits my 

personality well; Q. 22. Positive feelings toward the 

bank) have demonstrated that both natural persons (3.19–

3.21) and legal persons (3.39–3.42) consider attitude 

toward the bank to be important; the same situation has 

been observed with the bank image and feelings toward 

the bank. 
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In turn, the questions aimed at reflecting customer 

perception and brand ethics (Q. 23. Bank is well known 

as a good corporate citizen; Q. 24. Bank is an active 

sponsor of community events; Q. 25. Bank has high 

ethical standards with respect to its customers and 

employees) have shown that AA and CC (3.85–3.86) 

customers consider the issue of bank being well known 

from the corporate point of view to be significant; 

however, the same issue seems less important for B 

customers (3.14). In turn, sponsorship has been 

considered less important (natural persons: 2.19–2.24, 

legal persons: 2.4–2.44). The ethical standards have been 

highly evaluated by all the customer categories (natural 

persons: 3.99–4.01, legal persons: 4.18–4.22). 

 

To determine the importance of each component of 

brand equity, the authors have calculated total customer 

mean values (see Fig. 5). 

 
Fig. 5. Mean values of brand equity components  

 

The obtained data has demonstrated that when evaluating 

brand equity as a component of customer equity the 

utmost importance is given to customer perception of 

brand ethics, which is followed by customer attitude 

toward the brand and customer brand awareness. 

 

Retention Equity 

 

Likewise, the evaluation of value and brand equity, 

retention equity is also based on the components 

developed by Rust et al. (2000): loyalty programs, 

special recognition and treatment programs, affinity 

programs, community building programs and knowledge 

building programs [1]. 

 

The question related to customer loyalty programs (Q. 

26. Bank implements customer loyalty programs) has 

demonstrated that this issue attracts a lot of attention 

from AA, BB, CC customers (3.47–3.51), and little 

attention from A, B, C customers (2.51–2.56).  

In turn, special recognition and treatment programs (Q. 

27. Bank recognizes me as being special) have been low 

rated by all customers (natural persons: 2.41–2.44, legal 

persons: 2.59–2.65). 

 

However, the question related to affinity programs (Q. 

28. Bank knows a lot about me) has demonstrated that all 

customers highly evaluate affinity programs (natural 

persons: 4.36–4.56, legal persons: 4.54–4.55). Also 

community building programs (Q. 29. Sense of 

community with bank employees) have been highly 

evaluated (natural persons: 4.33–4.35, legal persons: 

4.41–4.43). 

 

The question related to knowledge building programs (Q. 

30. I know this bank procedures well) has reflected that 

this issue is important to both A (3.67) and AA (3.87) 

customers, but less important to B, C (3.56; 3.55) and 

BB, CC (3.65; 3.64) customers. 

 

To determine the components of retention equity, 

customer mean values have also been calculated (see 

Fig. 6). 

 

 
Fig. 6. Mean values of retention equity components  

 

As shown in Fig. 6, the most important components of 

retention equity are those, which are based on affinity 

and community building programs; important 

components are knowledge building programs, and the 

least important are loyalty programs, special recognition 

and treatment programs. 

 

Customer Equity Drivers 

 

Based on the results obtained from empirical studies, the 

authors could determine bank customer equity, as well as 

test the hypotheses put forward.   

 

Three-dimensional mean values of bank customer equity 

are summarised and shown in Fig. 7.  
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Fig. 7. Customer equity drivers in the bank 

 

The obtained results have demonstrated that bank 

customer equity is mainly based on such components as 

value equity and retention equity and less on brand 

equity.  

 

The research has also proven all three hypotheses put 

forward, i.e., if mean values of all three components are 

above 3 according to Likert scale, there is a positive 

correlation between customer equity and its three 

dimensions.  

 

The authors have also theoretically substantiated their 

research. For example, Rust et al. (2000) emphasized 

that the main value of customer equity of enterprises that 

provide services is mutual relationship [1]. A similar 

conclusion was also drawn by Berger et al. [14]. 

However, the importance of value equity was determined 

by Bauer and Hammerschmidt (2005). 
 

5.  CONCLUSIONS 

 

Within the framework of the present research, the 

authors have managed to empirically evaluate customer 

equity and its three dimensions.  

 

Having conducted the research, the authors have come to 

a conclusion that bank customer equity is mainly 

affected by two out of three customer equity dimensions 

– value and retention equity. The research findings have 

also proven the hypotheses put forward in the article.  

 

The data also demonstrated that on the whole all three 

customer equity dimensions mainly affect legal persons, 

as compared to natural persons.   

 

The authors suggest that further empirical research is 

needed to evaluate customer equity in other banks. It is 

also necessary to compare the bank financial data and the 

data obtained from the empirical research.  
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ABSTRACT 

 

The aim of this article is to study the concept of customer-

centric approach and the components that comprise it.  

To obtain the planned research results the authors have 

performed a qualitative analysis of: 1) scientific literature on 

par customer-centric banking and 2) the term „customer- 

centric”; quantitative analysis of components that comprise 

customer-centric aspect: 1) ten largest European banks in terms 

of their assets in 2012 and 2) Latvian commercial banks, the 

number of clients of which exceeds 10,000. A customer-centric 

model has been developed on the basis of the qualitative and 

quantitative data obtained.  

The quantitative data obtained have demonstrated that banks 

have started to develop the strategy, which is based on clients.   

European banks have mainly concentrated on identifying client 

needs, building trust, ensuring satisfaction, and facilitating 

mutual relations,   whereas Latvian commercial banks have 

concentrated on identifying client needs, creation of value and 

mutual relations.  

Having used qualitative and quantitative methods, the authors 

have managed to clarify the definition of the term „customer-

centric” and get it confirmed. However, in order to more 

effectively evaluate client-based strategies, the authors consider 

it necessary to conduct additional research using different 

approaches and instruments.  

 

Keywords: Bank, Customer–centric, Model, Definition, 

Latvia. 

 

 

1. INTRODUCTION 

 

Clients are one of the most important assets not only for 

enterprises, but also for the entities working in the field of 

financial services, such as banks.   In the recent years in 

particular the banks have refocused their business model from a 

narrow range of products and services to customers and their 

needs.   

Customer-centric model comprises a range of impact factors, 

such as loyalty, satisfaction, and value creation. However, in 

order to better understand customer needs to the extent 

possible, banks have to use different analysis methods.  

Despite the fact that recently the point of view that customers 

are an important intangible asset has been broadly discussed, 

customer-centric business model is still a relatively new and up 

to date not widely studied issue.  

 

The aim of this article is to study the concept of customer-

centric approach and the components that comprise it, as well 

as to develop a customer-centric model at the Latvian 

commercial banks.   

To achieve the aim the following research methods have been 

used: quantitative and qualitative methods, including 

monographic and descriptive methods.  

 

2. LITERATURE REVIEW 

 

Banks continuously stress that the existing strategy should be 

replaced by a strategy that would ensure that the products and 

services offered are oriented on customer needs. However, the 

current situation in the field of financial services demonstrates 

the opposite tendencies: banks still focus their attention on 

products rather than customer needs.  As stated by Tseng and 

Piller (2003), banks should adjust their products and services to 

their customer needs, not their customers to their products and 

services [1]. Caselli (2005) expressed a similar opinion, having 

stressed that banks have focused on the quality of the services 

provided rather than on customer needs [2].   

Exactly small and medium enterprises (SME) play the major 

role in the economy; they increase GDP of the country.  SME 

more than any other need banking products and services, in 

order to implement their business activities as efficiently as 

possible with the intermediation of financial institutions. In this 

connection, banks should be even more focused on the process 

of discovering customer needs [3].  

Recently it has been widely discussed that enterprises should 

focus on customers; however, there is no agreement among 

scientists on the exact meaning of this term. For example, 

Hamilton (2004) stresses that focusing on the customers is 

characteristic of a business model, which is aimed at the 

customers, their satisfaction and efficiency, as well as customer 

value [4].    

Entrepreneurship which is focused on the customers provides 

additional value to the banks (Piller and Moeslein, 2002), as 

well as ensures customer loyalty [5]. Also Selden and Colvin 

(2003) in their research discovered that focusing on the 

customers not only ensures profitability, but also increases 

customer portfolio [6]. In turn, Seybold (1998) states that loyal 

customers provide higher profitability [7], and in Seybold et al 

(2001) states that it is ensured by mutual relations [8]. But 

Bolton (2004) stresses that customer-centric business processes 

comprise also mutual relations, which ensure customer 

retention, satisfaction and value [3]. The enterprise Accenture 

(2008) has come to a similar conclusion, having discovered that 

financial institutions should pay attention to customer 
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satisfaction, loyalty, and mutual relations, otherwise there is a 

high risk of losing most profitable customers [9]. While 

Hamilton (2004) has concluded that in future the customers 

choosing loans or other individual financial solutions will 

ascribe great significance to trust [4].    

At the same time, Fader (2012) discovered that focusing on 

customers is the strategy, which is based on reconciliation of 

products and services to the needs of the most valuable clients, 

which provide the opportunity to gain greater profit in the long 

term [10]. Galbraith (2011) has come to the conclusion that 

focusing on the customer is not an option, but a necessity, 

which is based on the development of mutual relations [11].  

Customer-centric approach comprises not only customers and 

identification of their needs, but also an entire range of other 

strategies. For example, Fader (2012) studied also a product- 

and service-centric model and compared it with the customer-

centric model [10]. Also Mello (2003) used the same approach 

as Fader (2012) demonstrating that service-centric model first 

creates products and only after that customer needs are 

considered [12, 10]. At the same time, customer-centric model 

creates products and services that are based on customer needs. 

Mello (2003) explained a market- and customer-centric 

strategy having identified four main stages: preparation for 

customer visits, customer data processing, analysis of customer 

requirements, and search for solutions [12].   

 

Definition principles  

 

In the scientific literature the issue of definitions and forms and 

basic principles of defining are widely discussed.   According 

to Sower and Fair (2005) each scholar perceives and interprets 

a definition differently [13]. However, developing a new or 

clarifying the used definition should be done according to 

internationally defined principles of definition development, 

which are regulated by ISO standards – ISO 1087-1:2000(E/F). 

Pepper and Driscoll specified that the definition is based on a 

short and logical model, which consists of three parts: the term 

which should be defined; object class or concept, to which the 

term belongs; quality differentiation, which distinguishes it 

from other in the same class [14].  

 

Bank System in Latvia 

 

The development of the financial sector in Latvia started in 

1988, when reorganisation of the banking sector occurred [15]. 

The introduction of a new two-stage financial system and 

reestablishment of the independence of Latvia facilitated rapid 

development of the banking sector. From 1991 till 1994, 67 

banks in Latvia obtained a license for providing financial 

services.  Although the total value of the assets of the banking 

system in the period from 1992 to 1994 tripled, only 47 out of 

55 licensed banks at the end of 1994 were able to file an annual 

report in the prescribed period, and only 16 of them finished 

the year with profit, which caused a financial crisis  [16]. 

One of the main reasons of the first crisis in the financial sector 

was that the banking sector was developing much more rapidly 

than economic environment, in which it operated. At this stage 

real estate and securities market was underdeveloped, thus it 

was unable to provide liquid backing to the issued loans. There 

were also banks that submitted forged annual report balance 

sheets [16]. 

Since 1991 Latvian financial sector had been oriented to 

customers from Russia and CIS countries, which can be 

explained by the fact that considerable export volume is 

transported to the West through Latvia. With the onset of the 

financial crisis in Russia in 1998, also Latvian banks 

experienced the next crisis [15].  

The next crisis hit the Latvian banking sector in 2008. The 

genesis of this financial disaster was the supreme mortgage 

crisis in the USA. In a period of unbridled optimism that 

precluded the recession, American banks, mortgage companies 

and saving and loan associations provided housing loans and 

mortgages to thousands of eager buyers, and that enabled less 

than stellar credit worthy individuals to purchase an ownership 

in homes and other long term assets of their choice [17]. 

The greatest part of Latvian banks are universal, they offer 

their customers a wide range of banking services. As testified 

by the Financial and Capital Market Commission (FCMC) data 

on the 4th quarter of 2012, in Latvia banking services are 

provided by 20 banks and 9 branches of foreign banks, as well 

as credit institutions registered in the European Economic Area 

or their branches, which submitted a relevant application to the 

FCMC.  Six electronic money institutions and two money 

market funds are also registered in the Bank of Latvia [18]. 

 

3. METHODOLOGY 

 

To obtain research results the authors have performed 

qualitative analysis of: 1) scientific literature on customer-

centric banking and 2) the term „customer-centric”. 

Based on qualitative literature analysis and the definition of the 

term „customer-centric”, quantitative analysis of components 

comprising customer-centric aspect has been conducted: 1) ten 

largest European banks in terms of their assets and 2) Latvian 

commercial banks.  

Customer-centric banking model has been developed on the 

basis of qualitative and quantitative analysis results.  

 

NVivo and Tag-Cloud  

 

Searching for an answer to the question what is customer-

centric and its basic principles are, 39 designations have been 

discovered, including scientific articles and definitions. The 

obtained data have been summarised and using the qualitative 

research method – text analysis software NVivo – the concept 

of “customer-centric” has been clarified.   The frequency of 

appearance of its characteristic features has been established.  

The obtained data have been summarised and represented using 

Tag-Cloud visualisation software. 

Based on ISO standards and the obtained customer-centric 

qualitative data – Nvivo and Tag-Cloud, the authors have 

formulated the definition of “customer-centric”.  

 

4. RESEARCH DATA 

 

NVivo and Tag-Cloud 

 

NVivo software is based on qualitative and mixed research 

methods. In turn, tagging is not only individual category 

process, but also social process, which is based on indexation. 

In order to ensure visual browsing, such social interface model 

as Tag-Cloud is normally used which shows most popular tags 

in the alphabetical order and is visually represented with 

different font sizes. Performing text analysis and determining 

tags, similar tags are also taken into consideration, which are a 

sort of semantic relations measured with relative compatibility 

ratio.   

Using NVivo software, data mining was based on 25 most 

frequently used words and their synonyms, which consist of 

minimum 5 letters. The data obtained demonstrate that the most 
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frequently used words are customer, experience, needs, 

business, company, customer-centric, organization. 

The data obtained with NVivo software have been reflected 

with the help of social interface model Tag-Cloud. Its 

visualisation is presented in Figure 1.  

 

 
Fig.1 Customer centric tags 

 

Taking into account the definition development principles 

provided in the consulted sources and the results obtained 

applying NVivo software and Tag-Cloud visualisation, the 

authors have had an opportunity to adjust the meaning of the 

term “customer-centric”.  

Definition: customer-centric business processes form a 

strategy, which is based on the recognition of the customer 

needs, thus creating additional added value. 

 

Customer-Centric Approach at the European Banks 

 

In order to understand how the customer-centric approach is 

implemented at other banks, the authors have chosen top ten 

European banks in terms of their total assets in 2012. The data 

on ten largest banks, the represented countries and the value of 

the total assets is provided in Table 1. The data provided in the 

table has been obtained from the Banker data base [19]. 

In order to assess the customer-centric approach efficiency, the 

authors of the paper have analysed the data available on the 

websites of the respective banks. 

Table 1 

Top ten European banks in terms of their total assets in 2012 

No Name of the 

Bank 

State Total Assets 

(EUR) 

trillion 

1. HSBC Holdings UK 2.040 

2. Deutsche Bank Germany 2.012 

3. Credit Agricole France 2.008 

4. BNP Paribas France 1.907 

5. Barclays UK 1.834 

6. Royal Bank of 

Scotland 

UK 1.615 

7. Santander Group Spain 1.270 

8. Societe Generale France 1.251 

9. ING Group Netherlands 1.169 

10. Groupe BPCE France 1.148 

 

For instance, the customer-centric model implemented at the 

Deutsche Bank (DB) is based on four pillars, as it can been 

seen in Figure 2. 

DB also emphasizes that this kind of approach to customers 

allows ensuring both sustainable development and 

strengthening of the mutual relationships [20]. 

 
 

Fig.2 Customer-centric approach at Deutsche Bank 

Source: Deutsche Bank, 2013 

 

Credit Agricole (CA) together with regional and local banks 

promotes the customer-centric model, which comprises 

satisfaction, innovations and operational efficiency [21].  

The model advocated by BNP Paribas is based on creating 

added value for the customers, which comprises customer 

satisfaction with both quantitative data and emotive factors, 

taking into account the needs of the customers [22]. 

The business strategy adopted by Barclays Bank is based on 6 

basic principles, including clients, as it can be seen in Figure 3.  

 

 
Fig.3 Barclays business strategies 

Source: Barclays, 2013 

 

As the data provided in Figure 3 has indicated, the customer-

centric strategy implemented at Barclays Bank focuses on CIB 

client requirements and satisfaction rate increasing [23].  

Royal Bank of Scotland (RBS) adopts the model, which is 

based on long-term relationships (see Figure 4). 

 
Fig.4 Customer-centric approach at RBS 

Source: Royal Bank of Scotland, 2013 

 

RBS also emphasizes that developing the mutual relationships 

with the customers, it is essential to understand that each 

Customer 
centric 

Needs 

Comm
itment 

Value 

Trust 

B
u

si
n

es
s 

st
ra

te
g
y
 

Strengthen core UK 
franchise  

Rationalise geographic 
footprint  

Develop leading 
product and service 

capabilities 

Exploit synergies 
across the Barclays 

Group 

Actively manage  
balance sheet  

Establish a strong 
culture 

Long term 
relation-

ships 

Trust 

Reputation 

Forward 
with 

customers 

Promises 

15

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



customer is unique with individual demands for the products 

and services [24].   

The customer-centric approach implemented at Santander 

Group (SG) is based on three pillars: focusing on the customer 

needs, rather than products; business balancing based on SME; 

preserving good quality service provided to the customers [25]. 

Societe Generale, in its turn, stresses that mutual relationships 

are the most important, as they contribute to increasing 

customer loyalty [26].  

Substantiating its customer-centric business practices, ING 

focuses on four main fundamental principles, which can be 

seen in Figure 5. 

 

Fair pricing – lowest costs 

for customers for current 

accounts 

Consumer oriented brand 

attributes – good value, 

reliable, transparency 

A loyal customer base Supported by customer 

intelligence – extensive 

knowledge about clients, 

development of multi-

products 

Fig.5 Customer centric approach at ING Group 

Source: ING, 2012 

 

ING strategy is also based on quality, thus promoting customer 

loyalty, efficiency rate, convenience, as well as transparency of 

products and services [27]. 

In 2009 Groupe BPCE reoriented its business strategy to 

customer-centric, including three main types of services, as it 

can be seen in Figure 6. 

 

Wholesale banking 
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2)Capital Markets  

3)Global 

Transaction   

Banking 

4)Structured 

Finance 

Investment 

solutions 

1)Asset 

Management 

2)Insurance 
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Specialized 
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1)Factoring 

2)Securities and 

Financial  

Guarantees 

3)Leasing 

4)Consumer 

Finance 

5)Film Industry 

Financing 

6)Employee 

Savings Scheme 

7)Payments 

8)Securities 

Services 

Fig.6 Customer-centric approach at Groupe BPCE 

Source: Groupe BPCE, 2013 

 

Taking into account information on top ten European banks, it 

can be concluded that banks have started to consider the 

introduction of the customer-centric model. However, their 

perceptions of what the customer-centric model is vary 

significantly.    

Some banks, e.g. ING Group, provide detailed reports on 

customer-centric issue, while other banks just indicate it as a 

strategy. 

The authors have also concluded that for the top ten European 

banks the customer-centric approach comprises recognizing the 

customer needs, loyalty, satisfaction and mutual relationships.  

 

 

 

 

Customer-centric approach in Latvian commercial banks 

 

In order to present the data on the total assets of the Latvian 

banks as of 31.12.2012., as well as on the number of customers, 

the data available on the home pages of the Association of 

Commercial Banks of Latvia [29] have been studied and 

summarised. The results obtained are provided in Table 2. 

 

Table 2 

Rating of the Latvian banks in terms of their total assets and 

number of clients in 2012 

No Name of the Bank Total assets 

(LVL) thous. 

Number of 

clients, 

thous. 

1. Swedbank 3,586,783.6 927,041 

2. SEB banka 2,851,984.9 471,355 

3. Nordea Bank Finland 

Latvian branch 

2,292,155.7 63,136 

4. ABLV Bank 2,192,590.8 24,680 

5. DNB banka 1,782,272.2 169,763 

6. Rietumu Banka 1,699,047.7 21,410 

7. Citadele banka 1,421,184.8 271,038 

8. UniCredit Bank 605,436.0 1,852 

9. NORVIK BANKA 562,947.9 84,433 

10. PrivatBank 555,408.3 35,945 

11. Mortgage and Land 

Bank of Latvia  

404,736.0 10,707 

12. Regional Investment 

Bank  

350,911.0 2,794 

13. Baltikums Bank 328,929.9 3,812 

14.  Trasta komercbanka 314,365.1 4,683 

15. Latvian  

branch of Danske 

Bank  

287,494.5 5,050 

16. Expobank 229,948.4 1,408 

17. Baltic International 

Bank 

229,681.9 1,419 

18. SMP Bank 190,263.0 33,669 

19. GE Money Bank 97,325.5 77,012 

20. Latvian  

branch of BIGBANK  

62,377.9 72,000 

21. Latvian Post Bank  57,246.3 2,600 

22. Rigensis Bank 44,415.9 301 

23. Latvian  

branch of Svenska 

Handelsbanken AB  

25,950.6 114 

24. Latvian  

branch of Eesti 

Krediidipank  

15,916.2 6,503 

25. Latvian Business 

Bank  

4,258.9 63 

26. Riga 

branch of 

Skandinaviska 

Enskilda Banken  

914.4 0 

 

The data on the implementation of the customer-centric 

approach has been analysed for the Latvian commercial banks 

with the number of customers exceeding ten thousand. 

Swedbank, which is the largest bank in Latvia, not only in 

terms of the total assets, but also in the number of customers, 

has shifted its approach from product-centric to customer-

centric and their mutual relationships [30]. The Swedbank 
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strategy is based on three main pillars, as it can be seen in 

Figure 7. 

 
Fig.7 Customer centric approach at Swedbank 

Source: Swedbank,  2013 

 

SEB bank identifies mutual relationships and consulting its 

clients based on the long-term strategy, taking into account the 

financial situation of each customer, as some of its most 

important factors [31].  

The customer-centric approach advocated at Nordea Bank, 

similarly to Swedbank, is based on three pillars: needs, values 

and resources [32]. 

However, the work of ABLV Bank is based on recognizing 

customer needs, in order to be able to provide them the 

required solutions for the issues related to investments and 

other services provided by a bank, as well as the bank is 

interested in seeing their clients succeed [33]. 

DNB Bank views the customer-centric model as the mutual 

relationships, which can create value for the clients, 

shareholders, employees and general public in the long-term 

perspective, as well as focuses on customer satisfaction and 

loyalty [34].   

Rietumu Banka connects the customer-centric performance to 

cooperation and increasing the security of client deals.  

Citadele Bank as its main principles states cooperation and 

recognition of the customer needs. 

UniCredit Bank believes clients to be the basis of the banking 

business, whose needs should be considered in order to find the 

appropriate solutions, thus, ensuring customers the long-term 

value [35]. The customer-centric approach implemented at 

UniCredit Bank is based on four pillars, which are provided in 

Figure 8. 

 

Satisfaction Brand 

Relationships Solutions 

Fig.8 Customer centric approach at UniCredit Bank 

Source: UniCredit Bank, 2013 

 

The pillars provided in Figure 8 are included into the bank’s 

sustainability reports, where they are explained in detail, 

stressing their meanings and the activities performed.  

NORVIK BANKA has focused on ensuring the products and 

services, which correspond to the customer needs, thus 

promoting customer satisfaction and loyalty [36]. 

PrivatBank considers the customer centric approach to focus 

not only on satisfaction of the customer needs, but also of the 

needs of the employees, shareholders, and general public as 

well as taking into account the environmental issues [37]. 

The mission of the Mortgage and Land Bank of Latvia is 

focused on the cooperation with customers, thus promoting 

both customer and bank prosperity, which, in its turn, ensures 

customer satisfaction, quality and efficiency [38]. 

SMP Bank focuses on the approach, which considers customer 

needs, thus ensuring their prosperity. 

Similarly, GE Money bank focuses on the recognition of the 

customer needs as well as customer satisfaction. 

At the same time, working with clients the Bigbank focuses on 

cooperation.   

Having analysed the data on the implementation of the 

customer-centric models at the Latvian commercial banks, the 

authors of the paper have come to the conclusion that the 

customer-centric model comprises the recognition of the 

customer needs, creating the value and mutual relationships. 

The data obtained has also shown that foreign banks have a 

better developed and implemented customer-centric strategy 

than the Latvian commercial banks. 

 

Customer-Centric Bank Principles 

 

Having analysed the customer-centric approach 

implementation in top 14 Latvian commercial banks in terms of 

the number of clients, the authors have designed a customer-

centric model, which is shown in Figure 9. 

 
Fig.9 Customer-centric model in banks 

 

As it can be seen in Figure 9, the customer-centric business 

model consists of three dimensions, with a customer in the 

centre, customer needs in the inner circle and with a bank in the 

outer circle. 

 

5.  CONCLUSIONS 

 

Having analysed the term „customer-centric”, the authors have 

managed to clarify its definition, which was substantiated with 

the results of the research performed for top ten European and 

top fourteen Latvian commercial banks.  

Having conducted the research the authors have come to the 

conclusion that definition of the customer-centric approach as 

well as its constituent elements vary for top ten European and 

top fourteen Latvian commercial banks. For instance, the 

European banks mainly focus on recognition of the customer 

needs, loyalty, customer satisfaction and mutual relationships, 

while the Latvian commercial banks concentrate mostly on 

recognition of the customer needs, creating value, and mutual 

relationships. The authors have also concluded that foreign 

banks have a better developed and implemented customer-

centric strategy than the Latvian commercial banks. 

The financial institutions should improve their performance as 

well as should ensure the integration of the best practice 

standards into their work on the regular basis, which would 

provide a long-term financial value not only to the banks, but 

also to the clients and general public. The banks, which will 

adhere to such a strategy, will acquire not only a competitive 

advantage, but will also increase their market share, as well as 

will be able to ensure the constant cash flow from their clients. 

The authors of the paper believe that additional research should 

be conducted on the customer-centric approach implementation 

in the banks, applying different types of analysis and 

assessment tools.  

 

Customer 
centric 

Needs 

Value Competence 
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ABSTRACT 

 

The paper looks into various models of corporate environmental, 

social, corporate governance and economic indicators and their 

mutual relations in companies of the Czech manufacturing 

industry. Mutual linkage of ESG performance indicators was 

verified in 79 companies from processing industries in the 

Czech Republic. Data was acquired by empirical research in the 

Czech Republic which was completed in 2011-2012. The aim of 

the paper is to model environmental, social, corporate 

governance and economic indicators for the measurement of a 

company’s performance on the basis of regression analyses and 

definition of mutual links between them as well as the potential 

link with Sustainable Corporate Performance. Regression 

analysis indicates that independent variable environmental and 

social indicators do not have any important effect on economic 

performance. Similar results were achieved in modelling the 

impact of corporate governance performance on environmental, 

social and economic performance.  

 

Keywords: modeling, models regression analysis, 

environmental, social, corporate governance, economic  

performance, sustainable corporate performance (SCP) 

. 

 

 

1. INTRODUCTION 

 

The modelling of environmental, social and corporate 

governance (ESG) performance indicators is based on 

evaluating (or measuring) the current status of a situation 

determined simultaneously by several factors. The purpose of 

modelling ESG performance indicators on the corporate level is 

to define the appropriate key indicators with which to measure 

the sustainable performance of companies.  

Since the decisions about ESG indicators are based on 

measurements of a situational status determined simultaneously 

by multiple factors (indicators), it is appropriate to use the 

logical, empirical, qualitative and quantitative methods of 

research, such as modelling. 

Modelling could be categorized from different 

viewpoints. For example, by description, it can be verbal, visual, 

quantitative, qualitative, and analytical. By type, it could be 

deterministic or stochastic, static or dynamic, etc. [1].  

Modelling facilitates our understanding of the complex real-

world phenomena that surround us. Models are simplified 

images of reality; they capture only those facets of a given entity 

that are substantive for the model's purpose. By suppressing the 

insignificant parts, I make it possible to solve the problem as 

formulated. If we tried to create a perfectly accurate model, it 

would be too complicated and probably impossible to solve [2],  

[3].   

Authors [4] specialize in modelling performance 

indicators. These authors claim that measuring and analysing the 

performance of an organization plays an important role in 

turning organizational goals into reality. Performance 

measurement and analysis is crucial for steering the organization 

toward its strategic and operational goals. The approach they 

propose is a performance-oriented view of the framework which 

provides formal tools for analysing organizational and 

individual performance, and relating the current performance to 

organizational goals and their satisfaction, as well as to tasks 

and processes of the organization. 

The science of sustainability modelling within a 

framework containing  the interactions of society, ecology, the 

environment and the economy (SEE), was studied by [5], using 

an SEEOSG model featuring the essential structural 

relationships that incorporate the environmental and economic 

conditions required for sustainability. It also incorporated 

welfare economics issues such as efficiency and fairness in 

inter-temporal allocation of natural, environmental and physical 

resources, the effects of the SEE discount rate on the optimal 

growth path and sustainability, and the relative importance of 

different variables and parameters of the SEE system in 

affecting the rate of growth in the economy. 

The article uses methodology that focuses on examination, 

analysis and categorization of contemporary characteristics in 

the area of economy, environment, social responsibility, and 

corporate governance in relation to a measure of progress, or 

dynamics of development, of the overall company performance. 

The research will focus on the critical partial processes in the 

areas of interest: integration of environmental performance, 

integration of social performance, integration of corporate 

governance and integration economic in Sustainable Corporate 

Performance (SCP).  
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2. CONCEPTUAL AND THEORETICAL   

    ANALYSIS 

 

Sustainable corporate performance (SCP) requires balancing a 

corporate environmental, social, governance and economic 

performance. Autors  [6] ask sustainable corporate performance 

(SCP) requires balancing a corporate economic, social, and 

environmental performance. However, at the present time it is 

impossible to separate the impact of corporate governance from 

environmental, social and economic development.  

Corporate environmental performance is associated 

primarily with the introduction of cleaner technologies, 

optimisation of technologies that reduce resources, 

environmental management systems (EMS) and other voluntary 

instruments that lead to a safe improvement of the 

environmental status of the company. In the Czech Republic the 

environmental management systems are based on the EN ISO 

14001 standard. 

Corporate economic performance includes financial 

performance but increasingly it will have to reflect the broader 

impact of the company on the economy. The most common 

division of indicators seems to be the structuring of performance 

assessment approaches using financial and non-financial 

indicators, as many Czech and foreign authors agree [7], [8], [9], 

[10]. The classical approach to business performance assessment 

prevails in the Czech Republic. It is based on the monitoring of 

standard indicators of return on equity (ROE), return on assets 

(ROA), return on long-term capital employed (ROCE), return on 

sales (ROS) and liquidity, leverage and turnover on assets [11], 

[12]. However, there has been a gradual shift towards an 

assessment of business performance through the economic value 

added (EVA) indicator [13], [14].  

Corporate social performance is another important 

component of the economic and environmental performance of a 

company. In the Czech Republic it is important to take note of 

OHSAS 18001, SA 8000 or Safe Company systems. CSR is a 

current trend that emphasizes social aspects of sustainable 

development. CSR is the basis of the Europe 2020 strategy 

objectives for smart, sustainable and inclusive growth, including 

a target of 75% employment rate [15]. Socially Responsible 

Investment (SRI) combines financial performance with social, 

environmental and ethical factors. The relationship between 

social responsibility (SR) and ISO 26000 is put in the context of 

the Global Reporting Initiative (GRI 3.1).  

Corporate governance in a company is based on the 

OECD Principles (2004). Since 2001 the Code of Corporate 

Governance has been in place in the Czech Republic which is 

based on the OECD principles; the last update was in 2004. 

Corporate Governance by authors [16] examines the ways in 

which corporations are led, administered and controlled. 

Corporate governance also addresses the relations among 

different internal and external stakeholders as well as the 

processes of CG that are designed to help the corporations to 

achieve their objectives. The centre of interest is such 

mechanisms and provisions that are designed to help to reduce 

or eliminate the problem of conflict of interest. Authors [17] 

said, that corporate governance is about how companies are 

directed and controlled. Good governance is an essential 

ingredient in corporate success and sustainable economic 

growth. Research in governance requires an interdisciplinary 

analysis, drawing above all on economics and law, and a close 

understanding of modern business practice of the kind which 

comes from detailed empirical studies in a range of national 

systems.    

 

3. REASERCH METHODOLOGY 

 

Based on previous empirical research [18], [19] a conceptual 

framework of ESG and economic performance indicators were 

established for manufacturing companies according to CZ-

NACE by a factor analysis. The PCA method was applied with 

VARIMAX rotation, the appropriateness of data was tested by 

the Bartlett's Test of Sphericity where the value in presented 

results was below p <0.05. Also applied was the KMO where 

the recommended minimum value to perform a factor analysis is 

0.6 (Sharma, 1996). The basis for empirical research was a 

questionnaire prepared with the use of international sources 

(GRI 2006, 2011,  EMAS III,  IFAC, 2012, ASSET 2010, 

EFFAS-DVFA 2008, ISO 26000, CSR,  OECD Principles of 

Corporate Governance 2004, Green Paper -The EU corporate 

governance framework 2011, Czech Statistical Office, 2012, and 

financial statements of companies). 79 companies with an 

established ISO 14 001 standard were selected from this 

database for interviews. The factor analysis resulted in 

establishing a conceptual framework of ESG performance for 

companies in manufacturing industry CZ-NACE, see Table 1. 
All calculations were analyzed by the SPSS program for 

Windows, version 21, using a combination of different statistical 

methods, and regresses analyses 

Table 1 Framework of ESG and economic indicators of 

performance 

 
 

 

 Table 1 Framework of ESG and economic indicators of performance  

(Source: own processing of research) 

Measurement 

Area 
Key performance indicators 

E
n

v
ir

o
n

m
en

ta
l 

Investment EN1-Acquired investments for environmental 

protection.[CZK] 

EN2-Environmental cost.[CZK] 

Emissions EN3-Total annual emissions.[t/CZK] 

EN4-Total annual emission of greenhouse gases. [t/CZK] 

Consumptio

n resources 

 

EN5-Energy use.[MWh/CZK] 

EN6-Renewable energy use.[%] 

EN7-Material use.[t/CZK] 

EN8-Recycled materials use.[%] 

EN9-Water Use.[m³/year/CZK] 

Waste EN10-Production of waste.[t/CZK] 

EN11-Production of hazardous waste.[t/CZK] 

S
o

ci
a

l 

Human 

rights 

 

SO3-Discrimination.[%] 

SO4-Equivalent opportunities.[%] 

Society SO1-Community.[%] 

SO2-Allowances to municipalities.[CZK] 

Labor 

Practices and 

Decent 

Work 

 

SO5-The rate of staff turnover.[%] 

SO6-Expediture on education and training.[%] 

SO7-Occupational illnesses.[%] 

SO8-Number of deaths.[%] 

Product  

Responsibilit

y 

SO9-Marketing communication.[%] 

SO10-Labelling of products and services.[%] 

C
o

rp
o

ra
te

 

G
o

v
er

n
a

n
ce

 

Monitoring  CG1-Information about the company.[occurrence] 

Effectivenes

s  

CG 

CG2-Responsibility Corporate Governance.[occurrence] 

CG3-Ethical behaviour.[occurrence] 

Composition 

CG 

 

CG4-Remuneration Corporate Governance.[CZK] 

CG5-Effective composition of Corporate Governance.[%] 

CG6-Equal opportunities: Ratio of women/men in CG.[%] 

Compliance CG7-Corruption.[%] 

CG8-Observance of legal standard.[CZK] 

E
co

n
o

m
ic

 

Return on EC1-Return on Assets (ROA).[%] 

EC2-Return on Investment (ROI).[%] 

EC3-Return on Sales (ROS)[%] 

EC4-Return on Equity (ROE).[%] 

Economic  

results  

 

EC5-  Added value [%] 

EC6- Profit margin.[%] 

EC7-Earnings after Taxes (EAT).[CZK] 

EC8-Earnings before Taxes (EBT).[CZK] 

EC9-Earnings before Interest and Taxes (EBIT).[CZK] 

EC10-Turnover size.[%] 

Financial  

indicators 

EC11-Liquidity  .[%] 

EC12-Debt.[%] 

EC13-Asset turnover .[%] 

Cash Flow EC14-Volné Cash Flow.[CZK] 

EC15-Operating Cash Flow.[CZK] 

20

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



Computational modelling will be applied to establish 

the interrelations between environmental, social, governance 

(ESG) indicators and economic performance in Czech 

manufacturing companies. The model can be seen as a set of 

applications of the appropriate theory or as a simplified view of 

the primary object. Using the model as a means of solving a 

problem can be more advantageous for a company than a direct 

solution and in certain conditions it can be feasible in an 

efficient way [20]. 

 

 

4. RESULTS AND DISCUSSION 

 

Company performance can be measured by various methods, 

simple or complicated, and they may involve theoretical and/or 

mathematical models. Corporate performance, and the indicators 

that measure it, have been addressed by a plethora of studies as a 

prerequisite for a long-term existence of the company. Authors 

[21]  understand performance to be the system of performance 

measurement. This inspired the development of Balanced 

Scorecard, to be used as a performance measurement system and 

a management planning tool. Later, however, some companies 

moved away from this approach when they found that the BSC 

scales can be used for strategic management, allocation of short-

term or long-term resources, and learning about strategy. 

Authors [22] already make a connection between an enterprise 

and its social responsibility in a system called Sustainability 

Performance Management (SPM). SPM focuses on the 

economic, environmental and social aspects of corporate 

governance in general, especially with regard to the company's 

societal responsibility. Sustainability Performance Management 

has a close affinity with sustainability reporting. 

Modelling is one of the approaches to regression 

analysis of environmental, social and corporate governance and 

economic performance indicators. Generally, the term model 

means a simplified image of an object (phenomenon or action), 

whether actual or intended. Models usually display only certain 

characteristics which are of interest in a particular case, while 

the remaining characteristics are left out either intentionally or 

because some of the characteristics of the displayed object are 

unknown. The correct choice of characteristics to be displayed 

by the model in view of the purpose pursued by its creation can 

be considered as essential in the construction of the model [23], 

[24]. 

The research tests regression coefficients which 

indicate a change of the dependent variable when the 

independent variable changes. The aim of regression analysis 

was to construct a descriptive regression model and to determine 

the predictive potential of the identified environmental and 

social performance indicators and to establish whether these 

indicators have a positive impact on corporate governance. 

Mutual links between these performance indicators should 

verify the overall Sustainable Corporate Performance (SCP).   

Thus the hypothesis in this study can be formulated as 

follows: 

H0: Environmental, social performance do not lead to better 

economic performance. 

H1:Better economic performance results in better 

environmental, social performance in manufacturing companies.  

  

H0: Corporate governance performance does not lead to better 

environmental, social and economic performance. 

H2: Better environmental, social and economic performance 

results in better corporate governance performance. 

The equation to test the hypothesis is expressed in the following 

basic regression model: 

 

                                                                 (1) 

                                                       (2)                                                                                                   

                                                                                                   

  … Constant, value of the dependent variable when value of 

independent variables is zero; : Also called intercepts, because it 

determines where the regression line meets the Y-axis.   ,….. , 
  …Coefficients, that represents the estimated change in mean 
value of dependent variable for each unit change in the values of 

the independent variable.  ENVP-Environmental Performance: 

Environmental investments, Emissions, Source consumption, 

Waste;  SP-Social Performance: Society, Human rights, Labour, 

Practices and Decent Work, Product Responsibility; EP-

Economic Performance: Return on,  Economic results, Financial 

indicators, Cash Flow. CGP-Corporate Governance 

Performance: Monitoring and Reporting, CG Effectiveness, CG 

Structure, Compliance.  

The model was then tested using regression analysis, 

following a series of test to fulfill its classic assumptions. These 

are including tests of: autocorrelation, multicollinearity, and 

heteroscedacity. Based on the results of multicollinearity test 

obtained that all the independent variables and moderating 

variable have VIF values < 10, which means there is not 

multicollinearity. Hypothesis testing was done by using 

regression method. 

The results of processing data in models show the 

influence of the effect of independent variable performance 

indicators on the dependent variable in equations (1), (2) that are 

specified and formulated in multiple regression equations: 

 

Hypothesis 1: 

    conomic results     .       .    F   ociety 

                                        -   .   F   nvironmental  nvestment    

                                                                                                        (3)                                                                                                                         

 

    Financial indicators       .       .   F   aste 

                                               .    F   ociety                        (4)                                                                                     

                                                                                                                                                                              

EP (Cash Flow) = 0.22 + 0.439 F5 Emission - 0.338 F2 Human  

                              Rights                                                           (5) 

 
Hypothesis 2: 

C     ffectiveness C        .       .   F  Financial indicators 
                                           .   F   roduct  esponsibility 

                                                                                                   (6)                                                                                                            

CGP (CG Composition) =  - 0,002 + 0.346F4 Product  

                                              Responsibility                              (7)   

                                                       

CGP ( Compliance) =  - 0.024  - 0.515F2 Economic results + 

0.338F1 Society  - 0.342F2 Waste                                            (8)                                                         

 

The regression analysis results revealed the influence 

of environmental and social performance indicators on 
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economic performance and what specific value the economic 

performance will have (it is determined by profit margin, 

financial results, financial indicators, and cash flow). 

Furthermore, it showed the influence of corporate governance 

performance indicators (CG efficiency, CG structure, 

monitoring, and compliance) on environmental, social and 

economic performance indicators the manufacturing industry 

companies. 

Table 2 shows the result for regression analysis by 

stepwise method. The results use the Forward method to 

demonstrate the effect of environmental and social indicators on 

each dependent variable of economic performance (profit 

margin, economic results, financial indicators, and cash flow). In 

the research this link was proved by the weak results and it 

confirms the first hypothesis (H1) only partially. Namely the 

environmental and social indicators of performance (Model 1) 

influence economic results. The point of departure are the 

statistical results which were obtained as adjusted  ² value of   

0.151.  Variables F1 Society (+0.412) and F1 Environmental 

investment (-0.324) are connected with economic results (EAT, 

EBT, EBIT, profit margin, turnover size).  

Table 2  Regressions on economic performance on 

environmental and social performance 

 
                                                 (Source: own processing of research) 

 

Environmental and social indicators of performance 

 Model    nonetheless explained   . %   ²   .     variations 

of financial indicators. The variables F2 Waste (-0.347) and F1 

Society (0.296) are connected with financial indicators (asset 

turnover, debt, liquidity The most prominent influence was 

detected in environmental and social indicators of performance 

 Model    and in cash flow. They explained   .  %   ²  .     

of variations in cash flow, i. e. that 20.0 % are caused by 

variables F5 Emission, F2 Human Rights. The remaining 80.0 % 

have to be found in other variables. 

 

Table 3  Regressions on corporate governance performance on 

environmental, social and economic performance 

 
                                (Source: own processing of research) 

 

Table 3 shows the influence of environmental, social 

performance and economic performance on corporate 

governance performance. Namely the economic and social 

performance indicators (Model 1) influence Corporate 

Governance Effectiveness. The point of departure are the 

statistical test results which were obtained as adjusted   ² value 

of 0.231. Variables F3 Financial indicators (+0.370) and F4 

Product responsibility (+0.336) are associated with CG 

Effectiveness. Social performance indicators (Model 2) 

explained only  . %    ²    .     of variations in C  

Composition. Variables F4 Product responsibility (+0.346) are 

connected CG Composition. The strongest influence is exerted 

by the variables Society (0.338), Economic Results (-0.515), 

followed by F2 Waste (-0.342) which have an impact on 

Compliance  Model   . Adjusted   ² value of  .    indicates 

that the variance is 27.1% and is statistically significant (Sig. 

<0.05). 

The first hypothesis states that the independent 

variables of environmental and social indicators have an impact 

on improved economic performance. Based on the results of 

statistical tests it follows that the independent variable indicators 

have only a small effect on the economic performance 

determined by financial indicators and cash flow. Thus, 

hypothesis no. 1 (H1) cannot be confirmed. The second 

hypothesis (H2) shows better results in deciding whether 

environmental, social and economic performance indicators 

affect corporate governance performance; it was confirmed at 

27%.). The results of this study are consistent with the research 

of [25], [26], [27], whose findings show that environmental, 

social, and corporate governance performance indicators do not 

have a significant impact on economic performance. 

 

 Independent variables Dependent Variable: q2 F2 Economic results 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. B 

Std. 

Error Beta 

 

 

 

Model 

1 

(Constant) 0.000 0.136 - 0.002 0.998 

q14 F1 Society 0.412 0.141 0.427 2.916 0.006 

q11F1Environmental 

Investment 
-0.324 0.151 -0.315 -2.153 0.037 

R Square 0.189 

Adjusted R Square 0.151 

Residual 36.515 

F 4.996  0.011 

Dependent Variable: q2 F2 Economic results 

Predictors: (Constant), q14 F1 Society, q11 F1 Environmental Investment   

Model 

2 

 Dependent Variable: q2 F2 Financial indicators 

(Constant) -0.024 0.136  -0.174 0.863 

q11 F2 Waste -0.347 0.151 -0.316 -2.296 0.027 

q14 F1 Society 0.296 0.133 0.307 2.230 0.031 

R Square 0.187 

Adjusted R Square 0.149 

Residual 36.575 

F 4.952  0.012 

Dependent Variable: q2 F3 Financial indicators  

Predictors: (Constant), q11 F2 Waste, q14 F1 Society     

Model 

3 

 Dependent Variable: q2 F3 Cash Flow 

(Constant) 0.022 0.132  0.165 0.870 

q11 F5 Emission 0.439 0.138 0.444 3.189 0.003 

q14 F2 Human Rights -0.338 0.131 -0.360 -2.588      0.013 

R Square 0.235 

Adjusted R Square 0.200 

Residual 34.415 

F 6.613  0.003 

Dependent Variable: q2 F4 Cash Flow      

Predictors: (Constant), q11 F5 Emission, q14 F2 Human Rights     

 

 

Model 

1 

 Dependent Variable: q29 F1 CG Effectiveness 

(Constant) -0.001 0.139  -0.011 0.992 

q2F3Financial 

indicators, 
0.370 0.141 0.370 2.627 0.012 

q14F4Product 

Responsibility  
0.336 0.140 0.339 2.404 0.021 

R Square 0.270 

Adjusted R Square 0.231 

Residual 28.462 

F 6.850  0.003 

Dependent Variable: q29 F1 CG Effectiveness    

Predictors: (Constant), , q2 Faktor 3Financial indicators, q14 F 4 Product Responsibility   

Model 

2 

 Dependent Variable: q29 F3  CG Composition  

(Constant) -0.002 0.150  -0.010 0.992 

q14F4Product 

Responsibility 
0.346 0.151 0.349 2.296 0.027 

R Square 0.122 

Adjusted R Square 0.099 

Residual 34.247 

F 5.273  0.027 

Dependent Variable: q29 F3  CG Composition        

Predictors: (Constant), q14F4 Product Responsibility     

Model 

3 

 Dependent Variable: q29 F4 Compliance 

(Constant) -0.024 0.135   -0.175 0.862 

q2F2 Economic results -0.515 0.145 -0.515 -3.541 0.001 

q14 F1 Society 0.338 0.139 0.351 2.427 0.020 

q11 F2 Waste -0.342 0.151 -0.311 -2.258 0.030 

R Square 0.327 

Adjusted R Square 0.271 

Residual 26.236 

F 5.838 

 

 0.002 

 

Dependent Variable: q29 F4 Compliance      

Predictors: (Constant), q2 F2 Economic results, q14 F1 Society, q11 F2 Waste 
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5. CONCLUSIONS 

 

The mutual influence between environmental and social 

performance indicators and economic performance in the Czech 

manufacturing companies has not been confirmed. The same 

results were obtained also from the regression analysis of the 

influence of corporate governance on environmental, social and 

economic performance of companies in the manufacturing 

industry. It follows from the theoretical basis that environmental 

and social performance has a negative impact on economic 

success of a company [28], [29]. 

This regression analysis focuses on the interaction 

between environmental, social indicators and economic 

performance indicators of companies in the manufacturing 

industry in the period 2011-2012. The multiple regression 

analysis did not demonstrate any significant relationship 

between ESG performance indicators and economic 

performance of companies in the manufacturing industry. 

Hypothesis (H1) indicating that improved economic 

performance results in improved environmental and social 

performance of a company in the manufacturing industry has 

been declined due to inconclusive results. Hypothesis (H2) 

indicating that better corporate governance results in improved 

environmental, social and economic performance has not been 

confirmed either.  

The results of the research may lead to the conclusion 

that Czech companies do not yet show environmental, social and 

corporate indicators in their report and instead focus on financial 

indicators based on statutory requirements.  

With the introduction of appropriate voluntary 

reporting of environmental requirements and social 

responsibility, including the code of corporate governance, the 

results can become more conclusive and will be able to evaluate 

a company’s sustainable corporate performance in a more 

comprehensive manner. 
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ABSTRACT 

 

The aim of the research is to develop the approach to 

management of the level of equity sufficiency, which can 

be applied towards the solution of particular problems of 

business viability. The authors suggest the algorithm for 

improving the business viability through the equity 

sufficiency by means of adjusted financial leverage 

effect. Its applicability is proved by results of analysis of 

statistical data on Latvian companies. Suggested 

approach to management of the level of equity 

sufficiency can be considered as an effective tool for 

achieving company’s viability. 

 

Keywords: degree of adjusted financial leverage effect, 

business viability, costs allocation by assets centers, the 

level of equity sufficiency, fair value of return on assets. 

 

 

1. INTRODUCTION 

 

The viability of business is defined by its long-term 

survival – its ability to have sustainable profits over a 

period of time. The situation in the world economy 

stipulates the necessity for a strong management of 

business viability. Bankruptcies are an important issue for 

the European economy. Business entry and exit are 

natural processes that are inherent to European 

economies; actually 50% of enterprises do not survive the 

first five years of their life and of all business closures, 

bankruptcies account in average for 15%. Furthermore, 

bankruptcy has an important secondary effect on 

entrepreneurship as many entrepreneurs do not start a 

company because of their fear of the consequences of 

business failure [1]. 

According to the European Commission’s Flash 

Eurobarometer 283 of May 2010, 49% of entrepreneurs 

mentioned that the major risk to start an activity is the 

possibility of going bankrupt [2]. 

It should be noted that each year the problem of 

increasing of losses, insufficient level of equity and 

bankruptcy of Latvian companies is getting more and 

more serious. The statistical data shows that the average 

rate of the equity to total assets during the past 10 years 

has been fallen by half and amounted to 28% in 2010 [3]. 

In average 2% of active enterprises are facing 

the problem of legal insolvency - the most vital business 

issues of 21st century [4].  

The sufficient level of equity is critical factor for 

company’s viability and solvency. The authors of this 

paper suggest the approach to monitoring the level of 

equity sufficiency by means of: 

 1) degree of adjusted financial leverage effect; 

 2) fair value of return on assets.  

The aim of the research presented in the paper is 

to develop the approach to managing the sufficiency level 

of equity, which can be applied towards the solution of 

particular problems of business viability.  

 

 

2. THE INSIGHT INTO PRACTICAL ISSUES 

OF EQUITY SUFFICIENCY MANAGEMENT  

 

In the course of scrutinizing the scientific literature, 

authors have considered that recently the issue related to 

equity and capital structure has been discussed in the 

scientific literature quite widely; however the 

methodological approach to defining the optimal value of 

equity for business viability, in authors’ opinion, requires 

a more profound theoretical interpretation, formalization 

and economic substantiation.  

The principles of equity management in the most 

of the scientific resources are limited or to multi-criteria 

optimization of capital structure [5, 6, 7] either to various 

measures of leverage [8, 9, 10, 11, 12, 13]. Suggested 

approaches to equity management suppose the evaluation 

of risks, profitability, inflation, taxes, structure of debts 

and impact of other factors on viability, but it was not 

found any literature where the level of equity sufficiency 

is taken into consideration. 

The authors of the paper suggest defining of 

equity sufficiency as such level of company’s equity, 

which allows it to achieve a condition of “self-

sufficiency”. Self-sufficiency is the state of independence 
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from any aid, support, or interaction, for survival 

(viability); it is therefore a type of autonomy [14].  

Authors suggest theoretical methodology for 

assurance of business viability through the equity 

sufficiency based on financial leverage effect. The level 

of equity sufficiency is defined by the ration of current 

value of equity to permissible value of equity. The 

permissible value of equity is identified according to the 

equation (1) given below [15]: 

 

,LLPRINLAEpv                           (1) 

 

where 

Epv – permissible value of equity, Ls; 

LA – long-term assets, Ls; 

IN – inventories, Ls; 

PR – provisions, Ls; 

LL – long-term liabilities, Ls. 

The degree of financial leverage effect as in (2) 

can be adopted for achieving the sufficient level of 

equity: 

,)()1( 









E

D
RROATRDFL  (2)

  (
 

where 

DFL - degree of financial leverage effect, %;  

TR - income tax rate, relative value;  

ROA – return on assets, %;  

R - interests average rate, %;  

D - debts, Ls;  

E - equity, Ls [16]. 

 

The authors consider that the applying of 

standard financial leverage effect (2) for equity and 

capital structure optimization is very limited due to:  

1) the impact of intangible assets on income and 

profitability of company is not taken into 

consideration;  

2) interest rate is not distributed according to short 

term and long term liabilities; 

3) applying of financial leverage effect for capital 

structure optimization doesn’t assume the evaluation 

of level of equity sufficiency.   

 

3. METHODOLOGICAL APPROACH TO 

ASSUARANCE OF BUSINESS VIABILITY 

THROUGH THE EUQITY SUFFICIENCY 

 

The authors suggest the algorithm for improvement the 

business viability through the equity sufficiency by 

means of “degree of adjusted financial leverage effect” 

(see Fig.1). 

 

A. Evaluation of level of equity sufficiency  

Calculation of the level of equity sufficiency according to 

the formula 3 is a prerequisite for identifying the degree 

of self-sufficiency of company in order to further 

elaboration of the mechanism for managing business 

viability: 

                     ,
pv

c

E

E
SLE                                     (3) 

where 

Ec – current value of equity, Ls 

Epv – permissible value of equity, Ls 

SLE – sufficiency level of equity, relative value. 

 

If sufficiency level of equity is less than 1 (SLE<1), it 

means that company depends on external support and has 

high risk of bankruptcy. In order to achieve sufficient 

level of equity authors suggest the applying an adjusted 

approach to defining of degree of financial leverage 

effect. 

 

 

Evaluation of the level of 

equity sufficiency

Applying the adjusted 

approach to defining of 

financial leverage effect

Defining of the optimal 

debt level for achieving 

the equity sufficiency

Assurance of business viability

Costs distribution by tangible 

and intangible cost centrs

Correction of 

return on asset 

ratio

Income distribution by tangible 

and intangible income centrs

Correction of return 

on asset ratio

Applying of short term 

liabilities

 
 

Figure 1 Algorithm for improvement of business viability through the equity sufficiency
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B. Applying the adjusted approach to defining of degree 

of financial leverage effect 

The degree of financial leverage effect is a financial ratio, 

which defines the level of additional equity in response to 

increasing of debts by 1% [17].  

The traditional theoretical approaches to 

calculation of the degree of financial leverage effect (2) 

don’t suppose the evaluation of impact of intangible 

assets on company’s profitability. The content of 

intangible assets is under discussions between scientists 

and there are still not generally accepted definitions for 

intangible assets. From accountancy prospective they can 

be qualified as non-material assets accounted on balance 

sheets in accordance with some conditions [18]. From 

managerial and business prospective it is qualified as 

reputation, name recognition, intellectual property such 

as knowledge and know how [19]. 

Within this research authors consider that the 

intangible assets are all company’s assets which are not 

presented in balance sheets, but which actually generate 

company’s additional value, etc. intellectual capital - 

human capital, internal processes and others related 

assets. 

Intellectual capital is an intangible asset that has 

supplanted industrial machinery and natural resources, 

and is today considered one of the most valuable factors 

for the creation of wealth being [20]. It is knowledge, 

experience, organizational technology, relationships, and 

professional skills that provide for a competitive edge in 

the market [21]. 

Scientists’ recent studies present the importance 

of intangible assets (intellectual capital) of company [22, 

23, 24, 25, 26]. They are still looking for methods for 

measurement of intellectual capital impact on profit and 

value, but still no any optimal tool is found – some 

authors suggest determining of it by means of identifying 

of the value of market value of company, the value of 

R&D expenditures, differential between profitability rates 

of industry and separate company [27].  

Authors of this research consider that applying 

of suggested approaches to evaluation of impact of 

intellectual capital on profitability of company is limited 

from the prospective of achievement of equity 

sufficiency. It is impossible to apply these researches for 

calculation of financial leverage effect due to limitation 

of information availability.  

It is suggested to identify the fair value of return 

on assets, which takes into account and excludes the 

impact of intangible (intellectual) assets on income. The 

fair value of return on assets is defined by means of costs 

and income distribution according to assets centers. 

Authors suggest classifying costs and income by 2 assets 

centers – tangible and intangible – as it shown on Fig.2:

 

 
 

Figure 2 Distribution of income and costs by centers of tangible and intangible assets 
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The costs related to the intangible assets are determined 

as company’s administrative costs. Income generated by 

tangible and intangible assets can be defined 

proportionally to administrative and non-administrative 

costs.  

The fair value principle of return on assets is 

exposed in the principle like the consumption degree 

(costs) of intangible and tangible assets should be in 

proportion to the expected benefit from this consumption.  

The fair value of return on assets profitability 

can be defined by means of formula (4): 

 

,100100 int

A

I
C

C
PBT

A

IPBT
FRA

t

t

a 




           (4) 

 

where 

FRA - fair value of return on assets, %; 

PBT - profit before taxes, Ls; 

Iint – income generated by intangible assets, Ls; 

It  - income total, Ls 

Ca – administrative costs, Ls; 

A - Assets, Ls; 

Ct - total costs, Ls. 

 

Authors consider that the interest rate – the average price 

for external financing (interest payments to liabilities) 

within the financial leverage effect should be calculated 

as interests to short-term liabilities, as company during 

the current year is paying only for short-term liabilities, 

which generate the profit. Long-term liabilities are 

transforming into the short term by stages – year after 

year.The suggested calculation approach to the adjusted 

financial leverage effect is presented below (5): 

 

,)100()1(
E

D

L

IP
FRATRDFL

st

a              (5) 

where 

DFLa – degree of adjusted financial leverage effect, 

%; 

IP - interests payments, Ls; 

Lst - short-term liabilities, Ls. 

 

The adjusted degree of financial leverage effect presents 

the effect of additional debts involving into tangible 

assets, which will generate additional profit.  

C. Defining the optimal amount of debts for achieving 

equity sufficiency 

In cases when the level of equity is insufficient (SLE<1), 

authors suggest defining of the necessary changes in the 

amount of debts to improve the level of equity sufficiency 

(6):  
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                   (6) 

where 

∆D - necessary changes in debts, %;  

∆E – necessary changes in equity to achieve its 

sufficiency, %; where ∆E is calculated according to 

the formula 7: 

 

,100
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                  (7) 

 

The suggested algorithm for improvement of the business 

viability through the equity sufficiency can be applied 

within making the decision, planning process and 

monitoring the financial condition of a company. 

 

 

4. THE APPLICABILITY OF DEGREE OF 

ADJUSTED FINANCIAL LEVERAGE 

EFFECT:  

CASE FROM LATVIA 

 

The authors of the research have tested the suggested 

approach to calculation of adjusted financial leverage 

effect. The Latvian medium and small size enterprises of 

Riga region, which operates in the service industry, were 

chosen as an object of the testing. Testing period – 2008-

2009 years, when the impact of financial crises on 

business viability of companies could be the most 

significant.  

The enterprises as objects of testing were 

selected on the basis of the largest business activity in the 

mentioned region of Latvia (67%) and their contribution 

to the gross domestic product (42%).  

The results of testing of the adjusted degree of 

financial leverage effect are presented in the Table 1:  

 

Table 1 The results of testing the adjusted degree of 

financial leverage effect of Latvian companies  

Parameters 
According to the formula 

standard adjusted 

2008 year 

Return on assets 0.58% -0.04% 

Degree of financial 

leverage effect -5.30% -0.32% 

Profit before taxes, Ls 74156 657107 

2009 year, 

values taking into account the tendencies of changes of 

debts in 2009, degree of financial leverage effect of 

2008 

Expected changes in 

equity  -6.60% -0.40% 

Actual changes in 

equity 5.60% 
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 The results of testing present the differences 

between return on assets (ratio of PBT to Assets, that 

equals 0.58%) and fair value of return on assets. The fair 

value of return on assets of Latvian companies show that 

their assets are not profitable. That means that company 

has generated profit from consumption of non-tangible 

assets 9 times more then from assets presented on the 

balance sheet. This fact is also proved by specific of 

companies’ business as they are operating within service 

industry.  

 During the testing it was found that expected 

changes in equity calculated based on adjusted approach 

to defining the degree of financial leverage are much 

closer to actual changes in equity within 2008-2009 year 

then expected changes in equity calculated applying the 

standard formula of degree of financial leverage.  

 

 

5. CONCLUSIONS 

 
During developing the approach to assurance of business 

viability through the equity sufficiency the following 

conclusions were made: 

1) The applicability of suggested approach to 

assurance of business viability was proved by 

results of testing of Latvian companies from service 

industry. Anyway it still requires more 

investigations within perspective analysis. 

2) For the further implementation of the approach to 

assurance of business viability into practice it 

should be tested on companies from different 

industries, as it is closely related to the intellectual 

capital of company the significance of which is 

strictly defined by business specific.  

The efficiency of using of suggested approach to 

assurance of business viability through the equity 

sufficiency increases significantly if company has 

detailed accountancy system, when the costs, assets and 

income can be classified by tangible and intangible 

centers.  

Suggested approach to management of the 

equity sufficiency level can be considered as an effective 

tool for achieving company’s viability. 
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ABSTRACT 

 
The aim of the paper is to analyse different human resource 

management (HRM) models and aspects of corporate social 

responsibility and creating shared value for building holistic 

model towards sophistication and sustainable development of the 

company. Research methods such as analysis and synthesis of the 

relevant scientific literature, logical and comparative analysis, as 

well as analytic hierarchy process (AHP) method are applied. 

Based on both the theoretical research and empirical analysis the 

authors show the factors, practices and outcomes of different 

models; developed holistic human resource management model; 

and draw conclusions regarding importance of HRM practices, 

the interconnectedness of human resource management and 

sustainability. 

 
Keywords: Human Resource Management Model, Holistic 

Approach, Corporate Social Responsibility, Creating Shared 

Value. 

 

 

1. INTRODUCTION 

 
Continuous ongoing changes in the external environment and 

changes in the organization’s internal environment create the 

need for a new approach to the organizational management, also 

including a different approach to human resource management 

(HRM). Nowadays, when talking about the progress and results 

of ongoing processes, it is often stressed that all processes are to 

be evaluated and analysed as a whole, or holistically. 

In a general sense holism refers to any approach that considers 

the whole more important than its elemental parts. Holism is well 

established as a concept in science, sociology, medicine, religion, 

psychology and philosophy. However, the concept of holism in 

economics or business has only recently emerged. 

The future is likely to belong to systemic organizational 

development solutions and knowledge sharing between different 

management disciplines. [11] Holistic approach is closely related 

to the systems approach. System is a set of interrelated elements, 

which form a single functional entity. 

According to the authors, holistic approach to management can 

be discussed at different levels: Human Recourse Management 

level, Organizational level, Society and Environment level. 

Holistic approach at HRM level appears when HRM is described 

as a single system. Armstrong notes that HRM can be described 

as a strategic, integrated and coherent approach to the 

employment, development and well-being of the people working 

in organizations [1]. Beer et al. believe that today, many 

pressures are demanding a broader, more comprehensive and 

more strategic perspective with regard to the organization’s 

human resources [6]. These pressures have created a need for a 

longer-term perspective in managing people and consideration of 

people as potential assets rather than merely a variable cost. 

Fombrum et al. hold that human resource (HR) systems and the 

organization structure should be managed in a way that is 

congruent with organizational strategy [[31]. 

Holistic approach at organizational level is closely linked with 

systems approach. According to systems approach, organizations 

are systems, which are considered to be a set of inter-related, 

equally important and interacting elements. Organizations as 

systems operate and develop through interaction of their 

elements. Thus, changes that occur in one of the elements of the 

system affect other elements of the system [11]. Although 

different authors describe organizational elements in different 

ways, all the authors note that the organization's activities are 

based on people whose actions are deliberately managed and 

coordinated to reach the goals set by the organization.  

Explanation of HRM philosophy by Legge states that human 

resource policies should be integrated with strategic business 

planning and used to reinforce an appropriate (or change an 

inappropriate) organizational culture, that human resources are 

valuable and a source of competitive advantage, that they may be 

tapped most effectively by mutually consistent policies that 

promote commitment and which, as a consequence, foster a 

willingness in employees to act flexibly in the interests of the 

adaptive organization’s pursuit of excellence [17]. 

Holistic approach at the level of society and environment shows 

that HRM processes take place within the context of the internal 

and external environments of the organization. In line with 

contingency theory, these exert considerable influence on the 

decision over which HR practices are adopted. The external 

environment consists of social, political, legal and economic 

developments and competitive pressures. Holistic approach 

includes economic, ecologic, social, political and cultural aspects. 

 

 

2. HOLISTIC APPROACH: ASPECTS OF CSR AND CSV  
 

Fundamental, turbulent and revolutionary changes took place in 

business organizations during 1980s. Attitude towards the people 

employed within the organization changed, recognizing that 

employees are an important resource for the organization – 

human resources – and one of the primary stakeholders. External 

stakeholders called for greater corporate social responsibility 

(CSR) among other things. These changes reflect the expectations 

and influences of stakeholders on issues ranging from 

organizational governance to operations. Consequently, the 

management strategy changed: if traditionally management 

focused on the organization’s internal environment, the new 

approach envisaged respecting interests and managing 

relationships of all stakeholders – both internal and external. In 

each case managers focus on relationships with those 

stakeholders who are of particular importance in achieving the 

organizational goals. [26] 

CSR as an important aspect of company’s competitive advantage 

and sustainability is closely related to the stakeholder’s approach 

in which all interests are observed. Stakeholder’s approach also 

implies opting for a multi-dimensional concept of performance 
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using multiple measures of performance: outcomes such as 

labour productivity, innovation, quality, efficiency gains and 

flexibility and more social aspect of performance emphasising 

legitimacy and fairness (organisational citizenship behaviour, 

commitment, trust, perceived security and perceived fairness) 

[19], [7].  

In contrast to the view that managers are responsible only for 

profit within the economic and legal framework, an opinion 

appeared that organizations should be socially responsible and 

voluntarily seek ways to meet the interests and needs of their key 

stakeholders. As Boxall points out, “ W hile HRM does need to 

support commercial outcomes (often called “ the business case” ), 

it also exists to serve organizational needs for social legitimacy”  

[8]. This means exercising social responsibility or in other words 

being concerned for the interests (well-being) of employees and 

acting ethically with regard to the needs of people in the 

organization and the community. Thus CSR of the 21st century is 

based on social, environmental and economic responsibility. 

J ust recently a new approach to socially responsible business 

practices has been introduced – the concept of c reating sh ared 

valu e (CSV), which implies creating economic value while 

simultaneously creating value for the society. It is a new, 

challenging view on the social and business issues and the 

connection between the two.  

According to Porter and K ramer, Creating Shared Value is an 

approach to CSR based on the interdependence of corporate 

success and social welfare [22]. Shared value creation is a way of 

re-connecting a company with the society it is embedded in, 

through identifying and expanding the connections between 

societal and economic progress. A “ CSV company”  no longer 

thinks of profitability only, but rather focuses on achieving 

sustainable competitiveness through simultaneously delivering 

positive impact on society and environment. [31], [21]  

This means recognizing societal needs not exclusively as a 

burden on the business that only brings higher costs, but as a way 

to improve business performance while creating added value for 

the society as well. Thus CSV is a way of doing business that 

considers the society and environment not just as external settings 

that a company is operating in, but as an integral part of the 

business. Thinking of how to improve society’s wellbeing 

becomes a step in thinking of how to achieve better business 

results. [16]  

Introduction of socially responsible business principles depends 

on management desires. However, the CSR program 

implementers are employees - staff, human resources. Therefore, 

the HRM as a constituent part of company management plays an 

important role in the implementation of sustainable policy. 

 

 

3 . ANALY SIS OF HRM MODELS  
 

Over time, both the attitude towards the people engaged in the 

organization and the concepts, which are used to describe these 

people, have changed. Originally, organizations considered the 

people employed a labour resource, with a focus on the human 

ability to perform certain functions and tasks. W ith regard to the 

implementation of the scientific advances and new technologies, 

the nature of labour has changed: workers needed a higher level 

of education, different skills and abilities. W illingness of 

employees to participate in decision-making increased. In the 

eighties of the 20th century, a new concept – Human Resources 

Management was introduced in the U SA by adopting the total 

quality management principles from J apan, recognizing that the 

organization's employees, namely, human resources, are a 

significant resource, and by combining the scientific management 

approach, the human relations school and the principles of 

strategic management.  

According to Price from an organizational perspective HR 

encompass the people in an organization – its employees, and the 

human potential available to a business. The overall purpose of 

HRM is to ensure that the organization is able to achieve success 

through people. HRM is a philosophy of people management 

based on the belief that human resources are uniquely important 

to sustained business success. HRM is aimed at recruiting 

capable, flexible and committed people, managing and rewarding 

their performance and developing key competencies [23].  

In literature, various perceptions of HRM are found, leading to a 

wide variety of HRM definitions. Some authors support the 

unitary approach to HRM, when employers and employees are 

viewed as having common interests and the key function of HRM 

is how people can best be managed in the interests of the 

organization.  

According to unitary approach HRM is defined as a strategic and 

coherent approach to the management of an organization’s most 

valuable assets – the people (or human talent) working there who 

individually and collectively contribute to the achievement of its 

objectives [1], [18], [30].  

Other authors use the more pluralist view, which says that all 

organizations contain a number of interest groups and the 

interests of employers and employees do not necessarily coincide.  

Cascio says that HRM is the attraction, selection, retention, 

development and use of human resources in order to achieve both 

individual and organizational objectives [24 ].  

Paauwe believes that the yardstick of human resource outcomes 

is not just economic rationality – a stakeholder perspective is 

required, is develop and maintain sustainable relationships with 

all the relevant stakeholders, not just customers and shareholders 

[19].  

Investigating the issue of the impact of HRM on organizational 

performance, HRM has developed a number of models that show 

the relationship between HRM practices, the factors influencing 

the choice, and the organization outcomes. W ithin this research, 

the following models have been selected for analysis:   

1) The Harvard framework of HRM – one of the first HRM 

models, developed by the Harvard School representatives 

Beer, Spector, Lawrence , Mills , W alton  in 1984  [6].  

2) The G uest model of HRM [13]. 

3) Model for the HR-shareholder value relationship created by 

Becker, Huselid, Pickus, Spratt [5]. 

4 ) Contextual and D ynamic Framework for Strategic HRM 

created by J ackson, Schuler [14 ].  

5) Armstrong model – impact of HRM on organizational 

performance [3].  

The authors compared the models (see Table 1) in accordance 

with HRM practices and factors and outcomes influencing them. 

Some author show business strategy as a factor influencing 

HRM, others analyse these factors in detail, indicating both the 

organization’s external environmental factors and internal 

environmental factors. The most complete set of influencing 

factors is shown in J ackson and Schuler’s model. 

In the part of HRM practices the focus is on the following 

activities: recruitment, selection, performance appraisal, training 

and development, compensation and rewarding, workplace safety 

and security.  

W e can divide HRM in two approaches: “ hard”  and “ soft”  

approach. U nder the “ hard”  approach, employees are considered 

one of the organization’s resources and should thus be managed 

in the same ways as any other resources in the organization. This 

approach measures the HRM effectiveness by monetary criteria: 

cost accounting employed utility analysis, economic value added, 

and return of investment of HR activities [28]. 
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Table 1. Comparison of HRM models [created by authors] 

Models Factors HRM practices Outcomes 
H

a
rv

a
rd

 m
o

d
el

 
Stakeholder interests 

S itu ational fac tors 

(W orkforce characteristics, 

business strategy, 
management philosophy, 

labour market, unions, task 

technology, laws and 

societal values) 

E m ploy ee influ enc e – delegated levels 

of authority, responsibility, power 

H R  flow s – recruitment, selection, 

placement, promotion, appraisal and 
assessment, termination etc. 

R ew ard sy stem s – pay systems, 

motivation etc. 

W ork  sy stem s – definition/design of 

work and alignment of people 

HR outcomes: commitment, competence, congruence, 

cost-effectiveness. 

Long term conseq uences: individual wellbeing, 

organisational effectiveness, social wellbeing 

G
u

es
t 

m
o

d
el

 

HRM strategy 

 

Selection 

Training 

Appraisal 

Rewards 

J ob design 

Involvement 
Status and security 

HRM outcomes: commitment, quality, flexibility 

Behaviour outcomes: effort/motivation, cooperation, 

involvement, organizational citizenship 

Performance outcomes:  

High: productivity, quality, innovation 

Low: absence, labour turnover, conflict,  
customer complaints 

Financial outcomes: profits, return on investments (ROI) 

B
ec

k
er

 e
t 

a
l.

 

m
o

d
el

 

Business and strategic 

initiatives 

D esign of H R M  sy stem : 

Recruitment, 

Selection, 

Compensation systems, 

D evelopment and training 

 

HR outcomes: 

employee skills, employee motivation, job design and 

work structures 

Performance outcomes: 

productivity, creativity, discretionary effort,  improved 

operating performance 

Financial outcomes: profits, growth, market value 

J
a

ck
so

n
, 
S

ch
u

le
r 

m
o

d
el

 

G lob al environm ent:  
local conditions, 

national conditions, 

multinational conditions 

 

O rganizational 

environm ent:  

leadership,  

strategy, 

organization structure, 

organizational culture 

H R M  ac tivities –  form al polic ies, daily  

prac tic es: 

HR planning, 

J ob analysis, 

Recruitment and retention, 

Selection, 

Training and developing, 

Measuring performance, 

Compensating employees, 

Rewards, 

W orkplace safety and health, 

Employee relations  

Stak eholder satisfaction 
O w ners and investors: 
Financial returns, corporate reputation, long-term survival 

C u stomers: 

Q uality, speed, responsiveness, low cost, innovation, 

convenience 

S ociety: 
Legal compliance, social responsibility, ethical practices 

O ther organizations: 

Reliability, trustworthiness, collaborative problem-solving 

O rganization M emb ers: 

Fairness, quality of work life, long-term employability 

A
rm

st
ro

n
g

 

m
o

d
el

 

Contingency variables: 

- E x ternal c ontex t 

(competition, economic, 

social, legal) 

- Internal c ontex t (size, 

sector, technology, 
employees, culture) 

Business strategy 

Resourcing 

Performance management 

Learning &  development 

Reward management 

Employee relations 

HRM outcomes 
Engagement, Commitment, Motivation, Skill  

Business outcomes 
Productivity, Q uality, Customer satisfaction 

Financial performance 
Profit, Sales, Market share, Market value 

 

Some companies develop sophisticated models, of how HR 

practices affect satisfaction of customers, or identify investors as 

the most important stakeholders, without whose capital it would 

be impossible to continue business and reach satisfaction [28].  

The “ soft”  approach acknowledges the importance of taking into 

consideration multiple stakeholder interests. In this approach, 

employees as an important group of stakeholders and a distinct 

resource that cannot be managed as any other resource and whose 

interests and needs have to be taken into account [24 ]. A more 

complete evaluation of the effectiveness of HRM involves the 

satisfaction of the concerns of multiple stakeholder groups. 

Therefore, soft indicators are also used, such as commitment, 

satisfaction, engagement, knowledge development, etc. [28]. Soft 

approach is in tune with the concept of CSR, which provides 

satisfaction of all stakeholders of the organization, not just the 

owner/investor interests.  

Traditionally, all mentioned HRM models are based on D yer and 

Reeves [12] categorization of outcomes, which provides: 

1) Proximal outcomes – HR outcomes;  

2) More distal outcomes – organizational, financial and market 

based.  

CSR approach extends the range of HRM outcomes including the 

social outcomes – individual and social well-being. 

The summary of HRM model outcomes analysed in this article is 

shown in Figure 1. 
 

 
 

Figure 1. HRM outcomes [created by authors] 
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Comparison of the HRM models made by authors (see Table 1), 

shows that some models represent the traditional approach, but 

Harvard, J ackson and Schuler models represent the CSR 

approach, i.e., the satisfaction of the interests of different 

stakeholders. ����������� 	�� 
��� 
��
���� ����� 
������ ���

������
� ������
�� ���� ��
����� ���� �
������ [14 ] Contextual 

and D ynamic Framework for Strategic HRM.  

 

 

4 . HOLISTIC HRM MODEL AND IMPORTANCE OF 
HRM PRACTICES  

 

An open systems view of HRM has been developed by W right 

and Snell [32]. An open system is dependent on the environment 

for inputs, which are transformed during throughput to produce 

outputs that are exchanged in the environment. W right and Snell 

defined an open HRM system as a competence model of 

organizations. Skills and abilities are treated as inputs from the 

environment; employee behaviours are treated as throughput; and 

employee satisfaction and performance are treated as outputs. 

An HRM system brings together [1]:  

1) HR philosophies which describe the overarching values and 

guiding principles adopted in managing people;  

2) HR strategies which define the direction in which HRM 

intends to go; 

3) HR policies which provide guidelines defining how these 

values, principles and strategies should be applied and 

implemented unspecific areas of HRM;  

4 ) HR processes which comprise the formal procedures and 

methods used to put HR strategic plans and policies into 

effect;  

5) HR practices which consist of the approaches used in 

managing people;  

6) HR programmes which enable HR strategies, policies and 

practices to be implemented according to plan.  

 

In order to assess the significance of various HR practices in the 

company’s socially responsible strategy implementation, the 

authors used Analytic Hierarchy Process (AHP) method 

developed by Thomas L. Saaty [25]. The AHP methodology 

helps reach a desired goal eliciting both qualitative as well as 

quantitative data. [4 ]  

In AHP, preferences between alternatives are determined by 

making pair-wise comparisons. In the results the relative 

importance of the various criteria, which is rated by the nine-

point scale developed by Saaty, is found. This scale indicates the 

level of relative importance from equal (1), moderate (3), strong 

(5), very strong (7) up to extreme level (9). The intermediate 

values between two adjacent comparisons are evaluated by 2, 4 , 

6, and 8. Comparing alternatives with AHP there is an 

assumption that criteria A is absolutely more important than 

criteria B and is rated at 9, then B must be absolutely less 

important than A and is graded as 1/9 [4 ], [10].  

The next step is the calculation of a list of the relative weights, 

importance, or value, of the factors, which are relevant to the 

problem in question (eigenvector) [10]. First of all decision 

matrix of judgments of the main aspects with respect to the 

objective is calculated. Then decision matrixes of judgments of 

the criteria with respect to each aspect/criteria are calculated. “ In 

order to obtain the numerical values of ratings, a comparison 

matrix between the rating intensity levels was built. Through this 

matrix, the relative importance among levels of intensity was 

found, calculating the self-vector that represents the 

“ performance”  for each intensity level” . [29]  

 

 

The Consistency Ratio is calculated as follows:  

�� �
��

��
 (1) 

where CI is the consistency index; RI is the Random 

[Consistency] index, which is taken from Saaty’s table “ The 

Reference Values of RI for D ifferent Values of n”  [4 ], [25].  

The Consistency Index is calculated as follows:  

���
�	
 �� � ��

�� � ��
 (2) 

where n is the number of alternatives; �maxx is result of the 

Selected Criteria Pair-wise Comparison Matrix (�max) and 

Eigenvector (row averages, x) multiplication [4 ], [25]. 

The final step is each normalized alternative score multiplication 

by the corresponding normalized criteria weight. Afterwards the 

results for all of the alternative criteria are summed up. The 

highest total score is the preferred alternative.  

According to the AHP methodology, the authors offer three 

criteria for comparison: development of environment, 

development of relationships with stakeholders and business 

ethics. 

D ata analysis shows that the most important is such a criteria as 

D evelopment of Environment (0.6753), the second important 

criteria is developing relationships with stakeholders (0.2372) 

and the least important criteria in this case is Business Ethics 

(0.0874 ).  

 

Table 2. Priorities of HRM functions in CSR company  

Rang 
Normalised 

priorities 
Alternatives (HRM practices) 

1 0.1310 W ork environment, safety and health 

2 0.1166 Compensating employees 

3 0.1030 Rewards 

4  0.0867 Performance management 

5 0.0862 Employee relations 

6 0.0858 Training and developing 

7 0.0839 Performance appraisal 

8 0.0712 Induction 

9 0.0621 Recruitment and retention 

10 0.0611 Selection 

11 0.0569 J ob design and analysis 

12 0.0555 HR planning 

 

As a result it is clear that the first most important HRM practices 

are those from the “ soft”  HRM approach (managing the “ W ork 

environment, safety and health” , “ Rewards”  and “ Compensating 

employees”  with weight more than 0.1). The least important 

HRM practices in this case are activities such as “ HR planning” , 

“ J ob design and analysis” , “ Selection” , “ Recruitment and 

retention”  (with weight less than 0.07).  

In its traditional form, HRM, as pointed out by Boselie et al., can 

be viewed as “ a collection of multiple discrete practices with no 

explicit or discernible link between them”  [7]. In contrast “ the 

more strategically minded systems approach views HRM as an 

integrated and coherent bundle of mutually reinforcing 

practices” . K epes and D elery note that a defining characteristic of 

HRM is that HRM systems and not individual HRM practices are 

the source of competitive advantage: “ Coherent and internally 

aligned systems form powerful connections that create positive 

synergistic effects on organizational outcomes”  [15].  

Strategic human resource management is a holistic approach by 

its nature because it envisages unity of HRM and business 

interests. [1]. The fundamental aim of strategic HRM is to 

generate organizational capability by ensuring that the 

organization has the skilled, engaged, committed and well-

motivated employees it needs to achieve sustained competitive 

advantage. It has three main objectives: first, to achieve 

34

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



integration – the vertical alignment of HR strategies with 

business strategies and the horizontal integration of HR 

strategies. The second objective is to provide a sense of direction 

in an often turbulent environment so that the business needs of 

the organization and the individual and collective needs of its 

employees can be met by the development and implementation of 

coherent and practical HR policies and programmes. The third 

objective is to contribute to the formulation of business strategy 

by drawing attention to ways in which the business can capitalize 

on the advantages provided by the strengths of its human 

resources.  

Schuler stated that: “ Strategic human resource management is 

largely about integration and adaptation. Its concern is to ensure 

that: (1) human resources (HR) management is fully integrated 

with the strategy and strategic needs of the firm; (2) HR policies 

cohere both across policy areas and across hierarchies; and (3) 

HR practices are adjusted, accepted and used by line managers 

and employees as part of their everyday work”  [27].  

A real contribution to performance (in its multidimensional 

meaning) will happen only once we approach HRM from a more 

holistic and balanced perspective, including part of the 

organizational climate and culture, aimed at bringing about the 

alignment between individual values, corporate values and 

societal values [20].  

After summarizing and analysing various HRM models (see part 

3) authors created model (see Fig.2) and conclude that the holistic 

HRM model should ensure achieving the multiple organizational 

goals as well as reaching each individual employee’s individual 

goals, and also take into account the organization’s impact on 

both the external and internal environments. 

 

 
 

Figure 2. Holistic Human Resource Management model [created by authors] 

 
The model created by the authors also shows reversed causality – 

HR practices may have resulted in high performance (financial 

and social) but high performance may have encouraged the use of 

sophisticated HR practices. According to the holistic approach, 

HRM is an open system, whose operations are in close 

conjunction with the organization’s internal and external 

environment. Internal factors of organization (business strategy 

and technology, organisation structure and culture) influence the 

choice of HRM strategy and HRM practices – the organisation’s 

strategic objectives either proscribe the HRM input or HRM is 

developed in response to these objectives. HR practices can make 

a direct impact on employee characteristics such as engagement, 

commitment, motivation and skills. W hen HRM practices are 

implemented, employee competence and motivation increase, 

commitment and engagement are formed (i.e. HR outcomes). 

Interested and skilled workforce contributes to enhancement of 

organizational effectiveness (productivity, quality of products, 

speed of service and other performance outcomes), as well as to 

reaching the most distal outcomes – financial and social.  

 

 

5 . CONCLUSIONS 
 

In conditions of tough global competition of the 21st century, an 

essential pre-requirement for the development of the organization 

is acquisition and retention of competitive advantage. Today, the 

company can gain competitive advantage by implementing the 

strategy of corporate social responsibility and by creating shared 

value. Socially responsible strategy has become an integral part 

of daily operations of many competitive and sustainable 

organizations. 

Implementation of strategy of corporate social responsibility 

requires the organization to be able to find and maintain the 

balance between efficient, productive and profitable operations 

and socially responsible behaviour. So, human resources become 

one of the most important company assets or elements, which 

need to be focused on a sustainable future.  

Since CSR as an important aspect of the company’s competitive 

advantage and sustainability means respecting all stakeholders’ 

interests, holistic HRM envisages achieving diverse objectives – 

both financial and social. High labour productivity can raise the 

organization’s profit thus meeting the owners/investors’ interests. 

However, efficient organization may also mean saving resources 

(raw materials, energy) and caring about environment, which 

corresponds to the interests of the whole society.  

Sophisticated and sustainable business demands socially 

responsible strategy where observing human resource 

management and stakeholders interests is one of the most 

important elements that not only affect the business in general but 

also help reaching sustainability goals. Therefore, the company 
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has to form a unique approach to human resources management 

so that it is changed and adapted to the principles of 

sustainability. HRM aims to increase organizational effectiveness 

and capability – the capacity of an organization to achieve its 

goals by making the best use of the resources available to it. To 

achieve its objectives, the company should create an adequate 

business plan, choose a human resource management model and 

methods, establish criteria system for performance evaluation, 

define measurable results, and understand which of the HRM 

functions is the most important in building sustainability. 

The company that is able to build a proper human resource 

management system has more advantages than others. Such a 

company is not only socially responsible, but also its business 

activities create value that is useful and mutually beneficial to 

both the company and its stakeholders, and the environment and 

society as a whole.  
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ABSTRACT 

Nowadays technical harmonization is mainly used for ensuring 
unified functioning of the European Union internal market. In 
order to guarantee the functioning of it and mutual recognition 
as well as to promote international trade, the reliability of the 
activities carried out needs to be ensured by conformity 
assessment. The aim of the paper is to identify problems and 
offer new solutions thus improving the conformity assessment 
system and put forward proposals for technical harmonization 
improvement. The paper is focused on the product conformity 
assessment, as the limited scope of the research does not allow 
inspecting different kinds of conformity assessment. Research 
was done using qualitative and quantitative research methods. 
The research findings can be used by several interested parties 
in conformity assessment, and makes more clearly conformity 
assessment processes and ensure that safe products placed on 
the market. This reporting can be used as guidelines for 
improvement of conformity assessment system and technical 
harmonization in European Union. 
 
Keywords: Conformity Assessment System, Technical 
Harmonization, European Union. 
 
 

1. INTRODUCTION 
 
Technical harmonization is mainly used for ensuring the 
functioning of the European Union (EU) internal market. Its aim 
is to develop a uniform approach for solving specific issues 
across the EU, thus ensuring that external technical barriers 
resulting from different national requirements have been 
eliminated. The influence of technical harmonization on the EU 
internal market is important because a lot of requirements for 
the EU products in circulation are uniform. In order to 
guarantee the functioning of the EU internal market and mutual 
recognition as well as to promote international trade, the 
reliability of the activities carried out needs to be ensured. For 
this purpose conformity assessment system has been formed. 
Conformity assessment system is applied very extensively; its 
object may be products and processes, as well as people, 
systems, etc. Thus, nowadays conformity assessment has 
become a prerequisite and guarantee for using safe products, 
receiving appropriate services, successful operation of the 
processes, competences of qualified persons etc. Uniform 
requirements are determined using a variety of technical 
harmonization approaches. Over time, introduction of new 
technical harmonization approaches does not sufficiently clearly 
show the set of different approaches and their consistency, the 
traceability of the changes is not obvious. This creates 
confusion for both the EU and national government institutions 
in the development of requirements, as well as for entrepreneurs 
in their execution, which can lead to a situation when uniform 
operation of the EU internal market cannot be achieved. 
Therefore, it is necessary to improve and structurally manage 
conformity assessment system, and review the existing technical 

harmonization approaches. The aim of the paper is to identify 
problems and offer new solutions thus improving the 
conformity assessment system and put forward proposals for 
technical harmonization improvement. The paper is focused on 
the product conformity assessment, as the limited scope of the 
research does not allow inspecting different kinds of conformity 
assessment. In addition, products are things that are purchased 
and used every day, so there is a greater risk that they may pose 
a hazard to human health, life or environment. Research was 
done using qualitative and quantitative research methods. On 
the basis of research and analysis, the authors developed the 
improved scheme of the conformity assessment system and 
proposed new methodology of requirements of the Technical 
Harmonization Approach. The research findings can be used by 
several interested parties in conformity assessment, and makes 
more clearly conformity assessment processes and ensure that 
safe products placed on the market. This reporting can be used 
as guidelines for improvement of conformity assessment system 
and technical harmonization in EU. 
 
 

2. CONCEPTS RELATING TO CONFORMITY 
ASSESSMENT 

 
Conformity assessment is carried out to ensure product 
compliance and safety to human health, life and the 
environment. It has an important role in the safety assurance of 
products, services, etc., but entrepreneurs and the society very 
rarely think about conformity assessment during everyday 
activities, knowledge and understanding of conformity 
assessment and its related issues is not sufficient. 
After analysing the opinions about the concepts of ‘conformity’, 
expressed [1, 2, 3], as well the concept of ‘assessment’ 
expressed in literature (dictionaries, etc.) and by different 
authors [4, 5, 6] it was concluded that ‘conformity assessment’ 
compares the object with the requirements and finds its 
compliance or non-compliance to them. To adjust these 
definitions to the specific area of conformity assessment, 
improved definitions are offered: “Conformity is the fact that 
the object (product, process, etc.) fulfils the requirements” and 
“Assessment is the process of determining the object (product, 
process, etc.) compliance with the requirements”. 
 

 
Figure 1. Interrelations of the terminology related to the concept 

of ‘conformity assessment’ [created by authors] 
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When the concept of ‘conformity assessment’ was evaluated, a 
scheme of interrelations of the related terminology was 
established (see Figure 1). It was concluded that conformity 
assessment is the process of comparing the product with the 
requirements and on the basis of the assessment taking decision 
of its compliance or non-compliance. The concept of 
‘conformity assessment’ is defined by the EU and national 
legislation, standards, the documents of international and 
national organizations; also various authors have expressed their 
opinion about it [7, 8, 9]. During the evaluation of the 
definitions and opinions of the authors, it was seen that they are 
very general and partly compliant and do not specify the means 
of conformity assessment. Consequently, the authors propose to 
improve the definition of the concept of ‘conformity 
assessment’ as follows: “Conformity assessment is the process 
by which the conformity assessment procedures are carried out 
to evaluate the object (product, process, etc.) compliance with 
the requirements”. 
 

2.1. CONFORMITY ASSESSMENT PROCEDURES 
 
Conformity assessment can be ensured by knowing its processes 
and activities, by understanding its elements and other aspects 
involved, by recognizing them as a whole (a uniform system). 
In order to assess whether the product meets the requirements, 
conformity assessment is performed according to a specific 
conformity assessment process. Conformity assessment 
procedure is one of the important stages in conformity 
assessment. The concepts of ‘conformity assessment process’ 
and ‘conformity assessment procedure’ are widely used in 
conformity assessment field, but there are no precise definitions 
for them. The authors propose new definitions for these terms: 
“Conformity assessment process is a set of actions within the 
framework of which the object (product, process, etc.) 
conformity assessment is performed” and “Conformity 
assessment procedure is a way (action or module) in which the 
object (product, process, etc.) conformity assessment is 
performed and decision is made about issuing a certificate of 
conformity and/or marking”. The differences of conformity 
assessment procedures depending on the applied approaches are 
shown in Figure 2. 

 
Figure 2. Conformity assessment procedures  

[created by authors] 

Performing of conformity assessment under the Old Approach 
and the New Approach/Global Approach is different. In the case 
of the Old Approach, certain conformity assessment activities 
(inspection or certification) or support activities (calibration or 
testing) are determined. In the New Approach/Global Approach, 
the manufacturer may choose which of the applicable 

conformity assessment modules or module combinations to use. 
The manufacturer must be sufficiently knowledgeable to be able 
to choose the most appropriate solution for a particular product 
and production process, and often prefers the more traditional 
solutions. 
In the evaluation of conformity assessment activities – 
inspection, certification, calibration and testing, for each of 
them a scheme of interrelations of the terminology related to 
them has been made, and compared with the definitions and 
opinions of different authors found in literature. The authors 
have also developed the representation of relationships and 
interactions of these activities. 
Conformity assessment modules are classified according to 
various criteria: at what stage – design and/or manufacturing – 
conformity assessment is carried out, who performs the 
conformity assessment activities, what kind of activities are 
carried out to ensure product compliance: internal control, 
verification or quality management system is introduced. After 
evaluating the information related to conformity assessment 
modules and modular nature of the New Approach, it is 
concluded that in order to understand the activities to be 
performed within each module, it is necessary to provide 
explanations and to develop guidelines for their practical 
application. The expression of the modular activities in the form 
of a definition will not solve the uncertainty for entrepreneurs 
about the choice of the module and its application. 
 

2.2. CONFORMITY ASSESSMENT ELEMENTS 
 
A prerequisite for successful business in the global market is the 
ability to recognize the importance of conformity assessment 
elements: accreditation, metrology, standardization, and to 
apply them. 
Accreditation attests the competence of conformity assessment 
bodies to perform certain conformity assessment procedures in a 
particular area. It is significant for recognition of conformity 
assessment results and mutual recognition of products, as 
mentioned in several concepts of it [10, 11]. 
Essential and technical requirements, which are often 
standardized, are determined for products. Standardization has 
also contributed to the international trade. Further clarification 
of the definition of the concept of ‘standardization’ has been 
proposed: “Standardization is the process by which the parties 
involved determine the requirements and procedures that are the 
best to adjust the activity of a certain area” because the current 
definitions [12, 13, 14] are not sufficiently general and not 
focused on the development of standards. After evaluating the 
opinions expressed by different authors [15, 16, 17], and 
definitions of ‘standard’ included in literature resources, there is 
offered an improved definition as follows: “A standard is a 
document that includes terminology, requirements and 
operating conditions and which is approved by the responsible 
institution with the aim to facilitate the development of a certain 
area” which sets the objective of the standard and highlights the 
most important information contained in the standard 
(terminology, requirements, operating conditions). 
Making measurements today is an integral part of 
manufacturing, conformity assessment, trade, etc. The term 
‘metrology’ has several definitions expressed by various authors 
[18, 19, 20, 21]. The most common and most accurate definition 
is proposed by the International Bureau of Legal Metrology: 
“Metrology is the science of measurement”. Measurements 
must have a uniform measurement system and standards: the 
measurement result is the value of an object with a certain 
uncertainty. 
In the EU, there are uniform requirements for products and for 
conformity assessment during product design and 
manufacturing stages. At the same time, a uniform conformity 
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assessment system that would include all the processes, 
activities, elements etc. has not been created. Today, the 
conformity assessment system has become a complex and 
fragmented system, which is difficult to manage and is not fully 
comprehended. As a result, parties involved in conformity 
assessment are confused by the amount of requirements, they 
have difficulties ensuring a uniform interpretation of 
requirements and compliance with them, taking part in laying 
down the requirements and improvement of the conformity 
assessment system. Various elements, which contribute to 
decision making on compliance and ensure the reliability of the 
decisions, are not integrated into a single system and are not 
uniformly managed. This creates difficulties in performing 
conformity assessment. At the same time, the fact that parties 
involved in conformity assessment and the society have 
different understanding of the conformity assessment system, 
the requirements for the products, conformity assessment 
activities and the terms used in this field indicates problems in 
the system management. This confirms the need to structure the 
conformity assessment system and improve its management, 
meanwhile improving the conformity assessment terminology 
base. 
 
 

3. TECHNICAL HARMONIZATION REGULATION 
 
Technical harmonization is a process where uniform 
requirements are approved thus eliminating external technical 
barriers that could arise from different national requirements. 
[22, 23] Nowadays, technical barriers to trade are often subtly 
hidden in laws and regulations and technical specifications, 
focusing on protection of human health, life and environment, 
thus creating complications for entrepreneurship. 
Technical harmonization is applied to specific products (toys, 
lifts, construction products, non-automatic weighings, etc.) and 
specific requirements related to these products (electromagnetic 
compliance, noise emissions, etc.), as well as requirements for 
specific activities and organization of elements (conformity 
assessment procedures, accreditation, market surveillance, etc.). 
Over time, a number of technical harmonization approaches, i.e. 
solutions for the requirement regulatory organization, have been 
laid down. A common feature for technical harmonization 
approaches is setting definite requirements for products and 
their conformity assessment, without interference in the 
execution of requirements. Thus, the manufacturer is given 
some flexibility on how to ensure compliance and to 
demonstrate conformity, besides, entrepreneurs have access to a 
wider market, which also promotes competition among them. 
After evaluating technical harmonization approaches and 
comparing them, it is concluded that the New Approach in 
comparison with the Old Approach is more general and flexible, 
while they both provide delivering compliant and reliable 
products for use. [24, 25] The Global Approach determines the 
requirements for conformity assessment and is considered as a 
complement to the New Approach. Nowadays they are 
integrated so well that the requirements of both approaches 
together are called the New Approach. The New Legislative 
Framework is a collection of solutions for improvement of the 
New Approach and the Global Approach, it contains provisions 
for development of market surveillance and promotes the 
transition from the Old Approach to the application of the 
principles of the New Approach. Adopting of the above 
technical harmonization approaches has not ensured the 
continuity and consistency of the changes, which has caused 
misunderstanding about their application in government 
institutions, businesses and society. The set of technical 
harmonisation approaches and the regulated requirements, as 
well authors’ amendments can see in Figure 3. 

 
Figure 3. The set of technical harmonisation approaches and the 

regulated requirements [created by authors] 

Over time, introduction of new technical harmonization 
approaches does not sufficiently clearly show the set of 
different approaches and their consistency, the traceability of 
the changes is not obvious. This creates confusion for both the 
EU and national government institutions in the development of 
requirements, as well as for entrepreneurs in their execution, 
which can lead to a situation when uniform operation of the EU 
internal market cannot be achieved. Therefore, it is necessary to 
review the existing technical harmonization approaches. 
 
 

4. SURVEY ON CONFORITY ASSESSMENT AND 
TECHNICAL HARMONIZATION 

 
Authors done survey between EU notified bodies to get 
approval of stated conclusions about conformity assessment 
system and technical harmonization. Research was done 
observing particular selection and its formation methods, as 
well as questionnaire formation and processing requirements. 
[26, 27] Overall respondent’s statistical population of notified 
bodies surround all (1633) notified bodies, fully filled respond 
were from 56 notified bodies, which compile 3,4% of overall 
number of respondents. Statistical error of research is 4,7% 
(with 95% probability), that affirms credibility of results. 
Authors gave several questions to respondents to get know more 
about conformity assessment system and its operation. Results 
of survey and respondents answers presented in Table 1. 
The problems identified by authors and affirmed with the 
survey are summarized and grouped; their causes and possible 
consequences are defined. From the established 
interrelationships of the problems it is concluded that the 
conformity assessment system management problems can be 
grouped as follows: 
- problems related to technical harmonization (the set of the 
requirements for the products, understanding of the 
requirements, availability of non-conforming products on the 
market etc.);  
- problems related to the conformity assessment system 
management (activities of conformity assessment bodies, 
requirements for their competency etc.). 
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Table 1. Survey of notified bodies results [created by authors] 
Question No Answers 

1. Do you consider it necessary to enhance 
application of all conformity assessment 
modules? 

Yes – 19 (41%) 
No – 27 (59%) 

2. Do you consider the notification 
procedure sufficiently fast and reliable? 

Operative – 31 (55%) 
Non-operative – 4 (7%) 

Reliable – 43 (77%) 
Non-reliable – 4 (7%) 

3. Do you take part in notified bodies 
networks, working groups etc. where you 
can exchange with topical issues? 

Yes – 43 (80%) 
No – 11 (20%) 

4. Do you support a view that accreditation 
should be a mandatory criterion for the 
notification? 

Yes – 45 (83%) 
No – 9 (17%) 

5. Does publication of the list of 
recommended harmonized standards 
facilitate your work? 

Yes – 43 (81%) 
Partly – 10 (19%) 

No - 0 
6. Do you consider it necessary to perform 
conformity assessment (re-verification, 
technical inspections, etc.) also during the 
period of use? 

Yes – 38 (76%) 
No – 12 (24%) 

. Do you consider that operation of the 
national conformity assessment system in 
your country complies with requirements of 
harmonized international regulatory 
framework? 

Complies – 39 (72%) 
Partly – 14 (26%) 

Does not complies – 1 
(2%) 

8. Do you consider improvements of the New 
Approach and the Global Approach in line 
with adoption of the New Legislative 
Framework sufficient and compliant? 

Sufficient – 22 (47%) 
Partly sufficient – 20 

(43%) 
Non-sufficient – 5 (11%) 

In order to eliminate the problems, authors concluded that the 
EU needs to improve the technical harmonization approaches, 
to concretize the scheme and management of the conformity 
assessment system and to improve the functioning of national 
conformity assessment system, thus ensuring that only 
conforming products are placed on the market. 

 

 

5. PROPOSALS FOR CONFORMITY ASSESSMENT 
SYSTEM IMPROVEMENT 

 
Through research authors find out that in order to ensure the 
system management, aspects to be identified and defined in 
each specific case are as follows: 
- process to which the particular system relates (conformity 
assessment system);  
- particular object (product) to which the process relates, when 
necessary;  
- regulated requirements;  
- harmonization level of the requirements;  
- parties involved in the provision for the process activities, 
their functions and responsibilities;  
- elements that would ensure functioning of the system and 
objectiveness;  
- system surveillance provisions.  
To ensure placement of conforming and safe products on the 
market and delivery for use as well as conformity to 
requirements of products in use, conformity assessment is 
carried out, thereby in the particular case the system is related to 
product conformity assessment. The product conformity 
assessment system is evaluated, structured and developed in 
accordance with the above mentioned aspects of system 
management (see Figure 4) in order to eliminate any 
inadequacies found in it. 
Upon making changes in the conformity assessment system in 
relation to the product conformity assessment process, it is 
stated that in future during the product design and 
manufacturing stages conformity assessment is to be carried out 
only by making use of conformity assessment modules and 
uniform requirements laid down by the EU for carrying out 
conformity assessment of products during their use. In order to 
ensure reliability of conformity assessment and its results, 
specific conformity assessment elements related to particular 
stages are identified and defined. 
 

 
Figure 4. The scheme of the conformity assessment system [created by authors]

It is determined in which stages of the process the market 
surveillance is made to ensure that conforming and safe 
products are available on the market and are used. Requirements 

for conformity assessment and products, conformity assessment 
elements and market surveillance, which are harmonized at the 
EU level and allow applying mutual recognition to the products, 
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are to be improved. It is to be applied to the non-harmonized 
area as well. 
 
 
6. PROPOSALS FOR TECHNICAL HARMONIZATION 

ADJUSTMENT 
 
The new, uniform methodology proposed by the authors for 
laying down the requirements of technical harmonization to be 
applied in the EU from now is illustrated in Figure 5. The 
elaborated Technical Harmonization Approach is structured and 
within it alterations may be made consecutively and traceably. 

 

 
Figure 5. Methodology of requirements of the Technical 

Harmonization Approach [created by authors] 

Also authors gave some proposals how to adjust each of eight 
Technical Harmonization Approaches groups. 
Accreditation. To ensure equal conformity assessment of the 
products on the market, accreditation must be made a 
mandatory prerequisite for the activities of a conformity 
assessment body in the regulated area at the national level and 
their notification in order to obtain the status of a notified body. 
Furthermore, the EU needs to lay down uniform criteria for 
accreditation of conformity assessment bodies in order to be 
notified. So as to make the accreditation procedure more 
flexible and easy for the entrepreneurs, evaluation of the whole 
conformity assessment bodies’ spheres is to be performed 
during one audit visit.  
Metrology. Taking into account the importance of the field, it is 
necessary to ensure application of a uniform metrology scheme 
in all the EU Member States. For this purpose the EU needs to 
lay down a legislative act on requirements for organization of 
metrology at the national level. Simultaneously with adoption of 
such a legislative act, the bases of national standards of units of 
measurement are to be revised adjusting them to the actual 
needs of national economy and granting entrepreneurs the 
opportunity to reproduce their standards. The states need to 
cooperate and jointly evaluate, which of the national metrology 
bodies will offer particular calibration services of standard units 
of measurement; it is not necessary to offer all the services in all 
the states.  
Standardization. In order to encourage development of new 
products and implementation of innovative ideas in the future, 
voluntary application of standards needs to be stimulated. 
Laying down compulsory standards is to be given up, and it is 
advised to recommend harmonized standards. In the field of 
metrology, the international standardization and metrology 
organizations have to cooperate closely to avoid contradictions 
in the requirements, which are included in the standards and 
documents of the International Organization of Legal 
Metrology.  

Requirements for products. In the course of time the number 
of products and product groups, which are subject to regulation, 
is decreasing and currently the requirements are applied only for 
the products, which may pose hazard for human health, life and 
the environment. The author believes that this trend needs to be 
developed further, gradually decreasing the number of regulated 
areas. Upon making amendments in the legislative acts, the 
product requirements are to be uniform as far as possible 
depending on the specifics of the field, and conformity 
assessment modules are to be applied for carrying out 
conformity assessment. Different involved parties (including the 
experts, researchers etc.) are to be invited to find better and 
more comprehensive solutions. Work groups are to be 
organized for discussions about the requirements set for the 
products and their application, as well as guidelines are to be 
drawn up when necessary to eliminate discrepancies in the 
interpretation of the requirements.  
Conformity assessment procedures during the stages of 
product design and manufacturing. A significant source of 
information is the Type Approval Register. It would be useful 
for the EU to maintain a uniform Type Approval Register. As 
well it is necessary to enhance the meaning of CE marking, so 
that customs institutions, entrepreneurs and the society would 
recognize improperly marked products, and on these grounds 
the products would not be placed on the market, or not 
submitted for use or purchased. 
Conformity assessment procedures during product use. 
Until now conformity assessment procedures during product use 
were regulated only at the national level. In order to improve 
this area, subsequent verification in the EU needs to be carried 
out uniformly, with a prescribed periodicity for particular 
measuring instruments and performing verification. In respect to 
the fact of repairment or adjustment of the measuring 
instrument, the entrepreneur is issued a document, which is then 
presented to the conformity assessment body when submitting 
the measuring instrument for subsequent verification. Taking 
into account the possible instability of the measurements, the 
verification period for such measuring instruments needs to be 
shortened.  
Market surveillance. In order to decrease the number of non-
conforming products on the market, the customs institutions 
have to maximize the attention when inspecting the products 
that the EU imports from the third countries, and market 
surveillance organizations have to carry out informative 
campaigns to inform entrepreneurs and society regarding the 
meaning of CE marking. In order to improve market 
surveillance, the EU needs to elaborate guidelines for 
explanation of the requirements and make use of uniform 
document forms, as well as regularly update the knowledge of 
employees. 
Mutual recognition. The current regulation of mutual 
recognition has been improved over time and may be 
considered adequate and sufficient. The name of the legislative 
act should be changed thus demonstrating unambiguously what 
requirements are regulated by the particular legislative act. 
 
 

7. CONCLUSIONS 
 
To ensure the reliability of conformity assessment and its 
results, the elements of conformity assessment (accreditation, 
metrology and standardization) are of utmost importance. In 
assessing the scope of conformity assessment, the author has 
identified that these elements are perceived and organized as 
separate systems, rather than integrated into the conformity 
assessment system; as a result of which the functioning of the 
conformity assessment system is not comprehensive.  
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To ensure organized management of the conformity assessment 
system and its covering all elements and activities involved in 
conformity assessment, a scheme for product conformity 
assessment system is created. The scheme depicts the sequence 
of activities within the product conformity assessment process 
and conformity assessment elements, thus facilitating the 
conduct of business.  
Upon evaluation and comparison of technical harmonization 
approaches, it was found out that the changes in the technical 
harmonization approaches have not been structured, they do not 
cover all the relevant elements and in the EU there are no 
regulated uniform requirements for product conformity 
assessment during their use. Therefore, it is impossible to 
ensure the reliability of product conformity assessment. The 
solution to this problem is adoption of new uniform technical 
harmonization requirements (approach) to conformity 
assessment.  
The EU internal market needs to follow the same requirements 
for products and their conformity assessment during the stages 
of design, manufacturing and use. On the basis of the evaluation 
of the current technical harmonization approaches and the 
conformity assessment system in the EU and Latvia and the 
identified problems, a new, uniform methodology for 
regulations – the Technical Harmonization Approach – is 
elaborated with the aim to replace the current technical 
harmonization approaches. The Technical Harmonization 
Approach is divided into several groups, so that it would be 
more understandable for entrepreneurs and facilitate the 
business. The new proposed approach has to be accepted by the 
EU regulatory bodies.  
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ABSTRACT 

This paper examines factors influencing the decision not to go 

public by enterprises under the conditions in force on the Polish 

capital market. In the study we asked CFOs Polish enterprises 

divided into two groups to formulate their insights in the area of 

IPO decision making. The first group consisted of the entities 

that have previously conducted an IPO, the second one included 

the entities that have not executed an IPO (but considered doing 

so in the past or were candidates for doing it in the future). The 

survey results can be summarised as follows. First, the 

deliberation to undertake an IPO is very sensitive to the question 

of time, costs and reporting duties in companies with successful 

IPO status. The next factor - to avoid IPO failure - is more 

exogenous in its nature indicating that insiders could be 

concerned also with industry conditions that can affect the 

success or failure of the IPO process. Surprisingly, the limitation 

of company control, ensuring corporate transparency and 

limitation or loss of company control play no key role in 

considerations about IPO disadvantages. Second, the “not tried” 
companies place a big emphasis on decision-making control. 

CFOs from this group of companies also possess a very strong 

feeling regarding the fear of IPO failure. Similar to “successful” 
companies, the respondents concern very strongly with market 

and industry conditions affecting the success of going public. 

Key Words: Corporate Finance, Going Public, Initial Public 

Offering, IPO, Decision Making, CEE Region, Polish Capital 

Market. 

1. INTRODUCTION 

In the theory of corporate finance, decision to conduct an 

“Initial Public Offering“(IPO) has been considered as one 

of the most important junctures in the life cycle of a 

company. A number of theoretical and practical studies 

examined the factors that influence the decision to go 

public or to remain private, e.g. Boehmer and Ljungqvist 

(2004), Brau, Francis, Kohers (2003), Brau and Fawcett 

(2006), Haubrok (2006), Helwege and Packer (2003), 

Loughran, Ritter and Rydqvist (1994), Maug (1996) and 

Pagano, Panetta and Zingales (1998). 

The reasons not to conduct an IPO, i.e. the disadvantages 

of going public, are either financial or non-financial in 

their nature. The financial disadvantages have been 

represented by costs which are directly associated with the 

process of going public and listing on a public stock 

exchange market, such as the cost of the IPO process 

itself and the costs of regular disclosure of information 

about the company. Other costs may be indirect and 

include, for example, the costs associated with 

underpricing (Oxera, 2006; Paleari et al., 2006, 2007, 

2008, 2009, 2010). The non-financial disadvantages are 

connected with the fear that the company’s operations will 
be scrutinized more closely and critically after going 

public. On one hand there will be the company’s 
shareholders, whose different responses to the company’s 
financial performance may affect the price of its shares. 

On the other hand there will be undecided investors, 

analysts, banks, business partners, competitors and other 

entities monitoring the company’s performance for 
various reasons and comparing it with other companies in 

the given sector. An ongoing requirement for the regular 

disclosure of information is one condition of public 

tradability. Yosha (1995) concluded that although the 

costs associated with IPO implementation are 

appropriately high, companies that are sensitive to 

information disclosure will often decide against 

implementing it specifically because of the obligation of 

regularly disclosing information. A company may choose 

to grow by buying other companies, but the tables may 

turn and the company may find itself in the position of a 

company being bought, i.e. a company being acquired 

through a hostile takeover (Ježek et al., 2004). This 
situation can be blocked to some extent by issuing a 

limited number of shares through the initial public 
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offering. In any case, the new shareholders will have the 

opportunity of participating in the company’s 
management and the right to be informed about what is 

going on at the company. 

A secondary analysis of data published in W eb of Science 

and SCOPUS citation data bases reveals a lack of 

questionnaire-based research in those companies that have 

completed an IPO on the Polish capital market. This 

method of research allows comparing the attitudes of 

managers in the issuing organizations with the theoretical 

approaches described in literature. The Polish capital 

market is regarded as the most developed in the CEE 

region, which is evident from the number of IPOs it 

absorbed in recent years (330 IPOs in the years 2008, 

2009 and 2010). The W arsaw Stock Exchange now ranks 

among the European bourses which handle the largest 

volume of IPOs. In fact, Poland is the only capital market 

in the CEE region that is conducive to quantitative 

research. 

This article presents partial results of project GAČR No. 

13-38047S entitled "IPO Strategy - Specific Approaches 

in the CEE Region”. The intent of this article is to 

compare the theoretical models of corporate decision 

making about IPO-based financing with the results of an 

empirical research conducted in the Polish capital market. 

This paper is divided into four sections. The introductory 

section is followed by section 2, which describes the 

methodology and the sources of data used in the study. Its 

findings are analyzed in section 3. Finally, section 4 

discusses the results and the conclusions. 

2. MATERIAL AND METHODOLOGY 

The research approach was developed after an extensive 

review of IPO-oriented academic literature (Brau and 

Fawcett, 2006; Snieska and Venckuviene, 2011). 

Research methods cover the comparative analysis of 

scientific literature documents and reports as well as 

statistic data. Moreover, the intent of this research 

required to collect primary data. The sample consists of 

two types of companies, which means that we study two 

subsamples. The first subsample consists of the entities 

that have previously executed an initial public offering of 

shares on the Polish capital market (Subsample A – 

Successful). The second subsample includes the entities 

that have not executed an IPO, but considered doing so in 

the past or were candidates for doing it in the future 

(Subsample B – Not Tried). 

The questionnaire itself, in the Polish language, contents 

the following question: "How important were/are the 

following disadvantages of going public?" (for entities in 

subsample A), "How important were/are the following 

factors in your decision to withdraw/not to conduct the 

IPO?" (for entities in subsample B). 

The basic Group A was composed of companies that had 

entered the Main Market of W arsaw Stock Exchange 

through an IPO in the years 2007-2009. The time 

limitation on the entry into the capital market was 

necessary to ensure that the research data would come 

from corporate officers who had been personally involved 

in a recent IPO process. This group of respondents was 

drawn from the data published on the W arsaw Stock 

Exchange website (www.gpw.pl) and the publications of 

Paleari et al. (2006, 2007, 2008, 2009, 2010). The entire 

list contained 107 companies, or possibly their CFOs or 

Chairmen of the Board of Directors. 

It is difficult to estimate how large is the group of 

companies that have not entered the capital market 

through an IPO but considered doing so in the past or are 

poised for a future filing. Nonetheless, a database of 60 

companies (potential IPO candidates) was compiled from 

the information provided by brokers who had the 

experience of implementing IPOs on the Polish capital 

market. 

The data was collected in two main stages. In early 2010, 

the questionnaire accompanied by a personalized and 

signed cover letter was sent to all A-type companies on 

the survey list. To increase the return rate, the 

questionnaire was put into an electronic form and, in April 

2010, sent by e-mail to the individuals who had not 

replied the first time around, with a request for 

completion. Overall, 21 CFOs submitted usable answers 

(i.e. the response rate is 19.6 %). 

In the fall of 2011, the questionnaire with a cover letter 

was sent to all 60 companies in Group B. Again, to boost 

the return rate, a second request for participation in the 

survey was e-mailed to all respondents in January 2012. 

In the end, 18 completed questionnaires were received, 

which represents a 30% response rate. 

It should be pointed out that the return rates fall within the 

range mentioned in other survey-based financial studies 

(Brau and Fawcett, 2006). 
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The questionnaire-collected data was treated by statistical 

methods reflecting its nature and quantity. Descriptive 

methods served as the basic statistical analyses. 

Categorical data was processed using contingency tables 

and evaluated by the M -V chi-square test corrected for 

small frequency in individual categories. Mann-W hitney's 

U-test was applied to compare the statistical data between 

monitored groups. The data was evaluated at the 

significance level of α = 5%. The entire statistical 
evaluation was performed by Statistica software, version 

10. 

3. SURVEY FINDINGS 

Table 1 presents the descriptive statistics derived from all 

companies as one set of observations, with a subsequent 

comparison of the two sets of statistical data using the 

Mann-W hitney U-test. 

The respondents were asked to indicate, on a five-point 

scale (1-unimportant, 5-very important), "how important 

were/are the following factors concerned you in the IPO 

process?" (for entities in subsample A) or "how important 

were/are the following factors in your decision to 

withdraw/not to conduct the IPO?" (for entities in 

subsample B). The results of this analysis are expressed as 

an arithmetic mean ± standard deviation followed by the 

relative frequency of answers 4 and 5. 

The survay results (Table 1) for an all-inclusive set of 

respondents (companies A plus B) indicate that the 

companies view the limitation or loss of company control 

as the main disadvantage of going public (overall: 3.26 ± 
1.35; 46.15%). Two other factors received mean scores 

above 3.0 (however less than 50 % agreement: to avoid 

disclosing information to competitors (overall: 3.21 ± 
0.99; 44.74%) and to avoid IPO failure (overall: 3.13 ± 
0.98; 38.46%). 

In addition, Tables 1 permit to compare the survey results 

for both groups of companies. 

It is obvious that the successful companies perceive the 

IPO related demand on time (A: 3.24 ± 1.30; 52.38%), 

periodic reporting duties (A: 3.29 ± 0.96; 33.33%) as well 

as costs (A: 3.14 ± 1.15; 42.86%) as the most important 

disadvantages of going public. Another finding is that 

many of the aspects labeled as IPO disadvantages had 

little bearing on the decisions in the surveyed companies. 

There was no empirical support for the fear of limitation 

or loss of company control (2.62 ± 1.32; 19.05%), the 

expansion of shareholder structure (2.33 ± 0.58; 0.00%) or 

the fear of strategic information leakage and its misuse by 

competitors (2.86 ± 1.01; 23.81%). 

Among the respondents in the subsample B another 

factors play the key role in their decision to withdraw/not 

to conduct the IPO. The not tried companies are 

determined to maintain the decision-making control (4.00 

± 0.97; 77.78%) and to avoid disclosing information to 

competitors (3.65 ± 0.79; 70.56%). They place a big 

emphasis on fear of IPO failure as well (3.28 ± 1.07; 

50.00%). On the other hand they are not concerned with 

IPO related costs (2.72 ± 1.23; 27.78%), periodic 

reporting duties (2.17 ± 1.10; 11.11%) and IPO related 

demand on time (2.61 ± 0.92; 5.56%). 

Further treatment of the data sought to determine if 

statistically significant differences exist in the frequency 

of respondents' answers within the studied groups of 

companies (Group A - IPO companies, and Group B - Not 

Tried). The comparison was done by applying Mann-

W hitney U-test (analysis of continuous data). The 

statistically significant difference was the outcome of a 

non-parametric test (Mann-W hitney U-test), which is 

based on the order of values, not on the values obtained 

by measurement. The statistically significant difference is 

evident from the mode frequency and the standard 

deviation values (Group A versus Group B exhibits a 

higher mode frequency and a lower standard deviation, 

therefore Group A has a lower data variability). 

The results of the Mann-W hitney U-test indicated a 

statistically significant difference in the frequency of 

responses to "the compliance with a periodic reporting 

duties", “the ensuring corporate transparency”, “the fear 
of IPO failure”, “the expansion of shareholder structure” 
and “the disclosing information to competitors” (p < 

0.05). 
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Table 1: Survey Results 

Means are based on a five-point scale raging from 1 (not important) to 5 (very important). The sample consisted of 39 

completed surveys involving 21 successful IPOs in the period of 2007-2009, and 18 companies that were sufficiently large 

but did not execute an IPO in the years 2007-2010. The p-values indicate simultaneous differences using the Mann-W hitney 

U-test. 

 

Overall 
IPO Status 

Mean 

(Median) 

Standard 

Deviation 

% 

4–5 

Subsample A 

(Successful) 

Subsample B 

(Not Tried) 
p (Mann-

Whitney 

U-Test) 
Mean 

(Median) 

% 

4–5 

Mean 

(Median) 

% 

4–5 

A IPO-related costs 2.95 (3.00) 1.19 35.90 3.14 (3.00) 42.86 2.72 (2.00) 27.78 0.233 

B Compliance with a periodic 

reporting duty 
2.77 (3.00) 1.16 23.08 3.29 (3.00) 33.33 2.17 (2.00) 11.11 <0.05 

C Ensuring corporate 

transparency 
2.51 (2.00) 1.17 20.51 3.10 (3.00) 33.33 1.83 (2.00) 5.56 <0.05 

D Fear of limitation or loss of 

company control 
3.26 (3.00) 1.35 46.15 2.62 (2.00) 19.05 4.00 (4.00) 77.78 <0.05 

E Fear of IPO failure 3.13 (3.00) 0.98 38.46 3.00 (3.00) 28.57 3.28 (3.00) 50.00 0.231 

F IPO-related demand on time 2.95 (3.00) 1.17 30.77 3.24 (4.00) 52.38 2.61 (3.00) 5.56 1.000 

G Expansion of shareholder 

structure 
2.64 (3.00) 0.87 12.82 2.33 (2.00) 0.00 3.00 (3.00) 27.78 0.012 

H Disclosing information 3.21 (3.00) 0.99 44.74 2.86 (3.00) 23.81 3.65 (4.00) 70.56 0.011 

Source: own study 

4. DISCUSSION AND CONCLUSION 

The results of this survey indicate that the academic and 

theoretical approaches to the IPO process are, in the 

conditions of the Polish capital market, generally 

applicable (Table 2). However, the respondents’ 
observations also suggest that there is a need for 

additional information that would complement and refine 

the existing theoretical models of IPOs. 

The deliberation to undertake an IPO is very sensitive to 

the question of time, costs and reporting duties in 

companies with successful IPO status. These results are 

consistent with the survey conducted by Brau and Fawcett 

(2006) who add that “the first two reasons deal with 
insider control/ownership”. However, the next factor - to 

avoid IPO failure - is more exogenous in its nature 

indicating that insiders could be concerned also with 

industry conditions that can affect the success or failure of 

the IPO process. Surprisingly, the limitation of company 

control, ensuring corporate transparency and limitation or 

loss of company control play no key role in considerations 

about IPO disadvantages. 

The “not tried” companies place a big emphasis on 
decision-making control. In accordance with Brau and 

Fawcett (2006), “any potential benefit from an IPO is 
outweighed by the risk of a loss of control through an 

IPO”. CFOs from this group of companies possess a very 

strong feeling regarding the fear of IPO failure. Similar to 

“successful” companies, the respondents concern very 
strongly with market and industry conditions affecting the 

success of going public. 

It is possible to confirm, that the IPO statute (i.e. 

successful IPO or not-tried IPO) strongly influences CFO 

perceptions regarding the advantages and disadvantages 

occurring in going public process. It is also possible to 

confirm the findings of Brau and Fawcett (2006) who 

state that “the experience itself appears to affect 

managerial perspectives regarding the IPO process”. 

 

 

 

 

 

 

46

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



Table 2: Theories and Survey Conclusions 

 

Theories 

Survey Evidence 

Overall 
Subsample A 

(Succesful) 

Subsample B 

(Not Tried) 

IPO-related demand on time (Ježek, 2004; Paleari et al., 

2006) 

moderate support strong support low support 

IPO-related costs (Oxera, 2006; Paleari et al., 2006) moderate support moderate support low support 

Compliance with a periodic reporting duty (Oxera, 2006; 

Paleari et al., 2006)  

moderate support moderate support low support 

Ensuring corporate transparency (Oxera, 2006; Paleari et al., 

2006)  

moderate support moderate support low support 

Fear of IPO failure (Ježek, 2004; Paleari et al., 2006) moderate support moderate support strong support 

Fear of limitation or loss of company control (Maug, 1996) moderate support low support strong support 

Expansion of shareholder structure (Ježek, 2004) low support low support moderate support 

Source: own study
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ABSTRACT 
 
Having performed a number of studies, the authors of the 
article have come to a conclusion that substantial 
problems exist in the use of e-environment tools for the 
purposes of entrepreneurship among the micro-, small, 
and medium enterprises (SME) [1,2]. Lack of skills of 
using e-environment tools and deficient knowledge of the 
tools are identified among the most essential problems. A 
phenomenon known as the digital gap is forming between 
enterprises reducing an enterprise’s competitiveness and 
its possibilities to operate in the e-market. Based on the 
study results, as well as on the practical and scientific 
experience, the authors of the article have developed a 
methodology, which enables increasing SME 
competitiveness by using e-environment tools. The 
methodology can be applied universally, and that might 
be particularly profitable for companies with limited 
financial and time resources, and the authors see micro 
enterprises as the main target audience for practical 
application of the methodology.  
 
Keywords: electronic environment, SME, methodology, 
entrepreneurship. 
 

1. INTRODUCTION 
 

The e-market, being an intrinsic part of the e-
environment, is vitally important for SMEs. Effective use 
of the e-environment enables enterprises to compensate 
for or substitute lacking resources, because a considerable 
part of e-environment tools is available free of charge or 
requiring minor financial investments.  

The aim of the article is to give an account on 
the key results of the study conducted by the authors of 
the article with regard to the use of e-environment tools 
by Latvian enterprises. Moreover, it presents the authors’ 
developed methodology for improving SME 
competitiveness by using e-environment, intended for 
Latvian enterprises. Taking into account the fact that the 
entrepreneurship situation in Latvia and other EU 
countries is similar [3], as well as that the development of 

the methodology is based on the EU scientific and 
theoretical base, the authors of the article are certain that 
it will prove useful also for EU companies.  

The study object is SMEs. The study subject – 
improving the use of e-environment tools in 
entrepreneurship by using the authors’ proposed 
methodology.  

In the article, the authors employed various research 
methods – both qualitative and quantitative: bibliography 
sources, a factor analysis, the focus group method, etc. 
The theoretical and practical foundation of the article is 
based on materials and publications in mass media, 
including internet resources. 

 
2. STUDY ON THE USE OF E-TOOLS IN 

LATVIA 
  

Time of survey: May–October 2012. The aim of the 
survey performed by the authors was to find out, which e-
environment tools are used by companies, what their 
intensity of use is, and what their skills to handle them 
are. In the survey, the level of entrepreneurs’ knowledge 
and attitude towards e-environment tools in general was 
elucidated. Altogether, 526 respondents took part in the 
study (see Table 1). 

The survey questionnaire consists of three 
question blocks. Each block includes several questions 
forming the information source for performing the study.  

The first block of questions includes questions 
related to the use of e-environment tools in 
entrepreneurship – frequency, regularity, intensity, aims 
of use, etc.  

The second block of questions is dedicated to the 
companies’ or entrepreneurs’ digital knowledge level, 
knowledge of e-environment tools, their potential, and 
use for entrepreneurial aims.  

The third block consists of structural questions – 
finding out the size, field of operations, period of 
operations of the company, etc. 

The survey results show that e-mail and the 
website analyzer are the most popular e-environment 
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tools, as they are used by 9 5 %  of all respondents, 
followed by the next popular tool – a company’s website 
used by 68  %  respondents, communication tools (for 
example, Skype, MSN  etc.) – used by 63 %  of 
companies. Online social networks are used for 
entrepreneurial needs by 57  %  of the surveyed 
companies. E-government services, including the 
electronic tax reporting system is used by 4 4  %  
respondents. 
 

Table 1 
Descrip tion of study samp le  

 
Descrip tion 

 
Descrip tion Resp ondent 

numb er 
( p eop le) 

Percentage 
( % ) 

G ender of 
respondents 

Male 28 4  54 .0 

 F emale 24 2 4 6.0 
 Total 526 100.0 
Age of 
respondents 

15–35 years 354  67 .0 

 36–4 7  years 132 25.0 
 4 8 –66 years 21 4 .0 
 68 –8 3+  years 21 4 .0 
 Total 526 100.0 
C ompany’s 
category Micro 232 

 
4 4 .1 

 Small 27 4  52.1 
 Medium 17  3.2 
 Large 3 0.6 
 Total 526 100.0 

 
G enerally, well-known e-environment tools are 

among those that are included in a company’s toolbox, 
while a considerably smaller part of companies use lesser 
known tools. 

E-survey websites are used most intensively 
among the respondents (8 .9 0 out of 10), and sites for 
posting presentations and images are actively used as 
well (8 .69  out of 10). The survey results point to 
intensive use of the following tools: e-sale websites (8 .4 6 
out of 10), a company’s internet website (8 .4 0), a 
corporate blog (8 .37  out of 10), e-training (8 .27  out of 
10). The survey results indicate that companies are 
actively employing various selling and communication 
tools. 
Among the most popular aims of using e-environment 
tools are the following: 

� E-mail – for communication with employees, 
clients, and potential clients (9 3 % ); 

� C ommunication tools – for communication with 
employees, clients, and potential clients (59  % ). 

Upon summarizing answers to this question, the authors 
conclude that companies are employing a very narrow 
range of e-environment tools for rather specific aims. It is 
most likely linked to lack of awareness among companies 
about the e-environment tools as such and about the 
different uses of these tools. C ompanies are only 
informed about the traditional aims of e-tool application. 
However, currently, nearly all e-environment tools can be 
used not only for direct, but several other aims. F or 
instance, payments, purchases can be made, and other 

activities can be carried out using social networks. It has 
become possible owing to IT development and 
convergence of e-environment tools.  
To perform an in-depth analysis of the respondents’ 
answers to questions, as well as to comprehend the 
factors affecting the application of e-environment tools, 
the authors of the article have performed a factor 
analysis. W ith the factor analysis procedure, the authors 
have identified and interpreted ten factors (see Table 2). 
 

Table N 2 
Factors affecting e-environment tools  

 
# Factor Name Authors’  remark s 
1 C ompany manager’s 

and management’s 
comprehension of the 
uses of application of 
e-tools 

 

2 Understanding 
communication tools 
and their application in 
entrepreneurship 

 

3 Understanding of e-
business models 

having regard to the variables in 
this factor, as well as to the 
correlation coefficient, it can be 
concluded that companies do not 
have a clear understanding of the 
meaning of e-business models. 

4  C ompany’s 
communication with 
stakeholders 

 

5 C ompany’s website as 
a sales and marketing 
tool 

companies have these tools, but 
they do not have understanding of 
their purposes and how to use them 

6 Use of e-environment 
tools in market and 
consumer studies 

companies are informed of the 
existence of these tools, but are not 
aware as to how they can be used 

7  Understanding of 
services offered by the 
state 

the factor is affected not only by the 
weak application of these business 
tools, but also by shortcomings of 
several e-government tools, which 
encumber their use 

8  Acceptance of e-
environment tools 
among employees 

 

9  V ersatility of e-
environment tools at a 
company 

 

10 Use of state offered e-
services for business 
and private needs. 

 

 
Based on the study results, the authors conclude 

that overall companies are using e-environment tools. 
There is obvious lack of awareness and poor knowledge 
of entrepreneurs about the application of e-environment 
tools in business. A positive conclusion is that SMEs 
understand that e-environment tools can be used to 
replace / supplement the deficient or lacking resources. 
C ompanies are also willing to gain knowledge and learn 
how to use e-environment tools for entrepreneurship 
needs. Several answers point to partial acceptance of e-
environment tools among company managers and 
employees, and that is an obstacle for proper application 
of these tools.  
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The study results proved the authors’ 
assumption right, namely, that a digital gap exists, but on 
the other hand, companies wish to learn and to use e-
environment tools widely in entrepreneurship. Several 
sectoral experts voice a similar opinion on the existence 
of a gap of technologies in the society in general, as well 
as in entrepreneurship [4 ]. To reduce the gap of 
entrepreneurs’ e-skills in entrepreneurship, the authors of 
the article suggest that they use the developed 
methodology.  

 
3 . THE METHODOLOGY  

 
The methodology developed by the authors of the article 
consists of seven stages (see Table 3), as well as of an 
implementation and control stage.  
 

Table 3 
Methodology stages 

 
# Title of the stage 
1 D etermining the company’s vision, mission, and goals. 
2 Analysis of the company’s stakeholders 
3 D etermining the company’s competitiveness indicators 
4  D etermination and study of elements of the company’s 

competitive advantage 
5 D etermining elements of the company’s competitive advantage 

and priorities in the relevant stakeholder groups 
6 Use of e-environment tools (adjustment) for each element of 

competitive advantage and for its increase 
7  D evelopment of a plan of action for the use of e-environment 

tools and increase of competitiveness and determining control 
mechanisms 

 
STAGE 1: Determining the comp any’s vision, 
mission, and goals 
 D uring this stage, the company must 
determine/specify the vision and mission. D eriving from 
that, the company must set the goals that it wants to 
achieve in the upcoming 1–3 years to increase 
competitiveness. The company’s plan of action is 
prepared specifically based on these goals. 
 The mission is a precisely expressed 
justification for the company’s existence [5]. As the 
mission and vision is a description of the company’s 
general direction of progress, then this general direction 
must be formulated in specific goals, which must be 
achieved to implement the mission of the organization. 
The reasons for setting the goals are as follows: to change 
the mission into specific activities to be implemented, to 
create a reference system for evaluating the organization, 
to ensure strong and constant operations [6]. 
 To set the goals, authors of the paper suggest 
using the acronym in English SMART [7 , 8 ], which is a 
mnemonic indicator used in project management and 
strategic planning during the goal determination stage, as 
well as to evaluate the pre-defined goals.  
Thus, the goals must be: Sp ecific, Mea su ra ble, 
Atta ina ble, Relev a nt, Tim ely . In scientific writings, an 
extended acronym with the following criteria can be seen 
as well – Ev a lu a te, Reev a lu a te, Sa tisfa ctory  
(SMARTERS).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

F ig. 1. Scheme of the first stage 
 
  
STAGE 2:  Analysis of the comp any’s stak eholders 
 D uring this stage, the company must perform 
an analysis of the stakeholders. The authors of the article 
suggest performing an analysis using the Osterwalder 
business model canvas [9 ]. The business model canvas 
consists of seven stakeholder groups: K ey  P a rtners, K ey  

A ctiv ities, V a lu e P rop osition, C u stom er R ela tionship , 
C u stom er S eg m ents, K ey  R esou rces, C ha nnels. 
 To evaluate a company’s cooperation with 
each stakeholder group, the company can create a graph 
“ competition polygon” , by evaluating cooperation with 
each stakeholder group according to an independently 
developed scale of the company, for instance, from 1 (the 
lowest value) to 5 (the highest value). 
The article authors suggest SMEs to use the SW OT 
matrix [10] in order to analyze each stakeholder group in 
detail. 
 By using a description and characterization of 
stakeholder groups, along with the SW OT matrix, the 
company can analyze the current condition and describe 
the existing business or entrepreneurship model. The 
SW OT matrix allows the company to structurally study 
their strengths and weaknesses, threats and opportunities. 
A company must perform the entrepreneurship analysis 
based on the aims proposed in the 1st stage.  
 
STAGE 3 :  Determining the comp any’s 
comp etitiveness indicators 
 According to the goals set during stage 1, the 
company can choose indicators [11]; with the help of 
these indicators, the results to be achieved are further 
evaluated and controlled. Author of the paper recommend 
choosing at least three indicators to cover as varied 
stakeholder groups as possible. A number of indicators 
can be selected and the frequency at which the results are 
measured is set. F or instance, some indicators can be used 
for operative measurements, but others – for regular 
measurements, etc. Moreover, certain indicators can be 
selected to complement each other, if the measured result 
does not seem to be satisfactory for the company and 
additional measurements of the achieved results are 
necessary.  
 D uring the process, the company can change 
the indicators or choose other indicators, as well as 

Comp any’s mission Comp any’s vision 

S M A R T  

(- E R S )  

Goals  
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replace them according to the interim results and various 
adjustments in the processes. The article authors suggest 
using the selected indicators (see Tab. 4 .1) also for 
evaluating the current status of the company. The initial 
measurements can be used as the basis for comparison 
with further measurements. 
 
STAGE 4: Determining and studying the elements of 
a comp any’s comp etitive advantage 
 Upon having evaluated the existing business 
model and based on the set goals, a company must choose 
the elements of competitive advantage, with the help of 
which the company’s competitive advantage/-s will be 
created, which, for its part, will promote an increase in 
the company’s competitiveness. W hen selecting the 
elements, the company must be aware of resource 
availability and costs, priorities, market requirements, 
peculiarities of the entrepreneurship field, sustainability, 
and other factors.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F ig. 2. Scheme of the fourth stage 
 

The figure shows a scheme of how the elements of a 
company’s competitive advantage are formed, based on 
the company’s business model and goals, moreover, they 
are affected also by all of the resources available to the 
company, by the external and internal environment, and 
other influencing factors. As a result, from the set of all 
of these elements, the company’s competitiveness is 
formed. 
 
STAGE 5 :  Determining the elements of a comp any’s 
comp etitive advantage and of a comp any’s p riorities 
in the relevant stak eholder group s 
 After the elements of a company’s competitive 
advantage are selected, then, based on the analysis 
performed during stage 2, the company must arrange the 
selected elements according to the stakeholder groups. 
D uring this stage, it is important for a company to realize 
the priority stakeholder groups. F or this purpose, the 
company can choose the benchmarking principles. 

Author of the paper suggests that companies use also the 
decision making matrix – D ecision m a trix ) [12,13]. The 
matrix helps to arrange all elements clearly and 
structurally and capture and analyze the overview, as well 
as to consider and evaluate a number of combinations. 
 

Table 4   
A comp any’s decision-mak ing matrix   

 
Elements of 

comp etitive advantage 
Stak eholder group s 

Group  A Group  B …  Group  n 

Elements 

W
ei

gh
t*

 

R
at

in
g*

* 
N

um
be
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of

 
po

in
ts

**
* 

R
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g 
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be
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of
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nt

s 

 

R
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in
g 

N
um

be
r 

of
 p

oi
nt

s 

Element 1         
Element 2         

…         
Element n         

Total 100        

 
Explanations to Table 4 : 
* W eight – it can be determined according to the 
company’s goals. The level of weight can be expressed in 
points or percentage, the total weight of all elements must 
be equal to 1 or 100 % . 
* *  Rating – the company can create a scale of points at its 
discretion, for instance, from 0 to 5, where 0 – an 
element, which is completely irrelevant (does not fit), to 5 
– an element that is perfectly relevant (fits) for the 
specific group. 
* * *  The number of points is the rating multiplied by 
weight  
F or better clarity, the matrix can be turned into a graphic 
model (see F ig. 3). 
 

 
 
F ig. 3. A model of a company’s decision-making matrix 

Upon elaborating the stage 5, the company will receive 
answers to a question “ which elements are more 
important for the specific stakeholder group? ”  Having 
received specific answers, the company can plan specific 
e-environment tools for each element of competitive 
advantage. 
 

STAGE 6 :  Use (adjustment)  of e-environment tools 
for each comp etitive advantage element and for 
increasing its effectiveness 

The company must select e-environment tools, 
which correspond to each selected element of competitive 
advantage. The tools and elements must be evaluated 

Rating
P oint count0

0,5

1

G roup A
G roup B

P oints 

Stakeholder groups

Rating

P oint count

C ompany’s 
business 
model 

C ompany’s 
goals 

C ompany’s 
resources, 
environme

nt and 
other 

factors 

Elements of 
company’s 
competitive 
advantage  

C ompany’s 
competitive 
advantage 

 
Comp any’s comp etitiveness 
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taking into account their use in communication with the 
stakeholder groups. The e-environment tool referable to 
the specific competitiveness advantage element and 
communication with a particular stakeholder group is 
recommended to be marked with “ X” . E-environment 
tools, which are partially referable, are marked with “ O” . 
The columns, in which the e-tools are not referable to the 
stakeholder group, are left empty (see Tab. 5). 

Owing to versatility and multi-functionality of e-
environment tools, a company may use one and the same 
e-environment tool for communication with many 
stakeholder groups. 

Explanations to Table 5: 
* The element of competitive advantage – a 

unique product; a consumer-oriented service; continuous 
process of creativity; difficulty/infeasibility of replicating 
a product; resources; cooperation with all stakeholders, 
brand/company image; superiority over the competition; 
a stable market position, etc. 
 

Table 5 
An ex amp le of a list of using e-environment tools 

 
 The company can create a list with priority 
elements of competitive advantage, e-environment tools, 
which will serve as a tool for communication with the 
stakeholders. The company can choose all nine 
stakeholder groups or only some, with which it wants to 
communicate or improve communication, thereby 
improving its competitiveness. The company can choose 
stakeholders based on the performed analysis, as well as  
based on the set goals. 

W hen preparing the list, the company can 
determine the competitive advantage elements, specific e-
environment tools, which can be used for the company to 
communicate with specific stakeholder groups. 
 

STAGE 7:  Develop ing an action p lan for using e-
environment tools to increase comp etitiveness and 
determining control mechanisms 
 To prepare a plan of action, the authors using 
Table 5, by leaving the columns marked with “ X”  and 
“ O” . The table must be supplemented with indicators and 
terms (see Tab. 6). 
Explanations for Table 6: 
* The element of competitive advantage – the same as 
mentioned in stage 6.  
* *  Indicator numbers – “ non-financial indicators for 
measuring a company’s competitiveness” , mentioned in 
stage 3.  

Table 6  
Samp le p lan of action 

 

 
Besides the information indicated in Table 6, a 

company’s plan of action must include also the following 
information: the time of activity of the plan; the persons 
in charge of fulfillment of the plan; criteria confirming 
fulfillment of a stage/plan; fulfillment deadlines; report 
regularity and deadlines; report form; procedure of 
introducing adjustments, etc. [14 ] The action plan must 
be known to all responsible employees of the company, 
involved in fulfillment of the plan. The company must 
provide employees with tools of timely information 
exchange and update (IT provision, access to information 
resources, etc.). The employees must be provided with 
time, technical and other resources necessary for 
fulfilling the plan [15]. Management must create control 
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mechanisms for fulfilling the plan. The mechanisms must 
include types of how fulfillment of stages of the plan at a 
proper quality is controlled, by establishing criteria, 
according to which the fulfillment of each stage is 
evaluated. The employee, who is in charge of fulfillment 
of the plan as a whole, must be able to supervise the plan 
altogether and each of its elements. A company can apply 
the methodology prepared by the authors independently 
or by involving a consultant. 
 

CONCLUSIONS 
 
Based on the authors’ performed study of the use of e-
environment tools by Latvian companies, it can be 
concluded that overall companies are using e-
environment tools. The analysis points to deficiency of 
information about the use of e-environment in 
entrepreneurship and poor knowledge of entrepreneurs 
about the use of e-environment tools in entrepreneurship. 
Latvian SMEs realize that e-environment tools can be 
used for substituting / supplementing the insufficient or 
lacking resources. The advantage of e-environment tools 
is their use without investing extensive financial 
resources, because the main necessary resource is time 
and human capital. The study shows that companies have 
a low level of knowledge about e-environment tools, 
possibilities offered by them, as well as about their 
application for entrepreneurship needs. C ompanies’ 
willingness to gain knowledge and to learn how to use e-
environment tools for entrepreneurship needs is a positive 
trend; it could be a signal for education establishments of 
various levels with regard to introducing new programs 
and improving the existing training programs relevant for 
the market demand, etc. A company can independently 
implement the methodology proposed by the authors or it 
can engage a consultant. 
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ABSTRACT 
 
One of the most popular e-environment tools in 

entrepreneurship are online shops. Placement of goods in 

retail is vitally important, because the shop’s turnover, 

and consequently the profits, will depend on it. On the 

classical market, merchandizing is charge of it. It is 

different in online shops, because the goods in the shop 

are only virtual. The aim of this article is to transfer the 

best and most efficient practices of traditional visual 

merchandizing of e-environment. To achieve the goal, the 

authors of the article analyze merchandizing elements in 

e-environment, compare them to the elements of 

conventional market merchandizing. The Latvian e-

environment and its development opportunities are 

analyzed.  

The main conclusion: significant changes are occurring in 

consumer behavior, in particular, in e-market, relating to 

changing consumer generations, relating to changes in 

consumer education. Therefore, companies must change 

business modes, including on the e-market, by creatively 

approaching various processes, inter alia, merchandizing, 

which directly affect the sales results. By using methods 

of conventional merchandizing, e-merchandizing can be 

improved. At the same time, companies must be aware of 

that not all experience can be transferred and often new 

alternatives must be sought. 

 
Keywords: electronic environment, merchandizing, e-

merchandizing, online shopping, products placement.  

 

1. INTRODUCTION 
 

As the market and technologies are developing, new 

methods of attracting the attention of buyers were 

developing as well. The belief that fine goods cannot not 

be noticed has become obsolete. The market of goods and 

services is so saturated that entrepreneurs are trying to 

find new opportunities to attract buyers’ attention. Taking 

into account the fact that the final decision on buying a 

product is made shortly before the purchase, the wish of 

every entrepreneur is that this choice favors them. 

Therefore, it is necessary to achieve that this particular 

product is noticed, as well as to minimize fluctuations of 

buyers’ and consumers’ decision-making as much as 

possible. 

Many traders have come to a conclusion that product 

arrangement at the point of sale plays an important role in 

successful sales. That is to say that a well-visible 

arrangement of assortment of goods facilitates the buyer’s 

decision-making process, as well as fosters making 

unplanned, impulsive purchases. Furthermore, having the 

knowledge of wishes and habits of the target audience, it 

is possible to set up the point of sale and the assortment 

of goods in a way that the purchases and their monetary 

values keep increasing. Deriving from that, it can be 

believed that this approach to trading allows earning 

additional income and is to be regarded as a separate 

marketing tool. 

Nowadays, this approach is widely known as 

merchandizing – a set of measures for preparing goods on 

a sales floor. Just like any other marketing activity, also 

merchandizing develops over time. It is affected by both 

internal and external trading factors. As the technologies 

are developing and buyer generations are being replaced, 

new opportunities and ideas are emerging for product 

promotion. For this reason, innovations of this method 

ever more often increase companies’ competitiveness.  

In Latvia, technologies of arranging goods are widely 

used in retail, however refocusing of services to e-

environment are rapidly taking place. Internet shops 

across the globe are currently offering more beneficial 

and more convenient ways of making purchases. The 

buyer deals with a choice of goods also in internet shops, 

hence, merchandizing can be applicable to the use of 

product placement also beyond the conventional points of 

sale. Thus, in future, merchandizing as a marketing tool 

can progress in terms of its return and can provide 
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entrepreneurs with yet unprecedented results in new 

commercial environments. 

The aim of the article is to study the elements of 

merchandizing, to determine and assess the elements that 

are differing between e-merchandizing and 

merchandizing, to ensure experience and knowledge 

transfer to the electronic environment.  

U se of the e-environment for the purposes of 

entrepreneurship is an intrinsic necessity of the today’s 

global business. E -market, which at this time is the 

biggest market of the world, is an element of the e-

environment, hence it is vitally important for many 

companies to be actively operating in it. E -market 

features principles of function that differ from the 

traditional market, consumer behavior and habits, as well 

as business models differed. E ntrepreneurship structures 

of Latvia, as well as of other countries of the E uropean 

U nion are similar, most of them – micro, small, and 

medium sized enterprises ( S ME ). These enterprises often 

to a greater extent than the big enterprises had to deal 

with deficiency or lack of various types of resources 

(financial, human capital, etc.) . E -environment offers a 

very broad range of tools, which can compensate for or 

substitute deficient resources in a company, because a 

major part of e-environment tools are available free of 

charge or requiring minor financial investments. One of 

the most widespread tools of e-environment is an online 

shop.  

In the article, the authors employed various research 

methods – both qualitative and quantitative: bibliography 

sources, a factor analysis, the focus group method, etc. 

The theoretical and practical foundation of the article is 

based on materials and publications in mass media, 

including internet resources. 

 

2 . LATVIAN E-MARKET PARTICIPANTS 

Just like the traditional market, also the electronic market 

is formed of sellers and buyers, who respectively sell 

and/or buy goods and services with internet 

intermediation in e-environment. The e-market 

particularly extensively employs the interactive nature of 

online communication. U nder e-market circumstances, 

the communication initiator can be not only the seller, but 

also the buyer. Buyers in the electronic market feature 

peculiarities, which differ from the traditional market and 

traditional buyer. It can be explained with the influence 

of various factors, including, among others, technical 

background, income level, personal characteristic, etc. 

The e-market participants include people of various 

age groups representing different generations, however 

young people prevail. E ach generation has its own 

experience and habits in using the e-market. Therefore, 

knowledge about peculiarities of particular generations 

and their behavior on the e-market is important in 

entrepreneurship, in order to successfully operate on the 

electronic market, as well as to understand what future 

changes and challenges are expected in e-commerce. 

There are many theories about consumer generations and 

their classification. Meanwhile, all of these theories 

feature a similar basis. The author of the doctoral thesis 

addresses Don Tapscott classification [1], according to 

which consumers were grouped taking into account their 

participation on the e-market:  

1. Pre-Boom generation – people born before 

December 19 4 5 .  

2. Baby Boomers – people born between 0 1.19 4 6  

and 12.19 6 4 .  

3. X  generation includes people born between 

0 1.19 6 5  and 12.19 7 6 . S ignificant influence of 

this generation on public culture commenced 

during the eighties and reached the peak of 

influence during the nineties.  

4 . NE T generation (or Y  generation), born between 

0 1.19 7 7  and 12.19 9 7 . 

5 . NE X T generation – born between 0 1.19 9 8  and 

now. 

R epresentatives of the NE T generation are young 

people, who start taking over the labor market. This 

generation numerically accounts for more than 7 0  million 

people, and it is the fastest growing segment of today’s 

labor force. E mployers may not and will not be able to 

ignore the needs, wishes, and attitude of this generation, 

differing from the needs, wishes, and attitude of the 

preceding generations.  

       The authors of the article believe that soon many 

companies will have to master behavioral nuances of 

consumers belonging to the NE T and NE X T generation. 

Already now, the NE T and NE X T generation show 

differing purchasing habits. To understand the future 

market, sellers must be capable of keeping track of these 

habits, as well as must be ready for new electronic market 

participants. 

       All e-market participants have one main common 

feature – they all are internet users. According to the data 

of the C entral S tatistical Bureau of the R epublic of 

Latvia, in 20 11, internet was regularly (at least once per 

week) used by 6 6 .9  %  men and 6 6 .5  %  women of the 

total population of Latvia [2]. In 20 11, Latvian 

consumers spent on average 4 5 8 .0 0  E U R  on purchases at 

local online shops (see Table 1). 

 

Table 1 

Sums sp ent b y Latvian consumers at local online 
shop s in 2 011 [ 3 ] 
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LV  ( % )  3 22 23 30  13 7  2 0  4 5 8  

E U -27  ( % )  4  11 14  27  19  17  4  3 9 39  

 

One third of Latvian consumers over the last 12 

months in 20 11 spent a sum of 20 0  to 5 0 0  E U R  at online 

ships; this indicator is close to the E U  average. Internet 

purchases for bigger sums are not frequent among 

Latvian consumers. The authors add that these data are 

gathered specifically concerning purchases of goods 

online (excluding music/movie downloads, trips, 

55

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



entertainment, banking and insurance services, among 

other financial services).  

The main advantage that the electronic market 

provides to consumers is that it is not limited 

geographically. Buyers are not restricted with the borders 

of the country, where they are staying, and can freely 

shop. Latvian consumers are actively making online 

purchases also outside Latvia (see Table 2).  

 

Table 2 

Sums sp ent b y Latvian consumers in EU online shop s 
in 2 011 [4] 
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Latvian consumers are shopping at E U  online shops 

more actively than at local online shops. Most likely it is 

due to a bigger and wider assortment of goods offered by 

E U  online shops. The authors of the article would like to 

draw attention also to that the gathered data about the 

sums spent by Latvian consumers in local and foreign 

online shops point to the big untapped potential of the 

Latvian e-market, taking into account the fact that 

according to statistical data of Latvia, only 14 .1 %  of all 

internet users in Latvia are regularly making online 

purchases. 

The authors have summarized and enumerated the 

reasons for why the consumers of Latvia are employing 

the opportunity to shop at E U  online shops, according to 

their level of importance from the consumer viewpoint, 

and they are as follows: a cheaper item has been found in 

another country 7 6  % ; the item is not available in the 

country of residence 5 9  % ; the quality of foreign items is 

better 26  % ; a bigger choice 34  % ; saved time 19  % ; I can 

find other buyers’ references 9  % ; I can find more 

information about the item 8  % ; easier to compare prices 

5  % ; much easier to return items 4  %  [ 5 ] . The summary 

of reasons point to a well thought through e-

merchandizing of the foreign online shops, as well as to a 

wide application of merchandizing elements. 

Another intrinsic part of the electronic market is 

companies. It is considered that the e-market started 

developing in Latvia during the period, when internet 

emerged, i.e. in 19 9 2 [ 6 ]. 

Differing opinions exist among specialists and 

entrepreneurs as to the Latvian electronic market. A part 

of specialists consider that the market features signs of 

rapid development. Thus, for instance, Latvian insurance 

companies believe online sales to be very perspective. [ 7 ] 

Many entrepreneurs are voicing an opinion that if a 

company nowadays is not present where its clients are, 

namely, in social media, it can suffer actual losses. But 

the competition intensifies also in online environment [ 8 ]. 

Many specialists believe that e-market in Latvia is still 

developing very slowly due to several reasons – it is due 

to buyers’ immaturity, distrust, laws that are not 

completely put in order, etc. For instance, the executive 

director of S IA C onsultant ( the owner of the website 

salidzini.lv) Didzis K al�js points out that in 20 10 , the 

number of e-shops registered in the portal salidzini.lv has 

decreased by 12 %  (during the second part of the year 

20 10 , the catalogue of goods available in online shops 

and the search tool “ salidzini.lv”  was visited by 

27  0 0 0  0 0 0  people). H e also points to the inconsistent 

nature of e-shops: “ The number of active e-shops tends to 

change rapidly. At one point, the shop is active, but at 

another – it is not. There are also many “ holiday-sellers” , 

especially the smaller shops – they operate for a couple of 

months, and then they “ take a break” , and then restart 

their operations.”  H e also adds that approximately 1–2 

internet shops terminate their activities each month. [ 9 ]   

The total number of active e-shops in Latvia has 

stabilized and now is around 4 5 0  with the total turnover 

in 20 0 9  reaching 15  million LV L. 5 0 –10 0  shops are 

inactive [10 ] . 

The authors believe that regardless various and 

sometimes contradicting opinions, practically all 

specialists and entrepreneurs are of the same opinion 

about the great e-environment and e-market potential, 

which fosters entrepreneurship development. To gain an 

outlook on participation of Latvian enterprises in the 

electronic environment, the authors summarized data of 

the C entral S tatistical Bureau. Percentage data are 

presented from the total number of companies in the 

respective sphere. Only a half of companies, which use 

internet on a daily basis, have a website: for instance, in 

20 0 9 , internet companies-internet users (of the total 

number of Latvian companies)  constituted 8 6 .8  %  – and 

respectively 4 2.1 %  had websites; in 20 10 , this 

proportion was 9 0 .6  %  and 4 8 .4  % ; in 20 11 – 9 2.2 %  and 

5 3.4  % . Only about one third (23.3 %  – in 20 0 9 , 25 .6  %  – 

in 20 10 , and 38 .1 %  – in 20 11) of all employees in 

companies using a computer and internet connection is 

regularly using internet [ 5 ] . The gathered data show that 

companies are not very active to use e-environment in 

entrepreneurship. Only about a half of companies has 

websites, which is one of the most important tools of 

modern communication to be used for entrepreneurship 

needs in business. 

 

Table 3 

Online b uying/selling volumes of comp anies [ 5 ]  
 

Comp any descrip tion 2 009  2 010 2 011 
C ompanies having made 

purchases online  

17 .2 

 

no data 

 

23.6  

 

Thousand LV L 5 9 6 234  no data 8 24 7 24  

C ompanies having sold 

goods and services online  

7 .0  

 

8 .9  

 

no data 

 

Thousand lats 12319 4 7  124 8 4 9 9  no data 

 
To gain a better outlook on how Latvian companies 

are using the e-environment, the author has analyzed also 

the study conducted by the Internet Association of Latvia 

in 20 11 “ The most effective way of attracting clients 

online is search systems” . R epresentatives of 113 
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companies participated in the survey, and 4 6  %  of the 

respondents were company owners, 19  %  – directors, 8  %  

– marketing department managers, and 6  %  – marketing 

specialists. The majority of companies ( 5 9  % )  on the 

market have been operating for 10  and more years. 

The study showed that the most popular of all 

possible tools of product promotion is direct marketing 

( 4 1.7  % ) . It is interesting that internet marketing ranks 

only second (35 .3 % ) . Only 5 3.8  %  of respondents 

“ agree”  or “ fully agree”  with the statement that their 

internet website “ is used fully for marketing purposes” . 

19 .1 %  of respondents “ agree”  or “ fully agree”  that they 

are fully using opportunities offered by Facebook to 

achieve their marketing goals. 5 4 .8  %  believe that this 

internet marketing tool in their company is not being used 

actively enough. 22.6  %  of respondents believe that they 

“ fully”  employ the opportunities offered by the Twitter 

site. H owever, 22.1 %  of respondents voice an opinion 

about that the company uses the opportunities offered by 

the portal “ draugiem.lv”  “ for fully achieving marketing 

goals” . R espondent answers showed the most effective 

and productive methods of product promotion online. 

5 0 .5  %  agree that search systems provide most new 

clients. The second most popular tool of client attraction 

is sending proposals to e-mail (16 .4  % ) . Next, social 

networks were mentioned (15 .9  % ) , followed by banner 

advertising (13.4  % )  and advertising portals (12.1 % ) . 

Only 14  %  of respondents know about and use e-

merchandizing [11] . The study results also point to 

inactive use of e-environment tools among Latvian 

entrepreneurs. The authors link this fact to insufficient 

knowledge of entrepreneurs about opportunities offered 

by internet and e-environment. The entrepreneurs are 

lacking also knowledge, abilities, and skills for work with 

electronic tools. 

 

3 . MERCHANDIZING 
 

In the traditional market, merchandizing works to make 

the shelves of sales floors attractive, having regard to the 

main aim – to affect the buyers’ behavior in a way that 

when the consumer is on the sales floor, they would, 

firstly, find out about the offered products, secondly, 

would be interested in them, thirdly, would like to buy 

them, and fourthly, would buy them. In order for all of 

the above to progress successfully, there are rules of 

successful merchandizing: 

1. R eserves rule – all goods placed on the shelves 

must be ensured sufficient reserves so that 

shelves do not remain empty before the next 

delivery. 

2. Placement rule – mandatory provision of 

minimum assortment positions at each point of 

sale; the product must be facing the buyer. 

3. Presentation rule (repeating product appearance) 

– causing the buyers to want to make an 

unplanned purchase is possible only if the same 

product is shown with several units. [12] 

The objectives of merchandizing are: 

� To increase the sales volume with the help of 

effective product placement without increasing 

the advertising costs. 

� To place the maximum amount of products on 

shelves, organizing buyer flow so that the buyers 

can see all products. 

� To place the products so that the buyer is forced 

to come across items that were not their aim of 

shopping [13]. 

Furthermore, the role of merchandizing in the 

company must be established. This is to determine 

whether specialists are to be attracted in order to 

constantly regulate the necessary measures, or 

implementation of functions is divided among the shop’s 

internal staff. Depending on the size and objectives of the 

company or shop, the priorities of the aforementioned 

functions and tools may change. 

        The contemporary merchandizing theory merely 

recognizes retail shops as its only field of operation. The 

authors of the article consider this assumption to be a 

rather narrow one as trade has existed long before the 

first shops were opened. Taking into account the fact 

that one of the three elements of merchandizing is the 

sales place (see Formula 1) , the authors have come to a 

conclusion that merchandizing can be applied to other 

commercial areas as well (see Formula 2). Due to the 

fact that in a classic point of sales, i.e. in a shop, goods 

are placed taking into account the height, width and 

length of the room, the shop can be defined as a three-

dimensional commercial area. C onsequently, all the 

other commercial areas can be classified according to 

their dimensions. Thus, a catalogue can be characterized 

as a two-dimensional commercial area which consists of 

height and width. One dimension corresponds to direct 

sales, whereas electronic dimension corresponds to e-

commerce.  

(1) 
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W here: M – merchandizing (in its former 

understanding); 

P1 – place (retail shop); 

P2 – people (interested groups: consumers, sellers, 

producers) . 

P3 – product. 

 (2) 

�
�

�
�

�

���

���

�����

�

'33;3'3

'22;2'2

'11;321'1

'

PPSPP

PPGPP

PPEDDDDP

M , 

    

W here: M’ – broader merchandizing concept; 

P1’ – commercial area; 

P2’ – interested groups; 

P3’ - products; 

1D – one-dimensional commerce (direct sales); 
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2D – two-dimensional commerce (catalogues); 

3D – three-dimensional commerce (retail shops); 

E D – electronic dimension (e-commerce); 

G  – generations of interested groups; 

S  – services [14 ] .   

The essence of the concept “ merchandizing”  

varies along with the changes in base elements of 

merchandizing elements and their interaction. Thus, the 

authors of this article offer the following definition of 

merchandizing: “ Merchandizing is principles of product 

placement in a commercial space.”  

“ Merchandiz ing is p rincip les of p roduct p lacement in 
a commercial sp ace” .    

U nlike the former definitions, this definition 

implies that the commercial area of merchandizing is not 

only a shop, but also direct sales, catalogues and e-

commerce.  

To confirm the developed definition of 

merchandizing, in January–February 20 11 the authors of 

this article conducted a survey of trading enterprises [15 ]. 

The survey was carried out electronically. The number of 

participants-trading enterprises was 136 . Both genders 

participated in the survey. The results showed that, 

similarly to classic commerce, product placement 

principles are being employed in other commercial areas 

as well. 8 9  %  of respondents acknowledged that 

electronic environment must be considered as a 

commercial area. Thus, it can be concluded that particular 

merchandizing principles can be attributed to product 

placement in e-commerce.  

 

Table 4  

Transfer of merchandiz ing elements [5 ] 
 

N
am

e 

Descrip tion  
Transfer p otential 

 
Comp letely 

Partly Non-
ap p licab le 

P
ro

d
u

ct
 

dimensions x     

quantity with benefits     

placement styles 
 

  x 

testing x x   

product form with benefits     

trial period with benefits     

P
eo

p
le

 

user age groups 
 

x   

habits x     

vision x 
 

  

hearing x   
 

smell 
 

  x 

P
la

ce
 

G eographic location with benefits     

S patial parameters with benefits     

U nit dimensions with benefits     

C onsumer flow with benefits     

 

In Table 5 , the authors are showing that some 

merchandizing principles cannot be transferred to e-

environment. For instance, it is not possible to arrange 

goods according to various thematic styles (a dam, 

pyramid) and technologies for scenting the premises 

cannot be employed. It must be pointed out that it is fully 

possible to transfer the audial impact used in 

supermarkets, however its effect in e-shops is rather 

considered as negative – suddenly appearing music 

causes alarm and interferes with focusing. If the product 

is a certain material, then there is no possibility of 

physically trying it out, therefore, testing of a product can 

be transferred only partially, by replacing it in e-

environment with product description and/or image (can 

be also 3D). C urrently, only a part of shoppers can be 

transferred to e-shopping, as there is a considerable 

proportion of older and digitally “ illiterate”  people, 

however in future it will grow to reach a complete 

transfer. Transfer of dimensions of goods in e-

environment does not pose any obstacles – it is replaced 

with a scale description or with a comparable size (a 

dummy) in an inclusive picture. In an e-shop, it is also 

possible to place goods in constant places to generate 

customer habits, or quite the contrary, to increase the 

number of impulse purchase goods. The manner of 

supervision of goods (the book principle) and the use of 

various color tones to generate particular reaction also is 

transferrable to e-environment. The authors emphasize 

that there is a considerable number of merchandizing 

principles, the transfer of which to e-environment is not 

only possible but also provides additional benefits. The 

parameters of digital space do not restrict the amount of 

goods to be presented therein – a much bigger amount of 

goods can be presented than in a hyper-market. If the 

product is non-material (a service), such as, computer 

software, then it can be obtained for use not only faster 

(by downloading), but also can replace the trial period 

(which in shops provides for physical return of goods) 

with a demo version, the use of which simply expires 

after “ n”  time. In case of e-shops, unlike traditional 

shops, there is no need to seek and adapt to the target 

audience flow, such as, for instance, petrol stations. 

Products can be purchased remotely, which is one of the 

most significant advantages of e-shopping. It additionally 

excludes a physical “ buyer-seller”  contact, avoided by 

majority of buyers of goods of intimate character. S pace, 

just like in traditional shops, is divided into thematic 

departments, however they can be customized – by 

positioning the interests, an activity history database is 

created automatically. The buyer flow in e-shops is 

facilitated by moving from one department to another 

with a single click, moreover, the movement is not 

encumbered by crowding, which can cause discomfort to 

those, who are hesitating to make a decision. It is also 

easier to perform consumer flow analysis based on 

segmenting in each particular e-shop.  

 

CONCLUSIONS 
 

As consumer generations are changing, the market is 

changing as well. Due to the new NE X T generation 

entering the market, companies must change also the 

business models and business management altogether. It 

is linked to the different thinking, behavior and other 

aspects of the NE X T generation in comparison with the 

previous consumer generations. Furthermore, the future 

generation has completely different values, beliefs etc., 

and by merely understanding these, companies will 

achieve market success. The new generation finds its way 
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around e-market very well, sometimes the consumers 

have better knowledge and greater e-competence. To 

successfully operate with this consumer generation which 

numerically is very big, companies also must acquire new 

skills and e-competences. E -shops are one of the most 

widespread types of e-commerce, but radical changes are 

also due in e-shops and they must be adapted for the 

needs of today’s consumers. Merchandizing plays a 

significant role here, but it is necessary to be adapted for 

e-market requirements. By analyzing merchandizing 

elements, the authors determined three fundamental 

element groups – product, people, place, which are 

further divided accordingly. Their analysis was 

performed from the viewpoint of transfer from traditional 

merchandizing to electronic. U pon performing transfer 

analysis, the authors conclude that there are activities that 

can be transferred from traditional merchandizing to 

electronic, there are activities that can be transferred 

partially and cannot be transferred at all. The latter ones 

must be replaced with other activities that can be adapted 

to e-environment. 
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Abstract: We describe a system model for determining decision 
making strategies based upon the ability to perform data mining and 
pattern discovery utilizing open source information to automatically 
predict the likelihood of reactions to specific events or situational 
awareness from multiple information sources. Within this paper, we 
discuss the development of a method for determining actionable 
information to efficiently propitiate manpower, equipment assets, or 
propaganda responses to multiple application case scenario 
experiments. In our experiments, we have integrated open source 
information linking to human sentiment and manipulated other user 
selectable interlinking relative probabilities for different reactions to 
different events based upon current knowledge generated from the 
situation or event. The goal of our solution, called GlobalSite, is to 
deliver trustworthy decision making analysis which evaluates 
situations and potential impacts of such decisions through acquired 
open source information becoming a vital tool for continuing mission 
operations, analyst information or other decision making scenarios. 
 
INDEX TERMS—GAME THEORY, RESOURCE MANAGEMENT, OPERATIONS 
RESEARCH, AUGMENTED DECISION MAKING, RISK MANAGEMENT 

I. INTRODUCTION 
There is a critical need for augmented decision making methods 

targeted to improve pattern identification within disparate data sets, 
are scalable, and reduce human decision making errors in near real 
time modes. Digital content generation, combined with ubiquitous 
platforms, has created the “Big Data” challenge in understanding how 
to make sense of the information generated through multiple sources. 
Data can be found everywhere and anywhere, be of any type, and be 
resistant to pattern detection. Human decision making activities 
performed with data from disparate sources is difficult and a highly 
time consuming activity in near real time or on demand modes. 
Human cognition and knowledge base within the decision making 
process must also be considered as an important factor. There are 
additional needs for increased information analysis capabilities 
demonstrating more accurate decisions, planning factors, resource 
allocation, risk management, and information analysis in a near real 
time, visually oriented manner with fewer analysts and mission 
planners. 

A major goal within industry and others is to push forward an 
open architecture framework in order to: inject and fuse data and 
information from a multitude of sources, contain collaborative 
environments, provide increased visualization of information 
(immersion), improve decision making performance in analysis and 
mission planning, and increase pattern recognition among disparate 
data sets in order to effectively analyze information. Currently known 
analytical and planning commercial tools have shortcomings in 

meeting these goals to include: the inability take in multiple media 
types; being mostly text based with some multimedia input; issues 
with scalability, the use of proprietary algorithms and tools which 
may not incorporate both quantitative and qualitative metrics or 
predictive measures.  

One way to address the decision making process from the human 
approach for analysts and mission planners is the use of serious games 
or simulated environments.  Serious games can provide simulated 
virtual learning venues for mitigation of selected biases found within 
human decision making process [1].   Training and simulations in 
virtual environments can also allow for immersive simulations and 
training of real world scenarios thus potentially increasing 
performance within human decision making process.  Although many 
positive effects have been shown through these methods, these 
techniques have not yet been extended to data content evaluation 
within the decision making process. 

Further evaluation of industry and academia offerings reveal 
currently available decision making tools and techniques do not 
include the ability to manipulate information attributes or weighting 
factors in near real time for the best or optimal decision derived from 
open source information, or other data sources. Nor do they include 
the user knowing adversarial, unknown or known strategies which 
could potentially impact the outcome of such decision. The GlobalSite 
solution could allow for the user to interact on demand with the 
resultant decision made by the user through scalable weighting 
factors, and incorporates the user’s experience or knowledge base 
showing the potential effects of their decision through the use of game 
theoretical concepts and population of a reward matrix in real time.  

Automated processing techniques are required to augment tactical 
intelligence-analysis capabilities by automatically identifying and 
recognizing patterns. For example, information and patterns of 
behavior that could provide advance warning of hostile intent are 
often hidden in a vast background of harmless civilian activity. 
Additionally, there is a critical need for actionable information for 
threat prediction [6]. Our paper looks at an example of using linear 
program game theory to solve for a strategy given a reward matrix for 
possible actions based upon selected criteria.  

In many situations, the opponents know the strategy that they are 
following. We assume that the players know what actions are 
available. Maximin equilibrium is often the strategy and is called the 
Nash theory application of zero or constant sum strategy game. We 
also consider a constant sum game in which for both player’s 
strategies, the two players’ reward adds up to a constant value. This 
means, while both players are in conflict, that there is more to gain 
than simply having one player’s reward equaling the other player’s 
loss. 
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Fig 1: GlobalSite Decision Making Process System Block Diagram Using Open Source Information 

II. DECISION MAKING APPROACH 
Current situational awareness efforts seek to incorporate not only 

geospatial features and structures, but also the human element, 
especially in urban settings. For example, one group has converted a 
human geography heat map into a reward matrix for useful game 
theory analysis [2]. An attempt to predict the likelihood of human 
reactions to a future event should be based on correct situational 
analysis. Development of tools for more rapid refinement of flexible 
plans is required for adapting to a changing operational environment. 

Our solution populates a reward matrix in near real time through 
powerful game theory analysis. Figure 1 shows our techniques which 
contains a method for processing and assessing the accuracy of 
discovered open source data which can also be performed through 
other commercially available algorithms or tools.  Once data accuracy 
is proven through sensitivity analysis, as shown in Figure 3, the 
information is can either be used as training data or  populated into a 
reward matrix in real time for resource allocation and adversarial 
planning utilizing game theory analysis. 

Our techniques enable a methodical approach to intelligent 
planning and reaction based upon construction and analysis of a 
decision model resulting in a structure of the most probable solution. 
This technique is useful for a number of applications ranging from 
behavioral economics, war fighter planning, and analysis of 
information, messaging, and risk management. Our system supports 
an artificial intelligence (AI) supervised learning approach to quantify 
information based on user selectable attributes and deriving 
probabilistic decision outcomes. Our approach also involves training 
the algorithms and near real time execution.  

Our solution integrates multiple data sources into efficient intent 
analysis processes and uses training data to build the decision trees to 
predict categories for new events based upon classifiers created for 
the use case scenario. Given an event, we predict a category and then 
determine sentiment based on trained data. This information could 
then be applied during planning in support of course of action (COA) 
development in the military decision making process (MDMP).  

The approach combines the following input: open (unstructured) 
source, and/or direct user input/modification. In particular, we capture 
and model “sentiment” and other situational factors through the 
assignment of positive, neutral and negative values. A reward matrix 
is then populated using game theoretic concepts such as in a 
competitive game model. GlobalSite utilize game theory which 
permits the ability to solve for iterative solutions, instantaneous visual 
feedback, and interactions by the user on demand. Our output can 
enable a methodical approach to intelligent planning and reaction 
including interaction of variables, parameters and attributes by the 
user resulting in updated probabilities. Game theory is useful for 
resource management of manpower, equipment, and warnings, etc. 
[3], since it can show the optimal decision for resource deployment. 

The scope of our paper is as shown in Figure 2, in which a Venn 
diagram illustrates the currently models developed and tested for 
applications in mission planning and resource analysis experimental 
scenarios. There are three possible decompositions of solution types 
for this particular challenge: dominant, saddle, and mixed strategy 
which is addressed within one design. Outside this model space are 
more challenging models including imperfect knowledge, non-
rational players, asymmetric, and cooperative models. 

 

  
Fig 2: Scope Addressed 
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III. ACCURACY ASSESSMENT OF OPEN SOURCE DISCOVERY 
 An actual tweet with Twitter data contains a maximum of 140 

characters and is only a fraction of the data returned. Additional 
information may be included in results such as: User ID; Time of 
Tweet; Geo Coordinates; URLs; Hashtags; User Mentions; and a Link 
to Profile Image. The Twitter search Application Programming 
Interface (API) returns roughly a maximum of 1500 tweets for a 
search request, are rate limited, and are indexed back roughly one 
week. Searches can specify subject (can be AND/OR), geographic 
region, and language. A real time stream of 1% of Twitter traffic 
provides about 10 GB of information per day. This stream can be 
filtered by User IDs, Keywords, or Location and cannot be combined 
with User IDs or Keywords.  

Results of our sensitivity analysis experiments are shown in Figure 
3. Our test case used a small data set of 152 open source news articles, 
based on sentiment values of positive, neutral and negative (+1, 0, -1) 
values, toward U.S. forces over the past decade. The attribute factors 
chosen for comparison were unemployment rate, country, religion, 
data year, inflation rate, and sentiment confidence score. These factors 
were chosen for their high correlation with sentiment values to 
beliefs, culture, and lifestyle.  

 
Fig 3: Sensitivity Analysis of Open Source Information Discovery 

 
Receiver operating characteristics (ROC) curves are then used to 

measure the probability of detection of correct sentiment and false 
alarms from the Twitter data. ROC curves can be generated when a 
floating point confidence measure is calculated from our AI 
algorithm. To compare classifiers, one may want to reduce the ROC 
performance to a single scalar value representing expected 
performance. Comparisons between the tests are based on differences 
between (estimated) areas under curve (AUC). Our results, which 
extend our previous work [4], displays the accuracy assessment of 
correctly discovering open source articles on “sentiment,” correctly 
determining the likelihood of automatic determination of positive or 
negative sentiment and increasing in accuracy as additional attributes 
were added. Our accuracy assessment has been performed with 
textual data at rest and was English language based. We investigated 
available corpuses to see how they have categorized language use 
(verbs, adjectives, pronouns, nouns, modals) and made adjustments to 
our setup by adding additional features. Through open source 
information, the experimental goal was to understand the environment 
in which the best decision is made for resource allocation based upon 
sentiment indicators found through Twitter and online news articles. 

We validated experimental ROC curves and calculated false positives 
and false negatives. Experimental results revealed: religion and 
country attributes dominated sentiment measurements and through 
additional attributes; increased sensitivity was observed within the 
reward matrix generated with fewer errors detected when additional 
attributes where incorporated. 

IV. RESOURCE MANAGEMENT 
In regards to related work in this area of data fusion and 

prediction, Chen et al. proposed a data fusion approach for 
asymmetric threat detection and prediction based on advanced 
knowledge infrastructure and stochastic (Markov) game theory. Game 
theory considers the effect of a player’s decision on other decision 
makers. Two or more decision makers choose an action and that 
affects the rewards earned by the players. In general, game theory is 
useful for making decisions in cases where the decision makers have 
conflicting interests [5]. 

For example, if a reward matrix exists, then the equilibrium point 
is the one where the reward is the smallest value in its row and the 
largest number in its column. This equilibrium point is also called a 
saddle point since it is like the center point in a horse’s saddle and is 
also known as the Nash Equilibrium [7]. The saddle point is the local 
minimum in one direction (row) and a local maximum in another 
direction (column) [3] such as: 

  max all rows (row min) = min all columns (column max).     (1) 

This left half of (1) presents the basic applied theory to decision 
making of our model under uncertainty. Our model has manpower 
and an equipment output. For a possible action, one consideration is 
to choose the “best” worst outcome [3]. The maximin criterion 
suggests that the decision maker should choose the alternative which 
maximizes the minimum payoff for the decision maker. This 
pessimistic approach implies that the decision maker should expect 
the worst to happen. The maximin criterion is concerned with making 
the worst possible outcome as pleasant as possible. 

The right half of (1) represents minimax regret criterion which 
uses the concept of opportunity cost to arrive at a decision. The regret 
of an outcome is the difference between the value of that outcome and 
the maximum value of all the possible outcomes. For any action and 
state, there is opportunity for loss or regret. The decision maker 
should choose the alternative that minimizes the maximum regret he 
could suffer. These decision making criteria discussed are reasonable, 
however many decisions are made without using any analysis [5].  

 

 
Fig 4: Resource Planning  
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When the reward matrix contains no saddle point, we can use a linear 
program solver. Our resource planning experiment was performed with 
textual data at rest. Open source information that lends itself to matrix 
creation is foreign aid assistance based upon recent earthquakes. For 
example, when allocating resources, where is the maximum reward for all 
parties engaged or adversarial positions? In order to solve this question, 
we can build a reward matrix based upon probabilities or weightings from 
data obtained. The purpose of the reward matrix is to calculate optimal 
strategies to determine what resources to send based upon open source 
information for war fighter, analyst, or others. Figure 4 shows some 
experimental results for determining which country to send foreign aid. In 
this case a saddle point exists and the best choice to help is Myanmar, 
with the worst aspect of choice being Empathy. Therefore, send 
Propaganda last or red player would send Propaganda first. Blue player 
would send manpower first (corpsmen). 

V. ADVERSARIAL PLANNING EXPERIMENTAL RESULTS 
Game theory, as a model of conflict, suffers from several 

limitations. Players are assumed to always maximize their outcomes. 
Not all of the payoffs or situations can be quantified in a reward 
matrix. Game theory is not applicable to all types of problems. 
However, game theory offers important insights and demonstrates 
superiority of cooperation over competition. Game theory models the 
heuristics people use in managing their conflicts and helps to explain 
why rational decisions often miss opportunities for mutual gain [8]. 

Imperfect information may still be useful to help make decisions. 
Opponent modeling works by observing the opponent’s actions and 
building a model by combining information from a pre-computed 
equilibrium strategy with the observations [9]. Previous work 
performed in the community includes computing robust optimization 
equilibrium by methods analogous to those for identifying Nash 
Equilibrium of a finite game with complete information [10]. 

There is much attention given to simultaneous-move, one-shot, 
normal form games with complete information. Each player or agent 
has a private payoff known only to that agent. The payoff to an agent 
x is not only a function of all the agents’ actions (as in the usual 
complete information game) but also of the realized private-type of 
agent x. The type of an agent may be discrete or continuous. Each 
agent’s realized type is chosen independently from some commonly 
known distribution over types, and the payoff matrices for the agents 
are also common knowledge. These games have incomplete 
information because each agent must choose its strategy, i.e., its 
probability distribution over its actions, without knowing the realized 
types of all the other agents [11]. 

Decision theory studies decision making in situations where the 
consequences of one’s action are uncertain. The classical decision 
theoretic scenario is that of a single agent having to choose among a 
set of actions, the consequences of which depend either on certain 
states of affairs about which the agent is not completely informed, i.e., 
subjective uncertainty, or on the result of some random processes that 
are independent of her, i.e., objective uncertainty [12]. 

A general classification that categorizes algorithms by the cross-
product of possible strategies and possible beliefs about the 
opponent’s strategy could be performed. A possible strategy can be 
classified based upon the amount of history it has in memory. Given 
more memory, more complex policies can be formulated, since 
policies are maps from histories to action distributions [13]. 

Harsanyi proposed a method for transforming uncertainty over the 
strategy sets of players into uncertainty over their payoffs. The 
transformation appears to rely on an assumption that the players are 
rational. Without a common belief of rationality, such implications 
are not necessarily maintained under a Harsanyi transformation. 
Under the belief system model, such implications can be maintained 
in the absence of common belief of rationality [14].  

A large class of sequential decision making problems under 
uncertainty with multiple competing decision makers/agents can be 
modeled as stochastic games. Non-cooperative games can be solved 
in which each decision maker makes his own decision independently 
and each has an individual payoff function. In stochastic games, the 
environment is non-stationary and each agent’s payoff is affected by 
joint decisions of all agents, which results in the conflict of interest 
among decision makers [15]. 

Generally, players may not possess full information about their 
opponents. In particular, players may possess private information that 
others should take into account when forming expectations about how 
a player would behave. To analyze these interesting situations, a class 
of games with incomplete information was created as use case 
scenarios (i.e., games where at least one player is uncertain about 
another player’s payoff function) which are the analogue of the 
normal form games with complete information similar to Bayesian 
games (static games of incomplete information). Although most 
interesting incomplete information games are dynamic (because these 
allow players to lie, signal, and learn about each other), the static 
formulation allows focusing on several modeling issues [16]. 

 

 
Fig 5: Adversarial Planning Reward Matrix 

 
Our adversarial planning experiment was performed with textual 

data at rest; it is English language based and serves as a method to 
complete unknown information in a reward matrix. Our purpose is to 
demonstrate what resources to send based upon open source 
information for war fighter, analyst, or others for adversarial planning 
(known and mixed) using recent earthquake generated Twitter data in 
order to answer the question of what assistance to send to which 
country. The diagonal values from Twitter included: Manpower = 
Dead + Injured; Equipment = Damage + Structure; Propaganda = 
Empathy; and Funding = Money. The cost function is based on 
distance in miles to country of interest as shown in Fig 5. The 
experimental results revealed best choice for blue is manpower using 
a linear program solver with the best choice for red is propaganda. 

A red player may be 3 times closer to Myanmar than the blue 
player and therefore easier to influence in terms of cost. Therefore, we 
used ¾ for red and ¼ for blue as the cost function. The distance of the 
cost function can also be “distance between beliefs or world view” 
such as religion, culture, and government type or any other distance 
cost. We initially assume all attributes are equally weighted, but can 
add an additional layer of complexity by using weights relative to 
attributes; however we assumed w1,2,3,4 = 1.  

Weights are determined with respect to blue player’s evaluation 
of which attributes are more important, since in this case the blue 
player is driving the decision and the red player is trying to minimize 

69

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



 

the blue player’s reward. Figure 6 shows the result of weighting the 
blue player’s preference by valuing propaganda over all other 
attributes by a factor of 9. Weighting changes our results to the best 
choice for blue is propaganda using a linear program solver. The best 
choice for red is propaganda. 

 

 
Fig 6: Weighted Reward Matrix 

 
Some tools use “strategies” measured in different units in the 

same reward matrix and can be problematic. Examples include use of 
manpower (count of people) mixed with propaganda (not necessarily 
units of people). If all strategies in a given decision model reward 
matrix are not in the same (equalized) units, then use of game theory 
and mini-max or maxi-min functions can provide misleading results. 
We can create purely dominant and incorrect solutions just due to 
relative size of unit measures. Our solution addresses this properly 
and uniformly for any decision model. We equalize all strategies (in a 
given decision model) to the same unit. This is a key point to the 
application of game strategies to a general class of decision problems. 
An adjustable “equalization” factor has the purpose to convert all 
strategy measures to the same unit (e.g., cost, time) and must be done 
for any decision model. The equalization factor for our solution is 
independent of additional (importance) weights that may be applied.  

 

 
Fig 7: Normalized Reward Matrix 

 
Figure 7 shows the result of normalizing column values using the 

same cost function and attributes. Normalization changes our results 
to the best choice for blue player is propaganda with the best choice 
for red player being manpower. It is interesting to note that strategies 
have flipped from Figure 5 results based on equalizing the units. 

 

 
Fig 8: Reward Matrix with Modified Cost Function 

Figure 8 shows the result of modifying the cost function from 
[3/4, 1/4] to [1/2, 1/2] revealing the best strategy for blue is to choose 
propaganda twice as often as manpower, with the best choice for red 
selecting propaganda twice as often as manpower. The purpose of 
showing these results with different choices is to highlight the ability 
and need for a tool which can be used to allow the user to dial and 
modify modeled parameters of the reward matrix to model “what if” 
scenarios. 

VI. TOOL IMPLEMENTATION 
Our tool implementation has the ability to manipulate factors “on 

the fly” with near real time results. GlobalSite decision model file 
stores parameters of the decision model and problem space. It does 
not store a solution, but is only a model of the problem space and 
includes everything needed to calculate a solution. 

Figure 9 shows an example prototype graphical user interface 
(GUI) of our GlobalSite decision making tool. Features of our 
solutions contain: Normalize Displayed Values; GUI support for 
sorting options; Add Alternate Red/Blue View; addition of 
probabilities; Dials for changing values; Add display for relative 
“distance”; Add clarity for specifying attribute vs. (1-Attribute); 
Probability for Red, Unknown strategy; and real time visual feedback. 

 

 
Fig 9: Prototype GlobalSite Decision Making GUI 

 
We have a method to simplify the reward matrix, before 

applying a linear program solver through removal of “non-dominant” 
rows/columns which is performed as the first action. We use the 
standard convention of considering blue player strategies as rows, and 
red player choices as columns. The removal of dominated strategies is 
accomplished as follows: If all elements of a row “i” are less than or 
equal to corresponding elements of another row “j,” then “i” is a 
completely dominated strategy since it will not contain the solution. 
All cells of dominated rows are marked as redundant by graying out 
these values within the user modifiable GUI. If all elements of a 
column “i” are greater than or equal to corresponding elements of 
another column “j,” then “i” is a completely dominated strategy since 
it will not contain the solution, is redundant, and cells will be grayed 
out. The tool continues validating (non-dominated) cells of remaining 
columns and rows, since elimination of redundant cells may create 
other dominated rows/columns – until there is no change. The 
resulting simplified matrix (non-redundant cells) will either contain a 
single solution, multiple rows, or columns and may be saddle or 
mixed solution. 
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Several studies provide discussion and attempts to integrate and 
validate usefulness of the application of game theory models. The 
strategy action game is not only applicable in the field of commercial 
negotiation; subsequent research can extend further into the fields of 
education, marketing, finance, risk management, and society. The 
competition and cooperation relationship between manufacturer and 
distributor in other applications are delicate, allowing room for other 
methods besides strategy action game, such as series bargaining game 
and mean difference. Studies have been performed on the analysis 
aiming at the strategy application, and intervention into the 
negotiation harmonization with the manufacturer or distributor. On 
one hand, it insists on an objective observation attitude; on the other, 
it may also produce the deviation of unscrambling the behavior of 
game participants subjectively [17]. 

VII. CONCLUSION AND FUTURE WORK 
No decision is ever 100% correct; however, understanding the 

effects of algorithmic decisions based upon multiple variables, 
attributes, or factors and strategies with probability assignments can 
increase the probability for the best decision for a particular situation 
or event. GlobalSite can perform open source discovery and data 
mining activities to parse information found from disparate, non-
obvious, and previously unknown data sources and allows for the user 
to dial the weighting factors based upon their knowledge or domain 
expertise.  

Direct user input or modifications, additions, or deletions of 
attributes of interest and their associated probabilities can be modeled 
for a multitude of scenarios from the reward matrix. The initial step in 
the process utilizes a decision tree learning method that is used for 
classification, weighted factors and probabilistic prediction based 
upon the information obtained from multiple and disparate data 
sources. Optimal strategies are then calculated to increase the 
likelihood of making the best decision available using game theory in 
a constant sum game for a resource allocation scenario. Data fusion 
and visualization techniques provide the user with a useful tool to 
interact with the results generating near real time decisions. Our 
system can be extended to other applications such as course of action 
planning, strategy, resource management, risk assessment, and 
behavioral economics, and is not tied to proprietary feeds, inputs, or 
outputs. Our solution can have multiple algorithms/inputs/outputs 
based upon user needs and requirements and allow for human 
interaction with the resulting decision made by the system to show 
changes based upon different decisions made in near real time. 

We have defined a solution to determine strategies based upon 
game theory using our model and have proven out these models using 
open source information. We have shown experimentally using open 
source information that we can calculate optimal strategies and 
resource allocation to provide the best decision using either 
opportunity costs or reward matrix. By utilizing the reward matrix, we 
can make “sense” of data by assisting users in making the best 
decision possible. 

Automated processing techniques are needed to augment tactical 
intelligence-analysis capabilities by identifying and recognizing 
patterns, weighting them appropriately, providing near real time 
objective decisions where the user can interact with the information 
based upon their experiences and knowledge base. GlobalSite is a 
probabilistic decision solution which allows for users to interact with 
information in near real time using game theory to provide a reward 
matrix of the best possible outcomes. GlobalSite can host additional 
algorithms for filtering techniques, has an open architecture 
framework, and is not data, attribute, or factor limited. 

As stated within this paper, game theory does have its 
limitations. Not all payoffs or situations can be quantified in a reward 
matrix (e.g., flash mob). However, this may be a separate pattern 

recognition algorithm which could be combined within our solution. 
Future work considered will include addition of alternate red/blue 
view models, investigating how to accommodate for unknown 
strategies, incorporation of data reduction algorithms, working with 
larger data sets for scalability including live and static data sources, 
multiple media file types, and investigation of importing heat maps to 
align information to provide a more visual context to the user. 
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ABSTRACT 
 
The paper is dealing  with application of the above smart 

technologies in the area of e-Surveillance and in this 
respect as a result  of so far achieved in our ongoing 

research under the European Union funded project 
EU/7FP/Sec./SMART. The more information on this and 

other of our related EU funded projects viz. CONSENT 

and RESPECT can be found at our web: 
//erdc.fm.uniba.sk.The main so far achieved results from 

our above ongoing research are the following ones.  It has 
been evident that an application of the latest smart ICT in 
e-surveillance have had a very positive impact on 

achieving more secure and safe environment not only in 
the so-called cyberspace but also in many application 

areas of these ICT. The first such area of a very positive 
impact has been achieved in the area of the contemporary 

system of the border controls of the  so-called Schengen 
external borders  of the EU that have been protected by 
the several mutually linked and integrated systems of e-

surveillance viz.  CCTV cameras, automated border 
checks, automated targeting systems, biometric matching 

systems, etc. Very similar systems have been used for the 
protection of the external borders also in case of all 

airports in combination with general security controls. 

The other most widely utilized application areas of these 
smart ICT have been various areas of public life, various 

cultural and other social events in the forms of so-called 
crowd controlling, the same also regarding phone and 

Internet communications, financial transactions, etc.  
 
Keywords: e-surveillance, smart technology, monitoring, 

crowd controlling, CCTV. biometric matching systems, 
ground sensors, financial transactions.                                                         

 

1.INTRODUCTION  

It already an integral part of our daily life that practically 

all the time around all of our activites have been under 
the permanent 24 hrs. surveillance. I tis just enough if one 

has been using any of the current achievements in the 
consumer electronics and using such today its most 
common applications like e.g. a mobile phone, various 

banking debit or credit cards, Internet, social networks, 

GPS systém for orientation while driving a car, visiting 

any of the public palces, sport or cultural or any other 
public events, but even such electronic systems lke 
electronic security systems in peoples‘ homes, etc. and 

the whole life has been under the permanent  all the day 
24 hrs. uninterrupted surveillance. survillncesss 

 

In many practical situations it brings to people a lot of 
potential benefits but on the other hand there is also a 

growing number of various cases of misuses of such data 
collected about us by those all various types of e-

monitoring,  surveillance and  recording systems.In the 

next parts of this paper we will try at least very briefly 
state and analyse some of the most typical positive but 

also negative aspects of such permanenet monitoring and 
surveillance system.   

       2.THE TWO OF THE MOST WIDELY 

USED APPLICATION AREAS OF 
SMART E-SURVEILLANCE 

Unfortunately the limited scope and size of this paper 
does not allow us to deal with all the potential benefits of 
application of the smart ITC e-surveyllance systems and 

their utilization hence we focus further at least on two of 
the most widely and important  ones as follows: 

The e-surveillance on the external borders of the EU 

The surveillance by the CCTV cameras and by some 
related e-surveillance smart technologies  

 2.1 E-surveillance on the external borders of the EU 

It is quite clear  that in spite of some evident negative 

aspects of application of the latest e-surveillance systems 
there are existing many positives in this respect. In the 

following parts of this chapter we will try to present some 
of the most evident benefits achieved in the application of 
the smart e-surveillance applications that have become an 

integral part of our daily life. In this respect according to 
our ongoing reasearch under the particular EU funded 

SMART Project has been the e-surveillance of the so-
called schengen border systém that has consisted of the 
following main features.  

The entire schengen external border of the EU has been 

protected by an integrated systém that consists of several 
subsystems that are to the large extent relying also on the 

application of the smart ICT technonologies: 

- ABC - Automated Border Checks that have 

been applied on all border crossing of the 
Schengen border systém. The most important 

advantage of the entire systém in this respect 
has been that the results of all these checkings 

have been becoming a part of the schengen 
information systém (SIS) so any negative 

aspects in this respect have automatically 

become a part of the entire systém so there is 
not left any space for any calculations and/or 

speculations to use some other entry point to 
the EU through the checking points in other EU 
member state and its border control this 

integrated SIS has been linking all border 
controls and checkingpoints of the Schengen 

border what altogether makes the entire systém 
more consitant and reliable 

- ATS The second integral part on the external 
border of the EU  has been an Automated 

Targeting Systém that is serving as an 
automatic tool for all persons who arare passing 

through the particular cheking points. On the 
basis of the particular personal data collected 
from the passport as well as from other related 

sources like e.g. from the recordings of the 
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previous visits it is possible to create a 
relatively complex and comprehensive 

„picture“ and/or description of every person 
and thus to categorize that person. On the basis 

of that such a person in some cases could be 
placed into some of the risk categories like e.g. 

terrorists, smugglers, etc. For example due to 

the relatively big difference in the price but also 
salaries levels between the Slovak republic and 

Ukraine that are sharing the common Shengen  
border they are  creating among others also  a 

very attractive and profitable smuggling 
business especially regarding car fuels, 
alcoholic beverages, cigarettes, etc. hence 

thanks to this systém i tis very easy now to 
identify, record and then taking any actions 

against those „travellers“ who are able to cross 
the border even several times during one day as 
in case of visa regimes there is existing an 

assymetric systém i.e. the Slovak citizens do 
not need visas for entering Ukraine while on 

opposite te citizens of Ukraine need so-called 

schengen visas. Thua it used to be quite a wide 

spreaded business for Slovak „tourists“ to cross 
even several times a day the border in order to 
import those commodities and goods we have 

mentioned above and of course also many more 
of them. But with introduction and 

implementation of the schengen border control 
systém it meant also the end of these kind of 
widely used „tourism“ between both countries. 

After several border crossings the systém has 
been automatically reporting that this or other 

person has been too active in the border 
crossings irrespective if they were conducted 
only through the Slovak – ukrainian border or 

some of them tried to minimaize their border 
crossing in such a way they have been trying to 

cross the border to Ukraine via neighboring 

Poland or Hungary 

- AVT – Automated Vehicle  Tracking is an 
another smart  technology being applied on the 

Schengen border controls. It substance is based 
on the utilization of a small electronic unit – 

chip that has been stowed discreetly somewhere 
in the bowels of  a vehicle. Then through the 

GPS satellites i tis possible to to monitor a 

movement of such vehicle even in case if that 
vehicle has managed to cross the border 

without any evident suspicious activites and/or 
features. The advantage of this smart systém 

has been that the systém is not directly limited 
just by the area of the border control points but 
i tis possible to trace such a vehicle also in the 

wider and more distant areas and/or territories 

from the biorder area.. In this respect has been 

already possible to detect and také action 
against such e.g. smaggling activites where the 
vehicle has crossed border chceks without any 

problems but then further from the boreder it 
has been recorded that the vehicle has been 

ding some suspicious movements and/or 
direction in their further moving in the inland 

of the country being quite far from the 

particular border controls, etc. Tjhis systém is 
quite efficinetly applied against such vehicles 

that have been involved not directly in 
smuggling only but also in other criminal 

activites like e.g. bin the case of bogus exports 

that are used for avoiding the tax duties 
regarding VAT, etc. It has been quite a 

common practice that the goods have been 
declared like destined for an export and then 

after crossing the border the same vehicle has 
returned back but with the same marchendise 

that was as being „exported“ so in such a case 

having possibility for the return of the VAT as 
well as to sell the particular merchendise again 

back in the home country, etc. 

- ANPR – Automated Number Plate Reader that 
is not yet applied on the schengen border 

checking points e.g. in the Slovak republic but 
in the very near future i tis supposed to be 

implemented there. The main advantage is that 

in difference to the above AVT that requires 
some kind of special and secret and 

confidential activites linked to the placement of 
the particular chips on the vehicle this systém is 
automatically recording the id number of every 

vehicle crosing the border chceking points. And 
again as in the case of the above ABC or ATS 

systems i tis possible also in this case to 
achieve the same targeting of the vehicle as in 
previous cases it was with the persons crossing 

the bored too frequently or with some 
suspicious activites like smuggling some goods 

or commodities, etc. 

- UGS – Unattended ground sensors has been 
also applied on the external borders within the 
Schengen border. I tis an other smart ICT  

based technology that is helping in the border 
areas especially in the harsh mountaineous and 

for access or movements by vehicles difficult 
border areas and thus being too difficult for any 
other possible border control systems. The 

UGS has been based on the combination of 
various sensor modalities like e.g. seismic, 

acoustic, magnetic, pyro=electric, transducers, 

daylight imageers and/or passive infrared 

imagers that are enabling to detect and record 
any presence or ovements of persons, vehicles 
or other moving objects in the particular area of 

surveillance. In such a case that any of such 
objects and/or movements have been detected 

in the particular  area, the particular activites 
have been reported via radio-frequency or 

satellite communications to remote PED – 

Processing, Expolitation and Dissemination 
stations and the necessary action then by a 

suitable means and ways e.g by helicopters are 
carried out directly on the spot and in the real 

time exactly in the place and location when 
such an unauthoriszed aktivity has taken place 
and/or was carried out. 

- CCTV – Of course as anywhere also in the 

border controls are widely used CCTV camers 
as one of the most efficient and also not so 
expensive smart ICT based technolgies. The 

problém is like in all application areas for the 
CCTV that the particular systém is meeting 

some of its most desired objectives i.e. such as: 

o The camers have to enable not only to 
capture the particular object or person 

but also to enable the necessary 

recognition either face or number 
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plate and/or any other relevant 
features of the particular object 

o The camera has to be properly 

focused or be able to folow the 
particular object of surveillance 

o The camera has to have a proper 

angle of surveillance and monitoring 

i.e. it has to be properly installed in 
order not to be obscured by some 

other objects or not being too low 
and/or too high focused 

o One of the most important aspects for 

efficiency of CCTV cameras is that 
the entire automated systém is 

properly and manned and operated by 

an experienced staff that is trained 
properly in order be able to 

immediately utilize and také action 
on the bases of the recorded images 
in the real time and not only ex post 

e..g. some time after the particular 
images have been recorded when 

already the momentum of an active 
and immediate action has already 
been substantially lower than i fit is 

carried out on the spot in the real 
tiemof the particular action, 

movemnet themselves. 

In addition to this most common and also practically 
applied ICT based smart e-surveuillance technologies 
there has already been existing a relatively long list of 

this kind of smart e-surveillance systéms but that have 
not yet been applied on the external borders of the 

Schengen border systém we have been researching and 
analysing like e.g.: 

- BMS – a computerized Bio Metric Systém  
using the comparison of the particualr 

biometric data from the passport, ID cards etc. 
with those collected on the spot from the 

particualr person and also with those stored 
already in the particular data base 

- AFR  - again a computerized Automated facial 
recognition that is able to identify a person on 

the bases of her/his face and its comparison 
with its digital image again in a passport, ID 

card and/or data base from the preious border 
crossings and controls 

- AVR – a Computerized Automated Voice 
Recognition that is able to make voice 

recognition through voice as recorded by 
micropones or other simile equipment e.g. 

mobile phones that are considered as being able 
to recording voice and/or any other simile 
signals even in case if the mobile phoen has 

been switched off chat is sometimes quite 

important and benefitial in the border or 

customs controls areas 

- AXRS – Automated X-ray Scanners i.e. devices 
that are able automatically detect any illicit 
substances if being imide the body. This e-

surveillance technology has been already 
experimentally teste dat some airports but has 

been received by a geerally widely negative 
reactions from x-rayed people as t is too 

invasive and  of course also represnts also some 

health risks. But it looks like that sooner or 
later it will become one of the e-surveillance 

systems especially at airports  

- RDD – a Radio Detection Device thatis able to 
detect automatically a presence of any 

radioactive substances that are from time to 

time also a part of the smuggling activites at 
border crossings, etc. 

- GDD – is a simile device like RDD just the 

object of detection has been gunshot that could 
be automatically detected on the base sof sound 

sensors  

- Thermo-Camera – it is an automated camera 
that is able to identify any human or other 

objels that are emitting any temperture higher 

than the serounding evironment. Thanks to its 
functions i tis one of the very promising e-

surveillance device that especially at the 
borders could find a very wide and efficient 
application 

- AMPT  - Autmated Mobile Phone Tracing i 

sone of the most promising e-surveillance 

systems as more and more people  have been 

using this moder „communication obsession“. 
It has been based on the same basis as the 
mobile phones have been functioning i.e. using 

multilateration of radio signals via GPS and 
thus enabling not only the particular 

communication but also localization where 
from the particular mobile phone has been 
locate. 

In conclusion to this part on e-surveillance technologies 

being already applied at the border controlling or will be 
sooner or later applied we could state that allthese latest 

automated e-surveillance systém cannot protect borders 
absolutely perfectly.They all are contributing very 
positively to border protection and security but there is a 

certain paradox existing not only in case of the EU 
Schengen border but also in case of other otherwise very 

much protected borders like between Mexico and the 
USA, between Palestine territories and Israel, etc. While 
this e-surveillace is really protecting the particular 

bordersvery efficiently, there are always ways and means 
that are almost negating these benefits. For example in 

case of the schengen border i tis really difficult to become 
a part of that area mainly due to the problems of all these 

required aspects of border controls and protection like 

e.g. itis still in case of Romania or Bulgaria whose 
applications to join Schengen has been already several 

times rejected on the grounds that they  arenot yet ready 
to protect that border as required although the numbers of 

illegal entrants are relativem very low e.g.in comparison 
with the Schengen area on the southern borders of the EU 
i.e. its Medditterean shores that have been the main 

entrnaces for boat peole illegally entering the Schengen 

area in the so-called PIGS states i.e. Portugal, Italy, 

Greece and Spain but also Malta and Cyprus thus making 
of the particular Schengen  border nothing more than 
„ementál chease“ i.e. chease being famous for its big and 

many holes! And in order not to blame only this southern 
border, many „holes“ in the Schengen borders are various 

underground tunnels that are then and again discovered 
anywhere where there is existing any possible extra 

profits being large than potential risks, etc. 

In view of ths we could conclud this part by stating that 

even the most sofisticated e-surveillace systems cannot 
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be efficient if they are not supported also the whole range 
of legal, political, organizational, staffingand other 

supporting measures and activities.       .   

2.2 Smart e-surveillance by the CCTV cameras and 
some other related e-surveillance smart technologies                                      

The second selected application area of ICT based e-

surveillace systems but also one of the most contravrsial 

once has been the application and probably the most 
widely applied one i.e. the CCTV cameras systems that 

have alreadybeen almou permanently monitoring not only 
the public spaces but also priváte ones. In the following 

part of this paper we are at least briefly characterizing at 
some of the most typice features of these e-surveillance 
smart systems: 

- Our survey and research in general in this 

respect as carried out under the 

EU/7FP/SMART and RESPECT  projects has 

clearly demonstrated that the video camera 

surveillance has become an integral part of our 

daily lives practically in all its parts. It could be 

stated in this connection that practically for the 

whole 24 hour long day period, people have 

been monitored and recorded by the various 

kinds of surveillance CCTV cameras systems: 

- in their houses and their residences during the 

nights as well as in connection with their 

leaving and/or arriving from/to their  houses, 

etc. It is just enough to have installed any kind 

of security system linked directly to some 

security service and it is then immediately clear 

when one is switching on or off that security 

system including its cameras and thus also 

indirectly reporting when one is home or 

leaving or arriving, etc. 

- then during their transport they have been 

monitored by the camera system currently 

practically being installed in all means of the 

public transport, on stations, platforms, etc. 

Even of course also utilization of own cars has 

not been totally free from all various kinds of 

camera or various other e-surveillance systems 

either on almost every road/street crossings, 

highways, parking lots, petrol stations, rest 

places, etc. and of course not to mention if 

drivers have been using the GPS or any other 

such devices including hands-free mobile 

phone, etc. All of them have been monitoring 

and recording any movements of any car, etc. 

- in connection with transport it has to be 

mentioned especially the air but also ship 

transport that is not only related to extra 

controls and e-surveillance but we could even 

say the passengers are  directly forced into 

literally enforced body controls not only by 

various hands-on or e-monitoring gates but  

even to the hands touching by the security staff. 

One has to admit that in many cases for 

unknown reasons sometimes they prefer their 

hands for direct touching bodies of passengers 

than to use those hands-on devices. One then 

cannot help not to think that many members of 

that security staff are doing these jobs exactly 

for the same reasons like various pedophiles are 

usually working in various areas that are for 

children e.g.in scout clubs, sport clubs, kids 

dancing clubs, religious youth clubs, etc. 

- people during their shopping as well as all their 

other daily common duties, activities, 

movements and visits at post offices, banks, 

various other offices and places of the public 

services have permanently  been monitored and 

recorded by various camera surveillance 

systems and in addition of course by various 

other e-surveillance systems especially if using 

e.g. credit/debit cards, various 

customers/clients benefit cards, ID cards, etc. 

- the same being the case   at the people’s  

working places where also in the most such 

places there have already been installed various 

types of CCTV camera system especially and at 

least at entrances and exit gates, activities 

areas, parking lots, canteens, etc. as well as 

again also in connection again with various 

entry ID cards, passwords, biometric 

identifications, etc.  

- any visits of cultural, social and especially sport 

events where it is possible to expect some 

higher number of visitors or attendees have  

been nowadays  mandatory under the 

surveillance  by various camera systems. 

Without these CCTV camera installations e.g. 

some  sport or other cultural or social events  

cannot be even organized at all 

- even during an ordinary strolling, walking 

along the city streets, parks and/or playing at  

children playgrounds and being at other places 

of otherwise commonly free access have been 

nowadays under the permanent surveillance by 

various camera or other e-surveillance systems 

- all galleries, exhibitions but also hotels, 

restaurants  and other similar places of public 

attendance and visits have been as well  under 

the permanent camera surveillance 

- especially carefully  and under the permanent e-

surveillance have been  all transport related 

facilities where as a rule a lot of people have 

been moving around like it is in the case of 

airports, bus and train stations, etc. but also 

again the particular public parking lots, etc. 

However, one of the biggest shortcomings of ever 

growing application areas of all the CCTV and related e-
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surveillance  smart technologies have been the attitude of 

all their operators towards the objects of their smart e-

surveillance i.e. towards the citizens as the objects of all 

their particular activities. From our research we have 

found out that if something happens to people like e.g. 

being customers, clients, etc. and they become victims of 

some robbery, physical or psychical abuse and they 

would like to use the particular camera recording to help 

them in identifying what and how those abuses have 

happened they as a rule are rejected as the particular 

recording are not available to them as the objects of that 

e-surveillance but only for the owners or security staff of 

the particular company or institution, etc. The only way 

how to get such help through particular recording s is 

through approaching the police but in most cases due to 

the character of such incident it is viewed by police as a 

minor case and not belonging under their competence. 

That all in case of victims that are involuntary without 

their consent recorded and stored, etc. Although the 

particular legislation on the protection of personal data 

clearly states that the owner of that data i.e. that person 

has a primary right to handle own personal data and 

without his/her consent nobody has the right to handle 

such data without that.        

In conclusion to this part on the e-surveillance by various 

CCTV cameras and related e-surveillance smart 

technologies  we could state that people have been not 

only monitored by these various cameras but their faces, 

bodies, movements, activities sometimes even in the most 

intimate situations have also been recorded and as such 

being available for any subsequent analyses, evaluation, 

searching and of course unfortunately also for a still 

growing misuse of such recordings for various and not 

only positive activities regarding the particular persons, 

etc. Although, the legislation e.g. on the Fundamental 

human rights of the citizens of the EU is strictly stating 

that such recorded data can be stored and used only for a 

time period being absolutely necessary for the reason that 

such data have been recorded, the practice is completely 

different. It is quite a common practice that all these 

various camera recordings are stored for an unlimited 

time period together also with various other similarly 

recorded data like e.g.it is in case of telephone 

conversations especially those through mobile phones but 

also by various other communication devices related e.g. 

to social networks, Internet, e-mail communications, etc. 

And there are almost unlimited numbers of examples how 

these fundamental human rights have been violated by 

many stake holder, operators, various security services 

but also police and governmental services, etc. It is a 

practical experience of also this author that coming back 

to certain hotels after several months or even after a year, 

at the reception he was often told that his name is enough 

for identification as all other necessary data the hotel has 

kept in its database of guests from previous visits?! 

In view of this we could only state again that all this 

modern e-surveillance not only by CCTV cameras we 

have been dealing with in this part, are in a strict 

violation of any fundamental human rights on protection 

of personal data, on the protection of integrity of 

personality, its dignity, etc. However, the main paradox 

of all these e-surveillance by the CCTV cameras and 

related other smart e-surveillance technologies  has been 

the fact that the more of these camera installations have 

been existing it has not at all been accompanied by the 

more security in such surveillance areas. For example the 

statistics on the CCTV camera installations in all the 

banks in the Slovak Republic for last five years are 

clearly demonstrating that the more camera systems 

installations have not led towards less bank robberies but 

on the contrary there has been even some  growth not 

only in the number of such bank robberies but also there 

has been a growing number of unresolved cases in that 

respect..  The only benefit of all this by the law 

mandatory installations has been that in such a case that 

camera system has been in place,  the particular robbed 

banks can be compensated through their insurance 

policies as without such policies that is impossible.  

                                                4. MAIN 
CONCLUSIONS AND RECOMMENDATIONS 

 

 In conclusion we would like to summarize at least very 

briefly  some main findings of our ongoing research 
under the EU/7FP/SMART, CONSENT, RESPECT 

projects. One of the main findings in this respect has been 
the fact that the modern life is fully and permanently 
monitored and under a surveillance by the latest e-

surveillance technologies like we have some of them 
identified and described in the previous parts of this 

paper regarding e-surveillance on the EU Schengen 
borders and in connection with applications of the CCTV 
systems 

This e-surveillance has definitely brought to some 

application areas more security, more responsible 
behavior of people especially due to the fact that if people 

are aware of being monitored and under a permanent 
surveillance but on the other hands there are still many 
questions regarding the potential misuse of such data 

from these sources 

On the other hand all these surveillance has led to a wide 

spread disrespect towards some of the fundamental 

human rights especially regarding human dignity, 
protection of personal data, integrity of personality, 
protection against any kind of discrimination, etc. Some 

of these e-surveillance and accompanying activities by 
the security staff especially at airports could be 

characterized as totally unacceptable discrimination of 
people as e.g. in many airports among others are also 

warning that any conversation with security staff during 

controls are strictly prohibited and punishable by law and 
that all for our money we pay for these “our” security 

through enormously expensive air tickets  

For the future it will be necessary also on the basis of our 
ongoing research under the EU CONSENT, SMART and 
RESPECT projects to achieve a more balanced relation 

between three important concepts of the contemporary 
life i.e. 

 - between threads of terrorism or any other criminal 

activity 
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-  application of the latest e-surveillance technologies 

-  and last but not least with fundamental human rights, 
peoples dignity in order they would not be victims of 

various  

   bureaucratic or even deviants’ sexually motivated 
misconducts. 
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ABSTRACT

The purpose of this study is to analyze the method of 
delivery  used  in  Personalize  System  of  Instruction  (PSI). 
Asynchronous  in  nature,  the  PSI model  may provide  viable 
alternatives  m-learning  platforms,  while  at  the  same  time 
fulfilling  some  of  the  theories  of  social  science  research. 
Learning  style  types  are  also  presented  in  this  study.   A 
strategic  alignment  model  is  measured  against  the  learning 
style types in efforts to map the feasibility of m-learning in 
social  sciences  versus  other  educational  research.

In the case of m-learning,  stakeholders  include but 
are not limited to curriculum creators, ISPs and those who host  
mobile sites, streaming content providers, mobile phone users, 
instructors, educational institutions and mobile phone carriers. 
Verifying  the  mobile  authenticity  of  students  receiving 
instruction, and the burden of proof is also presented in this  
study as it relates to models used in the banking industry.

Adobe,  ComF5  and  AXMEDIS  [1]  are  a  few 
companies  that  provide  full  mobile  platform  support  for 
multiple mobile based distribution channels.  Mobile protocol 
and  the  development  of  mobile  applications  must  minimize 
frustrations experienced by users.  Issues and concerns in this 
area range from screen size and resolution of content, and the 
balance of reading text versus seeing live streaming video, all 
the way to screen scrolling and mobile keyboard functionality. 
Mobile  functionality  and  student  engagement  are  also 
mentioned in this study.  

Keywords: Mobile-Learning,  Personalized  System 
of Instruction, AXMEDIS, ComF5, MSAM Model

INTRODUCTION

PSI, developed by Skinner and Keller (1970) leaves the student 
in control of the frequency and speed at which they learn.  In 
the case of the educational study on PSI, it was important for 
the researcher to test the validity of the PSI theory in various 
environments  over  a period of time.  The initial  quantitative 
analysis  involved  the  results  of  test  scores.  Analysis  of 
Variance  (ANOVA)  was  used  to  assess  and  compare  test 
scores.  

With  PSI comes  the assessment  of  human behavior  as  they 
access,  capture  and  share  information  across  platforms. 
Educational models of the past focused on sharing information 
face to  face at  set  scheduled times.   The fusion of PSI and 
information access alters and in some cases alleviates the need 
for  scheduling information access.   Here,  customers/students 
who have the technology, access course content at their leisure 
and at  the availability of their media  platform.   While there 
have been noted challenges associated with information access 
(including server  down times,  and weak Wi-Fi signals),  this 
has not limited or discouraged the delivery of education. These 
and  other  factors  enabled  the  researcher  to  arrive  at  the 

following research question: In what ways do the interview data 
reporting on  the  needs  for  stakeholders  in  education  help  to 
explain the technological  preparedness in the delivery of PSI 
using mobile learning models.

REVIEW OF LITERATURE

Challenges  exist  with  educational  models  ranging 
from content to varying delivery systems.  Thompson [indicates 
that the fixed and traditional models can come together to create 
strategic alignment [13].   Educational models like e-Learning 
are distributed using technology across multiple channels.  The 
traditional  classroom  is  restrictive  according  to  Boyinbode, 
Bagula, & Ngambi, [13] in that a person has to be in a physical 
location. 

A historical perspective of the United States shows the 
distribution of education as one that resided with state and local 
authorities through 1965.  With the passage of the Elementary 
and  Secondary  School  act  of  1965,  federal  government 
authorities became more involved in the decisions and support 
of  local  public  schools  [4]   It  goes  without  saying  that  the 
implementation of any improvements in K-12 education would 
be distributed with federal government involvement.  And while 
K-12 educational models are not the target of this study, it is the 
researcher's opinion that they are relevant to moving toward the 
feasibility of a true mobile-learning model.

Most  of  what  has  been  called  curriculum today  is 
designed  around  a  proven  methodology  of  hours  spent  in 
instruction, lab and outside of the classroom.  Because of the 
constraints/ratio associated with instructional to lab hours, post 
secondary educational institutions are also challenged with the 
availability of instruction and more over, the availability of the 
student  to  learn.   To  resolve  issues  with  student  availability, 
many  for  profit  schools  developed  scheduling  to  facilitate 
learning around the student's  extracurricular  activities,  family 
responsibilities and work.  

According  to  Johnson  [6]  minimal  change  was 
reported  in  writing  effectiveness,  based  on  pre  and  post  test 
during the first two years of college.  Further, the study implied 
that personal study time was one of three attributing factors that 
could lead to  personal  growth  and development  in  collegiate 
studies.  This study came in light of a crisis that was declared 
among  American  colleges  back  in  2005  due  to  the  lack  or 
workforce preparedness of students.

The opportunities from these challenges have created 
a world of e-learning systems, which have been devoted to the 
development  of  client  server  based  platforms.   Examples  of 
these  systems  include  Blackboard  ™,  eCollege™,  Desire  2 
Learn™, as well as several popular open sources platforms (e.g. 
Moodle, a-Tutor, and Sakai, etc…).  Another distributive form 
of  education  comes  from  Massive  Open  Online  Courses  or 
MOOC.   Here  portals  for  open  on-line  education  have  been 
created.  This affords people with global educational access, to 
what’s  considered,  some  of  the  best  courses  taught  by 
prestigious instructors.  MOOC based courses do not offer any 
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form of  certification  or  diploma  like  traditional  educational 
models.  
 While  there  are  advocates  who  propose  the 
implementation  of  technology in  learning  environments,  the 
truth  is  that  there  is  no  empirical  evidence  that  supports  a 
significant increase in educational penetration [5]. And yet, in 
the future of educational models, students will be required to 
remember less because of technology access (Pew Internet & 
American Life Project, 2010).  Students will however have to 
devote more time to critical thinking and analytical skills [2]. 
In  a  study with students  taking both the traditional and PSI 
sections of a humanities course, results showed that students 
test scores were higher than those who take traditional courses 
[12].   Over  the  years,  personalized  system of  instruction  or 
module based instruction has been used as an assessment tool 
by  a  variety  of  industries  such  as  information  technology, 
human  resources  training  certification,   to  name  a  few. 
However,  upon  completion  of  such  assessment,  there  is  no 
guarantee of the critical thinking and analytical skills required 
to perform a job (R. Johnson, personal communication, April 5, 
2013).

The advent of mobile technology further challenges 
the current paradigms that provide instruction and educational 
training.   The issue of mobile-Learning becomes even more 
complex when applied to Personalized System of Instruction, 
or  module  based  instruction.   While  the  dissemination  of 
education  can  be  transported  and  captured  via  mobile 
technology,  this  researcher  recommends  the  integration  of 
mobile based assessments to evaluate PSI.  At this point it is 
essential  to  discuss  the  components  and  usage  of  mobile-
Learning  platforms  and  features  that  are  conducive  to 
personalized system of instruction.

To begin the discussion, an exploratory study on the 
use of mobile technologies in medical education is presented to 
show the strong distinctions between clinical and educational 
supervision [14].  Of the two distinctions, clinical supervision 
provided more support to the use of mobile technology than 
educational  supervision.   By  definition,  educational 
supervision is the monitoring of educators.  Most if not all of 
the  educators  in  the  study  were  medical  practioners,  who 
indicated  that  their  overall  usage  of  mobile  technology was 
minimal.  Use is a very important factor, since a mobile device 
has to be incorporated by the educator. In the proposed medical 
study, the extent of use was based on access to the technology, 
the  type  of  device  (iOS,  Android,  Html5,  iPad),  and  the 
educator's knowledge of how the device is used.  Wi-Fi signals 
and phone coverage by location were also contributing factors 
to technological access [14].  

Clinical supervision deemed to be the best suited for 
mobile-Learning.   Students  used mobile  technologies  “as  an 
information resource tool,” to access instructional media,  for 
the delivery of module based competency assessments, and to 
support  clinical  decision  making  [14].   The  overall  use  of 
mobile technologies enabled students to develop clinical logs, 
communicate with instructors and peers, and create a “personal 
information management” system.  The challenges the students 
experienced  with  the  mobile  technologies  included  “data 
security,  network  connectivity,  maintenance  and 
interoperability, use of tool, electromagnetic interference, and 
social acceptability” [8]

The proposed mobile-Learning model for education 
must interface with cloud computing, according to Rao, Kamar 
and  Sasidhar  [11].   The  authors  indicate  that  cloud  model 
infrastructure will require users to register for credentialing and 
authentication.   Banking  institutions  utilize  a  very  similar 

procedure  for  online  account  set  up  requirements  for  mobile 
phones  (Narayana,  Venkateswarlu,  Kumar,  Padmavathamma, 
Sreekanth, Delhibabu, Prasad, 2013).  Whereas,  the ability to 
access user phones through push notification requires that the 
mobile application is downloaded/installed on the device.  This 
usually  requires  that  the  phone  is  GPRS/Wi-Fi  enabled;  a 
typical  feature  with  G4/4G  based  mobile  appliances  (Rao, 
Kamar and Sasidhar, 2012).  Educational content provider and 
developers of curriculum should also consider the types of data 
to be accessed.  Examples of this include text, video and audio 
files (Rao, Kamar and Sasidhar, 2012).

METHODOLOGY

To  answer  the  research  question,  a  sequential 
explanatory mixed method design was employed.  In this study, 
the quantitative data helped identify the potential technological 
preparedness of stakeholders to access, share and capture digital 
content across media.  Five main qualitative interview questions 
were developed and sent via email to explain what stakeholders 
need to facilitate personalized system of instruction via mobile-
Learning platforms.  Because of its robust nature, and varying 
formats (size,  audio, video, text), music was identified as the 
distributed  media.   The  link  to  a  web  based  survey  was 
disseminated via email to the facilitators of three main online 
groups.  Facilitators then sent the survey link to their groups via 
Facebook.     For  the  qualitative  data  analysis,  three  group 
facilitators were purposely selected from these groups.   Each 
facilitator, (classified as a stakeholder) participated in the initial 
2006 study.  

Quantitative Phase
The  strategies  used  to  validate  the  relationships  in 

marketing  science  include  cross-sectional  studies,  which  are 
described as  the process  of  collecting information once from 
any given sample of population elements (Malhotra, 2004). An 
initial cross sectional study was administered to determine the 
technological  preparedness  of  7  purposely  selected 
stakeholders.  The factors used to measure preparedness came 
from  Malhotra’s  study  on  information  access,  information 
capture,  and information sharing (Malhotra,  2004).   A scatter 
plot of the survey results provided a correlation of technological 
preparedness by general demographic factors like age and the 
technology access/sharing type available. 

The  researcher  created  a  radial  map  of  the  cross 
sectional scatter plot to adequately capture the system process 
of  technological  preparedness  through  information  access, 
sharing  and  capture.  The  derived  model  represented  the 
interrelationships  of  the  real  system  process.  According  to 
Malhotra, (2004) a graphical model may be best suited in this 
instance, due to the fact that they are visual. Further, graphical 
models are used to isolate variables and to suggest directions of 
relationships but are not designed to provide numerical results 
(Malhotra, 2004).  The components from this study provided the 
validity needed to expand the research towards an exploratory 
study that  focused on two additional  factors  from Goldsmith 
(2000)– behavior and motivation, respectively.

A survey was administered online via  a URL.  The 
survey  URL was  sent  in  an  email  to  3  of  the  7  purposely 
selected  stakeholders  in  an  email  with  directions  on 
participation.  The stakeholders posted and emailed the survey 
link  with  the  general  email  within  their  social  networking 
groups. From the 1000 potential participants, 132 responded to 
the survey within the allotted two week window.  Of the 132 
participants, approximately 42% were under 20 yrs, 30% were 
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20 – 25 yrs, 11.4% were between 26 – 30 yrs, 3% were 26 - 30, 
and approximately 9.1% were 31 – 40 yrs.   For the purposes 
of this study, the researcher extracted data relating to mobile 
information  access,  information  capture,  and  information 
sharing.  

Qualitative Phase
The results of the qualitative study are seen below. 

Five questions were provided for the participants via email.  A 
follow  up  date  and  time  were  determined  for  the  virtual 
interview.  One of the interviews was conducted via Skype due 

to the location of the participant.
The participants ranged in age from 41 to 45 years. 

All were male.  Two of the participants have doctorate degrees 
and teach in college environments.  The third participant is a 
church pastor. Two of the males were black and one was white. 
Two of the participants live in states in the southeastern United 
States.   One  lives  in  the  United  Kingdom.   All  of  the 
participants are musicians and have the ability to create music.  
Further all of the participants own at least one Apple OS mobile 
device. The results of the quantitative survey are included.

Table 1: Qualitative Survey Questions and Responses 2013

QUESTION QUALITATIVE RESPONSES

1. How do we use 
mobile  phone 
technology  to 
enhance  human 
involvement?

Nigel
I use it as a means to get quick response 
to inquiries.  When we capture data via 
a web form and the person submits their 
mobile  phone number  there,  we  never 
respond via email.   We respond to the 
mobile  phone.   That's  because  of  the 
speed.  If someone has filled in a form 
and  put  their  phone  number  down, 
they'll  respond quicker  than the email. 
Because of that speed of response,  we 
already  know  that  99.9999%  of  our 
competition  will  not  respond  in  that 
manner. So we've beaten the odds.

Kennith discusses the ability to access 
material  from  around  the  world  via 
mobile technology. He uses the iPad to 
access  musicnote.com  or 
praisecharts.com.  Once he purchased it, 
he could use the iPad to disseminate to 
the music team prior to rehearsal.  The 
charts  get  sent  in  advance,  which 
decreases  rehearsal  time.   It  enhances 
the  interaction  because  it  gets  the 
material to them earlier and gives them 
more practice time.  It raises the level of 
expectation across the board.
Raising the level expectation...
---What  I  think  happened  is  with  the 
initial  appearance  of  this  technology 
and getting access to all this information 
immediately,  teachers felt  that students 
could  teach  themselves.  And  the 
element of teaching got lost.  The art of 
the interpersonal teaching is becoming 
more  prevalent  with  technology  as  a 
supplement.

Richard
Mobile  phones  are  limited  unless  you 
have a  larger  screen (there  is  a  visual 
challenge).   Used  to  access  resources, 
threaded discussion, audio book, email 
exchange, video production. 

QUESTION QUALITATIVE RESPONSES

2.  How  can  mobile 
phones  foster  group 
interaction?

Nigel
The best way that I could say that it has 
groups  come  together  is  by choice  of 
social media. With mobile phones as the 
vehicle to social media,  social media is 
the marketplace. 

Kenneth
Consider a traditional classroom...there 
is  a  survey/website  where  you  can 
launch questions and students can text 
their answers and the responses occurs 
on the screen in the classroom.  It tells 
where  the  deficiencies  are  with 
instruction.....

Richard
Threaded  discussions,  mobile 
conference  calling  work  groups  and 
surveys  are  ways  to  foster  group 
interaction.

3.  What  is  the  best 
way  mobile  phones 
can  be  used  to 
enhance  the 
educational 
experience?

Nigel,
I  would  say  the  increased  ability  for 
apps  and  phones  to  be  able  to  house 
content  without  streaming.   It  means 
making the phones with bigger capacity.

Kennith
Tends  to  only  use  it  to  disseminate 
materials.  
“I can be more impactful with students 
one on one face to face.  For example, 
there  are  piano  teachers  (for  students 
that  moved  away)  that  do  Skype 
lessons.   The problem is based on the 
delay,  bandwidth  to  support  the 
technology.”

Richard
For  the  instructor  and  content 
developer…I  haven’t  considered  the 
phone  as  a  means  to  distribute 
education.  It’s another medium to gain 
access to curriculum.  Audio and Video 
Lectures  can  be available.   Instructors 
can  facilitate  discussion  threads  and 
monitor user access/student activity.
Being accessible  real  time  is  probably 
one of the better features (depending on 

80

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



QUESTION QUALITATIVE RESPONSES

how the mobile phone is set up.

4.  What  are  the 
threats  (if  any)  to 
mobile technology as 
an  extension  to 
learning/mentoring 
environments?

Nigel
For me the biggest threat or the limiter 
(As I see it)  is  reliance on an Internet 
connection.  I have a hard drive that is 
about the size of my phone.  Storage in 
the form of terabytes.

Kennith
It depends/falls on the shoulders of the 
mentors  themselves.   If  the  mentors 
attempt  to  use  the  technology  as  a 
replacement for instruction.  We'll have 
a generation of students who get faulty 
information.   If  it's  used  as  a 
supplement  to  what  has  already  been 
explained  then  its  a  tool  immense 
proportion.

Richard
An interface has to be built.  Brick and 
Mortar  professors  are  more  used  to 
standing  and  doing  lectures.   A 
company  called  Skills  Soft  has  a 
competency  based  module 
training….this  works  in  the  corporate 
environment.  Module based instruction 
is  used  by universities  to  help  people 
(like  IT  folks)  obtain  certification.  In 
one such school, certification testing is 
part of the school’s Bachelor of Science 
program. SAT pre-testing modules also 
fall under this category.

5. List other Mobile-
Learning  uses  and 
concerns

Nigel
My phone sweats because of the apps. 
At  any  given  moment  on  any  given 
day...I  only  have  3  pgs  of  apps....60 

QUESTION QUALITATIVE RESPONSES

apps total.   Pg.  1 is everyday ongoing 
use.  Apps have made the use/need of 
people more specific.

Kennith
(1) Auto  flip  –  designed  for 

pianist;  multi  page  piece  in 
the  iPad.   Record  yourself 
playing  it  and  turning  the 
page.  The  computer 
memorizes the way you play

(2) Air Touch – a new foot pedal 
that turns pages automatic

(3) Virtual  Choirs  –  Eric 
Whittaker...he  writes  a  new 
piece,  puts  it  online  via 
Twitter  –  people  choose  the 
section they want to sing and 
they  record  and  send  their 
recording  back  to  Eric,  who 
puts  the  voices  together  to 
make the virtual choir.

(4) Youtube.com symphony –Use 
it  as  auditions  are  used  to 
screen members

Richard
Virtual  classrooms  will  foster 
collaboration.   Challenges  come  from 
collaboration  which  is  the  dynamic 
exchange  between  2  or  more  people 
interacting  or  being  present  with 
‘alternative  negotiation’ –  agreeing  to 
disagree.   Here  we  learn  how to  take 
some  ones  ideas  over  your  own. 
Through  scenarios,  we  can  ask 
questions and derive if people can solve 
problems (or not).

RESULTS

The results of the study explain several things.  First, 
the relative frequency of mobile purchase behavior is a much 
lower at 3.7% compared to 65% of user, who still use debit and 
credit cards for the similar transactions. It was also interesting 
to note that 34% of the participants either never use iPod for 
downloading,  while  at  the  same  time,  44%  of  participants 
always  use  their  iPods.  The same is  true when it  comes  to 
mobile  phone use.   In  this study,  31% of participants never 
download  files  (e.g.  music)  to  their  phones,  while 
approximately 35% always follow this practice.  The variance 
in  these  readings  can  be  attributed  to  the  age  of  the 
participants.   Because  the  mean  frequencies  of  the  mobile 
phone  and  iPod  use  were  close  on  opposite  ends  of  the 
spectrum,  a  polynomial  distribution  is  most  feasible  in  this 
scenario.  

CONCLUSIONS

We  derive  from  this  study  that  Personalized  System  of 

Instruction/module based instruction has many benefits  as  an 
instructional  mechanism.   Further,  mobile  technologies  (in 
general)  can  accommodate  this  mode  of  instruction,  but  not 
without the involvement of the Internet as the main distribution 
house  for  content.  Un-interrupted  mobile-learning  will  be 
dependent  on  consistent  Wi-Fi  access  and  little  interference. 
The moral of the story lies in the hesitancy of both educational 
providers and mobile phone users (in general) to embrace the 
technology.  

While it is expected that students will have an easier 
time searching and finding material  via  web based platforms 
(that  include mobile portals for  access),  their ability to think 
critically could be compromised as a result. For mobile-learning 
to really work, one could also expect increased responsibility on 
behalf of educational stakeholders to learn the technology like 
an expert.  Like the Music industry, increased technology use in 
education  (via  mobile-learning)  will  expose  the 
deficiencies/flaws in this area, which may include instructional 
delivery and methodology.  

As curriculum developers and book publishers create 
educational content, current e-Educational platforms will need a 
face-lift  to  accommodate  mobile  access.   This  includes  the 
development of screens that are transferrable to “.mobi” format. 
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The importance of the mobile transformation is paramount as 
mobile Internet usage is expected to overtake desktop usage by 
2014 (FairSearch.org). 

Three  platforms  best  accommodate  the  needs  of 
PSI/module based instruction.  They are Adobe Creative Suite, 
AXMEDIS and COMF5.  All of the platforms offer extensive 
space to house video interaction, live chat and directed social 
networking  that  will  foster  educational  growth  and 
development.  The issue of security will be one that is phone 
dependent.  BlackBerry™ RIM technology is a leader in the 
mobile security market, offering firewall protection to its users. 

Of the phone brands,  Android would be considered the least 
secure, leaving Apple’s iOS brands in the middle.  While there 
is an abundance of discussion about mobile platforms, nothing 
has been said so far about the departure from the Internet or Wi-
Fi use,  which is embedded in mobile usage.   Further,  mobile 
storage  on  the  device  is  still  in  adequate  for  the  potential 
continual and educational usage at  this time.   While terabyte 
drives are about the same dimensions of a typical mobile phone, 
no one has yet put to market a phone that could accommodate 
such  storage  capacity.   Storage  capacity  in  this  area  would 
diminish the need for web access and cloud storage.
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ABSTRACT 
This paper presents an application of an iOS-based online 
assignment in a real classroom. The core concept is a 
gameplay environment involving two players that have full 
control over creation and modification of levels. This level 
design mechanism was implemented for iOS devices and 
based on an existing written biology assignment. The game 
includes support for both instructors, who have the ability 
to create and post assignments and students, who can take 
the assignments. Two trials of the iOS application consisted 
of in-class testing of 21 students. Students first took the 
original paper assignment, followed by the iOS version. 
Start times, end times, and grades were recorded for both 
versions. A comprehensive study of the grades and times 
for the iOS version of the assignment versus the paper 
version was conducted and is presented in this paper. Our 
study showed that the iOS version was completed much 
faster in nearly every case while a strong delivery 
mechanism is needed to ensure student grades and 
completion of the assignment will not be affected. These 
results are not unexpected due to some major difference 
between the two formats. Future updates and additions will 
address any currently existing issues. 

Keywords: Interactive Level Design, iOS, E-Learning, 
Mobile Cellular Devices, Statistical Significance 

1. INTRODUCTION 
The video gaming industry has grown rapidly and shows no 
signs of slowing. Gaming and simulation not only take 
advantage of the newest computing technology, but they 
also are the driving force behind many new innovations. 
The goal of this project is to harness some of these 
technologies and techniques in order to create a unique 
learning experience.  

Educational games have been used for quite some time, but 
they are not considered mainstream in the gaming 
community. Entertainment gaming in general, however, is 
pervasive. New technologies in digital software and 
hardware allow the creation of games with a level of 
interactivity and immersion that was simply not possible in 
the past. Touch screens and motion sensing technology are 
now commonplace in the gaming industry and keep 
improving with new iterations of the technology. 

Some educators are embracing this new technology and the 
idea that students of this generation are more technology-
inclined. Earhart Middle School in California recently 
announced promising results of a year-long study in which 
an Algebra I curriculum was taught entirely on iPad 

devices [1]. An app called HMH Fuse: Algebra I was 
developed by Houghton Mifflin Harcourt (HMH) 
exclusively for the Apple iPad. HMH is currently the 
world’s largest provider of materials for pre K-12 learning. 
The results of this pilot program showed a 20 percent 
increase in standardized test scores when compared to 
traditional text book users. 

Another example was found that details the experiences of 
a high school that used an educational video game to teach 
history. In this case, a game titled Making History was used 
to teach students about World War II [2]. The study found 
that using a game shifted the learning environment from 
teacher-centered to student-centered.  

2. LITERATURE REVIEW 
Most standard video games contain level content that has 
been created previously during development. These levels 
generally cannot be modified by the player community. 
Some designs allow content to be created by a player and 
shared with the rest of the world. Few games, however, 
allow multiple players to participate on a limited basis in 
the level creation process in real-time. Littlebigplanet and 
Littlebigplanet 2 by Sony Computer Entertainment Europe 
allow players to create and share an unlimited number of 
levels with anyone in the world [3]. At the time of this 
writing, the Littlebigplanet online level database contains 
nearly 7 million user-created levels [3].  

Minecraft by Mojang AB takes the collaborative building 
approach and applies it to an open, procedurally-generated 
sandbox world [4]. Multiple players can join together and 
build the entire world with almost no limits [5]. The 
limitless nature of Minecraft has caught the eye of some 
instructors who are now using it to teach a multitude of 
different lessons in the classroom. Joel Levin, a computer 
teacher at Columbia Grammar and Prepatory School has 
been using Minecraft to teach a full unit to second graders 
[6]. In light of his success in using Minecraft in the 
classroom, Joel Levin has started a program called 
MinecraftEdu with the intention of getting more teachers to 
use the game in their classrooms [7].  

Sean C. Duncan points out that Minecraft was not 
developed as a teaching game, yet more teachers are 
turning to it for this purpose [8]. Duncan suggests the 
reasoning behind this is due to the fact that while Minecraft 
is a game itself, it allows other games to be built within it in 
a sense. An online community called Massively Minecraft 
[9] is working to create a thriving learning-oriented guild 
for Minecraft. The Minecraft game itself provides the tools 
to do almost anything by default. For example, one player 
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was able to create a 16-bit ALU (arithmetic logic unit) 
computer entirely in-game using various blocks [10].  

Many classrooms implement computers with projectors for 
displaying presentations and other demonstrations. SMART 
Board technology combines a white board with touch-
screen capabilities to enhance learning and teaching 
experiences [11]. Instructors can use their fingers as mouse 
pointers to manipulate a computer via the projected screen 
output. Fatih Gursul and Gulsah Tozmaz conducted studies 
involving 20 classrooms with SMART Boards to determine 
their benefits and drawbacks [12]. Results of Gursul and 
Tozmaz studies showed that when used correctly, SMART 
Boards are excellent at increasing student attentiveness and 
interaction while giving teachers the tools to create more 
enjoyable lessons.  

    Tablet computers and smart-phone or PDA devices are 
gaining popularity in the classroom. Studies have been 
conducted to compare tablet devices versus traditional 
laptop computers in a collaborative classroom environment. 
A study involving graduate engineering students found that 
tablets were highly preferred over laptops due to their 
ability to function as digital paper [13]. The Apple iPad 
tablet device was specifically used in a study conducted in 
a United States history course. An eleventh grade class was 
tested using an application called Explore 9/11, which is 
designed to teach students about the World Trade Center 
attack in 2001 [14]. The application uses audio and visual 
elements to provide more immersion in the learning 
experience. While grades were not much improved with the 
iPad, student surveys praised the format due to the 
collaboration and interaction it brought to the learning 
experience. Instructors also found that the iPad made 
bringing in outside sources easier than with traditional 
methods [14]. 

Mobile serious games have also been implemented on 
laptops. Classmate PC [15] devices were used in a Chilean 
8th grade classroom to develop problem solving and 
collaboration skills [16]. Findings showed that students 
using the mobile game were better at plan execution than 
those in the non-equivalent control group [16]. Researchers 
suggest that finding the proper conditions for using mobile 
serious games is key in their effectiveness [16]. 

Massively Multiplayer Online (MMO) games are attractive 
educational platforms. These types of games support online 
play on a large scale with a social emphasis. An MMO 
game was used to be tested by 25 students in the University 
of La Laguna’s Computer Engineering Department [17]. 
Results of a survey showed that 79 percent believed that the 
activity increased the course appeal [17]. Researchers also 
tested secondary school students using non-educational 
games such as World of Warcraft [18] in order to teach 
server administration and leadership skills. Research 
concluded that video games in general can be useful in 
teaching skills that transfer to the outside world [17]. 

3. METHODOLOGY AND DESIGN 
This section details initial concepts and ideas that 
eventually led to the current working version of the 
application. The ideas here are still going to be explored in 

future interactive learning projects. 

Current Design 
Our new designs still incorporate some aspects of 
interactive level design, but the style of game is shifted 
towards the delivery of a biology assignment. The new 
game implements a formerly written assignment in an 
online, interactive form. Elements of web-based teaching 
frameworks are also incorporated to allow interaction 
between students and instructors. The aim is to allow 
instructors to create an unlimited number of assignments 
on-the-fly from anywhere and push them to students. As 
long as the student has an iOS device with an active 
internet connection, he or she can receive and take 
assignments from anywhere. Instructors can immediately 
see the results and provide feedback. The overall feel is 
similar to that of the Blackboard learning system [19] 
combined with a video game. 

Implementation 
The implementation of the design is carried out on the iOS 
platform, which currently includes the iPhone, iPad, and 
iPod Touch mobile devices. This platform was chosen 
because of the incredibly high amount of iOS devices 
currently in use and several other features that make for 
great interactive games. 

The way a user interacts with these devices is very intuitive 
and functions the same across all of the supported 
hardware. A touch interface allows various finger gestures, 
such as pans and rotations that come naturally to most 
users. Accelerometers allow users to tilt and rotate the 
device to interact with objects on-screen. Networking and 
social capabilities enable users to easily interact with one 
another in both turn-based and real-time settings. The game 
implements natural touch-based gestures as well as 
networking to provide a cooperative learning experience on 
handheld devices. 

Another aspect that made the iOS platform attractive was 
the lack of fragmentation. Fragmentation occurs when 
many different device and operating system versions are 
released, which makes programming extremely difficult. 
On a fragmented platform, processer speeds, RAM, and 
screen resolutions can all drastically alter the performance 
of an application or inhibit its ability to run altogether. 
Most iOS applications run on all previous device versions 
without modifications. There are exceptions, but this 
specific project has no such problems. 

Technology Used 
This section discusses the technologies used in 
implementation and deployment of the proposed game-
based assignment including the interface design, 
networking infrastructure, and arts and asset creation. 

Interface: The main interface is created with the UIKit 
framework, which is provided with the iOS SDK. UIKit 
includes classes designed for touch-based interfaces in iOS 
applications. Common controls such as textboxes and 
labels are provided, as well as event handling, drawing 
model, windows and views. UIKit was utilized in this 
project to speed of development time and provide a 
cohesive, familiar iOS experience for users. 
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The phenotype creation tool partially utilizes Cocos2d-
iPhone, a free 2D game engine created by Ricardo Quesada 
[20]. Cocos2d can be used alone to create 2D games 
without the use of InterfaceBuilder or UIKit objects. The 
framework handles much of the more difficult openGL 
programming and sections portions of the game into scenes 
and layers. 

Networking and backend: The networking portion of the 
game makes use of the Parse framework [21]. Parse 
framework provides an incredibly easy-to-use web back-
end for both Android and iOS devices. Installing the Parse 
framework allows applications to perform the following 
tasks efficiently. 

• Creating user accounts 
• Uploading objects containing any data 
• Uploading files 
• Querying objects 
• Viewing geographical data 
• Sending push notifications 

Parse also includes its own pre-built user interface 
templates for creating an account, logging in and viewing 
tables of data. The account creation and login windows are 
fully customizable and allow login via custom user 
account, twitter and Facebook. Fields can be added to 
query the user for additional information such as phone 
numbers and email addresses. 

Application logos and background images can also be 
changed and customized. The included table window 
provides the functionalities that enable the programmer to 
query any classes and adds pull-to-refresh and pagination 
functionality. Parse also includes security features that 
utilize access-control lists and anonymous user account 
creation. 

Artwork: The majority of the artwork for the project was 
created using Adobe Illustrator [22]. Vector images are 
preferred due to their ability to be scaled without loss of 
quality [23]. The vector art only needs to be resized before 
being exported to an appropriate format, which in this case 
is Portable Network Graphics, or PNG. PNG images are 
lossless, compressed images with an alpha channel [24]. 

Only the hair was not created in Illustrator since primitive 
shapes made hair types hard to distinguish. Instead, Adobe 
Photoshop was used for this task to provide more realism in 
order for the different types to be more readily 
distinguishable [22]. The PNG images were imported into 
Photoshop and the hair was drawn on a layer on top of the 
face. The face was removed before exporting the hair only 
as its own image. 

Testing and deployment: Deployment of the application 
was completed with the aid of the Test Flight service [25]. 
Test Flight is a web-based program that streamlines the 
beta testing process. iOS applications that are in the beta-
testing phase must be compiled with a provisioning profile 
tailored to specific devices to prevent piracy. Using Test 
Flight, testers can install the application over-the-air 
without having to sync their device. 

Original Assignment 
A written biology assignment titled You’ve Got the Cutest 
Little Baby Face serves as the basis for this paper [26]. The 
assignment is designed to teach students what phenotypes 
and genotypes are and how both are related. Students are 
explained the overall idea behind these concepts in the 
assignment introduction. From there, the assignment is 
broken down into the following steps: 

• Student is asked to pick a mate with whom they 
would like to have a baby. 

• Student is asked to determine their own 
phenotype along with their partners’ phenotype 
and attempt to guess both genotypes. 

• Next, the student will determine which gametes 
are passed onto the offspring. 

• Steps five and six require the student to 
determine the phenotype and genotype or their 
baby. 

• Finally, step seven requires the student to draw a 
picture of their baby to the best of their ability. 

The assignment contains details of twenty-five different 
traits that students are expected to look at to determine 
phenotype expression. Each step that requires a student to 
record information contains a simple table with columns 
for: trait, phenotype and genotype. The goal of this project 
was to convert this assignment into a more interactive 
cooperative mobile-based simulation. 

Assignment and game differences: The interactive game 
keeps most of the original ideas of the assignment intact 
while adding more interactive and collaborative elements. 
One of the biggest differences is the way the assignment is 
created and published to students. This step is implemented 
in the iOS based assignment to keep the student 
performances in both paper and iOS based assignments 
similar. This is essential to enable us to perform a 
comparative study of the two assignments. 

In the original assignment, the students create the initial 
parent phenotypes before determining the appearance of the 
offspring. The game version has the instructor create the 
parents so that the student may attempt to determine the 
parent and offspring genes. 

Layout 
Upon first opening the application on an iOS device, users 
are greeted with a login screen containing username and 
password fields. For the purposes of this study only, there 
will be pre-created student and instructor accounts. The 
final program will allow creation of accounts of either type.  

Instructor view: Instructor accounts will have the option 
of associating specific user accounts to their own. 
Successfully logging in with an instructor account will 
present the user with a label that displays their account 
type, buttons for entering various parts of the application, 
and a label displaying amount of new submitted assignment 
submissions received.  

Single tapping on the human face in a specific region will 
select that particular trait or set of traits for editing. For 
example, the eye region has several gesture-controlled 
movements. Eye separation and height on the face can be 
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controlled with simple panning. A two-finger pinch 
controls the size of the eyes and a two-finger rotation 
controls eye slantedness. Any of the gesture-controlled 
traits have certain thresholds that automatically change the 
phenotype and genotype.  

The Saved Phenotypes view is comprised of a 
UITableView that utilizes a custom table cell in order to 
add extra data fields to each row. This table is populated by 
using a for loop to generate an array of all PNG images in 
the root/Documents directory. Parsing the saved phenotype 
name from the filename allows it to be displayed alongside 
a thumbnailed image of the phenotype for easy recognition. 
The thumbnail is displayed to fit the aspect ratio. 

The next option on the main menu displays a list of any 
saved phenotypes on the iDevice. Phenotypes are displayed 
in a scrollable list with a name, creation date, and 
thumbnail. The Create Assignment button opens a new 
view with the purpose of creating new assignments and 
pushing them to students. Once the details are given, the 
assignment can be pushed to students. 

The last option available to instructors allows the viewing 
of assignments submitted by students. Here, the instructor 
is shown a scrollable list of turned in assignments along 
with the names of the students. Tapping one of these 

assignments shows both the answers for each of the twenty 
five traits and a visual representation of the offspring 
phenotype the student has created. This view also allows 
the instructor to post a grade for the current assignment. 
The following flowchart shows the hierarchy of windows in 
the instructor view. 

Student view: Students have two options, the first of which 
allows the viewing of assignments in a scrollable list. The 
listed assignments display an assignment name and posting 
date. Tapping an assignment will first show the student a 
view containing the assignment name and description. 

At the top of this view is a back button and a forward 
button that continues to the rest of the assignment. The next 
view displays the visual phenotype for Parent A as well as 
a scrollable list with text labels for each phenotype and 
genotype. The genotype tab displays the name of each of 
the twenty-five traits as well as the phenotype entered by 
the instructor. Once each genotype is set, the student can 
move on to the next parent. Tapping the next button on the 
Parent B view displays a third window. The student can 
view the genotypes they have entered in the previous two 
screens here and attempt to figure out which genes the child 
will inherit. 

 

 
It is in the last area that the student will see what the 
offspring phenotype will look like based on the information 
given on the previous screen. Once finished, the student 
will tap the submit button to submit the assignment and be 
returned to the main menu. The following flowchart shows 
the hierarchy of windows in the student view. 

4. RESEARCH METHOD 
A class of 21 biology students was chosen to complete the 
written version of the assignment followed by the iOS 
version. Students were emailed directions on how to sign 
up for TestFlight and test on their own devices. Students 
without devices were allowed to complete the assignment 
on a borrowed iPhone. Start times, finish times and grades 
were recorded for both for comparison. As of this writing, 
results are still being gathered. The below tables and 
figures show the results of both the paper and iOS versions 
of the assignment.  
Participants 
The convenience sample consisted of 21 (10 male, 11 
female) undergraduate biology student volunteers 
matriculating at a south Texas state university ranging in 
age from 18 to 41 with average age of 21 years. 

Materials and Procedures 
As described earlier, a written biology assignment titled 
You’ve Got the Cutest Little Baby Face serves as the basis 
for this paper [26]. The assignment is designed to teach 
students what phenotypes and genotypes are and how both 
are related. 

Research design and statistical analysis: The study’s 
design was a repeated-measures experiment. Participants 
completed the biology assignment (mentioned above) first 
by paper-and-pencil and then, one week later, by iOS 
devices. A repeated-measures (RM) analysis of variance 
(ANOVA) was used to make comparisons. 
The independent variable was assignment method: paper-
and-pencil versus iOS. There were seven dependent 
variables with time measured in minutes: 

1. pGrade: grade on the paper-and-pencil version of 
the biology assignment 

2. iGrade: grade on the iOS version of the biology 
assignment 

3. pTime: time to complete the paper-and-pencil 
version of the biology assignment 

4. iTime: time to complete the iOS version of the 
biology assignment 

 
Fig 3.2. Instructor View Flowchart 

 
Fig 3.3. Student View Flowchart 
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5. mTime: time to grade the paper-and-pencil 
version of the biology assignment 

6. iscoreTime: time to  grade iOS version of biology 
test = 0 (scored instantaneously by iOS) 

7. (pTime + mTime): total time to complete and 
manually grade the paper-and-pencil version of 
the biology assignment 

 

5. EXPERIMENTAL RESULTS 
There was a statistically significant difference between 
participants’ pGrade (M = 84.05, SD = 18.27) and iGrade 
(M = 62.90, SD = 17.65), F(1, 20) = 13.88, p = .001, partial 
eta squared = .41, with participants scoring significantly 
higher on the paper-and pencil version of the biology 
assignment.  
There also was a statistically significant difference between 
participants’ pTime (M = 89.95, SD = 125.13) and iTime 
(M = 9.90, SD = 5.04), F(1, 20)  = 8.46, p = .009, partial 
eta squared = .30, with participants taking significantly 

more time on the paper-and-pencil version of the biology 
assignment than on the iOS version of the assignment. 

 

 

 

 
Finally, there was a statistically significant difference 
between participants’ total time to complete and 
(researcher) grade the paper-and-pencil version of the 
biology assignment (pTime + mTime) and the time to 
complete the iOS version of the assignment (iTime + 0 

Table 3.1.Participants Demographics 
No. Gender Age Ethnicity Major 
1 M 19 3 CJ 
2 F 19 1 NUR 
3 M 19 3 CJ 
4 F 19 3 EDU 
5 F 19 5 CJ 
6 F 19 3 CJ 
7 F 22 1 EDU 
8 M 18 3 BIZ 
9 M 41 1 EDU 
10 F 19 3 NUR 
11 F 18 4 BIO 
12 M 19 3 BIO 
13 M 18 1 BIO 
14 F 19 3 BIO 
15 F 19 5 PSY 
16 F 19 3 NUR 
17 M 19 2 CJ 
18 F 22 3 EDU 
19 M 19 3 UND 
20 F 19 3 MAT 
21 F 19 2 UND 
22 M 19 3 UND 
23 F 35 3 UND 
24 M 19 2 PSY 
25 M 20 2 BIO 
26 M 24 2 BIO 
27 F 19 3 BIO 
28 F 19 1 COM 
29 F 20 3 BIO 
     

 
Table 3.2. Ethnicity Legend 

Code Ethnicity  
1 African American 
2 White non-Hispanic 
3 Hispanic 
4 Asian American 
5 Other  

 

Table 3.3. Results Details 
No. Paper 

time 
iPhone 
time 

Paper 
Grade 

iPhone 
Grade 

1 1:05 0:04 85 49 
2 0:53 0:10 84 79 
3 0:47 0:06 92 41 
4 0:42 0:10 98 56 
5 7:15 0:08 92 48 
6 0:30 0:11 89 51 
7 0:53 0:06 93 52 
8 0:41 0:12 94 60 
9 0:34 0:04 34 40 
10 0:39 0:05 94 48 
11 1:13 0:05 93 52 
12 0:40 0:09 82 55 
13 1:00 0:23 86 51 
14 0:39 0:18 88 88 
15 0:30 0:12 29 91 
16 0:25 0:12 86 76 
17 0:48 0:06 81 72 
18 2:30 0:17 98 92 
19 0:37 0:12 97 97 
20 8:00 0:05 81 63 
21 1:08 0:13 89 60 
22 ----- 0:13 0 91 
23 ----- 0:05 0 39 
24 0:45 ----- 90 0 
25 0:16 ----- 32 0 
26 0:45 ----- 90 0 
27 2:30 ----- 82 0 
28 1:15 ----- 90 0 
29 ----- ----- 0 0 

 
Table 3.4. Time Statistics (h:mm) 

Platform Min Max Avg. Std. Median 
iOS 0:04 0:23 0:09 0:04 0:10 
Paper 0:16 8:00 1:25 1:54 0:46 

 
Table 3.5. Grade Statistics 

Platform Min Max Avg. Std. Median 
iOS 39 97 63 19 56 
Paper 29 98 82 21 85 

 

Fig. 3.4. Paper (mGrade) and iPhone (iGrade) Grade 
Compariso 

0
2
4
6
8
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time to score) = (iTime), F(1, 20)  = 11.23, p = .003, partial 
eta squared = .36, with participants taking longer to take 
and (researcher) grade the paper-and-pencil version of the 
biology assignment (M = 102.43, SD = 125.52) than to take 
and grade (0 time) the iOS version of the biology 
assignment (M = 9.90, SD = 5.04). 

 

6. DISCUSSIONS 
The iOS assignment is different than the paper version in 
that there are essentially three times the number questions. 
In the iOS version, the students do not create the two parent 
phenotypes. Instead, they must attempt to determine the 
parent genotypes as well as the resulting offspring. This is 
an even larger factor when grading is taking into 
consideration. Both assignments take some time to grade 
and in the paper version human error and time constraints 
can influence the results. The iOS version is graded by 
computer and is does not miss questions or offer leniency. 

While both versions of the assignment have no time 
constraints, the iOS version was completed much quicker 
in nearly every case. In the current version of the iOS 
assignment, all questions are available on one screen with 
several being in view at once. A deliberate slowing of 
question delivery could force students to think more 
carefully about each one and not rush. Screen size 
limitations could also contribute to lower grades. The 
iPhone and iPod Touch devices both have a relatively small 
screen, which makes presenting a large amount of 
information on-screen difficult. 

7. CONCLUSIONS AND FUTURE WORK 
The grades of the iOS assignment are lower on average in 
comparison to the paper version, but this is not unexpected 
given the differences between the two. The application is 
being tested without problem and there has been no 
negative feedback. Over the course of the next two 
semesters, more students will get a chance to test and 
review the application. In future iterations, artwork and 
user interface elements will be improved to provide a better 
experience for both instructors and students. Future projects 
will also be based on the existing engine that will be 
tailored for different courses and teaching methods. 
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ABSTRACT 

 

The present study aims to describe and 
analyze how is outlined presenteeism and 
organizational commitment of employees 
from the Federal Institute of Education, 
Science and Technology of Rio Grande do 
Norte, over the expansion of the institution 
in the last five years, from two to sixteen 
Campus and thus multiplying the number of 
employees. This empirical research is 
characterized as descriptive, quantitative and 
qualitative approaches. It was used as a 
technique for data collection questionnaire 
WLQ-8 which addresses the Presenteeism 
with the inclusion of two subjective 
questions addressing issues Commitment 
and Presenteeism. Given the limitations of 
the study, suggestions for future research are 
described. 
Key Words: Presenteeism. Organizational 
Commitment. Institution. 
 
 

1. INTRODUCTION 

In recent years, the Federal Institute of 
Education, Science and Technology of Rio 
Grande do Norte (IFRN) has undergone 
many changes due to new configuration 
gained from the transformation Federal 
Institute of Rio Grande do Norte, resulting 
from Law No. 11.892, of 29/12/2008, 
beyond the insertion in the Expansion of 
Technological Education which has 
provided for the creation of new campus in 
the state.  

Given this current scenario, sixteen 
campus, changes in the organizational 
structure are necessary to conform the 
activities of the institute with the new 
demands required, among them hiring new 
employees and upgrading of professional 

profiles with employees already contracted. 
This new scenario has required a watchful 
view on the management team 
organizational wellness, productivity ally of 
employees. 

Thus, this paper aims to identify the 
presence of presenteeism among IFRN 
employees - professors and administrative 
staff - phenomenon considered as a trap 
hidden within organizations. Still, the study 
aims to assess the level of organizational 
commitment of those employees, 
establishing possible relationships between 
the presence of presenteeism and the level of 
organizational commitment. 

The research will give at the Campus of 
São Gonçalo do Amarante, a town situated 
near Natal with a population of 
approximately 87,600 inhabitants, according 
to the IBGE (2011). The Campus 
inaugurated its activities enrolling its first 
students of technical courses in the first half 
of the year, and therefore, a framework of 
new employees possibly committed to the 
organization. 

 

2. PRESENTEEISM: A HIDDEN 

TRAP 

The phenomenon of Presenteeism has 
been the scene of numerous studies recently. 
This trap quietly has been installed in 
organizations and provoked concern about 
the decrease in worker productivity. 
Although not apparent, the employee has 
workplace productivity is directly affected 
by not being in the ideal conditions of 
health. This reality has long been existing 
conceptually defined by Paul Hemp, who in 
2004 wrote an article on the subject in the 
journal Harvard Business Review. 
According to Hemp (2004, p.1), 
presenteeism is a condition of "being 
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physically at work, but due to illness or 
other medical condition, being unable to 
produce in full." 

Statistics show, presenteeism as a trap 
hidden inside organizations. According to 
Ferreira, Martinez, Sousa and Cunha (2010) 
the productivity of a worker can be reduced 
by 33% or more due to presenteeism. Still, 
according to the authors it can be estimated 
in the United States, the annual productivity 
losses of approximately U.S. $ 260 million, 
attributed to absenteeism and presenteeism. 
Ogata (2009) points out that among the ten 
most common health conditions in 
companies, it is concluded that presenteeism 
accounts for 18% to 60% of all healthcare 
costs. 

It is pertinent to ask, therefore, what 
factors lead to the worker to develop this 
phenomenon. As Ogata (2009) says health 
problems that most affect productivity are 
depression, obesity, arthritis, back pain and 
neck pain and anxiety. The pace of work 
accelerated pressures uninterrupted, constant 
complaints of leadership, goals to be 
achieved and the fear of losing their jobs are 
some factors that contribute to the 
emergence of these health problems, causing 
in the workplace to reduce the work capacity 
of employees (CAPELO, 2012). 

In this context, it is worth noting that 
professionals are "presenteístas" has no 
conscience who are debilitated to work. 
Typically, they feel discouraged, angry and 
tired but do not realize that they are sick. 
According to Fleck (2012) insist on working 
in these conditions can exacerbate health 
problems and even generate mild 
depression. A survey conducted in the 
United States revealed that 60% of 
employees go to work, penalizing of feeling 
with diverse health problems 
(OZMINKOWSKI AL et apud FERREIRA, 
2010). Of this total, 48% feel guilty about 
missing work, 20% fear a crackdown of 
managers and 18% fear possible 
consequences of absence from work 
(McKevitt, MORGAN, DUNDAS and 
HOLLAND, 1997). 

Finally, it is important to emphasize 
that although the topic is relatively new, 

there are numerous instruments for 
measuring presenteeism. Among the most 
commonly used, according to Ferreira et al 
(210) are the Work Limitations 
Questionnaire (WLQ) that aims to diagnose 
the phenomenon of presenteeism in the 
organizational context and assess the impact 
of the phenomenon on the performance of 
workers. Besides the Stanford Presenteeism 
Scale (SPS) measures the level of 
presenteeism in workers by two factors: the 
factor completed work which is the amount 
of work performed under the effects and 
causes of presenteeism avoided distraction 
factor that represents the amount of 
concentration mobilized to produce an effect 
when there presenteeism. 

 
 

3. ORGANIZATIONAL 

COMMITMENT 

The HR policies of companies seeking 
to establish communication with your 
employees can influence behavior and their 
involvement in the organizational 
environment and one way to achieve this is 
through the pursuit of Commitment. 
According to Bastos (1997), "Commit 
means to feel connected to something and 
have a desire to remain in that course of 
action." This link established between the 
actors in a single utterance, can be 
understood as a psychological bond that 
characterizes the connection of individuals 
to the organization, and that has implications 
for the decision to remain in it (MEYER 
AND ALLEN, 1991; ALLEN AND 
MEYER, 1996; Meyer, 1997). 

Whatever the functions employed 
within the scope of an organization's 
commitment deserve appropriate in view 
various factors perceived by Bastos, 
Brandão and Pine (1997) as engagement, 
commitment, attachment, involvement, 
effort, identification, pride, among the other 
necessary performance of organizational 
activities. The worker develops mechanisms 
that lead them to be a participant in the 
organizational processes leading him to try 
harder in the activities assigned to it and 
thus getting involved and creating 
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attachment to both colleagues and the 
organization itself. The identity of this 
organization in some situations causes 
shocks to the personal identities of its 
employees, which can lead a possible lack of 
commitment then problems like 
absenteeism, turnover and even 
presenteeism. 

One can already say that it is a 
consensus that the commitment has multiple 
foci, as an organization, career, values, 
union and profession, and bases, such as 
affective, normative and instrumental 
(Medeiros et al., 2002). Related targets or 
foci of commitment, there are different 
approaches as to the nature or as to the 
reasons that lead the individual to 
compromise. For Mowday, Steers and 
Porter, Meyer and Allen (1979, 1991), 
commitment assumes the role of a force or 
strong relationship that binds the individual 
to an organization can be conceptualized 
from three dimensions using a 
multidimensional approach comprising the 
affective commitment, Instrumental and 
normative. 

The affective commitment refers to 
an emotional attachment, identification and 
involvement in the organization where the 
employee's a great satisfaction to stay in 
business, since their adaptation to 
organizational culture. This is the approach 
that for a long time dominated the literature 
of organizational commitment from the 
work of Mowday, Steers and Porter (1982), 
in which one assumes the attitudinal going 
beyond an attitude of passive loyalty to the 
organization; involves a search the welfare 
of the organization (Botelho and Paiva, 
2011). 

The normative component of 
commitment gained notoriety after the work 
of McGee and Ford (1987) in his study that 
found three distinct factors for this type of 
commitment: the first consisted of affective 
indicators of the scale, the second consisted 
of indicators that demonstrated the few 
alternative employment for the employee; 
brought the third factor indicators that 
showed the commitment from the personal 
sacrifice, related to the possibility of output 

of the organization. This commitment is the 
result of a sense of obligation, where 
pressures moral condition links the 
individual with their work organization. 
(Medeiros, 2003; Winer, 1982; Meyer and 
Allen, 1991). 

Already instrumental commitment is 
based on a need to stay. Work on the 
dimensionality of Instrumental suggested 
that this comprises two components: (a) the 
sacrifices or perceived cost of leaving the 
organization and (b) the lack of alternatives, 
which may be faced by employees in the 
event of termination of employment (McGee 
and Ford , 1987). While (a) is based on ties 
to the organization, (b) reflects the 
commitment "default" (Becker, 1960), 
because it involves a sense of being trapped 
within the organization. (Pannacio and 
Vandenberghe, 2012). 

 
4. METHODOLOGY 

The methodology adopted in this 
research is descriptive qualitative approach, 
developed in the Campus of São Gonçalo do 
Amarante of IFRN to the employees of this 
Institution. 

For this study we considered as 
employees, the positions of Technical 
Director and Lecturer, with a total 
population of 34 employees, among them, 
19 administrative staff and 15 faculty 
members representing a sample of 85% of 
the active employees of Campus. Exclusion 
criteria were removed by professional 
license of any kind during the period 
established for data collection. 

Data collection was conducted in April 
of the year 2012 during the week of 
educational meeting, this event marks the 
beginning of the school year and the 
presence of active employees is mandatory. 
At the time it was delivered a lecture on 
"Presenteeism and Organizational 
Commitment" that would allow employees 
to know the conceptual aspects of the issues 
addressed, that later would receive a 
questionnaire based on limitations in work 
(WLQ), including two open questions. 

The WLQ (Work Limitation 
Questionnaire) is an instrument translated, 
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culturally adapted and validated for the 
Brazilian reality, used for evaluation of 
presenteeism, from the interference of the 
health problems in the performance of work 
activities. 

 
5. ANALYSIS OF DATA  

The questionnaire includes eight 
questions in Likert scale, aiming to better 
understand the behavior of individuals with 
regard to the issues experienced in everyday 
life and capable of presenteeism. 

When the respondent was argued if the 
hours worked was requested, the result 
predominantly focused on the concordance 
of  91% of respondents, while 6% have 
opted for the option of neutrality and 3% 
disagreed. In the second question the 
question refers to the fact that if you start the 
tasks so you get to work and this point has 
already been more mixed results where 73% 
agree, 41% of those agreeing totally agree 
and only 32%, 21% chose the option of 
neutrality and 6% disagree with the above. 
The third question brings out the repetition 
of movement over the work by the 
respondent, where 26.46% agree or strongly 
agree, 38.23% were shown neutral and 
35.33% disagreed or disagreed completely. 
The fourth issue discusses the use of work 
equipment such as telephone and computer, 
taking 94.11% of respondents in agreement 
with the use of these objects and only 5.89% 
neutral issue. The concentration in the 
workplace by the server is the core of the 
fifth point which reveals the concordance of 
91.17% and 8.83% neutral. Solidarity 
mounts the idea of item six from the 
interrogative: I help other colleagues to 
finish the job? The answer to this question 
shows that 93.94% agree or strongly agree 
and 6.06% disagreed or were neutral to the 
topic. In item seven of the questionnaire the 
respondent is faced with the question of the 
organization be developing what had been 
requested. Those who agree totaled 97.06%, 
and 38.23% of this sum those who strongly 
agree and only 2.94% were shown to be 
indifferent to this issue. Finally, the eighth 
point of the research addresses whether the 
respondent is in the institution consistent 

with what he could do, ie, it is given the 
most of themselves. In this perspective, 
14.7% showed full agreement, agree with 
the question 44.13%, understand that not 
apply 26.47% and 14.7% disagree. 

Given the results, it was found 
homogeneity in the answers to questions 1, 
2, 4, 5, 6, 7, but called attention to the 
answers to questions 3 (three) and eight (8), 
where there were outliers in relation other 
questions regarding the aspects that shape 
Presenteeism in organizations. In question 
three asked if there was repetition of 
movements during labor and interviewed by 
just over 62% showed concordant or neutral 
framework that demonstrates the presence of 
Presenteeism in eight respondents and asks 
the respondent was accused if he does the 
institution agrees with what he could do and 
the result shows that more than 40% agree 
that already shows strong evidence 
presenteeism. 

In order to deepen the discussions on 
the theme proposed in this study, were 
included in the questionnaire two questions. 
In one of them was asked what motivated 
them to have commitment to the institution 
in which they work. From the responses, we 
found a high level of commitment among 
employees IFRN Campus São Gonçalo do 
Amarante, since in several quotes, these 
professionals emphasize the welfare of 
working in the organization. 

Some excerpts from the responses of 
respondents can demonstrate this fact, as it 
can be seen in the following statements: 
"The pleasure of teaching and the tool of my 
work can change the reality of a 
community", "A good organizational 
climate, presence of recognition 
professional, direct feedback from superiors 
"; "Financial stability and glad to do what I 
do”, "Good concept that the institution has". 

Based on this observation, it appears a 
strong presence in the research of affective 
commitment between servers that show ties 
with the institution and would like to carry 
out the work on behalf of education in a 
community. Allied to this has been by some 
respondents the realization of having a good 
organizational climate within the institution, 
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the result of good interpersonal relationships 
developed by the servers. Still, one can 
highlight the presence of the instrumental 
commitment where Meyer and Allen (1991) 
argue that the employee makes a balance 
between the costs and losses involved if 
indeed come to leave the organization. Were 
observed several quotes financial stability 
provided by the Federal Public Service, 
which confirms the existence of this type of 
commitment among those surveyed. 

The second question discursive ask to 
employees about the moments in their work 
environments in which they felt signs of 
presenteeism. According to the responses, 
these signs were observed mainly in 
situations involving summonses meetings 
inconsistent with the interest of the server, 
truancy and mandatory compliance 
workload. 

These factors listed show up chained 
since there is a requirement to comply with a 
weekly workload of teachers by twenty-six-
hour lesson, however the average workload 
of a trader is of the order of 16 classroom 
hours, which makes with there being idle. 
This is very common for teachers who are 
not involved in research or extension 
projects and for entrants who have had no 
engagement at the pace of the activities of 
the Institution. There are moments in 
various situations week intervals between 
classes to be coming up to six hours, causing 
situations that bring out presenteeism. 

In the context of technical 
administrative complaint about idleness is 
related to the meetings they attend with a 
low percentage of subjects of their interests, 
a fact that also ends up culminating in 
moments of presenteeism in the 
organization. As can be seen in the 
following lines: "When I participate in 
certain activities / meetings only because I 
have to, due to the presence to be 
registered"; "At times when I have to meet 
workload, even having done all my 
activities"; " When you are not charged me 
the actions that I can do”, " When there is 
idle " 

Thus, it is suggested a good level of 
commitment among servers Campus of São 

Gonçalo do Amarante's IFRN, although 
evidence of presenteeism were found and 
therefore the need to evaluate possible 
situations of lost productivity proves 
relevant.  
 

5. CONCLUSION 

The results indicate that employees of 
IFRN a high level of commitment to their 
activities, are evidence for the affective 
approach when expose is as rewarding to 
work in a serious institution that provides 
adequate working conditions to server or 
when it is put to the importance of having 
stability, this element indicates that the 
instrumental approach of commitment. 

In relation to presenteeism, the 
quantitative results show that there is a very 
low percentage in the answers of 
respondents referring to attitudes which 
demonstrate presenteeism, although 
questions three (3) and 8 (eight) has 
submitted responses show that attitudes 
characteristics of this problem that afflicts 
both organizations because of its invisible 
nature. You could say that it is not possible 
to say that presenteeism is part of the routine 
of the staff of the institution. Have the 
answers to the open question that was 
proposed, suggest some points which are not 
presented from a quantitative approach, 
come out reinforcing that presenteeism is 
still not a reality in the organization, but by 
now present evidence, can be installed and 
get nasty and destructive effects of 
organizational climate. 

Therefore, it is fair to say that the 
institution has a body of employees 
committed to their activities and especially 
with the organization, which makes 
presenteeism is unconsciously fought and 
won by the will of servers build up an 
institution better. Servers mostly have less 
than two years of house which can justify 
the effort expended for such commitment. 

For future studies, indicates a systemic 
study to all campuses of the institution, 
which shall observe the level of employee 
engagement as well as indications of 
presenteeism perceived in the organization. 
It is also important for future research to 

93

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



further study proposed in this article from 
the monitoring of the actors of this analysis. 
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ABSTRACT 
 

This paper derives optimal production-shipment policy for a 
single-producer multi-retailer integrated inventory model with 
rework. We assume that a product is manufactured by a producer. 
All items are screened for quality assurance. Random defective 
items will be picked up and reworked in the same cycle when 
regular production ends. Upon entire lot is quality assured, 
multiple shipments are delivered synchronously to m different 
retailers in each production cycle. Each retailer has its own annual 
product demand, unit stock holding cost, and fixed and variable 
delivery costs. Mathematical modeling and analysis is used to 
derive the expected system cost. The Hessian matrix equations are 
employed to prove the convexity of cost function. A closed-form 
optimal production-shipment policy that minimizes total expected 
costs for such a specific integrated inventory model is obtained.

Keywords: Production, Lot sizing, Multiple shipments, Multiple 
retailers, Rework 

1. INTRODUCTION 

In real-life business environments, it is common to have a supplier 
who provides a product to its several retailer clients. In this type 
of supply chains, management will be pleased to figure out the 
best production-shipment policy in order to minimize the expected 
integrated system costs. Schwarz [1] first studied a one-warehouse 
N-retailer deterministic inventory system with the objective of 
deriving the stocking policy that minimizes the long-run average 
system cost per unit time. The optimal solutions along with a few 
necessary properties are derived for such a one-retailer and N 
identical retailer problems. Heuristic solutions for the general 
problem were also suggested. Production lot size was not 

considered in his model. Goyal [2] considered an integrated 
inventory model for a single supplier-single customer problem. A 
method was proposed for solving those inventory problems, 
wherein a product made by a single supplier is procured by a 
single customer. A numerical example was provided to verify his 
solution process. Banerjee [3] investigated a joint economic 
lot-size model for purchaser and vendor, with the focus on 
minimizing the joint total relevant costs. He concluded that a 
jointly optimal ordering policy, together with an appropriate price 
adjustment, could be economically beneficial for both parties, but 
definitely not disadvantageous to either party. Kim and Hwang [4] 
developed formulation of a quantity discount pricing schedule for 
a supplier. They assumed a single incremental discount system 
and proposed an algorithm for deriving an optimal discount 
schedule. They investigated cases in which both the discount rate 
and the break point are unknown and either one is prescribed, and 
used numerical example to illustrate their algorithm. Cetinkaya 
and Lee [5] presented an analytical model for coordinating 
inventory and transportation decisions in vendor-managed 
inventory (VMI) systems. They considered a vendor realizing a 
sequence of random demands from a group of retailers located in 
a given geographical region. They assumed that the vendor has the 
autonomy of holding small orders until an agreeable dispatch time 
with the expectation that an economical consolidated dispatch 
quantity accumulates. As a result, the actual inventory 
requirements at the vendor are partly dictated by the parameters of 
the shipment-release policy in use. The optimum replenishment 
quantity and dispatch frequency were simultaneously derived, and 
a renewal theoretic model for the case of Poisson demands was 
developed together with some analytical results for their model. 
Other studies in the related fields have also been extensively 
carried out to address various aspects of vendor-buyer supply 
chain issues [6-13]. 
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Another special focus of the present study is the manufacturer’s 
product quality. The classic economic production quantity (EPQ) 
model assumes a perfect production [14-16]. However, in a real 
life manufacturing environment, due to different unpredictable 
factors it is inevitable to have random defective items produced. 
In this study all nonconforming items are reworked and repaired 
in order to assure the entire finished lot has the expected quality. 
Many studies have been conducted during past decades to address 
different aspects of imperfect production systems with quality 
assurance issues [17-24]. 

The purpose of this study is to simultaneously determine the 
optimal production lot-size and optimal number of shipments that 
minimizes the total expected system costs for such a single- 
producer multi-retailer integrated inventory system with a rework 
process. Little attention has been paid to this specific issue, the 
present paper is intended to bridge the gap. 

2. ASSUM PTION & M ATHEM ATICAL M ODELING

This study examines a single-producer multi-retailer integrated 
inventory system with a rework process. We assume that a product 
can be made at an annual production rate P by the producer, and 
the production process may randomly generate an x portion of 
defective items at a production rate d. All items produced are 
screened and the inspection expense is included in the unit 
production cost C. All defective items are assumed to be 
re-workable at a rate of P1, and a rework process starts right after 
the end of regular production, in each cycle. Under the normal 
operation, to prevent shortages from occurring, the constant 
production rate P must satisfies (P-d-!)>0 or (1-x-!/P)>0, where !
is the sum of annual demands of retailers and d can be expressed 
as d=Px.

Unlike the classic EPQ model assumes a continuous inventory 
issuing policy for satisfying demand, this study considers a 
multi-shipment policy, and finished items can only be delivered to 
the retailers when the entire lot is quality assured in the end of 
rework process. Each retailer has its own annual demand rate !i.
Fixed quantity n installments of the finished batch are delivered to 
multiple retailers synchronously at a fixed interval of time during 
the downtime t3 (refer to Figure 1). Cost parameters used in this 
study are as follows: the production setup cost K, unit holding cost 
h, unit production cost C, unit cost CR and unit holding cost h1 for 
each reworked item, the fixed delivery cost K1i per shipment 
delivered to retailer i, unit holding cost h2i for item kept by retailer 
i, and unit shipping cost Ci for item shipped to retailer i.
Additional notation is listed below: 

H1 = level of on-hand inventory in units when regular 
production process ends, 

H = maximum level of on-hand inventory in units when the 
rework process ends, 

t1 = the production uptime for the proposed system, 
t2 = time required for reworking the nonconforming items 

produced in each cycle, 
t3 = time required for delivering all quality assured finished 

products to retailers, 
Q = production lot size per cycle, a decision variable (to be 

determined), 
n  = number of fixed quantity installments of the finished 

batch to be delivered to retailers for each cycle, a 
decision variable (to be determined), 

m  = number of retailers, 

tn = a fixed interval of time between each installment of 
finished products delivered during downtime t2,

T = production cycle length, 
I(t) = on-hand inventory of perfect quality items at time t,
Ic(t)= on-hand inventory at the retailers at time t,
TC(Q,n) = total production-inventory-delivery costs per cycle 

for the proposed system, 
E[TCU(Q,n)] = total expected production-inventory-delivery 

costs per unit time for the proposed system. 

Fig. 1 On-hand inventory of perfect quality items in producer 
side

From Figure 1, the following equations can be directly obtained: 
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The on-hand inventory of defective items during production 
uptime t1 is 
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Total delivery costs of n shipments to m retailers in a production 
cycle are 
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The variable holding costs for finished products kept by the 
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manufacturer, during the delivery time t3 where n fixed-quantity 
installments of the finished batch are delivered to customers at a 
fixed interval of time, are as follows [25]. 
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Total stock holding costs for products kept by the retailers during 
the cycle are (see Figure 2). 
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Fig. 2 On-hand inventory in m retailer sides 

Total production-inventory-delivery cost per cycle TC(Q,n)
consists of the setup cost, variable production cost, the cost for the 
reworking, the fixed and variable delivery cost, holding cost 
during production uptime t1 and reworking time t2, and holding 
cost for finished goods kept by both the manufacturer and the 
customer during the delivery time t3. TC(Q,n) is 
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In order to take the randomness of defective rate into account, the 
expected values is used in cost analysis. Substituting all 
parameters from equations (1) to (12) in TC(Q,n) and with further 
derivations the expected cost E[TCU(Q,n)] can be obtained as 
follows: 
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3. DERIVING THE OPTIM AL OPERATING POLICY 

The Hessian matrix equations [26] is employed here to prove the 
convexity of E[TCU(Q,n)], that is to verify whether Eq. (15) 
holds.
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From equation (14), one obtains 
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Substituting Eqs. (17), (19) and (20) in Eq. (15) one has 
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Equation (21) is resulting positive, because K, !, and Q are all 
positive. Hence, E[TCU(Q,n)] is a strictly convex function for all 
Q and n different from zero. Therefore, the convexity of 
E[TCU(Q,n)] is proved, and there exists a minimum of 
E[TCU(Q,n)]. To simultaneously determine the production- 
delivery policy for the proposed single-producer multi-retailer 
integrated inventory model with a rework process, one can solve 
the linear system of Eqs. (16) and (18) by setting these partial 
derivatives equal to zero. Further derivations one obtains 
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and 
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It is noted that in real-world situation the number of deliveries 
takes on integer values only, however Eq. (23) results in a real 
number. In order to determine the integer value of n* that 

minimizes the expected system cost, two adjacent integers to n

must be examined respectively [27]. Let n+ denote the smallest 
integer greater than or equal to n (derived from Eq.(23)) and n-

denote the largest integer less than or equal to n. Substitute n+ and 
n- respectively in Eq. (22), then applying the resulting (Q, n+) and 
(Q, n-) in Eq. (14) respectively. By selecting the one that gives the 
minimum long-run average cost as the optimal replenishment- 
distribution policy (Q*, n*). An example is provided in next 
section to show the practical usage of the obtained results. 

4. NUM ERICAL EXAM PLE 

Consider that a product can be made by a producer at a production 
rate (P) of 60,000 units per year and the annual demands !i of this 
product from 5 different retailers are 650, 350, 450, 800, and 750 
respectively (total demand is 3000 per year). There is a random 
defective rate during production uptime which follows a uniform 
distribution over the interval [0, 0.3]. All nonconforming items are 
repairable during the rework process at a rate (P1) of 3600 per 
year. Values for additional parameters are 

K = $35000 per production run, 
C = $100 per item, 
h = unit holding cost at the producer side, $25 per item per 

year, 
h1 = unit holding cost for reworked item, $60 per item per 

year, 
CR = $60, cost for each items reworked, 
K1i = the fixed delivery cost per shipment for retailer i, they 

are $400, $100, $300, $450, and $250 respectively, 
h2i = unit holding cost for item kept by retailer i, they are $70, 

$80, $75, $60, and $65 per item respectively, 
Ci = unit transportation cost for item delivered to retailer i,

they are $0.5, $0.4, $0.3, $0.2, and $0.1 respectively. 

We first determine the optimal integer number delivery for the 
proposed model by computing Eq. (23), one has n=4.51. Then by 
examining the aforementioned two adjacent integers to n and 
applying Eq. (22), one obtains (Q, n+)=(2310,5) and (Q, 

n-)=(2228,4). Finally, substituting these (Q, n+) and (Q, n-) in Eq. 
(14) respectively, and choosing the one that gives the minimum 
system cost, one obtains the optimal number of delivery n*=5, the 
optimal replenishment Q*=2310, and total expected cost 
E[TCU(Q*,n*)]=$438,211. 

Variation of Q and n effects on the optimal E[TCU(Q*,n*)] are 
illustrated in Figure 3. It is noted that as the random defective rate 
x increases, the optimal production lot size Q* decreases, but the 
expected system cost E[TCU(Q*,n*)] increases significantly. One 
also notes that the optimal number of delivery n* decreases as Q*

decreases. 

5. CONCLUDING REM ARKS 

This paper studies a single-producer multi- retailer integrated 
inventory model with a rework process. In real world supply 
chains environments, it is usual to have a vendor supplies a 
product to multiple retailers, and during the production process 
generation of nonconforming items seems to be inevitable. 
Management of such an intra supply-chain system would certainly 
like to figure out the best replenishment-distribution policy so that 
the long-run average system cost is minimized. We proposed a 
solution procedure by the use of mathematical modeling and 
analysis to deal with the aforementioned supply chain system and 
a closed-form solution of the optimal production- shipment policy 
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is obtained. Effects of various system parameters on the optimal 
solution are investigated in order to provide management with 
some insights of this specific single-producer multi-retailer 
integrated inventory model.

Fig. 3 Variation of Q and n effects on the optimal 
E[TCU(Q*,n*)]
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ABSTRACT 
 

This paper reexamines an integrated inventory model with multi- 
retailer and rework using mathematical modeling and an algebraic 
method. We assume that a product is manufactured through an 
imperfect production process, and the reworking of random 
defective items is done right after the regular process in each 
cycle. After the entire lot is quality assured, multiple shipments 
will be delivered synchronously to m different retailers in each 
production cycle. The objective is to find the optimal production 
lot size and optimal number of shipments that minimizes total 
expected costs for such a specific supply chains system. The 
conventional approach uses differential calculus on system cost 
function to derive the optimal production-shipment policy (Chiu 
et al. [1]), whereas the proposed algebraic approach is a 
straightforward method that enables practitioners who may not 
have sufficient knowledge of calculus to understand and manage 
real-world systems more effectively. 

Keywords: Production, Algebraic approach, Multi-retailer, Lot 
size, Rework, Multi-delivery 

1. INTRODUCTION 

Taft [2] first proposed an inventory model that employed 
mathematical techniques to determine the most economical 
production lot. It is also known as the economic production 
quantity (EPQ) model [3]. The EPQ model assumes a continuous 
inventory issuing policy to satisfy product demand. However, in 
real-life vendor-buyer integrated systems, multiple or periodic 
deliveries of end items are often used. Therefore, determination of 
the optimal number of delivery that minimizes the production- 
delivery cost becomes a critical management decision for such a 
system. Schwarz [4] first studied a one-warehouse N-retailer 

inventory system with the objective of determining the stock 
refilling policy that minimizes the expected total system cost per 
unit time. Studies related to different aspects of the supply chain 
optimization have since been extensively carried out [5-11].
Banerjee [6] studied a joint economic lot-size model for purchaser 
and vendor, with the focus on minimizing the joint total relevant 
cost. He concluded that a jointly optimal ordering policy, together 
with an appropriate price adjustment, could be economically 
beneficial for both parties, but definitely not disadvantageous to 
either party. Hoque [8] considered models of delivering a single 
product to multiple buyers when the set-up and inventory costs to 
the vendor are included. His models assume a close relationship 
between a manufacturer and buyers for a costless way of benefit 
sharing. Three models were developed, two of which transfer with 
equal batches and the third with unequal batches of the product. 
Optimal solution techniques are presented, a sensitivity analysis 
of the techniques is carried out, and several numerical problems 
are solved to support the analytical findings. A comparative study 
of the results shows that the supply by unequal batches performs 
better. This study also highlighted the limitation of methods used 
in obtaining the least minimal total cost in single-vendor single- 
buyer scenario. 

Another special focus of the present study is the product quality 
obtained from the producer. The classic economic production 
quantity (EPQ) model assumes a perfect production, however, in a 
real life production environment, due to various unpredictable 
factors it is inevitable to have random defective items produced. 
We consider that all nonconforming items are reworked and 
repaired in order to assure the entire lot has the expected quality. 
In past decades, many studies have attempted to address the issues 
of defective products and quality assurance in production systems 
[12-18]. Bielecki and Kumar [12] showed that there are ranges of 
parameter values describing an unreliable manufacturing system 
for which zero-inventory policies are exactly optimal even when 

101

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



there is uncertainty in manufacturing capacity. As a result of their 
study, this provable optimality reinforces the case for zero- 
inventory policies, which was made on the separate grounds that it 
enforces a healthy discipline on the entire manufacturing process. 
Teunter and Flapper [14] studied a single-stage single-product 
production system. Items produced are categorized as the 
non-defective, the re-workable defective, or scrap. The system 
may switch between the production and the rework mode. After 
producing a fixed number (N) of units, all re-workable defective 
units are reworked. It was assumed that the rework time and the 
rework cost increase linearly with the time that a unit is held in 
stock. For a given N, they derived an explicit expression for the 
average profit, and using this expression the optimal value for N 
can be determined numerically. 

In a recent paper, Grubbström and Erdem [19] proposed an 
algebraic derivation for solving the economic order quantity 
(EOQ) model with backlogging. Their method does not reference 
to the first- or second-order derivatives. Similar approaches were 
applied to solve various aspects of production and supply chain 
optimization [20-22]. This paper extends such an algebraic 
approach in order to reexamine a single- producer multi-retailer 
integrated inventory model with a rework process [1]. 

2. ASSUMPTION AND MODELING

In this study, we present an algebraic approach to reexamine a 
single-producer multi-retailer integrated inventory model with a 
rework process [1]. Such a specific supply chains model is 
described as follows. Consider that a product can be made at an 
annual production rate P, and the process may randomly generate 
an x portion of defective items at a rate d. All items produced are 
screened and the inspection expense is included in the unit 
production cost C. All defective items are assumed to be 
re-workable at a rate of P1, and a rework process starts right after 
the end of regular production in each cycle (see Figure 1). 

Under the normal operation, to prevent shortages from occurring, 
the constant production rate P must satisfies (P-d-!)>0, where ! is 
the sum of annual demands of retailers and d=Px. This study 
considers a multi-shipment policy and the finished items can only 
be delivered to the retailers when the entire lot is quality assured 
in the end of rework. Each retailer has its own annual demand rate 
!i. Fixed quantity n installments of the finished batch are delivered 
to multiple retailers synchronously at a fixed interval of time 
during the downtime t3 (Fig. 1). 

Fig. 1 On-hand inventory of perfect quality items in producer 
side

All cost related parameters used in this study are as follows: the 
unit production cost C, production setup cost K, unit holding cost 
h, unit cost CR and unit holding cost h1 for each reworked item, 
unit disposal cost CS, the fixed delivery cost K1i per shipment 
delivered to retailer i, unit holding cost h2i for item kept by retailer 
i, and unit shipping cost Ci. Other notation includes 

H1 = level of on-hand inventory in units when regular 
production process ends, 

H = maximum level of on-hand inventory in units when the 
rework process ends, 

t1 = the production uptime for the proposed system, 
t2 = time required for reworking the defective items 

produced in each cycle, 
t3 = time required for delivering all quality assured finished 

products to retailers, 
Q = production lot size per cycle, a decision variable (to be 

determined), 
n  = number of fixed quantity installments of the finished 

batch to be delivered to retailers for each cycle, a 
decision variable (to be determined), 

m  = number of retailers, 
tn = a fixed interval of time between each installment of 

finished products delivered during downtime t2,
T = production cycle length, 
I(t) = on-hand inventory of perfect quality items at time t, 
Ic(t) = on-hand inventory at the retailers at time t, 
TC(Q,n) = total production-inventory-delivery costs per cycle 

for the proposed system, 
E[TCU(Q,n)] = total expected production- inventory-delivery 

costs per unit time for the proposed system. 

From Figure 1 and with reference to [1], one notes that the total 
production-inventory- delivery cost per cycle TC(Q,n) consists of 
the following (Eq. (1)): the setup cost, variable production cost, 
the cost for the reworking, disposal cost, the fixed and variable 
delivery cost, holding cost during production uptime t1 and 
reworking time t2, and holding cost for finished goods kept by 
both the manufacturer and the customer during the delivery time 

t3.
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Taking the randomness of defective rate into account, the 
expected values of x is used in cost analysis of this study. 
Substituting all parameters [1] and with further derivations, the 
expected cost E[TCU(Q,n)] can be obtained as follows: 
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3. THE PROPOSED ALGEGRAIC APPROACH 

One notes that Eq. (2) contains two decision variables, namely Q
and n. Moreover, there are several different forms of decision 
variables in the right-hand side of Eq. (2), such as Q, Q-1, nQ-1,
and Qn-1. Hence, one can rearrange Eq. (2) as 
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Then Eq. (3) becomes 
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Rearrange Eq. (9) one has 
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One notes that Eq. (10) will be minimized if its second and third 
terms equal zero. That is 
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Substituting Eqs. (5) and (6) in Eq. (11), and substituting Eqs. (7), 
(8), and (11) into Eq. (12), the optimal number of shipments n* is 
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One notes that Eq. (13) is identical to that obtained by using the 
conventional differential calculus method [1]. Now, in order to 
find the integer value of n* that minimizes the expected system 
cost, the two adjacent integers to n must be examined respectively 
for cost minimization [23]. Let n+ denote the smallest integer 
greater than or equal to n (derived from Eq. (13)) and n- denote 
the largest integer less than or equal to n. Because n* is either n+

or n-, we can first treat E[TCU(Q,n)] (Eq. (2)) as a cost function 
with a single decision variable Q, and do the following 
rearrangements. 
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Upon derivation of Eq. (15), one notes that E[TCU(Q,n)] will be 
minimized if the second term of Eq. (15) equals zero. That is 
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Substituting Eqs. (5), (6), (7), and (8) in Eq. (16), the optimal 
production lot size is 
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It is noted that Eq. (17) is identical to that obtained by using the 
conventional differential calculus method [1]. Finally, to find the 
optimal replenishment-delivery (Q*, n*) policy, one can substitute 
all related system parameters, along with n+ and n-, in Eq. (17). 
Then, applying the resulting (Q, n+) and (Q, n-) in Eq. (3) 
respectively, and selecting the one that gives the minimum 
expected system cost as the optimal (Q*, n*) policy. 

4. NUMERICAL EXAMPLE 

The aforementioned algebraic approach and its resulting equations 
(13), (17), and (3) are verified in this section using the same 
numerical example [1]. Consider in a single-producer multi- 
retailer integrated inventory model that a product can be made at a 
rate P=60,000 units per year and its annual demands !i from 5 
different retailers are 650, 350, 450, 800, and 750 respectively 
(total demand !=3000 per year). The random defective rate x

follows a uniform distribution over the range of [0, 0.3]. All 
nonconforming items are reworked and repaired at a reworking 
rate P1=3600 per year. 

Other values of parameters are C=$100, K=$35000, h=$25, 
h1=$60, CR=$60, K1i for retailer i are $400, $100, $300, $450, and 
$250 respectively, h2i for retailer i are $70, $80, $75, $60, and $65 
respectively, Ci for retailer i are $0.5, $0.4, $0.3, $0.2, and $0.1 
respectively. 

We first determine the optimal number delivery by computing Eq. 
(13), one has n=4.51. Then, examine the two adjacent integers to 
n and applying Eq. (17), one obtains (Q, n+)=(2310,5) and (Q, 

n-)=(2228,4). Finally, substituting these (Q, n+) and (Q, n-) in Eq. 
(3) respectively. Choosing the one that gives the minimum system 
cost as our optimal policy, one obtains (Q, n+)=(2310,5), and total 
expected cost E[TCU(Q*,n*)]=$438,211. 

The research results were confirmed to be identical to those 
obtained by the traditional method (Chiu et al. [1]). 

5. CONCLUDING REMARKS 

This study proposes an algebraic approach for determining the 
optimal production-delivery policy for a single-producer 
multi-retailer integrated inventory model with a rework process. 
Unlike the conventional method which uses differential calculus 
on the system cost function to find the optimal policy [1], the 
proposed algebraic approach is a straightforward method that may 
enable practitioners with little knowledge of calculus to 
understand and manage such a real-life supply chains system 
more effectively. 
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ABSTRACT  
 

The present study has the objective to analyze 

the types of organizational strategies in the 

Higher Education Institutions (HEIs) in the 

state of Rio Grande do Norte (RN), according 

to the model of Miles and Snow. Therefore, 

we used a descriptive study, a quantitative, 

with 32 institutions. The results of this study 

indicated the existence of prospective 

strategies, is also identified in order of 

occurrence, defensive strategies, analyzer 

strategies and reactive strategies.  

 

Keywords: Organizational Strategy.  Higher 

Education Institutions. Typology of Strategies  

 

1. INTRODUCTION   

 

With the organizational evolution, there 

is a environment design different from 

experienced in the last century. Changes have 

been presented quickly and disorderly 

(Hamel, 2000). Due to the process of 

internationalization of the economy, the 

distances between nations have been reduced 

and the transactions through the network has 

led organizations, in both the private and the 

public sector, to develop their strategies 

considering the global competition, for only 

thus manage to place in a world where the 

rate of change is what determines the 

guidelines of the organizations.  

It is also observed that the organization, 

unlike what was worked on logic of relative 

stability, in which predominated the linearity 

and centralization, as a matter of survival is 

bound figure with its structure aligned their 

strategies. Thus the organizational managers 

need a systemic view of the interactions of the 

various sectors of your organization with its 

external environment, thus passing to play 

their role as active agents in the process of 

organizational change (Mintzberg, 2003).  

Thus, this study highlights the current 

period of expansion experienced by higher 

education organizations in the country. By 

contextualizing this expansion of higher 

education in the state of Rio Grande do Norte 

- RN, according to the INEP (2009) in 2000 

that had been registered with the Ministry of 

Education - MEC a total of 08 HEIs 

registered. These numbers in the state 

according to data from the E-MEC (2010) 

increased to 45 HEIs develop their activities 

in both the formal and distance education. 

This increase occurred following the national 

trend of expansion of higher education in 

Brazil.  

In this context of changes experienced 

in higher education institutions throughout the 

country. The present study has the objective 

to analyze the types of organizational 

strategies in the Higher Education Institutions 

(HEIs) in the state of Rio Grande do Norte 

(RN), according to the model of Miles and 

Snow  

 

2. ORGANIZATIONAL STRATEGY - 

MODEL D AND MILES AND SNOW  

 

Miles and Snow (2003) developed a 

taxonomy based on the idea that managers 

seek to create strategy that is congruent with 

the external environment of the organization, 

so organizations seek to achieve a fit between 

its internal configuration and its strategic 

positioning influences the external 

environment.  

Mintzberg, Ahlstrand and Lampel 

(2000) argue that the development of the 

theoretical model proposed by Miles and 

Snow, was born of a study of companies in 

four industries (publishing of textbooks, 

electronics, food processing and health 106
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services). The results of this study, it was 

concluded that it is possible to classify 

behaviors corporative according to the 

strategic direction and predict structural 

features that are associated with the strategy.  

This way the typology of Miles and 

Snow (2003) is based on three main ideas: the 

first is the interaction with the environment, 

the second is the strategic choices, and the 

third is the process and organizational 

structure. This model proposes that 

companies develop patterns of strategic 

behavior relatively stable in search of a good 

alignment with the environmental conditions 

perceived by organizational management.  

Beyond the question of adaptation to 

organizational process that is governed by the 

strategic choices of organizational managers, 

the model of Miles and Snow (2003) also 

addresses the issue of the company's 

relationship with its environment. Then 

according to the patterns of response to 

environmental conditions and the adaptive 

cycle, the authors propose a typology of 

strategic analysis consists of four generic 

strategies:  

· Prospective - Guidance for learning; 

flexible and decentralized;  

· Defensive - Guidance for efficiency; 

authority centered and tight control on 

costs.  

· Analyzer - Balances efficiency and 

learning; strict cost control with 

flexibility and adaptability;  

· Reactive - No clear organizational 

approach; project characteristics may 

change abruptly depending on current 

needs.  

Each of these strategies has different 

characteristics to meet environmental 

diversity, for example, the technology 

configuration, structure, and method are 

consistent with those strategies (Miles, 

SNOW, 2003).  

Thus, Mintzberg, Ahlstrand and Lampel 

(2000, p.234) state that "the typology of Miles 

and Snow is reduced to two basic forms 

(which seem to correspond to machines and 

adhocracy organizations), with the third being 

a hybrid and fourth, in fact, a collection of 

inappropriate responses.  

This inconsistency pointed out 

previously by the authors of the reactive 

strategy adopted by some organizations, 

Miles and Snow (2003) point to three basic 

causes, the first being related to the failure to 

articulate a viable strategy, the second 

concerns the lack of binding and fitness 

technology, structure and processes with 

strategy and ultimately observe the binding of 

a strategy and management structure is not 

suitable to the environment.  

Regarding the analytical strategy Miles 

and Snow (2003) argue that it is unique 

combination of prospective and defensive 

strategies. They propose that these two kinds 

of organizational strategy are the extremes of 

a continuum, leaving the analytical strategy 

near the middle of this continuum, thereby 

being an alternative strategy feasible.  

Conant, Monkwa and Varadajan (1990) 

below summarize the dimensions of the 

adaptive cycle in relation to the strategic type 

characteristic of organizations according to 

the model of Miles and Snow.  

Based on the dimensions of the adaptive 

cycle and the characteristics of the strategies 

presented in the model of Miles and Snow, 

researchers Conant, Monkwa and Varadajan 

(1990) constructed a questionnaire consisting 

of eleven questions, which seek to analyze 

and measure the types of strategy 

organizations. 

  

3. METHODOLOGY  

] 

This research is classified as descriptive 

study. According to Collis and Hussey (2005, 

p. 71) this type of research "aims to 

understand phenomena by discovering and 

measuring causal relationships between 

them." Regarding the procedures of this study 

is classified as quantitative study, which 

according to Collis and Hussey (2005, p. 71) 

is a positivistic methodology that from a 

representative sample of the population 

allows inferences about this, besides 

"determine whether there is any relationship 

between different variables", requiring the 

researcher to identify the independent and 

dependent variables of your study.  

The population consisted of 32 

managers from 32 higher education 
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institutions that have physical office in the 

state of Rio Grande do Norte. Why cover all 

higher education institutions that have 

physical office in the state of Rio Grande do 

Norte, this study was classified as type 

census, not just using a sample.  

The data of study were collected 

through a questionnaire, a total of 44 

questions on a Likert scale, prepared based on 

the model proposed by Miles and Snow 

(2003), was adapted from the questionnaire 

by Conant, and Monkwa Varadajan (1990). 

This instrument was validated with accuracy 

rates higher than 0.7 Cronbach Alpha.  

Thus, the determination of the results 

was performed by calculating the average 

over the 5-point scale ranging from 0 to 4, in 

which the middle point was considered to be 

2 steps near this point regarded as a moderate 

presence a certain style, while above 2.5 

standard was considered prevalent and below 

1.5 standard was considered uncharacteristic, 

the variables that determine each type of 

strategy. Besides the calculation of the mean 

difference tests was performed between the 

mean as the T-Student test for paired two 

samples for means and standard deviations of 

the analysis.  

After the analysis of organizational 

strategies, were analyzed the influence factors 

of general characteristics of institutions in 

relation to managers' perception of the type of 

your organization's strategy. For these 

analyzes was used the statistical tests: 

Spearman correlation, ANOVA F-test and T-

Student test. All statistical tests  were 

analyzed correlation alpha considered 

significant at 5%.  

 

4. STRATEGIES AND RELATIONS 

WITH THE GENERAL 

CHARACTERISTICS OF HEIs. 

 

When analyzing the results of the 

medium identified the presence of both 

predominant and moderate of the four types 

of generic strategies in which the forward-

looking strategy with the highest incidence in 

the IES condition with 52% incidence of 

defensive strategy followed with 35% of 

cases, the strategy analyzer showed 10% 

occurrence and reactive strategy presented 

only in 3% of cases.  

Thus we observe how the main types of 

strategies adopted by the state to the HEIs-

prospective strategies and defensive 

strategies, exhibit distinct strategic positions 

at the ends of the theoretical model. 

According to Miles and Snow (2003) as a 

group presents a more aggressive stance to 

innovate and take risks in relation to its 

environment defensive group of HEIs is 

presented more conservatively valuing 

stability seeking efficiency and development 

of internal controls that result in educational 

services with high quality to its customers.  

These two strategies are justified by the 

prevailing local market profile observing the 

geographical location of institutions which are 

inserted in locations of greater stability as is 

the case of HEIs that are located within the 

state which have a constant public may be 

present strategically defensively (CONANT; 

MONKWA; VARADAJAN, 1990). Unlike 

this reality of losing stability by institutions 

inside observe organizations that are located 

in the state capital which are inserted in an 

environment where competition for customers 

is presented in a more fierce due to the high 

concentration of institutions vying for same 

audience, in this context seek a more strategic 

posture prospective one time the search for 

differences is a matter of survival in this type 

of market (MOREIRA, 2007).  

Another situation that can justify the 

predominance of the defensive strategy in 

institutions that operate both within and in the 

state capital is the type of service (travel) that 

offered by HEI, when only one that offers 

specific type of educational services that 

differentiation may permit a more defensive 

approach since this organization is able to 

maintain a constant public. We also observe 

the presence of prospective strategies in 

public institutions is due to the current state of 

expansion and diversification experienced by 

those institutions which now expand their 

limits and going places offers differentiated 

achieved a significant market share in the 

discussion (CONANT ; MONKWA; 

VARADAJAN, 1990).  

It has  been identified analyzer strategy. 

This strategy is seen by Mintzberg, Ahlstrand 
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and Lampel (2000) as a medium between 

prospective and defensive strategies the 

author highlights this approach as being 

balanced. Organizations that adopt this 

second type of strategic Miles and Snow 

(2003) seek to maintain its stable business 

innovating according to the opportunities 

identified in the market, based on these 

authors can say that institutions of Rio Grande 

do Norte presenting this strategic typology, 

seek maintain a balance between efficiency in 

the provision of educational services with the 

existing creative development of new 

educational services.  

According to Miles and Snow (2003) 

the presence of this strategy will be common 

in organizations that are already consolidated 

in the market place with an audience finds and 

are looking to expand marginally your 

business. It is observed that search, by 

offering new educational services and the 

opening of undergraduate courses didn t́ not 

offer by its competitors yet. 

Therefore, we identified an institution 

with a predominance of reactive strategy, this 

second strategy Miles and Snow (2003) is one 

way that organizations have to react to the 

threats and opportunities of the environment 

in a way momentary. Thus, the HEIs showed 

that this strategic typology may not have 

long-term planning, not providing the 

organization with an explicit mission or goal, 

which leads to identify actions that that 

institution has only satisfaction that their 

immediate needs. That is, this institution 

develops its activities with little 

professionalism without a defined direction, 

succeeding at times, but ran a serious risk of 

embitter your bankruptcy.  

Finally, the results identified in this 

study will differentiate those identified in 

studies of Moreira (2007) who analyzed the 

occurrence of the strategies of Miles and 

Snow in private institutions in the region of 

the country, due to getting results indicate that 

the prevalence of defensive strategies 

(36.7%), followed by prospective (25%), 

analyzer (23.3%) and reactive (15%), ie, the 

HEIs of the south have a more conservative 

strategy profile concerned with the stability 

and efficiency their internal processes, that 

institutions in the state of Rio Grande do 

Norte.  

Identified typologies, strategies for each 

of the organizations will be analyzed the 

relationship between the variables related to 

the general characteristics of the institutions 

and the organizational strategies. For this 

analysis phase analyzes were performed 

Spearman correlation statistics for the 

variables of time of existence of the 

organization, number of undergraduate 

courses offered and number of employees, 

ANOVA with Tukey's test for the variable 

mode of courses offered and Student's t test 

for the administrative nature of the 

institutions studied.  

By observing the results of the 

Spearman correlation does not identify any 

statistically significant variables of time of 

existence of the organization, number of 

undergraduate courses offered and number of 

employees in relation to strategy typology of 

organization studied. Thus it can be stated 

that these statistically variables shown do not 

influence the strategic types.  

Regarding the difference of means test 

Anova, which according to Collis and Hussey 

(2005), this test is indicated to identify the 

difference of means involving more than two 

variables. For the analysis of the above table 

was identified significance level or p-value 

significant at 5% (sig. ≤ 0.05, reject the null 

hypothesis that the means are equal). Thus the 

observed p-value significant at 5% for 

prospective and reactive strategies. A 

discussion of this result becomes possible 

from the Tukey test performed, which allows 

identifying which differences between the 

means that achieved a p-value significant.  

Thus, we found the results of the Tukey 

test the difference between the means of 

institutional arrangements concerning 

prospective and reactive strategies. With 

respect to prospective strategy identified that 

institutions offering courses only in the model 

of distance education, had higher scores for 

the factors forming the prospective strategies 

that organizations that only operate distance 

education.  

This difference average is justified by 

the innovative nature of the organizations that 

offer distance education courses in which they 
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can identify within this typology by Miles and 

Snow (2003) that considers the formative 

elements of flexibility, prospective strategy 

and innovation using technology multiple 

skills of technical staff in dealing with the 

variety, these features were easily identified 

in the teaching institutions working through a 

technological tool like the internet.  

Another possible observation is the 

relation to reactive strategy that just as the 

strategy discussed earlier presented a p-value 

significant at 5%. When analyzing Tukey test, 

identified that institutions operating in the 

classroom education and distance learning 

showed higher scores for the factors forming 

the reactive strategies than those who work 

only in the distance education.  

As in the previous analysis identified 

that the constituents of the reactive strategy 

differ significantly from the elements present 

in HEIs that operate solely in the form of 

distance learning why we identified the 

presence of a higher average for institutions 

that operate classroom education and distance 

learning.  

To verify the influence of the nature of 

organizations in relation to the values 

assigned by managers for strategic typologies 

of their respective organizations held the 

Student's t test, comparing the mean values 

assigned by managers of higher education 

institutions for public and private the various 

types of organizational strategies. The results 

showed no statistically significant differences 

between the averages of groups of strategies 

so denies the hypothesis that the 

administrative nature of the HEIs exerts some 

kind of influence on the strategic typology of 

organizations.  

Finally, we will close the discussions 

about organizational strategy affirming the 

importance of using the information obtained 

from the analysis of strategic typologies 

identified in institutions to strengthen the 

process of decision making at all 

organizational levels in order to enable 

managers of HEIs that operate in the state 

know in general positioning of the companies 

that act as providers of educational services in 

market of Rio Grande do Norte.  

 

5. CONCLUSION  

 

On studying the strategic typologies that 

have been adopted by higher education 

institutions, we observed the occurrence of 

the four strategies proposed by Miles and 

Snow (2003), the predominance of 

prospective strategies and defensive 

strategies. This result demonstrates the 

predominance of two groups of HEIs with 

different characteristics, the first; there are 

organizations that sit in an innovative way 

with focus on the learning process and a 

second group more conservative operative 

presenting centrality and efficiency of internal 

processes.  

Regarding the general characteristics of 

the institutions, including the administrative, 

time in the market, quantitative undergraduate 

courses offered, number of employees and 

type of runs courses, topics related to the 

cultural styles and strategic types of these 

institutions, identified that these 

characteristics had little influence on the 

strategies of HEIs of Rio Grande do Norte. 

The only case identified with statistical 

significance at the 5% level ANOVA was 

performed to organizational strategy in 

relation to the operating mode of the courses 

offered by HEIs, so that the details of courses 

offered in person and distance influenced the 

strategies looking and defensive.  

Finally, it is still as recommendations 

for future studies to identify organizational 

factors that may influence or be influenced by 

the generic strategies of the organization, in 

order to identify them at the macro level in 

relation to other factors pertaining to the 

organizational environment and its interaction 

with agents. For elaboration of these studies 

proposes the use of causal models to identify 

multiple relationships interdependencies 
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ABSTRACT  
 
This study investigates the existence of 
conflicts resulting from family relationships 
in the managing of the franchise and these 
conflicts may affect the relationship with the 
network of franchisees of a pharmaceutical 
sector in Brazil. The research presents an 
exploratory case study, qualitative and 
quantitative. The results showed that the 
managers of the franchisor have similar 
perception on expectations that a franchisee 
must have to get into franchising, the 
differences presented by franchising, the 
franchisor and franchisees roles in conflict 
resolution, power relations, there is a level of 
conflict that can be considered beneficial and 
essential elements for maintaining a good 
partnership between franchisor and 
franchisees. However, pointing to the main 
causes of conflicts with the franchised 
network, each of the managers pointed out 
different alternatives: exchange, transfer of 
know-how and communication between 
franchisor and franchisee. Conclusively was 
not possible to identify family conflicts that 
affected the relationship with franchisees.  
 

Keywords: Franchisor. Family business. 
Franchisee. Conflict Management.  
 

1. INTRODUCTION 

 
The decision to deploy the franchising 

characterized a strategic decision relevant and 
inserted into the global trend of integrating 
members of distribution channels to maximize 
the outcome for all involved (Cohen & Silva 
2000). W hereas the franchise system is based 
on a cooperation agreement, the conflict is 
intrinsic to the model (Rocha, 2010). The most 
frequent complaints from franchisees make 
references to inadequate support from the 

franchisor, the overcharging of fees, royalties 
above, the submission of the franchisee to the 
franchisor's standards and providing inconsistent 
data on the capital invested, costs and return on 
investment, on the other hand, franchisors claim 
lack of preparation, structure and seriousness of 
franchisees (Cohen & Silva, 2000).  

Grzybovski and Tedesco (1998) 
studied the conceptual controversy exists 
around the family business and its economic 
importance, identified that the efforts made by 
the founders for the continuity of the 
enterprise are not always understood, that the 
prevailing myths surrounding this type of 
company are impressionistic and not portray 
reality.  

This study investigates the existence 
of conflicts resulting from family 
relationships in the managing of the franchise 
and these conflicts may affect the relationship 
with the network of franchisees of a 
pharmaceutical sector in Brazil  

 
2. CONFLICT IN FRANCHISING 

SYSTEM AND FAMILY 

BUSINESS  

 
The conflict occurs when one party 

believes that will be negatively affected by 
another, slowing their ability to generate 
results (Cavalcanti, 2006). It is essential to let 
the sense of conflict seen as dispute, disunity, 
disharmony and battle to see it in a more 
neutral and should contribute to improve the 
relations (Dias, 2004).  

A major difficulty that a franchisor 
may face in the process of franchising your 
business is the management of conflicts with 
one or more franchised network. Problems 
can occur by several factors, the most 
common of these is dissatisfaction, ie, the 
breaking of the franchisee's expectation with 
respect to the business, in which he invested 
his savings (Pla, 2001).  
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The initial investment and expected 
return generated by the same could be the 
source of major conflict, but it is believed that 
these may occur more for a complete 
ignorance of the relations that the system 
requires. The relationship between franchisor 
and franchisee goes beyond the franchise 
agreement, in which case it is expected that 
the franchisor is consultant and fellow 
franchisee aiming at a better performance.  

There is a natural tension in the 
franchisor-franchisee relationship, ie, degree 
of tension is inherent in this relationship. This 
fact can bring positive consequences since 
this voltage is at desired levels. Thus, the 
voltage can create a stimulating environment 
or bring parties to the conflict. Conflict is a 
reality in the relationship between people and, 
in the case of organizational conflict, happens 
when one party feels prevented from reaching 
their goals (Dias, 2004; Rocha, 2010).  

If the franchisor providing training, 
ensuring exclusive territory and have a good 
relationship with the franchisee, there is 
hardly any conflicts between them. (Dias, 
2004; Patricio, 2007; Rocha, 2010).  

Realizing the conflict, franchisors and 
franchisees, may resort to strategies to 
resolve, or even utilize these conflicts in a 
positive way organizations.  

The future of the family business 
cannot depend only on the conditions of the 
economy and the market, the solutions are 
directly related to the ability of 
professionalization, both the control of capital 
and business management, although the 
family business presents problems, mainly a 
managerial there are viable alternatives for 
their survival in the global market, provided 
there is a realignment of its management 
structure and management ( Lethbridge as 
cited Leone, 2005).  

The family firm is distinguished by 
ownership or other involvement of two or 
more members of a family living and working 
in the company (Leone, 1994; Longenecker, 
Moore & Petty, 1997). W hen it passes from 
one generation to another is configured 
intersection of two entities, the family and the 
business (Longenecker, Moore & Petty, 1997).  

The family business is usually 
considered an obstacle to the growth of a 

region because administrators adopt 
protective behavior and end up not taking 
advantage of opportunities in the global 
market, however, it appears that there are 
family businesses that have adapted their 
strategies to market opportunities, showing an 
characteristics to operate in a highly 
competitive environment (Grzybovski & 
Tedesco, 1998).  

The quality of family relationships is a 
key factor for the success of the family 
business, sometimes the company is a 
convergence factor that uni extremely family 
(Leach, 1993). On the other hand, may serve as 
a source of conflicts which go beyond the 
limits of the family.  

Gersick et al (1996) studied the family 
business as a system, described by the three 
circles model, independent and overlapping: 
Management, ownership and family, 
considering that this model is a very useful tool 
for understanding the source interpersonal 
conflicts, dilemmas of roles, priorities and 
constraints in family businesses.  

The management circles, the owners 
and family can create a picture of any system 
of family business at any given time, taking 
into account the time and changes, providing a 
three-dimensional model of the development 
of family businesses, each subsystem is a 
separate dimension development.  

 
3. METHODOLOGY  

 
This research is characterized as an 

exploratory case study, qualitative and 
quantitative. For data collection were 
developed two types of questionnaires based 
on Dias (2004). The first was answered by 
members of the franchisor-owners who are in 
the same family. The second questionnaire 
was completed by the eight franchisees of the 
network located in Rio Grande do Norte. Both 
questionnaires addressed the expectations 
when entering into a franchise system, the 
main differences of the franchise system to 
other types of businesses, the main critical 
points in the franchisor-franchisee 
relationship, linking major points in this 
critical franchiser-franchisee relationship and 
power, existence of acceptable level of 
conflict, the main roles of the franchisor and 
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franchisees in resolving conflicts, major risks 
franchisor and franchisees and, ultimately, the 
fundamental elements in the partnership 
between the franchisor and its franchisees. In 
addition to the questionnaires, we used the 
technique of observation and participant 
observation, mainly to identify the context 
and franchisor of family arrangement and 
their everyday relationships with franchisees.  

The pharmacy network studied consists of 
50 pharmacies distributed in the Northeast, 
North, Southeast and Midwest regions of 
Brazil. For this study, accessibility, were 
chosen the eight franchises located in Rio 
Grande do Norte.  

Data analysis was conducted through 
content analysis and descriptive statistics.  

 
4. RESULTS  

 
In the workplace relations among family 

members are harmonious and focused on 
administrative tasks. Perceives strong 
leadership of CEO and little formality in 
communication with franchisees. According 
to the Model of Three Dimensions formulated 
by Gersick et al (1996), the franchisor can be 
classified in stages: controlling owner, 
maturity and work together.  

Managers family of franchisor 
perceptions aligned presented to analyze the 
following points: main expectations that a 
franchisee must have to enter the franchising 
differentials presented by franchising, the 
franchisor and franchisees roles in conflict 
resolution, power relations, the existence of a 
level of conflict can be considered beneficial 
and essential elements for maintaining a good 
partnership between franchisor and 
franchisees. However, pointing to the major 
causes of conflicts with the franchised 
network, each of the managers highlighted a 
different alternative: exchange, transfer of 
know-how and communication between 
franchisor and franchisee.  

The family-managers franchisor had 
similar perceptions to manifest on 
expectations that a franchisee must have to 
enter into a franchise network. All highlighted 
receiving technology franchisor, using 
recognized brand and share network learning 
as important. The item provided operational 

support was reported by two family members, 
diverging only the managing director. None 
of them cited high financial return. On the 
other hand, the item indicated by the 
franchisees most often used was recognized 
mark (63%), followed receiving technology 
developed by the franchisor (50%) and higher 
financial return (50%). Have operational 
support and be part of a network which is 
shared learning was cited by 38% of 
franchisees. It is noteworthy that half of 
franchisees surveyed expect the franchise 
system presents high financial return. The 
most common cause of conflict between 
franchisors and franchisees is breaking the 
expectations of the franchisee, which often 
invest your savings (Pla, 2001). If the 
franchise under study does not present a high 
financial return can be configured as breaking 
the expectation of the franchisee.  

In the evaluation of the differentials 
provided by the franchise system when 
compared to other forms of business, 
managers of family-franchisor had similar 
perceptions. All highlighted learn networking 
and transfer of know-how, none emphasized 
greater financial return and two showed 
strong brand and operational support, 
diverging, respectively, chief financial officer 
and chief administrative officer. In view of 
franchisees, stand up strong brand (75%), 
followed by transfer of know-how (63%), 
higher financial returns (50%), operational 
support (38%) and learning network (25%). 
The importance of branding, emphasized by 
franchisees, meets the literature where authors 
understand the brand as a public good and an 
important asset (Maemura, 2009; Silva, 
2006).  

There are significant differences in the 
management of appointments franchisor 
regarding all of the major causes of potential 
conflict between franchisor and franchisee. 
Individual highlights were made for 
exchange, knowledge transfer and 
communication franchisor-franchisee. 
Considering that most franchise networks 
Brazilian adopt systems that centralize 
decisions in the franchisor, communication is 
a key factor for the dissemination and 
monitoring of strategies adopted by the 
franchise (Rocha, 2010; Silva, 2006). 
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Communication ensures satisfaction and 
safety and allows the franchisee to the 
franchisor a return on its marketing and its 
impact on clients (Pla, 2001). From the 
perspective of franchisees, the main emphasis 
in operational support offered by the 
franchisor (50%), followed by rates (38%).  

Appraisal in the main roles of the 
franchisor in conflict resolution, all-family 
managers emphasized transparency in the 
relationship and no pointed exemption in 
order to find solutions for all. This indicates 
that the franchisor prizes for transparent 
processes in interaction with franchisees. 
However, suggests the tendency of managers 
seek benefits franchisor unilateral rather than 
bilateral gains, ie, gains also do not prioritize 
for franchisees. This behavior would be 
consistent Bridgeman (1955 as cited in 
W illiamson, 1989), mentions that when the 
man gives greater depth to their own interests. 
Two representatives of the franchisor brand 
preservation pointed questions and listen 
network, diverging respectively, CEO and 
Managing Director. W hile franchisees, 
analyzing the role of the franchisor, showed 
more often, compared to transparency, listen 
to questions from the network and propose 
strategic discussions.  

Company representatives franchisor 
unanimously assert that conflict resolution is 
not connected to power relations existing in 
the franchise. Three in four franchisees 
corroborate this understanding. However, for 
the other franchisees, the power in the 
relationship franchisor-franchisee relationship 
is used to resolve conflicts between them.  

All respondents, representatives of the 
franchisor and franchisees understand that 
there is an acceptable level of conflict that can 
be considered beneficial.  

W hen analyzing the role of the 
franchisee in conflict resolution, managers 
pointed franchisor listen and give space to the 
proposals (66%), participate in finding 
solutions (66%), flexibility to negotiate (66%) 
and properly use the brand, according to the 
concept of the franchise (66%). Franchisees 
participate in seeking out solutions (75%), 
listen and give space to the proposals (50%) 
and properly use the brand, following the 
concepts of the franchise (38%).  

On the main risk to the franchisor, the 
franchisor-family managers did not mention 
loss of power and not be heard by the 
network. The options were more frequent loss 
of credibility (66%), unlike the CFO, and 
have not, in the figure of the franchisor, 
inspirational leadership (66%), unlike the 
general director. Not maintain cohesive 
network was marked only by the CFO. 
Franchisees understand that the role of the 
franchisor in conflict resolution is not 
connected to maintain cohesive network 
(63%) and not in the figure of the franchisor, 
inspirational leadership (25%). Loss of 
credibility, not to be heard by the network and 
power loss were cited by 13% of franchisees. 
Understanding similarly by the franchisor and 
their franchisees about the roles that fit them 
can contribute to a successful relationship. It 
is noteworthy that if one side differ from the 
role he has been given can happen a conflict 
situation (Rosembllom, 2002).  

By analyzing risks of franchisees, 
franchisor company representatives underline 
not be heard (66%) and not exercise the 
franchise differential (66%). Already 
franchisees, point differential does not 
exercise the franchise (38%) and lack of 
profitability in the business (38%). Appears 
not to be heard in 25% of the opinions.  

W hen evaluating the key elements for 
a good partnership franchisor-franchisee, 
franchisor representatives agree that trust and 
transparency are key. The CFO adds 
innovation capacity of the franchisor and the 
CEO adds great insight and market. However, 
translate into gains in speech was not 
appointed by the general managers of the 
franchisor. Franchisees also emphasize that 
trust and transparency are the most important 
elements. Franchisees also appreciate 
excellent market insight and innovation 
capacity. It is noteworthy that 38% of 
franchisees pointed translate speech in real 
gains.  

 
5. CONCLUSIONS 

 
The family relationships are not 

characterized by the existence of internal 
conflicts. In general, manager’s family 
franchisor has opinions aligned with each 
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other with respect to the relationship between 
franchisor and franchisee. Except in the 
evaluation of the main causes of possible 
conflicts with the franchise network, which 
was in disarray notes, since each of the 
representatives of the franchisor highlighted 
divergent alternatives.  

By comparing the perceptions of the 
organization's management of the franchisor 
with franchisees realize that these claim that 
the main cause of conflict with the 
franchisor's operational support. In general, 
the main conflicts between franchisors and 
franchisees are not connected to the power 
struggle in the franchise network. All 
surveyed franchisors and franchisees, 
understand that there is a level of conflict that 
can be considered beneficial.  

The study also reveals high credibility 
of the franchisor. At most, this work suggests 
that manager’s franchisor not prioritize high 
financial return of franchised units and do not 
emphasize the exemption in order to seek 
solution for everyone. It was not possible to 
identify family conflicts that affected the 
relationship with franchisees. Trust and 
transparency proved key factors for a good 
partnership franchisor-franchisee.  
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ABSTRACT 

 

Quality function deployment (QFD) is one of the structured 

methodologies that helps companies understand customer re-

quirements which results in significant reduction in product 

design costs and development time. The customer needs are 

transformed into marketing decisions using QFD methodologies. 

When introducing a new product, it is important to build the 

right marketing plan. In this paper, we aim at proposing a step 

by step methodology to identify which marketing strategies are 

decisive when marketing a new product successfully. The ap-

plicability of our proposed approach is shown on a marketing 

process of a food product. 

 

Keywords: Marketing decision, new product introduction, voice 

of the customer, QFD, ANP. 

 

 

1. INTRODUCTION 

 

As a result of the rapid development of markets, multinational 

corporations and companies have begun to thrive. Due to fierce 

competition, marketing strategies for these companies have 

started to diverge. These strategies are often determined based 

on pricing, product characteristics, communication strategies 

and distribution networks. As the capacity and the existence of 

the companies are directly related to their market value, the 

companies need to address to their current and prospective 

customers using marketing. Consequently, marketing become 

more and more important, which results in a need for making 

strategic decisions. 

 

The term marketing mix, or four Ps of marketing, is defined as 

price, product, promotion, and place of a product when deter-

mining a product offering [1] [2]. It is the tactical or operational 

part of marketing plan. The offer that a company makes to its 

customer can be altered by varying the elements of this mix. 

The objective of this paper can briefly stated as proposing a 

model to successfully market a new product. Doing so, we have 

combined the four Ps of marketing with the packaging charac-

teristics of the product to identify customer expectations from a 

new product. The expectations need to be transformed into 

marketing strategies in order to determine the successful mar-

keting plan. At this point, we have chosen QFD methodology as 

a common tool which simply intends to analyze customers’ 

needs (CNs) to guarantee satisfaction. The application of QFD 

starts with the development of the house of quality (HOQ). The 

HOQ is a kind of conceptual map that provides the means for 

interfunctional planning and communications. The objective of 

foundation of HOQ is to design a product that reflects custom-

ers’ desires and tastes so that marketing people, design engi-

neers, and manufacturing staff could work closely together [3]. 

During the transformation process of CNs into the product 

technical requirements (PTRs), relationships between CNS and 

PTRs, and correlation between PTRs need to be determined. 

Herein, we have utilized ANP. 

 

ANP is a generalization of Saaty’s Analytic Hierarchy Process 

(AHP), which is one of the most widely used multi-criteria 

decision support tools [4]. Most of real life decision problems 

cannot be structured as a hierarchy, since they include interac-

tion and dependence of higher level elements in a hierarchy on 

lower level elements. Therefore, the hierarchy becomes more 

like a network. On this context, ANP and its supermatrix tech-

nique can be considered as an extension of AHP that can handle 

a more complex decision structure [5] [6] as the ANP frame-

work has the flexibility to consider more complex interrelation-

ships (outerdependence) among different elements.  

 

In this work, we apply the systematic and operational approach 

of the QFD process for a food company, and moreover recom-

mend marketing strategies to assure customers’ satisfaction.  

 

The paper is structured as follows. Section 2 describes related 

literature. The methodologies used in the approach are given in 

Section 3, while Section 4 presents step by step explanation of 

the methodology. Section 5 reveals the results and the conclud-

ing remarks and future works are given in Section 6.  

 

 

2. RELATED LITERATURE 

 

QFD is an important product development approach which is 

dedicated to translating client requirements into activities to 

develop products and services. In [7], the authors have present-

ed a survey work which gathers together the reviewing, analys-

ing, classifying and coding of QFD in literature. In another 

literature review [8], the authors have given the origination and 

historical development of QFD, especially in Japan and the US, 

followed by a partial list of QFD organizations, software, and 

online resources. The authors have developed and solved opti-

mization models for the identification of rankings and based on 

that, they have identified a parts mix for the new / improved 

product that satisfies a budget constraint [9]. Hence, they have 
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shown how the QFD can be used to determine firm’s marketing 

strategies. Our case study is on food industry. In literature, there 

are several research that focus on development of food products. 

In [10], the authors have stated that the application of QFD in 

the food industry is more complicated than current literature 

suggests. They have claimed that QFD might be useful if adap-

tations to the method are made and the specific characteristics 

of food ingredients are taken into account. Moreover, in their 

paper, a summary of the applications of QFD on different food 

products are listed in a table. Another work on the usage of 

QFD methodology in the food industry is a detailed literature 

review on this subject [11]. The authors have given the benefits, 

drawbacks and challenges of these applications and they have 

shown the applicability on a case study on ketchup quality im-

provement.  

 

 

3. METHODOLOGIES 

 

Quality Function Deployment 

QFD could be seen as a strategic knowledge management tool 

that tries to incorporate customer feedback into the prod-

uct/service development process, which gathers knowledge 

from different functions of the organization and aims a success-

ful product/service in terms of profitability and customer satis-

faction. Hence, QFD needs to provide a framework that should 

deal with the knowledge gathered from different sources and 

combine them in a systematic and meaningful way.  

 

In literature, QFD methodology is usually applied using several 

steps generally referred as matrices that are deployed as means 

for information transformation requiring different inputs from 

different functions and connecting them in a way so that each 

step’s output simply becomes the input for the following one. 

For a full-fledged knowledge analysis usually we require four of 

these matrices. There are many studies in literature that brought 

different aspects of QFD together and presented them as a lit-

erature survey. Chan and Wu’s study is among the most ad-

dressed studies and we also recommend them for a comprehen-

sive QFD review [12]. As we mentioned above, QFD method-

ology is used for knowledge transformation and requires differ-

ent so called matrices. The first of these matrices is usually 

named as house of quality. A demonstrative house of quality 

matrix is shown in Figure 1. As depicted in the figure, house of 

quality comprises eight elements: 

 

(1) Customer needs (CNs) (WHATs). As the initial input for 

QFD, they are the essential knowledge block that should be 

incorporated to the development process. They are referred as 

voice of the customer, customer attributes, customer require-

ments or demanded quality. This knowledge actually serves as a 

guideline and directs the development efforts to customer at-

tributes that matter most. They are usually collected through 

focus groups or individual interviews and are expressed deliber-

ately in customers’ own phrases, so that the main knowledge is 

retained in its original form. 

 

(2) Product technical requirements (PTRs) (HOWs). They em-

body the knowledge of product/service in terms of technical 

attributes. They are usually referred as the voice of the company, 

design requirements, engineering characteristics or substitute 

quality characteristics. They are used to achieve the goals set 

by CNs by providing alternative means to systematically change 

the product characteristics.  

 

(3) Relative importance of the CNs. The knowledge CNs pro-

vide, is usually too diversified to deal with simultaneously. 

Hence, methodologies used at this stage should include ap-

proaches that will guide the organization by identifying im-

portant CNs and so increasing the probability of a greater cus-

tomer satisfaction. In most cases, organizations have to deal 

with conflicting demands and this circumstance usually means 

that an important trade-off has to be made. 

 

 
Fig. 1. House of quality

 

(4) Relationships between WHATs and HOWs. This relationship 

element is usually placed in the body of the house of quality and 

denotes the knowledge to what extent each PTR affects each 

CN. This step is very important as the transformation of differ-

ent information occurs. Therefore there are different methodol-

ogies to be found in the literature based on different assump-

tions and the knowledge on hand. The expected result of this 

stage is the importance of CNs presented in terms of PTRs. This 

presentation is usually done by using symbols or numbers.  

 

(5) Inner dependencies among the CNs. As explained above, the 

diversification of CNs is a difficult matter that should be solved 

diligently. The inner-dependency between CNs simply tries to 

determine the interaction among the CNs. The resulting infor-

mation could be used to measure how much and whether or not 

CNs support each other. 

 

(6) Inner dependencies among the PCs. The inner dependencies 

among PCs are placed in the roof of house of quality and similar 

to the inner dependencies between CNs, they are used to meas-

ure to what extent a change in one feature may affect another.  

 

(7) Competitive analysis. So far the knowledge on hand simply 

meant how the product/service should be designed based on the 

knowledge obtained from the customers disregarding any inputs 

related to the competitors’ performance, if there is any. At this 

stage the benchmarking process tries to indicate improvement 

directions necessary to achieve total customer satisfaction. The 

resulting information contains the strengths and weaknesses a 

organization has, and opportunities and threats a organization 

faces.  

 

(8) Overall priorities and performance values of PCs. The per-

formance values of PCs and the PCs’ final ranking is usually 
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used to establish a final ranking of PTRs. This information is 

usually used as the input for an optimizing process, considering 

additional constraints and goals, such as budget constraint, 

manufacturability and extendibility measures.  

 

Analytic Network Process (ANP) 

ANP has its origins in the widely used multi-criteria decision 

making tool, the Analytic Hierarchy Process (AHP). AHP simp-

ly decomposes a problem into several levels in such a way that 

they form a hierarchy, where each element is supposed to be 

independent [4]. AHP incorporates both qualitative and quanti-

tative approaches to a decision problem [13]. It is also capable 

of capturing the tangible and intangible aspects of relative crite-

ria that have some bearing on the decision making process [5], 

but AHP cannot deal with interconnections and innerdependen-

cies among decision factors at the same level. Hence, AHP can 

only be applied to a hierarchy that assumes unidirectional rela-

tion between decision levels. In order to deal with this short-

coming, ANP is developed by replacing hierarchies with net-

works and is used as an effective tool in those cases where the 

interactions among the elements of a system form a network 

structure [5].  

 

The interactions among the elements in ANP are evaluated 

using pairwise comparisons. Accordingly, a supermatrix is 

obtained by these priority vectors, which is a matrix of influ-

ence among the elements. It is raised to limiting powers to cal-

culate the overall priorities, and thus the cumulative influence of 

each element on every other element is obtained [14]. The su-

permatrix of a hierarchy with three levels is as follows:  

 

                                     G         C      A

Goal(G) 0 0 0

Criteria(C) 0 0

Alternatives(A) 0
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where W21 is a vector that represents the impact of the goal on 

the criteria, W32 is a matrix that represents the impact of the 

criteria on each of the alternatives, and I is the identity matrix. 

The supermatrix of a system of N clusters is denoted as follows: 
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where Ck is the kth cluster (k = 1, 2, ..., N), which has nk ele-

ments denoted as !"#$ !"%$ & $ !"'( . A ratio scale priority vec-

tor obtained by pairwise comparisons indicates the impact of a 

cluster’s elements on the elements of another cluster. These 

vectors are located in appropriate positions. Since W is a col-

umn stochastic matrix, its limiting priorities depend on the 

reducibility, primitivity, and cyclicity of that matrix. For in-

stance, if the matrix is irreducible and primitive, the limiting 

value is obtained by raising W to powers [5] [14].  

 

When a network consists of only two clusters apart from the 

goal, namely criteria and alternatives, the matrix manipulation 

approach proposed by [15] can be employed to deal with de-

pendence of the elements of a system. This approach, which 

will be described in section 4, is based on [16]. It is used herein 

to incorporate the dependencies inherent in QFD process into 

the analysis. 

 

 

4. RESEARCH FRAMEWORK 

 

The proposed decision framework evaluates customer satisfac-

tion and suggests improvement directions and is based on the 

work in [16]. 

We have combined QFD methodology with ANP. The superma-

trix representation required by ANP is constructed as follows: 

 

                                       G       C      A

0 0 0Goal (G)
Criteria (C) 0

Alternatives (A) 0
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where w1 is a vector representing the impact of the goal, namely 

a product/service that will satisfy the customers, W2 is a matrix 

that denotes the impact of the CNs on each of the PTRs, W3 and 

W4 are the matrices that represent the inner dependencies of the 

CNs and PTRs, respectively. When a network consists of only 

two clusters apart from the goal, namely criteria and alterna-

tives, the matrix manipulation approach proposed by [15] can be 

employed to deal with dependence of the system elements. 

Thus, the interdependent priorities of the CNs (wC) are comput-

ed by multiplying W3 by w1, and similarly the interdependent 

priorities of the PTRs (WA) are obtained by multiplying W4 by 

W2. Overall priorities of the PTRs (WANP) are obtained by 

multiplying WA and WC. 

 

The main steps and knowledge processed in each are summa-

rized as follows: 

Step 1. QFD process determines the CNs, which are customers’ 

perceptions and linguistic assessments in respect to the prod-

uct/service. The PTRs, the tools of the company used to satisfy 

these CNs, are also identified in this step. The CNs are taken 

from the customers using a questionnaire. The questions are 

prepared in respect to the four Ps (price, product, promotion, 

and place) of marketing [2], together with the questions related 

to packaging. 

Step 2. As mentioned in previous section, the organization has 

to concentrate on the most important CNs. In order to make the 

necessary tradeoff and obtain relative importance of CNs, we 
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have used pairwise comparisons as suggested by ANP. As a 

result, we have obtained w1. 

Step 3. In this step, assuming that there is not any dependence 

among PTRs, the degrees of relative importance of PTRs with 

respect to each CN are identified. As a result, we have obtained 

W2. 

Step 4. It is not possible to assume that CNs are independent in 

real life scenarios. Therefore, we have used ANP to determine 

the interdependence among CNs. Once again, we have used 

pairwise comparisons and have obtained W3. 

Step 5. Similarly, as PTRs may affect each other, we have de-

termined interdependencies among them. The resulting matrix is 

W4. 

Step 6. The objective of our research is to transform customer 

requirements into measurable technical requirements. For this 

transformation, we have initially calculated interdependent 

priorities of CNs (WC) and also interdependent priorities of 

PTRs (WA) and have combined them to obtain the overall prior-

ities of PTRs.  

 

 

5. CASE STUDY 

 

As a demonstrative example, we have contacted the marketing 

department of an international food company. It is one of the 

world’s largest food companies that have a branch in Istanbul. 

They have guided us in each step of our research. 

Step 1. The CNs are collected via a questionnaire answered by 

30 customers. Customers are required to rate the performance of 

the given food product in the scale of 1 to 5, in respect to the 

following criteria: Brand confidence (CN1), availability in mar-

kets and on the shelves (CN2), product packaging (CN3), flavor 

of the product (ingredient, smell, etc.) (CN4), visual appeal 

(CN5), and price (CN6). These six criteria are the CNs. 

 

Next, the PTRs that will be used to satisfy the CNs are deter-

mined by interviewing the marketing manager of the company: 

Support of distribution channels (PTR1), distributors’ education 

(PTR2), product ingredients (PTR3), position of the product on 

the shelf (PTR4), health certificate of the product (PTR5), ease of 

use of the packaging (PTR6), writing of the production and 

expiration dates with visible letters (PTR7), color of packaging 

(PTR8), weights in grams of the ingredients (PTR9), product 

shape (PTR10), distribution of samples (PTR11), exhibition mate-

rials (PTR12), handouts for the stores (PTR13), discounts on the 

price (PTR14), promotions by giving extra products (PTR15), 

mixed discounts (PTR16).  

Step 2. After defining CNs and PTRs in the first step, next step 

involves determining the relative importance of the CNs by 

asking the following questions: ‘Which CN should be empha-

sized more in establishing the correct market mix for the prod-

uct?’.  The resulting importance weights are given as:    
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Step 3. Assuming that PTRs are independent, they are com-

pared with respect to each CN, which results in the column 

eigenvectors regarding each CN. For instance, one of the possi-

ble questions can be: 'What is the relative importance of "prod-

uct ingredients" when compared to "color of the packaging" on 

controlling "brand confidence"?'; yielding 3 as presented in 

Table 1. Similarly, the degree of relative importance of PTRs 

for the remaining CNs are calculated and presented in Table 2. 

The transpose of the data shown in Table 2 will be placed in the 

body of the house of quality. 

Table 1. Relative importance of the PTRs for "brand 

confidence" 

Brand confidence 

(CN1)

PTR3 PTR5 PTR8 PTR9 

PTR3 1 1 3 3 

PTR5 1 1 2 3 

PTR8 1/3 1/2 1 1 

PTR9 1/3 1/3 1 1 

Table 2. The column eigenvectors with respect to each CN

W2 CN1 CN2 CN3 CN4 CN5 CN6 

PTR1 0 0.21 0 0.15 0 0 

PTR2 0 0.11 0 0.04 0 0 

PTR3 0.38 0 0 0 0 0.12 

PTR4 0 0.31 0 0.08 0.18 0 

PTR5 0.35 0 0 0 0 0 

PTR6 0 0 0.16 0 0 0 

PTR7 0 0 0.12 0 00 0 

PTR8 0.14 0.20 0.35 0.04 0 0 

PTR9 0.13 0 0.09 0.05 0.49 0.09 

PTR10 0 0 0.27 0.04 0.23 0.06 

PTR11 0 0 0 0.12 0 0 

PTR12 0 0.09 0 0.11 0 0 

PTR13 0 0.08 0 0.10 0.10 0 

PTR14 0 0 0 0.06 0 0.20 

PTR15 0 0 0 0.09 0 0.23 

PTR16 0 0 0 0.13 0 0.31 

Step 4. In this step, we have identified the interdependence 

among the customer needs by considering each CNs effect on 

others by using pairwise comparisons. A question used at this 

stage is as follows: 'What is the relative importance of "price" 

when compared to "visual appeal" on controlling "visual ap-

peal"?', resulting in 2 as denoted in Table 3. The resulting vec-

tors are summarized in Table 4. 
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Table 3. The interdependence matrix of CNs with respect to 

"visual appeal" 

Visual Appeal (CN1) CN5 CN4 CN6 

CN5 1 3 2 

CN4 1/3 1 1/3 

CN6 1/2 3 1 

 

Table 4. The interdependence matrix of CNs

W3 CN1 CN2 CN3 CN4 CN5 CN6

CN1 0.37 0.25 0 0 0 0.10

CN2 0 0 0 0 0 0.24

CN3 0.26 0.19 0.49 0 0 0.11

CN4 0 0.08 0 1.00 0.14 0 

CN5 0.20 0.25 0.20 0 0.53 0.26

CN6 0.17 0.22 0.31 0 0.33 0.30

 

Step 5. Similar to step 4, in this step we have determined the 

dependence among the PTRs with respect to CNs. Questions 

used are; 'What is the relative importance of "product shape" 

when compared to "ease of use of the packaging" on controlling 

"position of the product on the shelf"?!, yielding 3 as shown in 

Table 5. The resulting eigenvector of all the pairwise compari-

sons among PTRs are build using similar pairwise comparisons. 

Table 5. The inner dependence matrix of PTRs with respect to 

"position of the product on the shelf " 

Position of the 

product on the 

shelf (PTR4)

PTR4 PTR10 PTR6 PTR9 

PTR4 1 1/2 3 1/2 

PTR10 2 1 3 1 

PTR6 1/3 1/3 1 1/3 

PTR9 2 1 3 1 

Step 6. In this step, we obtain overall priorities of the PTRs. 

First, we obtain the interdependence priorities of the customer 

needs by multiplying the weights obtained in the second and 

fourth steps. 
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Then, the priorities of the PTRs, given in WA, are calculated as 

follows: 
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Overall priorities of the PTRs (WANP) are obtained by multiply-

ing WA and WC. 
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The ANP analysis results indicate that the most important mar-

keting strategy is to focus on 'weights in grams of the ingredi-

ents', which is slightly more important than 'position of the 
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product on the shelf'. 'Color of packaging' with a weight of 0.1, 

and 'handouts for the store' with a weight of 0.087 follows the 

most important strategies. 'Exhibition materials' is the least 

important to be focused into marketing strategy according to the 

ANP analysis. Briefly, we can state that in order to attract cus-

tomers, this food company needs to focus primarily on the 

weights of ingredients in the food and package colors, store 

brochures. 

 

 

6. CONCLUSION 

 

Globalization changed irreversibly both the number of the prod-

uct/ service providers and also the variety of the place of the 

origins. Unavoidably, the firms began to look out for the little 

differentiations which will ensure their success over their com-

petitors. Thus, they are developing marketing approaches for 

their products/services to attract their customers. The main idea 

behind all these efforts is to determine somehow the require-

ments of the customers and to ensure that, the products and the 

services provided will satisfy these needs. As a result, both 

manufacturing and service companies require new prod-

uct/service development and marketing mechanisms to assure 

the success of their products and services. One of these strategic 

knowledge management tools is the quality function deploy-

ment (QFD), which simply intends to analyze customers’ needs 

and transform this information into usable marketing 

knowledge. 

 

In this research, we have analyzed marketing process of a prod-

uct of a food company. We have interviewed marketing manag-

ers and customers. The received information is processed and as 

a result we have proposed which marketing strategies would be 

beneficial for the food company to attract customers.  

 

This work has not considered any budget constraints, which 

could have direct influence on the strategies. Additionally, the 

applicability of the proposed marketing plan needs to be 

checked. Going further, this methodology may be extended by 

adding these constraints. 
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ABSTRACT 

The present research analyses the effects of reducing 

the value added tax (VAT) rate for food groups from 

21% to 12% on the national economy using 

interdisciplinary approach. A quantitative analysis 
was performed by using systemic approach and 

computer modelling tool developed for assessing the 

impact of VAT rate changes in the case of limited 
data availability. During the research, information 

science has been used, to retrieve data and manage 

process as well as to determine the VAT rate 
reduction impact on different economic performance 

indicators. The authors analysed the effects of 

reducing the VAT rate on 14 food groups. The 

effects on food consumption prices, food 
consumption quantities, value added tax revenues in 

the government budget, consumers’ and producers’ 

gains, as well as inflation were assessed. According 
to the calculation result, reducing the VAT rate 

decreases the retail price level of food, although the 

expected price decrease is not proportional to the 
VAT rate reduction. Reducing the VAT rate slightly 

increases the consumption of food. At the same time, 

reducing the VAT rate decreases VAT revenues in 

the government budget, while the society’s total gain 
slightly exceeds this decrease. 

Key words: food, value added tax, impact on prices, 

impact on consumption, government budget, 
consumers, purchasers, model, Latvia 

 

1. INTRODUCTION 

The European Union’s (EU) legal acts stipulate that 
standard VAT rates in the Member States may not be 

less than 15% and reduced rates on certain goods 

and services – not less than 5% in the period from 1 
January 2011 to 31 December 2015. Yet, there might 

be some exceptions for certain groups of goods or 

trade territories, including the so called super-
reduced rates (less than 5%) and parking rates (on 

goods and services that should be normally taxed at 

the standard rate) (Council Directive, 2006). 

Besides, there is a possibility to exempt several 
goods and services from the VAT. By regulating the 

application of VAT rate in the Member States, it is 

possible to limit the distortion of competition in the 

EU’s common economic area. 
According to European Commission (2012a) data, a 

progressive increase in the average standard VAT 

rate in the EU-27 from 19.8% in 2009 to 21% in 
2012 was observed. Over the period 2010-2012, 

almost half the Member States raised the standard 

and/or reduced rate to increase revenue.  
The majority of the Member States made use of the 

possibility to set reduced VAT rates on certain goods 

and services as stipulated in the EU’s legal acts. The 

reduced rates were imposed on water supply, 
pharmaceuticals and medical services, food 

products, books, periodicals, TV services, hotel 

services, and social services. In several Member 
States, the reduced rate was set on such goods and 

services as shoes and leather products, bicycle trade, 

hairdressing services, sport activities, restaurant 
services etc. Denmark was the only Member State in 

which no reduced VAT rates were imposed in the 

summer of 2012. However, some services in this 

country are exempt from the VAT (Kozlinskis et al, 
2012).  

To make food cheaper and more available to the 

population, reduced VAT rates are imposed in the 
majority of the EU Member States. In July of 2012, 

one of the highest VAT rates (21%) on food in the 

EU was in Latvia and Lithuania. Higher VAT rates 

on food exist only in Denmark, Romania, and 
Hungary. Among the 27 EU Member States, only six 

countries do not tax food at reduced VAT rates, i.e., 

in addition to the mentioned ones, also Estonia, 
Bulgaria, and Lithuania (European Commission, 

2012b. Therefore, Latvian farmers and food 

producers request the government to reduce the VAT 
rate to at least 12%, so that food prices fall and the 

consumption of food increases. Given the present 

situation, the aim of this research is to determine the 

effects of a potential VAT rate reduction on Latvia’s 
national economy by employing modelling.  
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2. THEORIES/METHODS 

Researches on effects of VAT rate changes on a 

national economy may be classified according to 
their impact on: 1) prices, 2) consumption, 3) output 

quantities, 4) employment, 5) population welfare, 6) 

social inequality, and 7) economic growth.  

T.F.Crossley, D.Phillips and M.Wakefield (2009) 
point that there are two mechanisms through which 

the temporary VAT cut might affect spending: first, 

it will increase spending power, making households 
feel as if they have more income. The second 

mechanism is the effect that the tax cut will have 

through changing the price of goods. R.Pike, 
M.Lewis and D.Turner (2009) are sure that the 

change in the VAT rate had an impact on inflation 

rates. T.Kosonen (2010) points to the diverse effects 

of reducing the VAT rate – consumers benefited 
from the lower taxes through prices that are lower, 

the firms benefited in form of higher profit, but the 

government lost tax revenues. R.Barrel and M. 
Weale (2009) also have similar opinions, pointing 

that the effects of a temporary cut in VAT, 

identifying three possible effects: an income effect 
as people benefit from a lower cost of living during 

the period of the reduction, a substitution effect as 

people bring their consumption forward and an 

arbitrage effect as people buy non-perishable goods 
before the end of the period of low VAT for 

consumption after the VAT rate has been raised. 

Jeremy M. Panno (2011) points that it is possible for 
the VAT to be beneficial to the small business 

owner, especially given the reduced compliance 

costs, if the VAT rate is set at the proper level. 

To determine the effects of reducing the VAT rate 
on the national economy, several formulas will be 

exploited (Auzins et al, 2008): 

Market price P:                                                      [1] 

 
Amount of sales Q:                                                 [2]   

 
Revenue from VAT for the government YT:            [3]   

 
Consumers’ surplus in the market Sc:                    [4] 

 

Producers’ or sellers’ surplus in the market Sp:    [5] 

 

The society’s total benefit (in context of the market) 

ST:                                                                         [6] 

 
The model is developed based on equilibrium 

processes under monopolistic competition and on 

general equilibrium conditions. According to such an 
approach, it is assumed in the model that sellers will 

try to maximise their profit (both at the present VAT 

rate and in case the VAT rate is changed). Thus, it is 
possible to more correctly assess a potential VAT 

effect on food prices, quantities of sales, tax 

revenues etc. The basic model forms as follows 

(Auzins et al, 2008): 
General equilibrium situation:    [7] 

 
Demand curve D in food industry:    [8] 

 
Total demand d for goods:                            [9] 

 
Total marginal revenue:    [10] 

 

Total marginal cost:                [11] 

 
Given the VAT effects, an equilibrium situation: [12]

  

 
where:  T – VAT rate;  a - coefficient of slope of 

the demand D;  b - intercept of the demand D; m - 
coefficient of slope of the demand d; x – intercept of 

the demand d (variable value),  k – coefficient of 

slope of the marginal cost curve; l – the free 
intercept of the marginal cost curve.  

To determine the coefficients for the supply side, 

financial data of trade companies for 2010 and 2011 

in Latvia were used. To determine the coefficients 
for the demand side, micro data of 3798 households 

in Latvia for 2010 were used. 
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3. RESULTS AND DISCUSSION 

Analysing VAT rates on food in the EU Member 

States, one can conclude that different VAT rates are 
often applied to various food products within one 

country. Most often, reduced VAT rates are imposed 

on bread and grain products, milk and dairy 

products. Almost as often (with a few exceptions), 
reduced VAT rates are applied to vegetables, fruits, 

and meat. In some cases (Spain, Italy, Portugal, and 

Poland), a super-reduced rate is applied to 
unprocessed or only partially processed food 

products. Reduced VAT rates are applied to food 

actually in all the EU’s West European countries 
(except Denmark). Among the West European 

countries, the highest VAT rates are in Denmark 

(25%) as well as in Sweden, Finland, and over the 

recent years in Greece (12%, 13%, and 13% 
respectively). The lowest VAT rates are in the 

United Kingdom, Ireland (the standard VAT rate on 

food is 0% in both countries), as well as in the 
richest EU country, Luxembourg, where food is 

taxed at a 3% VAT rate (Kozlinskis et al, 2012). 

The situation is different in the EU’s East European 
countries. Of 10 Member States, reduced VAT rates 

are applied to food only in Poland (5% and 8%), 

Slovenia (8.5%), and the Czech Republic (14%). In 

all the other countries, the VAT rate on food ranges 
within 20%-24% (Kozlinskis et al, 2012). 

In the present research, non-alcoholic beverages are 

also included in the category of food, while no 
alcoholic beverages are included. 

For the purpose of this research, all food products 

are classified into two categories. The first category 

includes seven basic groups of food products, which 
comprise all food products and non-alcoholic 

beverages: 

• bread and grain products; 

• meat products, eggs; 

• fish products; 

• dairy products, except butter; 

• oils, fats, butter; 

• fruits and vegetables; 

• other foods (including non-alcoholic beverages). 

The second category includes seven certain groups 
of food products. These food products were selected 

based on the following criteria:  

1. Products in a group have a comparatively short 
shelf life.  

2. Such food products are produced locally.  

3. Products in a group are not regarded as unhealthy 

food. 

In the result, seven groups of food products were 

formed: 

• bread (wheat bread, rye bread, sweet and sour 

bread, and other sorts of bread); 

• unprocessed meat (beef, veal, pork, mutton, goat 

meat, poultry meat, wild animal meat, meat of 

other animals, and slaughter by-products); 

• unprocessed fish (fresh, chilled, frozen); 

• basic dairy products (whole milk, low-fat milk, 

cheese, cottage cheese and curd, cream, 
fermented milk products); 

• eggs; 

• fresh fruits (apples, pears, plums, cherries, 

strawberries, garden berries, wild berries); 

• fresh vegetables and potatoes (lettuce, leaf or 

stalk spice plants, rhubarb, fresh cabbage, fresh 

cucumbers, fresh tomatoes, cucurbitaceous 
plants, summer squash, pulses and paprika, 

carrots, red beets, onions, garlic, garden radish 

and other root-crops, mushrooms, and potatoes). 
The systemic approach and computer modelling tool 

for various scenarios was employed to make 

calculations in the research. It means that initial 

calculations were performed for the basic scenario 
by using the methodology described in this research. 

In this process, indicators for assessing an effect are 

calculated: quantities of sales, price level, and VAT 
revenue in the government budget, consumers’ 

surplus, producers’ surplus, and the society’s total 

gain from various groups of food products. After 
performing calculations for the basic scenario and 

developing an initial market equilibrium model, in 

the next stage the VAT rate is changed, thus 

developing the so called policy scenario. Data on the 
new market equilibrium, including the indicators for 

assessing an effect: quantities of sales, price level, 

VAT revenue in the government budget, consumers’ 
surplus, producers’ surplus, and the society’s total 

gain, are obtained after this change is made.  

After the indicators are calculated both for the basic 
scenario and the policy scenario, they are compared 

and the deviation of the policy scenario from the 

basic scenario is considered a policy effect. 

In the present research, an effect of reducing the 
VAT rate on food is assessed if changing it from the 

present rate of 21% to a rate of 12%. The effect of 

reducing the VAT rate is calculated for 14 groups of 
food products (7 basic groups of food products and 7 

certain groups). Besides, an affect is calculated for 

all groups of food products. The calculations provide 

information on the effect of reducing the VAT rate 
on food for several years – two calculation variants 

were produced, which show an effect of reducing the 
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VAT rate if this reduction is done in the beginning 

of 2013 or 2014. The calculation results are 

summarised in Tables 1 and 2. 

 
Table 1. Effect of a VAT rate reduction to 12% on the basic groups of food products in Latvia in 2013 *

 

Indicators/Groups of goods 

Bread 

and 

grains 

Meat 

products, 

eggs 

Fish 

products 

Dairy 

products, 

except 

butter 

Oils, fats, 

butter 

Fruits, 

vegetables 

Other 

foods 

Total 

Change in sales quantity Q, as 
a % compared with the basic 

scenario 

2.5 2.3 3.6 2.8 3.8 3.1 4.6 3.1 

Change in price level P, as a 

% compared with the basic 

scenario 

-5.4 -5.4 -5.5 -5.5 -5.6 -5.5 -5.6 -5.5 

Change in VAT revenues in 

the budget YT, mln LVL** 

-14.06 -23.01 -3.65 -13.77 -3.16 -13.52 -15.47 -86.64 

Change in consumers’ surplus 

Sc, mln LVL 

11.04 17.84 3.00 11.01 2.61 10.95 12.98 69.43 

Change in producers’ surplus 

Sp, mln LVL 

4.44 7.39 1.11 4.26 0.96 4.14 4.79 27.09 

Change in the society’s total 

gain ST, mln LVL 

1.42 2.22 0.46 1.50 0.41 1.57 2.30 9.88 

* Effect of VAT rate reduction if the VAT rate is reduced in the beginning of the corresponding year  

** Latvian lat, 1 LVL=0.7028 EUR 

 
If the VAT rate is reduced for all the groups of food 

in the beginning of 2013 (Table 1), one can forecast 

that the quantity of food sold would increase by 

3.1%, as prices would decrease by 5.5%. As a result 
of reducing the VAT rate, the government budget 

would lose a revenue of LVL 86.64 mln, however, 

the society’s total gain is positive and amounts to 
LVL 9.88 mln, which is mostly comprised of the 

consumers’ surplus.  

An analysis of the certain groups of food products 
shows that the largest change in the quantity of sales 

is forecasted for the groups of unhealthy food – 

“other foods” and “oils, fats, and butter” – for which 

the largest price decrease is expected. The largest 
decreases in VAT revenues in the government 

budget are expected from the VAT rate reduction for 

“meat products, eggs”, “other foods”, and “bread 
and grain products” – the groups from which the 

largest gain is expected for the society.  

Assuming the VAT rate is reduced in 2014, the VAT 

revenue in the government budget would decrease 
less than LVL 87.70 mln, while the society’s gain 

would slightly increase to LVL 10.05 mln, mostly at 

the expense of consumers’ surplus. 
After assessing the effect of reducing the VAT rate 

for food from 21% to 12% on the overall inflation 

rate in the country, one can conclude that a one-time 
decrease in inflation by 1.35% is expected in 

comparison with the basic scenario data. 

After analysing an effect of each certain group of 
food products on inflation, one can conclude that in 

2013, reducing the VAT rate on the food group 

“bread and grains” will decrease overall inflation by 

0.23%, “meat products, eggs” – 0.35%, “fish 
products” – 0.06%, “dairy products, except butter” – 

0.22%, “oils, fats, butter” – 0.06%, “fruits and 

vegetables” – 0.18%, and “other foods” – 0.25%. 
If the VAT rate is reduced for the certain groups of 

food products in the beginning of 2013 (Table 2), 

one can forecast that the quantity of sales of these 
products would increase by 3.3%, as prices would 

decline by 5.6%. As a result of reducing the VAT 

rate, the government budget would lose LVL 38.70 

mln, which is 55% less than if reducing the VAT 
rate for all groups of food. The society’s gain is 

positive, too, reaching LVL 4.06 mln, yet, it is 59% 

less than in the first calculation variant. According to 
the analysis of the certain groups of food products, 

the largest changes in the quantity of sales are 

forecasted for “bread” and “basic dairy products”, 

where the smallest changes – for “unprocessed 
meat” and “eggs”. Owing to the VAT rate reduction, 

the largest decreases in government revenues are 

forecasted from “basic dairy products” and 
“unprocessed meat”, from which the largest gain is 

observed for the society. 

Assuming the VAT rate is reduced for certain food 
products in 2014, the VAT revenue in the 

government budget would decrease less than LVL 
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38.84 mln, and the society’s gain would slightly 

increase to LVL 4.09 mln, mostly at the expense of 

consumers’ surplus. 

  

 

 

Table 2. Effect of a VAT rate reduction to 12% on the certain groups of food products in Latvia in 2013 *

 

Indicators/Groups of goods Bread 
Unprocesse

d meat 
Unprocesse

d fish 

Basic 
dairy 

products 
Eggs 

Fresh 
fruits 

Fresh 
vegetables 

Total 

Change in sales quantity Q, 

as a % compared with the 

basic scenario 

4.3 2.1 3.0 4.0 0.2 3.8 3.5 3.3 

Change in price level P, as a 

% compared with the basic 

scenario 

-5.8 -5.7 -5.8 -5.8 -2.2 -5.8 -5.8 -5.6 

Change in VAT revenues in 

the budget YT, mln LVL** 
-6.00 -10.34 -1.42 -11.96 -1.86 -1.52 -5.60 -38.70 

Change in consumers’ 

surplus Sc, mln LVL 
5.21 8.40 1.20 10.34 0.59 1.31 4.80 31.85 

Change in producers’ surplus 

Sp, mln LVL 
1.56 2.78 0.36 3.09 1.30 0.39 1.43 10.91 

Change in the society’s total 

gain ST, mln LVL 
0.77 0.84 0.14 1.47 0.03 0.18 0.63 4.06 

* Effect of VAT rate reduction if the VAT rate is reduced in the beginning of the corresponding year  

** Latvian lat, 1 LVL=0.7028 EUR 

 

After assessing the effect of reducing VAT rate for 

certain food products from 21% to 12% on the 

overall inflation rate in the country, one can 
conclude that the total one-time decline in inflation 

is expected at 0.62% compared with the basic 

scenario.  
After analysing the potential effect of each certain 

group of food products on inflation, one has to 

conclude that in 2013, the VAT rate reduction for 

“bread” will decrease overall inflation in the country 
by 0.11%, “unprocessed meat” – 0.16%, 

“unprocessed fish” – 0.02%, “basic dairy products” 

– 0.21%, “eggs” – 0.01%, “fresh fruits” produced in 
Latvia – 0.02%, and “fresh vegetables” – 0.08%. 

Given the calculation results obtained, policy makers 

have several options if determining scenarios for 
reducing the VAT rate for food, depending on the 

purpose, expected results, and timing. For instance: 

• to reduce the VAT rate for all food products; 

• to reduce the VAT rate for all the certain groups 

of food products; 

• to reduce the VAT rate for a certain group of 

food products – the one included in either Table 1 

or Table 2.  
However, the experience of other countries in 

reducing the VAT rate has to be taken into account, 

as, according to M. Bumpei (2011), the change of 
the VAT rate display three kinds of trends when the 

VAT rate is changed. The first trend is that 

aggregate consumption and economic growth 

increases (or decreases) just before the rise (or 
reduction) of the VAT rate. The second trend is that 

they decrease (or increase) relatively dramatically as 

soon as the rise (or reduction) is implemented. The 
third trend is that after the dramatic decrease (or 

increase) they increase (or decrease) gradually. 

 

CONCLUSIONS 

By means of the using interdisciplinary and systemic 

approach and computer modelling tool in the 

research, one can conclude that the VAT rate 
reduction for food will result in a 5.5-5.6% decrease 

in food prices.  

 

 

 
The expected decrease in food prices will reduce the 

overall inflation rate in the country. If the VAT rate 

is reduced for all food products, the forecasted 
decrease in inflation will reach 1.35%; if it is 

reduced for the certain groups of food products, the 

forecasted decrease in inflation is estimated at 

0.62%. 
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The VAT rate reduction will result in a decrease in 

VAT revenues in the government budget. By 

reducing the VAT rate for all food products in the 
beginning of 2013, the forecasted decrease in VAT 

revenues is estimated at LVL 86.6 mln, while for the 

certain groups of food products, it is LVL 38.7 mln.  

The society’s total gain from reducing the VAT rate 
is positive, as the sum of increases in consumers’ 

surplus and producers’ surplus slightly exceeds the 

decrease in VAT revenues. By reducing the VAT 
rate for all food products in the beginning of 2013, 

the consumers’ gain amounts to LVL 69.4 mln, and 

the producers’ gain is LVL 27.1 mln. By reducing 
the VAT rate for the certain groups of food products 

in the beginning of 2013, the consumers’ gain 

reaches LVL 31.8 mln, and the producers’ gain 

totals LVL 10.9 mln. 
The VAT rate reduction has a positive effect on the 

food industry’s economic indicators, which will be 

observed owing to an increase in sales for those 
groups of goods on which the VAT rate is reduced – 

3.1-3.3%, respectively. 

By reducing the VAT rate for all food products, not 
the consumption of necessities will increase more 

than on average (but, for instance, sweets, 

beverages). From the social and economic point of 

view, it is not a rational idea to reduce the VAT rate 
for food products that are not necessities. 
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ABSTRACT 

This research aims to understand the mediating roles of learning 

engagement, learning process and learning experience in 

influencing students’ outcomes through case study pedagogy. It 

gathered students’ responses to localised real case studies 

discussed in Information Systems classes. Case knowledge and 

perception were used to measure students’ learning outcomes in 

order to determine the degree to which students induced course 
concepts and how they felt the cases impacted their 

understanding of the course. Revised student engagement 

questionnaire was used to measure various forms of engagement 
such as skills, emotion, participation, and performance while 

revised study process questionnaire served to assess the extent to 

which students used deep or surface approach to learning. 

Additionally, seven roles of feedback were used to analyse 
students’ learning experience. Finally, group performance and 

individual's positive perceptions of group learning were tested to 

measure students’ learning outcomes. Structural equation 

modelling was used to test the causal model. Analysis revealed 

that case knowledge and case perception had positive influence 

on students’ skill engagement and emotional engagement but 
only case knowledge had a positive impact on the functions of 

feedback. 

Keywords: Mediating Role, Learning Engagement, Learning 
Process, Learning Experience, Learning Outcomes, Localized 

Real Case Studies. 

1. INTRODUCTION 

Developing a better understanding of case study method in 
undergraduate-level education has been identified as an 

important issue in Management Information Systems disciplines 

[38].  Case study pedagogy exposes students to real-life 

situations of business cases through a comprehensive interaction 
among students and their instructors [1].  Moreover, class 

discussions based on case studies enable students to be 

proficient in communication, self-management, decision-making 

and problem-solving skills [28].  

The effectiveness of the case method depends on how students 
engage with the case and how instructors assist and debrief class 

discussion [38].  In case study pedagogy, instructors must focus 

on leading and facilitating discussions [38] rather than providing 

information. The instructor must raise discursive questions that 
generate cognitive dissonance and, therefore, encourage the 

students to think critically [38].  An effective case instructor 

should also instruct students to conduct a framework of relevant 
information from the case data that gives sharp views on related 

issues in the future job [24].  Prince & Felder [23] stated that 

case-based learning requires teaching techniques that contribute 
to students’ inductive learning. The instructors must listen and 

always encourage student’s opinions. Chronically, case 

discussions can increase conceptual understanding and higher-

order thinking skills [34] because case-based teaching and 

discussion can provide learner opportunities for collaboration 

and reflection [17]. 

The execution of a research project, which investigates the 

impacts of localized real case studies on student engagement (in 

skill, emotional, participation, and performance), learning 

process (students’ approach on knowledge), and learning 

experience (students’ opinion on feedback from classmates and 
lecturer) are documented in this paper.  Moreover, the mediating 

roles of student engagement, learning process and learning 

experience to learning outcomes will also be examined. 

2. LITERATURE REVIEW 

In this research, data was collected from the 2013 cohort of 

Information Systems (IS) classes at RMIT University Vietnam 
using localized case studies. Localized case studies were 

developed from businesses within the country and were more 

relevant to students.  

2.1 The case method  

Case method is a pedagogy in which students learn from 

analyzing and discussing a case, which can be narrative or a 
more complex report of a situation. Case method aims to 

promote student-peer discussions and turn the instructor into a 

facilitator rather than an information provider. Case method is 
used prevalently in business, law, medicine, and other fields that 

involve application of theories.  

Case method questionnaire:  Webb et al. [38] 
examined learning outcomes and student’s perceptions of the 

hybrid classroom where case method is implemented in a 

technology-mediated learning environment (TML). They 

designed a questionnaire measuring case knowledge and case 

perceptions of students in case method courses. Case knowledge 

measures how well students induce course concepts and relate 
them to cases and case perception measures how a case impacts 

student’s perception about the course. 

Assessment of group learning in case method 

courses:  The GSS model for group learning research is a tool to 

assess both group performance and individual outcomes [21].   

GSS represents group learning as a system with three phases: 
input, process and output and feedback loops. The input phase 

includes the task, member and group characteristics, and 

meeting context. The process phase covers facilitation, 

technological support, structural factors, and socio-technical 

issues. The output includes group performance and 

development, and individual perceptions. Because of the high 

level of interaction within groups and between groups, 

assessment in case method courses is complex.  Peterson & 

Quarstein [21] developed a questionnaire to get students’ 
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responses on all aspects of the GSS model to assess learning 
outcomes on both group and individual level. There are 11 

categories measuring group performance and 8 categories 

measuring individual’s positive perceptions. 

Case method & learning outcomes:  According to 

[38], case method combined with supporting technologies was 

found to enhance learning outcomes. Students perform better on 
both knowledge and analysis levels when case method is taught 

in the hybrid environment compared to pure in-class or pure 

online environments. Treatments that included some online 
discussions lead to an increase in both knowledge and analysis 

levels of students.  The case method also promotes learning 

outcomes via group learning. Peterson & Quarstein [21] found 

that group learning situations promoted group performance, such 
as better ideas and conclusion, higher quality strategies, more 

elaborate information gathering, beneficial interactions, better 

problem-solving, etc. Group learning also fostered individual’s 

positive perceptions. Students feel good working with peers on 

realistic projects. They maintained harmony and respected 

welfare of group. Group learning helps them develop 
interpersonal skills, provides challenging problems and 

immediate feedback or help. As a result, students felt more 

confident.  

Overall, aforementioned studies showed that case method has a 

positive effect on learning outcomes. This study aims to further 

explore this relationship. We posit that there are mediators 
between case method and learning outcomes. Therefore, we 

choose to investigate the mediating roles of student engagement, 

learning process/approach and learning experience on learning 

outcomes via localized case studies. This research concerns 

about two research questions:  

Research Question 1: How does case method 

influence student engagement (skills, emotional, participation & 

performance engagement), learning process (deep approach & 

surface approach) and learning experience (through student’s 
opinions on feedback received). 

Research Question 2: How do these mediators affect 
student’s learning outcomes (group performance and 

individual’s positive perceptions)? 

2.2 Case method & student engagement  
As case method requires students actively engaging with a case, 

it can promote student engagement. Student engagement is the 

efforts that students devote to educational activities that result in 
desired outcomes. Webb et al. [38] found that case method 

implemented in TML environment fosters student engagement 

via increased interactions. Students learn effectively from each 

other in an environment that fosters cooperative learning 

compared to a more passive traditional classroom.  

A measurement of student engagement (SCEQ): 

Handelsman et al. [11] proposed the Student Course 

Engagement Questionnaire to measure 4 forms of engagement: 

skills, participation/interaction, emotional, performance 
engagement. It was developed using inductive method to capture 

many potential dimensions of engagement. Its psychometric 

properties were tested through exploratory factor analysis, 
reducing the original to the final 23-item version and revealing 4 

distinct forms of engagement; an examination of reliability of 

factors affirmed the four-factor structure and internal 

consistency of SCEQ.  

Table 1 Hypothesis 1: case method will increase four forms of 

engagement through a collaborative  interactive learning 

environment.  

Hypothesis Effect 

1a 

Case knowledge�

Skill Positive 

1b Emotional Positive 

1c Participant Positive 

1d Performance Positive 

1e 

Case perception�

Skill Positive 

1f Emotional Positive 

1g Participant Positive 

1h Performance Positive 

SCEQ & learning outcomes: Handelsman et al. [11] 

found that performance engagement is related to extrinsic 
outcomes such as grades, while emotional engagement is a 

predictor of intrinsic outcomes like learning goals (a desire to 

understand concepts, not to perform) or incremental theory 
(viewing learning as an expandable capacity). Participation is 

related to some indexes of student learning such as final grades 

and absolute engagement (engagement in a course). All four 
forms of engagement were related to at least one measure of 

learning, which affirms a multidimensional construct of student 

engagement.  

Table 2 Hypothesis 2: each form of engagement will have a positive 

effect on group performance and individual’s positive perceptions. 

Hypothesis Effect 

2a Skill 

�Group 

performance 

Positive 

2b Emotional Positive 

2c Participant Positive 

2d Performance Positive

2e Skill 

�Individual’s 

perceptions 

Positive 

2f Emotional Positive 

2g Participant Positive 

2h Performance Positive 

2.3 Case method & learning approaches 

Learning process is what students do regarding their approach to 

learning. It can provide insights into students, tasks, and 
teaching environment. According to Biggs, Kember & Leung 

[3], there are two learning approaches. Surface approach 

consists of looking for specific answers and memorizing facts, 

while deep approach involves understanding deeply the material 
in order to solve problems. As both knowledge and analysis 

levels increase in case method courses [38], case method is 

likely to have a positive correlation with both approaches.   

Table 3 Hypothesis 3: case method will have a positive correlation 

with surface and deep approaches.   

Hypothesis Effect 

3a 
Case knowledge�

Surface approach Positive 

3b Deep approach Positive 

3c
Case perception�

Surface approach Positive

3d Deep approach Positive 

A measurement of learning approaches R-SPQ-2F: 
Biggs, Kember & Leung [3] proposed the revised R-SPQ-2F to 

measure learning approaches. Revision was done through two 

statistical tests: the Reliability procedure of SPSS and the EQS 

program in a confirmatory factor analysis mode. The result is a 
refined version of SPQ, which measures deep and surface 

approaches only, with subscales of motive and strategy. Each 

approach has 10 items and each subscale has 5. The revised SPQ 

had acceptable Cronbach alpha values for scale reliability, and 

confirmatory factor analysis mode confirmed the validity of the 

two-factor structure.  
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Learning approaches & learning outcomes: 
Student’s learning approach determines learning outcomes, 

which can be quantitative or qualitative [3]. The learning 

approach is a result of complex interactions between students 

and teaching demands. For example, students might switch 
between deep and surface approach to match module’s content 

or type of assessment. Biggs, Kember & Leung [3] viewed 

learning outcomes as contextual approach to learning, as 
outcomes can reflect the quality of teaching via the prevalent 

approach in the class. Because of their nature, each approach has 

distinct contributions to learning outcomes (surface for 
quantitative outcomes such as facts, skills, grades; deep for 

qualitative outcomes such as understanding, analysis, problem-

solving). 

Table 4 Hypothesis 4: Learning approaches will have positive 

correlation to learning outcomes 

Hypothesis Effect 

4a Surface approach �Group 

performance 

Positive 

4b Deep approach Positive 

4c Surface approach �Individual’s 

perceptions 

Positive

4d Deep approach Positive

2.4 Case method & feedback  

Feedback is the information provided by instructors to students 
on how well they perform and understand course material. 

Feedback is an important part of the learning experience. Rowe 

[25] revealed 7 key roles of feedback on student’s learning 
outcomes and emotions: (i) as a guide towards success in the 

course being assessed; (ii) as a learning tool; (iii) as a means of 

academic interaction; (iv) as a form of encouragement; (v) as an 

emotion regulator and means of reducing anxiety; (vi) as an 
indication of respect and; (vii) as a sign of caring.  According to 

Rowe [25], role (iii) expressed students’ desire for an active and 

interactive form of learning. Case method satisfies this desire by 

fostering a high level of student interactions. The 7 roles of 

feedback are used in the study to assess learning experience.  

Table 5 Hypothesis 5: case method will have a positive effect on 

feedback significance/learning experience 

Hypothesis Effect

5a Case knowledge� Feedback significance Positive 

5b Case perception� Feedback significance Positive 

Feedback & learning approaches: Student’s 
preference regarding feedback can reflect their preferred 

learning approach. For instance, students who prefer feedback as 

specific answers often engage in surface learning, while students 
who are interested in deep learning often prefer feedback that 

allows them to think deeply about the subject matter.  

Feedback & learning outcomes: Role (i) of feedback 

reflects ‘surface learning’, a result-oriented approach to get 

better grades. The second role represents ‘deep learning’, an 

interest in gaining a better understanding of course materials. 
These roles show a direct link between feedback and learning 

outcomes: to get better grades and to gain a better 

understanding. The more emotional roles (v), (vi), (vii) indicate 
that feedback can indirectly enhance learning outcomes via 

boosting student’s self-esteem and positive emotions.  

Table 6 Hypothesis 6: Case method feedback will have a positive 

effect on learning outcomes  

Hypothesis Effect 

6a
Feedback 

significance 

�Group 

performance 

Positive 

6b Feedback 

significance 

�Individual’s 

perceptions 

Positive 

3. DATA AND METHOD 

The researchers used GSS in combination with other instruments 

including SCEQ, seven themes of feedback questionnaire, R-

SPQ-2F, case knowledge/case perceptions questionnaire, to 

devise a combined research model. This research model 
simultaneously tests the mediating role of student engagement, 

learning approach and learning experiences (through student’s 

opinions of feedback) on learning outcomes via the use of 
localized case studies on a sample size of 400 undergraduate 

students. The study filled the gap in case method research by 

providing a single research model to test all three variables, as 
opposed to previous studies where they were tested individually. 

The research model aimed to test the hypotheses and provide 

answers to the two research questions set out earlier in the paper.    

To determine whether learning engagement, learning process, 

and learning experience are capable mediators between case 

study pedagogy and learning outcomes, a means of structural 
equation modeling (SEM) was used to test a full and partial 

mediation model.   

4. RESULT 

The results suggested that the data matched the hypothesized 
model respectably, Chi-square/df ratio = 2.574, p < .01, AGFI = 

.711, TLI = .689, CFI = .701, RMSEA = .056. For a large 

sample size, small differences between the implied sample 
covariance matrix and population covariance matrix will be 

statistically significant [29].  Consequently, researchers turned 

to other methods to evaluate the fit of the model to the data 

instead of the �2 statistic [2].  Regarding AGFI, researchers have 
commonly used a value of .08 as the cut-off point [29].  But 

analogous to �2, AGFI tends to increase when sample size 

increases. The TLI and CFI are correspondingly used as relative 

fit indices less sensitive to sample size as .90 is cut-off value for 

TLI and CFI [29].  The RMSEA reveals how well the model 

with chosen parameter estimates would fit the population 
covariance matrix and its cut-off value in the range of .05 to .1 

was considered fairly fit [16]. 

Table 7 Mediating role of case study method in student engagement 

and learning outcome 

Causal relationships Regression 

weight 

P-value 

Case knowledge 

Skill engagement .468 .034** 

Emotional 
engagement 

.246 .089*** 

Participant 

engagement 
.146 .231 

Performance 
engagement 

.125 .886 

Case perception 

Skill engagement .455 .008*** 

Emotional 

engagement
.445 .008*** 

Participant 

engagement 
.164 .165 

Performance 

engagement 
.496 .412 

Skill engagement 

Group 
performance 

.436 .180 

Emotional engagement -.270 .345 

Participant engagement .433 .402 

Performance 
engagement 

.034 .343 

Skill engagement 
Individual’s 

positive 
perceptions of 

group learning 

-.389 .913 

Emotional engagement .175 .913 

Participant engagement 7.339 .291 

Performance 

engagement
-.161 .566 

The superscripts *, **, and *** denote significance at 10%, 5%, and 1% confidence level.
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Four regression weights representing the relationships between 
case study method including case knowledge, case perception, 

and student engagement are presented in Table 7.  

Case knowledge had a significantly inverse relationship with the 
deep approach to learning and had no significant relationship 

with the surface approach. Case perceptions had a significantly 

obverse relationship with the surface approach to learning and a 
significantly reverse relationship with the deep approach. This 

demonstrated that students may not have prepared well or did 

not understand how to conduct a case study.  Moreover, the 
surface approach had no relationships with the group 

performance and individual’s positive perceptions of group 

learning.  

An unexpected finding was that deep approach to learning also 

had insignificant relation with learning outcomes. The findings 

proved that the mediating role of the revised two-factor study 

process did not support this research model. 

Table 8 Mediating role of study process between case study method 

and learning outcomes 

Causal relationships Regression 
weight 

P-value 

Case knowledge 

Surface approach 

to learning
.468 .034** 

Deep approach to 

learning 
.246 .089*** 

Case perception 

Surface approach 

to learning 
.455 .008*** 

Deep approach to 

learning 
.445 .008*** 

Surface approach to 

learning Group 
performance 

.125 .200 

Deep approach to 

learning 
-.010 .727 

Surface approach to 

learning 
Individual’s 

positive 
perceptions of 

group learning 

-.210 .817 

Deep approach to 

learning 
.779 .120 

The superscripts *, **, and *** denote significance at 10%, 5%, and 1% confidence level.

The experimental results showed that case knowledge had a 

statistically positive relation with students’ perception of 
feedback (Table 8). Course concepts related to the specific case 

made students recognize the value of feedback. The various 

effects of feedback were synthesized on student learning [5]. 
Moreover, case perceptions had no relation with students’ 

perceptions of feedback (Table 8). Students only concentrated 

on case knowledge rather than case perceptions in this study. 

Analysis between perceptions of feedback and learning 
outcomes (Table 9) found insignificant results. It rejected the 

hypothesis that feedback would lead to better learning outcomes.  
Table 9 Mediating role of function of feedback between case study 

method and learning outcomes 

Causal relationships Regression 

weight

P-value 

Case knowledge Functions of 

feedback 

1.101 .047* 

Case perception -.167 .496 

Functions of 
feedback 

Group performance -.094 .455 

Individual’s positive 
perceptions of group 

learning 

.285 .803 

The superscripts *, **, and *** denote significance at 10%, 5%, and 1% confidence level.

4. DISCUSSION 

Results indicated that both case knowledge and case perception 

had significant and positive relationships with skill and 

emotional engagement. These causal relationships meant that 
students were interested in practicing their skills via case studies 

and were more emotionally engaged. Skills engagement includes 

learning strategies to achieve intrinsic and extrinsic rewards 

[27], while emotional engagement is linked to intrinsic 
outcomes such as adopting an incremental theory to learning or 

setting learning goals [11]. Case method, however, did not 

increase participation engagement, which could be because 
students did not prepare well for the case before class. Also, as 

discussions were not graded, the case method could not motivate 

performance engagement, which is related to extrinsic outcomes 
such as grades [11]. 

The four forms of engagement were all linked to different 

learning outcomes [11]. Ideally, student engagement is a 
significant mediator between academic environments and 

learning outcomes [22].  Data of this study indicated that the 

relationship between student engagement and learning outcomes 

was insignificant, and the mediating role of student engagement 

between case study method and learning outcomes was 

ineffective. However, our findings could not infer that there was 
no causal relationship between case method, student engagement 

and learning outcomes. 

There are a few possible reasons behind insignificant 
relationships. First, students did not prepare for the case before 

class, which could hinder participation and fruitful discussions. 

Second, Asian students are more reluctant to join in discussions, 
and they prefer to do it in small groups [12]. Khoo [13] also 

found that they took a longer time before speaking in 

discussions, not only to think of a response but also to translate 

it into English [12].  Third, a lack of a grading system led to low 

performance engagement since there were no extrinsic rewards. 

According to Barnes et al. [1], in order for case method 

pedagogy to be effective, there are five principles: situational 

analysis, relating analysis and action, student involvement, non-

traditional instructor and a balance of substantive and process 

objectives. The findings of this study might be different when 
the above principles are satisfied. It is necessary that 

participation and performance engagement should be improved 

and students should be properly oriented on how to study a case. 
Also, there were neglected variables in this study that might 

have influenced student engagement, case method and learning 

outcomes and thus biased the results [6].  

Learning process is a second mediator examined in the study. 

The case method had no significant relationship with surface 

learning, which is expected, as case method requires discussion 
and analysis. Case method also had an inverse relationship with 

deep approach, which indicated that students did not understand 

the case study.  Minbashian et al. [19] found that the content and 

method of teaching also influenced student’s learning 

approaches. Trigwell et al. [36] found a relationship between 

teaching approaches and learning approaches: teacher-centered 

approach & surface learning, and student-centered approach & 

deep learning. Sudzina [33] proposed that instructors should 

evaluate whether case method is suitable for the course 

objectives and expectations in order for the pedagogy to be 
effective. Furthermore, a low score on both deep and surface 

approach, similar to our findings, was typical of novice students 

with little experience and learning skills [15].  Our participants 
were undergraduates who fit the category. Constructive 

pedagogy like the case method requires students to actively use 

their experience to construct understanding rather than obtain 

knowledge passively [8], which might have been a challenge to 
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undergraduates who lack work experience to participate in case 
discussions. 

Both two approaches were weak mediators between case method 

and learning outcomes. Surface approach had no significance 
with learning outcomes, a finding in line with Trigwell et al. 

[36]. Deep approach, unexpectedly, had no significant 

relationship with learning outcomes. The reason for this 
insignificance can be a lack of motive and strategy for deep 

approach [3]. Furthermore, learning approaches need to be 

realized into classroom behavior before they become predictors 
of learning outcomes [7]. Classroom behavior includes: (i) 

student engagement in the learning process, (ii) their 

engagement and persistence in self-directed learning, (iii) their 

participation in group discussion and team work, and (iv) their 
understanding of course knowledge and experience. Instructors 

need to observe these classroom behaviors to judge student’s 

learning approaches and their effects on outcomes. 

Regarding learning experience, findings indicated that case 

knowledge had positive effects on student’s perceptions of 
feedback. Lee et al. [14] found that providing feedback could 

facilitate case-based learning activities, as feedback offered 

timely insight to help students solve problems. Peer feedback 

also helped build in-depth understanding. Feedback improved 
student’s learning experience through sharing multiple 

viewpoints and negotiating ideas [14].  Case perception, in this 

study, had no relationship with student’s perceptions of 
feedback, even though students perceived feedback to provide 

guidance and add meaning to their work [20]. This suggests a 

need to arrange small group discussions to improve student’s 

case perceptions [9] with instructor becoming a guide or 

facilitator of case-based activities [14].  

The mediating role of feedback between case method and 

learning outcomes was insignificant. As the first and second key 

roles of feedback in Rowe’s study were to help students get 

better grades and understand concepts better, it was expected 
that feedback would have a positive effect on learning outcomes. 

Also, student’s comprehension and preference for feedback led 

to higher engagement, so improved learning outcomes were 
expected [26]. A possible explanation for this could be 

differences in data-gathering methods led to different results 

[39].  

In line with Peterson & Quarstein’s [21] remark assessment in 

case method is complex. The GSS model proved ineffective as a 

tool to assess group and individual learning outcomes in this 
study, as students were reluctant to join the discussions. 

Assessment in case method courses can diversify to gain a better 

understanding of learning outcomes, ranging from role-play for 

reality check [33] or assessment of student-peer and student-

faculty interactions in different environments such as traditional 

classroom and hybrid environment [38]. There are other factors 

influencing learning outcomes, such as planning, teaching and 

assessment methods [8] or supporting technologies [38]. In 

order to improve learning outcomes, case competition is also 

good implementation in groups that have cooperation in case 
analysis and research skills [30, 31, 32] Student’s familiarity 

with the learning environment, teaching and assessment methods 

also contributed to their success [4].   In this study, students 
were not familiar with the case method. Many students did not 

read the case before class, which could be a huge hindrance to 

discussion. Therefore, instructors should be active in providing 

orientation on how to study a case effectively. They should 

beware student’s mistakes in their approach to case method, 
such as rote learning or memorization, and address them timely.  

5. CONCLUSION 

Significant findings of this study suggest that instructors may 

use the case method to promote skill and emotional engagement 
in students.  This study found many students unprepared and 

reticent to join discussions. Data suggested that student’s case 

perceptions can be enhanced if students know how to study a 

case and work in groups. The introduction of case method needs 
to be combined with an orientation to students so they know 

how to approach and study a case most effectively. 

How to best utilize the case method needs to be explored and 

studied further. There are recommendations for better 

application of the case method. First, detailed instructions 
regarding how to support students in case-based learning are 

essential [14]. A grading system of case-based activities can 

foster student’s engagement and increase their cognitive levels, 

thus having a positive effect on learning outcomes. Secondly, as 
cognitive levels and personality traits of students have an 

influence on learning outcomes, they should be examined for 

better predictions of learning outcomes [7]. The ability of 

students to draw on experiences while analyzing a case also 

affects their learning approach and participation, thus 

influencing learning outcomes.    

There are some limitations to this study. Participants were 

limited to Vietnamese students of Information Systems courses, 

who might have been too shy to join in discussions, or had 
difficulty using English. Lack of case method instructions and a 

grading system also affected results of the causal relationships in 

the model. Despite the limitations, this study is a preliminary 
effort to study the mediating roles of student engagement, 

learning process and learning experience on learning outcomes 

via the application of the case method in a university course. 

Future research should take into consideration current 

limitations, and include observation of classroom behavior [7], 

grading system, and proper instructions on how to study a case.  
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Abstract 

 

Michael Gilbert’s MultiModal Argumentation model 
has been useful for a variety of issues in ethics in 

advertising. In this final conference presentation of 

his work, I take the reader briefly through a review of 

MMA, and then sketch an analysis of its use in 

humourous advertising using dogs.  

 

1. INTRODUCTION 

 

Advertisers in today’s cautious and cluttered world 

face a problem in constructing an ad that catches the 

viewer’s attention while avoiding appearing 
inappropriate. Consumers are exposed to some 3,500 

advertisements per day [18] and advertisers know 

they must do something special and different to catch 

the consumers’ attention. Advertisers know that 

humour and visual associations help cut through the 

clutter, but what may seem like clever visual 

representation to the designer of an ad may appear as 

sexist, racist, ageist, or just offensive when viewed by 

the target market. Constructing an effective and 

appropriate advertising message requires 

collaboration in interdisciplinary research into how 

an ad will make its argument to the viewer, and 
whether that ad can be considered “ethical”. The 

word ethical is in quotation marks because ethical 

decisions are usually based on beliefs formed early in 

consumers’ lives, making the decision often a very 

personal one. Nevertheless, we can use a method 

from York University Philosophy Professor, Michael 

Gilbert’s MultiModal Argumentation (MMA), to 

examine the issue of ethics in argument. This paper 

continues a stream of work by the author dedicated to 

examining the interdisciplinary application of 

philosophical models to issues of importance to 

business, especially in the field of communications 

that build arguments. To the analysis, it adds the 

element of humour, as suggested by Professor 
Thomas Marlowe of Seton Hall University. In 

examining arguments in ads and, where humour may 

be found, evaluating its effects, this paper assumes 

that emotions can be arguments [2], that ads can be 

arguments [17], and that the visual can be an 

argument [8]. 

 

Michael Gilbert’s MultiModal Argumentation model 

has long been studied in the fields of Philosophy 

[3,4,5,6,7] and of Business [11,12,13,14,15,16] as a 

way of evaluating arguments. Most arguments will of 
course have at least some logical component, but 

Gilbert argues that there also are other ways of 

evaluating an argument. In Western society, the term 

argument is closely bound with logic, as in a phrase 

we often hear, “I’m not going to argue with you if 

you can’t be logical”. Gilbert maintains that while 

argumentation traditionally is associated with logic 

and reasoning [1,10,20,21,22], we also must consider 

three other modes of argumentation:  

Emotional “is related to the realm of 

feelings”; 

Visceral “stems from the area of the 
physical”; 

Kisceral “covers the intuitive and non-

sensory arenas” [3]. 

Part of the research to be done by the designer of an 

ad is investigating the argument the ad makes from 

all four perspectives. This paper examines print ads 

with visual elements, looking at differences in logical 

versus emotional approaches, and examining the role 

of humour in the analysis. In “confronting them with 

the world” [19] the designer can examine each form 
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of argument and, through research such as focus 

groups and surveys, determine which ad will best 

appeal to the target market.  

 

To give an example of my use of Gilbert’s model 

with advertisements: in a full colour ad in Esquire 
Magazine for the Do It Yourself television network, 

we see a woman standing in an elegant home with 

fashionable wood flooring and modern art on the 

walls. She wears a low-cut sequinned dress and knee-

high boots, and carries a hammer. The copy in the 

lower right corner says, “Esquire Ultimate Bachelor 

Pad Television Special” with the date and time and 

the DIY network logo. In this ad, we can find a 

logical argument to fit a proper syllogism:  

All things built by the DIY network are 

well built.  

The Esquire Ultimate Bachelor Pad 
was built by the DIY network. 

_______________________________

Therefore the Esquire Ultimate 

Bachelor Pad is well built. 

 

We also can find an emotional argument, which we 

can put in the form of a syllogism:  

All things making use of a beautiful 

tough woman in an ad are worth 

experiencing.   

The DIY Network uses a beautiful 
tough woman in its ad.  

_______________________________

Therefore the DIY Network is worth 

experiencing.  

 

We also can find a visceral argument (the physical 

image of the woman holding a hammer) and a 

kisceral argument (the intuitive link between 

hammer, construction, and beauty). We also find 

humour in connections made between a woman as 

beauty and a woman as capable construction worker. 

Unfortunately we also encounter a rather sexist view 
of woman and yet another attempt to use an attractive 

woman to sell a product.  

 

2. ADVERTISING AND DOGS 

 

Fortunately for advertisers, there are other routes to 

humour in ads. Everyone these days it seems is mad 

about dogs. They appear in ads for everything from 

applesauce to zoos. They are particularly being used 

more frequently in ads because of the number of 

aging Baby Boomers adopting dogs. Best of all is the 
fact that we can use dogs in silly, humourous, 

ridiculous ways to make a product memorable, and 

unlike a human who might protest, they will not utter 

even a growl, and they have no access to ethics 

boards or product boycotting.  

A major use of dogs in ads is to advertise products 

made especially for them, such as treats. This 

bloodhound shown at his place of employment as a 

search animal appears to be about to bolt, were it not 
for the treat awaiting him at the finish of his job – 

Because dogs don’t always have it easy: 

 

 
 

In a MultiModal Argumentation explanation we can 

see how the ad makes its argument in the four modes:  

 
Logical:  All dirty jobs require a treat. 

               A dog’s using underwear to track a  

   person is a dirty job. 

_________________________ 

               Therefore, the dog deserves a treat.  

 

Emotional: The expression on the dog’s face 

tells us what he must be feeling.  

Visceral: The picture is graphic and hits 

home right in the gut. 

Kisceral: We make the leap from the picture 

of the dog and the underwear to what the 
task will involve. 

 

In each mode, we come to the conclusion that the 

advertised Dog Treats are a good thing to buy for our 

dog. An interesting result of the application of MMA 

to the analysis of humourous dog ads is the sense that 

all humourous ads use all of the modes of argument.  

 

I could continue this analysis with more ads, but I 

have been doing this for a long time and this is my 

last conference presentation before I retire, so I am 
just going to take you through a series of funny dog 

ads showing in how many different ways advertisers 

are using dogs today. Keep an eye out for the 

different modes of argument – logical, emotional, 

visceral, and kisceral. All of them use all the modes, 

and all of them use humour. 

 

140

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



The ad may provide a solution to a problem with a 

dog that many owners experience – bad dog breath:  

 

 
 

 

Good treats can make a dog healthier, especially in 

the area of tooth care – Give your dog stronger teeth: 

 

 
 

An ad for doggy daycare emphasizes the fear that 

parents have for someone left home alone, and as 

more dogs become surrogate children, it is easy to 
use that fear in a humourous way to advertise a 

service that looks after your dog while you are away 

– What’s your dog up to when it’s home alone?:  

 

 
 

 

Numerous dog ads are designed to appeal to people 

who may be thinking of bringing a stray dog into 

their home – There’s no better friend. Adopt a dog: 

 

 
 

Or a company might be advertising to sell purebred 

dogs. This one combines people’s love of dogs as 

well as chocolate:  

 

 
 

Dogs are used to advertise products with no direct 

relationship to dogs – Batteries, Never let their toys 

die:  
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Eyeglasses – The Black Connection:  

 

 
 

 

 

Bird food – Turns Birdie into man’s best friend: 

 

 
 
 

And finally automobiles, that wonderful combination 

of dogs and cars – Zero to 100 km/hour in 4 seconds:  

 

 
 

 

 

 

 

3. DISCUSSION 

 

Use of humour in MultiModal Argumentation 

analysis brings very much to light the importance of 

each mode when analyzing ads, whether for ethical 

concerns or for measuring effect. Most ads will have 
at least a portion of each of the modes of analysis in 

them. In the ads using dog humour in this paper, it is 

possible to see all the modes in each ad. It is just 

possible that among all ads, those that use humour as 

a major driving force need to have equal measures of 

each mode – logical, emotional visceral, and kisceral 

– to be effective. For any particular ad to be 

successful, it need not have equal amounts of each 

mode, nor is it necessary in order for the ad to be 

ethical. But to be successful as a humourous ad, there 

must be strong representation from each mode.  

 
In a humourous ad, logic must be there to make the 

joke and to ground it in some sort of reality. A joke 

without some logical backing rarely works. It is the 

twist on the expected logic that produces the humour. 

This is the case in the ad for bird seed that shows us a 

Blue Jay body (bird, not Toronto baseball player) 

with a dog’s head. It is totally illogical for a bird to 

have a dog’s head, but the twist on the logic is that 

bird can become somewhat like the dog, a good 

friend to humans if the bird is fed the right food.  

 
An attempted joke that is only logical is not 

necessarily funny. There must be an emotional 

component to the joke. Emotion makes us laugh, 

makes us understand what has been put before us and 

appreciate its value as something that moves us in 

some way. The ad shown here with the dog’s tongue 

wrapped around its head makes us feel good and 

laugh simply to see it. It then leads us back to logic as 

it makes the argument that a good car will provide 

enough speed for a dog to enjoy its traditional head-

out-the window-in-the-wild-wind experience.   

 
The visceral reaction, the gut reaction, to humour 

must be there; an ad trying for a humourous effect 

must hit us at a direct level so that catching the joke 

comes quickly but not too quickly. It is the slightly 

delayed reaction to the combination of colour mix of 

black and white with the name “the black 

connection” that makes us realize that the little white 

dog is advertising eyeglasses.   

 

And finally, the kisceral, or intuitive, must be there to 

help make the jump from each of the other modes to 
the proposed joke. In the ad that used the bloodhound 

not anxious to smell something nasty in order to do 

his job, we see all four modes acting together, each as 

important as the others. Logic tells us that doing 
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something unpleasant must carry some kind of 

reward in order to get it done. Emotion grabs us with 

the look on the dog’s face. Of course we could make 

a logical link that dirty clothing would upset the dog, 

but it is the expression on his face that makes it clear 

just how upset he is. This is something of a physical 
joke. We need to experience how the dog must be 

feeling faced with the dirty clothing and this is made 

clear not only by the expression on the dog’s face, 

but by the visual image of the clothing, and by the 

dog’s posture. And finally we make the leap to 

humour from the implied fact that in order to do his 

job, the dog is going to have to smell the clothing and 

we find the dirty clothing standing for the criminal 

activity we believe has gone on before this. All four 

of these components are equally important in 

conveying the humour in the ad and ultimately in 

making the pitch for the product advertised.  
 

 

4. CONCLUSION 

 

Michael Gilbert’s Multimodal Argumentation model 

has been widely used in Philosophy and other areas, 

and it has given me an enriched research programme 

over a number of years, examining the different 

modes of analyzing argumentation made in 

advertisements. My thanks to Professor Michael 

Gilbert for MMA, and to Professor Claudio Durán, 
also of York  University, for introducing me to it and 

researching many a paper together, and to Professor 

Thomas Marlowe of Seaton Hall University [9] for 

suggesting the addition of humour to the analysis. 
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ABSTRACT 

    In big cities,many people use public tarnsportation vehicles 

especially,metrobuses. The purpose of this innovative study is 

to produce energy from those 4 million passengers. This 

designed system will produce electrical energy from the 

passenger/people’s kinetic energy while they are passing 

through the tollbars. This innovative way of thougt may be used 

for other passing systems like metro,universities,stadiums and 

so on. The tollbar has been designed with an additional part 

which have dynamo,cogwheels,lamp,charge machine and 

multimeter. The constructed system will produce electricity and 

accumulate it. Later the accumulated electrical energy may be 

used whenever needed. 

Keywords:Kinetic energy,passenger,tollbar,electrical 

energy,dynamo,cogweels,lamp,charge machine,multimeter. 

INFORMATION 

     The present invention tollbars are placed with the help of 

dynamo,with the electric generatior to be stored and used as 

needed. Regulating the entry and exist turnstile systems in 

today’s crowded places of excellent transition systems. 

Tollbars/Turnstiles are designed and produced in special 

structures to be utulized used for different purposes. Metrobus 

systems input are passengers.These passengers are from high-

rise buildings,plazas,business centers,government 

agencies,military areas,stadiums and universities. Turnstile 

systems as safety equipment is indispensable in today’s 

industrial and social society. The use of a tollbar/tourniquet 

system are increasing exponentially in the coming years. 

Tollbar systems modernization tends to develop very fast in 

future time.the credo of this new system is to obtain and store  

 

 

electrical energy from the movement of passengers as shown in 

figure 1.dynamo system of gears available in addition to the 

structure with every turn of the tollbar to the kinetic energy 

resulting from the movement gears turning leds connected 

dynamo charger with electric power must be added to give it 

power to be stored in the system and shows the amount of 

electricity produced by a multimeter. The system is shown in 

figure 1 with its parts illustrated. 

     As a result of this action,movement generates electric 

currency. First part of the tollbars give light to led lamp,second 

part charged the battery and the last part shows the quantity of 

the electrical energy by multimeter. So,the multimeter shall 

calculate the total generated electricity. So,accumulated anergy 

may be used any place any time whenever and wherever 

needed. We have calculated total obtained energy as follows: 

In designed prototype system, 0.5 to 6 watt led lamp is used and 

when the tollbar loops/turns 2000 times 1 kilowatt energy 

obtained. Result varies according to the number of turns and the 

number of passengers. The experiment is continuing for cost 

calculation in Turkish market. 
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            Figure 1: View of the tollbar                                                                                                     

 

 

 

 

                                                
Figure 2: Front view of the tollbar 

 

 

                                      

 

 

 

 

 

 

Figure 3: Side view of the tollbar                                                                                                                       

 

 

                                                   
Figure 4: The view of the dynamo 
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Figure 5: Shaft apperance                                                                      

 

 

 

                           
Figure 6: The gear looks 

 

 

 

                  

 

Figure 7: Battery deposit appearance    

 

 

                          
Figure 8: Charging the battery appearance                  
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I. INTRODUCTION 

Traditional software development tools (e.g. waterfall) 
may lead to late fault detection, increasing development and 
maintenance costs and jeopardizing the integrity of the 
project [1]. On the other hand, agile methods follow the 
principle of test-driven development, keep technical debt 
under control, maximize the return on investment (ROI) and 
reduce risks to clients and companies [2]. 

This article describes the development of the prototype of 
the Real-Time Onboard System for Repression of Fraud and 
Unauthorized Access (SETRAIF), developed by students and 
professors of the Technological Institute of Aeronautics 
(ITA, Brazil) using Problem-based Learning (PBL) [3] 
methodology, in an environment involving 4 different 
disciplines.  

The article has been organized in the following manner: 
Section II presents the PBL of the SETRAIF prototype. 
Section III describes the development methodology. Section 
IV emphasizes the relevance of test-driven development. 

II. PBL OF SETRAIF PROTOTYPE 

PBL is characterized by the fact that the problem comes 
before theory, and that such problem is used to initiate, 
guide, motivate and focus the learning process. Most [3] 
authors see PBL based on the premise of cognitive 
psychology, which says that learning is a process of building 
new knowledge, rather than just receiving it. 

Some advantages of PBL include better preparation for 
real problem-solving, easier information search and 
application of knowledge obtained, as well as its retention, 
and, from a more subjective standpoint, a more stimulating 
and interesting learning process. 

SETRAIF (Figure 1) is the prototype of an authentication 
system for electronic trade operations, divided into four sub 
products:  

i) Mobile Transactions Device (DMT), which 
allows electronic transactions to be performed in 
a practical and dependable way by using mobile 
devices. It is responsible for processing 
geolocation information, vendor identification 

and generation of a Quick Response Code 
(QRCode) for electronic transactions. 

ii) Cloud Communication System (DCN) is a layer 
of cloud communication which allows messages 
to be exchanged between a mobile or fixed 
device and the DCA in a practical and secure 
way (i.e. cryptography).  

iii) Access Control Device (DCA) validates 
accesses through the identification of vendor’s 
device, user and transaction data. In case 
validation is successful, information is sent to 
the DCF and then to the credit card company. 

iv) Fraud Control Device (DCF) performs quick 
and reliable verification of legitimacy of 
electronic transactions, based on user’s 
behavioral and geographical history, in order to 
minimize fraud-related risks to clients and 
companies involved. 

 

Figure 1.  SETRAIF Diagram. 
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III. DEVELOPMENT METHODOLOGY 

Prototype development took seventeen weeks of the 
second semester of 20 12, at ITA. It involved students from 
Graduation Program, Onboard Systems and Post-Graduation 
Program, including the following subjects: Real-Time 
Onboard Systems; Software Quality, Reliability and 
Security; and Advanced Topics of Software Testing. 

The Scrum [1] agile software development methodology 
was adopted. Documentation was prepared using Unified 
Modeling Language (UML); programming tasks were 
performed in Integrated CASE Tool Environment. 

Scrum is used in projects with uncertain requirements 
and unpredictable risks resulting from the implementation of 
new technologies and strategies [1, 4]. 

Scrum has three fundamental roles: product owner (PO), 
scrum master (SM) and team member [1]. A team was 
defined for each sub product of SETRAIF, including 
students of the 4 related subjects. Each team had a PO, 
represented by a professor and a SM, represented by a 
student of Real-Time Onboard Systems, once this subject 
was considered the most critical one by the team, as far as 
prototype development was concerned.  

Development was divided into sprints [1] of two 
bimesters each. It is recommended [1] that each sprint does 
not take longer than 30  days. However, because of the 
interdisciplinary academic scenario, a period of 2 months 
was considered satisfactory. 

Requirements (i.e. user stories) were identified, 
prioritized and documented on product backlog [1]. After 
identification of user stories, the development schedule was 
defined through the planning poker technique [1]. This 
technique was applied online, using a document shared on 
GoogleDocs, which was visible to everyone involved in the 
project. 

As the team members were geographically separated, it 
was necessary to use communication tools such as e-mail or 
Google Hangout for virtual meetings.  

Follow-up and progress measurement were performed 
through a burndown chart [1]. 

IV. TEST PLAN 

According to W hittaker et al. [5 ], the value of the test 
plan itself is questionable, once it tends to become outdated 
quickly. The real value consists of elaborating a plan which 
allows problems to be analyzed and then solved, if possible.  

A test plan was developed for each sprint, considering 
specific points of the current release [2]. The following items 
were included: Introduction; Objective; Scope; Test 
Approach; Description of Test Techniques; Environment; 
Risks; and Test Cases.  

Identification of test strategy and, consequently, test 
cases, for SETRAIF prototype was guided by the agile 
testing quadrants [2], as shown in Figure 2. 

The agile testing quadrants are widely used for modeling 
various test types, which are necessary to ensure high quality 
of application [6 ]. 

In agile methodology, test usually starts in the second 
quadrant with the Acceptance Test Driven Development 

(ATTD). Such approach reduces the number of faults and 
improves productivity [7 ]. 

 

 

Figure 2.  Agile test quadrants. 

Most of the times, the client was not present to provide 
clarification of requirements and priorities. Therefore, 
interaction among students was quite frequent. 

In this context, the ATDD was essential to the Project. 
Once clarification of requirements was gradually achieved, 
other test techniques (e.g. boundary value; decision table; 
Pairwise Testing) could be used to cover the test quadrants. 

CONCLUSION 

This article described a proposal for test-driven 
development using PBL in an interdisciplinary environment. 
Interdisciplinarity enables students to exchange information 
and priorities. Studies on how to overcome difficulties in 
such scenario have been conducted by ITA’s students and 
faculty. The results have been positive, and indicate that the 
proposal is adequate to the intended purpose. 
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ABSTRACT 

 

Communication is fundamental in scientific practice and an 

integral part of academic work. The practice of communication 

cannot be neglected by those who are trying to advance 

scientific research. Effective means should continuously be 

identified in order to open channels of communication within 

and among disciplines, among scientists and between scientists 

and the general public.1The increasing importance of 

interdisciplinary communication has been pointed out by an 

increasing number of researchers and scholars, as well as in 

conferences and roundtables on the subject. Some authors even 

estimate that “interdisciplinary study represents the future of 

the university.”2 Since interdisciplinary study is “the most 

underthought critical, pedagogical and institutional concept in 

modern academy”3 it is important to think and reflect, and even 

do some research, on this concept or notion. Research and 

practice based reflections with regards to this issue are 

important especially because the increasing complexity and 

proliferation of scientific research is generating countless 

specialties, sub-specialties and sub-sub-specialties, with their 

respective special languages; which were “created for discrete 

local areas of research based upon the disconnected branches of 

science.”4 On the other hand, scientific, technical and societal 

problems are requiring multi- or inter-disciplinary 

consideration. Consequently, interdisciplinary 

communication channels are being needed with urgency, 

and scientific research should be integrated, not just in the 

context of its discipline, but also in the context of related 

disciplines. Much more reflection and research should be done 

on this issue. Research on adequate research integration and 

communication is urgently required, i.e. meta-research efforts 

                                                 
1 Kolenda, N., 1997, “Introduction” in Flower, R.G., Gordon T.F., 

Kolenda, N. and Souder, L. (Eds.), Overcoming the Language Barrier: 

Problems of Interdisciplinary Dialogue; Proceedings of an International 

Roundtable Meeting; May 14-17, 1997; Philadelphia: The Center for 

Frontier Sciences, Temple University; pp.1-4. 
2 Moran, J, 2002, Interdisciplinarity; London and New York: 
Routledge, Taylor & Francis Group, p.184. (Emphasis added) 
3 Liu, A., 1989, “The Power of Formalism: The New Historicism”, 

English Library History 56, 4 (Winter): pp. 721-71. (Quoted by Moran, 
2002) 
4 Dardick, I., 1997, “Monologues” in Flower, R.G., Gordon T.F., 

Kolenda, N. and Souder, L. (Eds.), Overcoming the Language Barrier: 
Problems of Interdisciplinary Dialogue; Proceedings of an International 

Roundtable Meeting; May 14-17, 1997; Philadelphia: The Center for 

Frontier Sciences, Temple University; p. 5. 
 

should be done in order to relate research results in an 

adequate and more useful way. This meta-research effort 

might be done in the context of each particular research, and/or 

in the more general context of research methodology or 

philosophy. The purpose of this initial draft is 1) to foster 

informal conversations and possibly formal research, and 2) to 

give a very modest first step in this general context, making 

some reflections on the subject, reviewing some related 

literature and providing a very initial framework for the 

generation of more reflections and research on this important 

subject. We will try to achieve this purpose by means of 

presenting the most important characteristics of inter-

disciplinary communication and contrasting them with intra-

disciplinary communication. This essay is a short version of a 

larger one which will be completed in the future. Consequently, 

we will present a scheme summarizing the characteristics and 

the contrasts identified in this version of the essay and those 

which details are being worked out for an expanded version of 

this essay to be released in the near future. Our purpose in this 

first short version is to give a modest step in the direction of 

exploring the importance and the ways of inter-disciplinary 

communication, in order to foster more similar steps by other 

researchers, scholars or practitioners. This is an evolving 

working essay, where the process of writing it is as much a part 

of the object as the object, itself. 

 

 

SCIENTIFIC RIGOR IN INTER-DISCIPLINARY 

COMMUNICATIONS 

 

Communication among researchers from different disciplines, 

who are doing research with diverse methods and 

communicating their results in diverse specialized languages, is 

useful for intra-disciplinary communication, but it might be less 

useful for inter-disciplinary communication.  If researchers tried 

to communicate their research results to the general public with 

natural, or everyday language, the problem of interdisciplinary 

communication would barely exist at all. However, 

communicating science to the general public has the cost of 

using a less precise language, which involves a lower degree of 

scientific rigor. To be rigorous in scientific communications, 

the researcher should restrict him/herself to a more precise 

disciplinary language and, in this way his/her audience will be 

restricted to those who are in the respective discipline and, 

consequently, understand his/her disciplinary language. To 

communicate scientific results outside their respective 

discipline, the language to be used should necessarily be less 

disciplined, less restricted, and more general. In most cases 
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there is no way to be highly rigorous and to address the general 

public. If the audience is to be enlarged, disciplinary language 

restrictions should be relaxed and, hence, rigor and preciseness 

will be decreased. The more general the audience is, the more 

general the language to be used should be. Thus, a tradeoff 

should be done depending on the audience to be addressed. This 

kind of problematic tradeoff is not new. When Descartes 

wanted to address the general public, he decided to write his 

philosophical text in French, instead of Latin, although the latter 

was required in his time for being rigorous in his 

argumentations and deductions. Actually, he wrote his basic 

philosophy in French for the general public and in Latin for the 

philosophers of his time. A similar dual solution might be one 

of the options used to solve the tradeoff problem that scientists 

are facing in the present time. 

 

A similar problem is found with regards to interdisciplinary 

communication. But, in this case the tradeoff might be a 

different one. Interdisciplinary communications might not 

require lowering the level of scientific rigor as much as it would 

be needed for the general public, especially if the 

communication is among related disciplines in the same 

scientific field.  A computer scientist in the area of 

programming languages, for example, might communicate with 

a software engineer with some disciplinary restrictions, 

although not with all the rigorous restrictions that he/she would 

require when communicating with another computer scientist in 

the same programming language field. But if this computer 

scientist wants to communicate with an electrical engineering 

he/she would probably need to remove more disciplinary 

restrictions to have an effective communication. More 

restrictions would probably need to be removed if he/she 

wanted to address a medical audience. And almost all 

disciplinary restrictions should probably be removed if he/she is 

looking to be understood by the general public. 

 

Therefore, there are different ways to present research results 

according to the kind of audience(s) to be addressed. One way 

in which a scientist might communicate his/her research is to 

use the Cartesian approach, i.e. to write in a disciplinary context 

and in an interdisciplinary one. This might be done in the same 

paper, preceding the disciplinary presentation with an 

interdisciplinary one, or vice versa. In the latter case one way to 

do it (if the main objective is to address an interdisciplinary 

audience) is to increase the level of interdisciplinary 

communication in the paper, lowering its disciplinary precision 

and rigor, and to include appendixes in which technical and 

analytical presentations are done in more precise and rigorous 

language.  

 

Interdisciplinary communication may also be achieved by 

means of writing to two or more disciplinary audiences. A very 

good example of this kind of interdisciplinary communications 

is found in Erwin Schrödinger’s “What is Life?” where, 

according to Cecarrelli, Schrödinger “wrote an inspirational text 

calling for a cooperative action from the communities of 

physicists and biologists.”5 Schrödinger combined vague text 

with precise notes in order to address the book’s two audiences, 

physicists and biologists. In physics passages he addressed 

biologists with a vague text and physicists with precise notes, 

                                                 
5 L. Ceccarelli, 1994, “A masterpiece in a new genre: The rhetorical 
negotiation of two audiences in Schrödinger's “what is life?” Technical 

Communication Quarterly, Volume 3, Issue 1, Special Issue: Rhetoric 

of Science. (Cited by Alan G. Gross, 1996, The Rhetoric of Science, 
Cambridge, Massachusetts: Harvard University Press  

and in biological passages with a vague text, he aimed at 

physicists, and with precise notes he addressed biologists. 

Schrödinger attended to the differences in his two audiences’ 

biases. His treatment of animated objects with inanimate words 

and expressions was aimed to overcome physicists’ bias, while 

his animation of the inanimate was aimed at the biologists’ 

bias.6 Thus, as Gross affirmed, “how a text that said nothing 

new about either biology or physics could successfully persuade 

both biologists and physicists. This text [Schrödinger’s What is 

Life? where precision and vagueness were adequately 

combined] became, in the words of molecular biologist Gunther 

Stent, ‘a kind of Uncle Tom’s Cabin of the revolution in biology 

that, when the dust had cleared, left molecular biology as its 

legacy’.”7 Schrödinger’s What is Life? Is a very good example 

of how efforts to bridge disciplines, lowering the precision level 

adequately and decreasing the rigor when it is required in order 

to communicate ideas to other disciplinary communities might 

end up in the generation of new knowledge, and it may 

represent the carburant of creativity , innovation and discovery.  

 

Schrödinger’s What is Life? is also an example on how 

interdisciplinary work including no original ideas can generate 

original ideas and new fields of research and theories. In a 

section titled The Value of Untrue, Unoriginal Science, Leah 

Ceccarrelli presents several authors affirming that 

Schrödinger’s What is Life? had no original ideas, even 

included some “outdated information,” and “got so many of the 

facts wrong.”8 Nobel Prize Laureate Linus Pauling, for 

example, when referring to Schrödinger’s What is Life?  

affirmed that “Schrödinger’s discussion of thermodynamics is 

vague and superficial to an extent that should not be tolerated 

even in a popular lecture.”9 Cecarelli referred to several authors 

in concluding that “it is clear that novelty and factual accuracy 

were sorely lacking in Schrödinger book.”10 But, 

“Schrödinger’s book should be evaluated because it motivated 

so many scientists to engage in interdisciplinary research.”11 

Linus Pauling, among other authors, evaluated Schrödinger’s 

What is Life? from a disciplinary perspective, while its real 

value was in the different ways the book inspired many 

physicists and biologists to engage in interdisciplinary studies 

and communication. Disciplinary values are not necessarily the 

same as inter-disciplinary ones. Disciplinary values are oriented 

to specific epistemologies and methodologies, while inter-

disciplinary thinking, studies, and communications, while 

supported by disciplinary knowledge, are oriented to relating 

disciplinary knowledge and integrating knowledge and diverse 

intellectual activities. Analytical thinking mainly supports 

disciplinary research, while synthetic (probably via syncretic 

and/or eclectic) thinking is the basic support for inter-

disciplinary intellectual activities and communication.  

 

Interdisciplinary communication may also be achieved by 

means of writing different papers with regards to the same 

                                                 
6 Ceccarelli, 1994; Gross, 1996 
7 Quoted in Ceccarrelli, L., 2001, Shaping Science with Rhetoric: The 
cases of Dobzhansky, Schrödinger, and Wilson, Chicago: The 

University of Chicago Press, p. 65 and in A. Gross, 1996, p. xxiii 

(emphasis added) 
8 Ceccarelli, 2001, ob, cit., p. 67, 68  
9 Linus Pauling, 1987, Schrödinger’s Contribution to Chemistry and 

Biology ,” in Schrödinger: Centenary Celebration of a Polymath, edited 
by C. W. Kilmister, pp. 225-33. Cambridge: Cambridge University 

Press. Quoted in Ceccarelli, 2001, ob, cit., p. 69 
10 Cecarrelli, 2001, ob. cit., p. 70 
11 Ibid.  
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subject, but with different degrees of rigor in order to present 

the same research results to different kinds of audiences. 

Academic merit should be given to each one of these papers 

because it will make research results more useful and because it 

is not easy to write difficult things in easy terms. It is not 

surprising that senior academics and Nobel Prize laureates are 

very well suited to write papers and books related to their 

scientific field and to their research results for the general 

public. This is the case of, for example, of Nobel Laureate 

Murray Gell-Mann’s Quark and the Jaguar, where complex 

adaptive systems, quarks, quantum mechanics, superstring 

theory, biological evolution, etc. are masterly presented to 

readers from other disciplines and even to the general public. 

Only the discoverer of the quark can describe it so masterfully 

to the general public. Another example is the Nobel Laureate 

Ilya Prigogine’s The End of Certainty12, where the notions of 

time, chaos and the “New Laws of Nature” are so masterfully 

presented for the audience from other disciples and probably for 

a large general audience.  

 

Let us repeat this again: It is really not easy to write difficult 

things in an easy way. This is because a deep understanding and 

an ample comprehension of the subject are both required to 

present to the general public or to other disciplines the 

disciplinary knowledge that results from scientific research. The 

person who only has a disciplinary knowledge without adequate 

understanding and comprehension of its meaning (and, hence, 

potential relationships with other knowledge domains) would 

certainly find it difficult to communicate his/her knowledge to 

other disciplinarians or to the general public.  

 

Different means of interdisciplinary communication should also 

be searched and researched in order to present research results 

to other related disciplines, and more research should also be 

done in order to make research results understandable to the 

general public. Consequently, some kind of meta-research 

should be conducted besides the research done in order to 

communicate its results outside of each respective discipline or 

sub-discipline. 

 

If scientific or technological research is to be oriented for 

interdisciplinary communication, it should be related not just to 

the associated research in its discipline or its sub-discipline, but 

it should also be related to other disciplines, i.e., it should be 

integrated into a more extended interdisciplinary context. In 

other words, such kind of scientific or technological research 

should have a systemic insertion in order to 1) avoid the 

increasing fragmentation of scientific knowledge, 2) increase 

and accelerate the usefulness of research results, and 3) enhance 

scientific, technological, academic, and industrial creativity. 

This takes us to the realm of the systems approach, or systems 

philosophy, which since its origins, emphasized the relatedness 

of things and knowledge, and it was continually being proposed 

as an integrative approach to the fragmentation of scientific 

knowledge 

 

 

ANALOGICAL THINKING IN INTER-DISCIPLINARY 

COMMUNICATION 

 

Analogical thinking and the use of analogy in communication is 

one of the most frequently mentioned means in systems science, 

                                                 
12 I. Prigogine, 1996, The End of Certainty: TIME, CHAOS, and the 
NEW LAWS of NATURE, New York: The Free Press 

or philosophy, due to its integrative possibilities, its 

effectiveness in interdisciplinary communication, and its 

creative potential in scientific research and technological 

innovation. “Analogies have been used to great effect in the 

physical sciences,”13 as well as in mathematics,14 and in 

problem solving.15 

 

Analogy has also been effectively used in communicating 

science and technology to the general public, in relating 

effectively information systems analysts to users and, in 

general, in any kind of human communication. Some authors go 

further and assure that analogy is at the very core of 

cognition. Hofstadter, for example, asserts that “a concept is a 

package of analogies,”16 and he is ready “to suggest that every 

concept we have is essentially nothing but a tightly packaged 

bundle of analogies, and to suggest that all we do when we 

think is to move fluidly from concept to concept—in other 

words, to leap from one analogy-bundle to another—and to 

suggest, lastly, that such concept-to-concept leaps are 

themselves made via analogical connection, to boot.”17 “The 

process of inexact matching between prior categories and new 

things being perceived…is analogy making par excellence.”18 

This kind of matching processes is at the very core of 

interdisciplinary communication: to match prior categories, 

related to the researcher’s discipline, to another one, to a new 

one for him/her, is an inexact matching process that requires 

analogical thinking and communication via adequate analogies, 

images, and metaphors. 

 

Identification of analogies among disciplines is being 

increasingly favored by academic and research institutes. A 

progressively larger number of eminent scientists are supporting 

inter- and trans-disciplinary research and communication. Some 

of them decided to dedicate an increasing intellectual effort to 

this issue, as it is the case of the theoretical physicist, and Nobel 

Laureate, Murray Gell-Mann. He explains his perspective on 

this issue in the following terms:  

 
The philosopher F. W. J. von Shelling introduced the 

distinction (made famous by Nietzsche) between 

‘Apollonians,’ who favor logic, the analytical approach, and 
a dispassionate weighing of evidence, and ‘Dionysians,’ who 

lean more toward intuition, synthesis and passion. These 

traits are sometimes described as correlating very roughly 
with emphasis on the use of the left and right brain 

respectively. But some of us seem to belong to another 

category: the ‘Odysseans,’ who combine the two 
predilections in their quest for connections among ideas. 

Such people often feel lonely in conventional institutions.19  

                                                 
13 C. Pask, 2003, “Mathematics and the science of analogies,” American 
Journal of Physics, June 2003, Vol. 71, Issue 6, pp. 526. Accessed on 

Oct. 10, 2011 at 

http://ajp.aapt.org/resource/1/ajpias/v71/i6/p526_s1?isAuthorized=no 
14 Ibid. 
15 L. R. Novick,., and B. Bassok, 2005, “Problem solving,” The 

Cambridge Handbook of Thinking and Reasoning, Cambridge 
University Press, pp. 321-350  
16 Hofstadter, D. R. 2001, “Epilogue: analogy as the Core of Cognition” 

in Gentner, D., Holyoak, K. J., and  Kokinov, B. N., (Eds), The 
Analogical Mind: Perspective from Cognitive Science; Cambridge, 

Massachusetts: The MIT Press, pp. 499-538; p. 507. (Emphasis added) 
17 Ibid. p. 500 
18 Ibid. p. 504 
19 Gell-Mann, M., 1994, The Quark and the Jaguar: Adventures in the 

Simple and the Complex; New York: W. H. Freeman and Company; p. 
xiii 
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Figure 1 

 

A metaphor we used to describe this kind of combination 

between the Apollonian and the Dionysian, this kind of 

connection between the Apollonian left brain and the Dionysian 

right brain, is the corpus callosum that actually connects them 

physiologically. This metaphor was used to represent the basic 

purpose of the yearly World Multi-conference on Systemics, 

Cybernetics and Informatics (WMSCI).20 A basic purpose of 

these conferences has been described in the following terms:  

 
Through WMSCI conferences we are trying to relate the 

analytic thinking required in focused conference sessions, to 
the synthetic thinking, required for the generation of 

analogies, which calls for a multi-focus domain and 

divergent thinking. We are trying to promote a synergic 
relation between analytically and synthetically oriented 

minds, as it is found between left and right brain 

hemispheres, by means of the corpus callosum. In that sense, 
WMSCI conferences might be perceived as a research 

corpus callosum, trying to bridge analytically with 

synthetically oriented efforts, convergent with divergent 
thinkers, and focused specialists with non-focused or multi-

focused generalists. … It is a forum for focusing into 

specific disciplinary research, as well as multi, inter and 

trans-disciplinary studies and projects. One of its aims is to 

relate disciplines by fostering analogical thinking and, 

hence, producing input to logical thinking.21 (Figure 1) 

 

                                                 
20 Other conferences organized by the International Institute of 
Informatics and Systemics (IIIS) have also as a main purpose to support 

Interdisciplinary Communication for which the metaphors described 

above illustrate this purpose.  
21 http://www.iiis2011.org/wmsci/Website/AboutConfer.asp?vc=1 

It is a well established fact how important, even indispensable, 

analogical thinking is in human communications.22 Analogies, 

images, and metaphors “are used by speakers because they meet 

the rhetorical needs of the particular context, and when 

perceived by listeners they activate familiar rhetorical-context 

categories.”23 Rhetoric here should be understood in its original 

sense, i.e. as effective communication. We showed24 the 

importance of rhetoric in the communication between systems 

analysts and users in information systems development, 

especially in the respective activities of requirements 

engineering. Communication between information systems 

developers and users is not technical communication but human 

communication between technical professionals and users. 

 

 

INTER-DISCIPLINARY COMMUNICATION VIA 

DIALOGUES AND CONVERSATIONS 

 

Similarly, communication between scientists and the general 

public does not have to be overly technical in a specialized 

sense in order to be effective. Likewise, interdisciplinary 

communication is mostly human communication, so it could 

make good use of rhetoric by managing adequate analogies, 

images, and metaphors in order to be effective. This is a 

                                                 
22 See for example Hofstadter, 2001, op. cit. 
23 Hofstadter, 2001, op. cit., p.520 
24 Callaos, N., 1995, “Enfoque Sistémico para el Diseño Educativo en 

Ingeniería de sistemas (A systemic Approach for Educational Design in 
Systems Engineering) in Metodología Sistémica de Sistemas: Conceptos 

y Aplicaciones (A Systemic Systems Methodology: Concepts and 

Applications), Caracas: Universidad Simón Bolivar, pp.514-542. 
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necessary condition, though not a sufficient one, for 

interdisciplinary communication, which is not mere information 

and symbol transference, as it is in normal human 

communication. Learning efforts should also be done in 

interdisciplinary communication from both the speaker and the 

listener. The speaker should engage in a dialogue with the 

listener by not reducing the presentation to a monologue, as it is 

usual in intra-disciplinary presentations of research results. The 

speaker should make a pedagogical effort, and he/she should 

engage in a learning process about the effective use of analogies 

from common life situations or from the discipline of the 

listener. In both cases, learning efforts might be required. On 

the other hand, the listener should make the mental efforts 

usually done by a student willing to understand and 

comprehend. 

 

This kind of shared efforts in a dialogical communication (not 

the basically “monological” communication usually used in 

classical scientific conferences), is a necessary condition in 

interdisciplinary communication. An increasing number of 

researchers, professional practitioners, and scholars are 

stressing this fact. Helen Haste, for example, asserted in a 

roundtable meeting on “Problems of Interdisciplinary Dialogue” 

that  

 
“One of the key things here is recognizing that in the 

monologic method, and to some extent the engineering model 

has been monologic, is that there is something inside my 
head which is quite well structured. And I am going to carry 

this across, complete, into your head. It says it is my 

monologue which you are, as it were, recording verbatim. 
There is a sense that there is nothing going on except that you 

are taking, wholesale, and swallowing wholesale, what I give 

you from my head. So, my words are a representation, 
absolutely, of what is inside my head. And you are going to 

take on these words and make the same representation almost 
totally inside your head. Now, that isn’t what happens. We 

have to look what dialogic means. Dialogic means 

discourse. It means, in fact, I am negotiating with you as I 

am speaking, in the sense that I am trying to find ways of 

exploring language, exploring means of communicating, 

like metaphor, like analogy, like interesting sentence 
adjectives, like allusion…In the dialogic process we are 

trying to find the meaning not here and there but between 

us…the process of communication is a process of 
negotiation, I think even in science. It isn’t a process of 

zapping facts across the table.”25  

 

Since rhetoric and dialogic are both essentials to an adequate 

interdisciplinary communication, it might be thought that an 

actualization of the mediaeval trivium might provide a very 

good support for interdisciplinary communication. As it is 

known the mediaeval trivium included three areas for the 

education in human communication. These areas are: 1) 

grammar, the art and science of correct expression, 2) dialectic, 

the art and science of dialogue and argumentation, and 3) 

rhetoric, the art and science of communicating effectively. We 

showed26 that an adequate actualization of the mediaeval 

trivium is important to include in the education of information 

systems engineers or analysts/synthetists. A similar reasoning 

                                                 
25 Haste, H., 1997, “Dialogues” in Flower, R.G., Gordon T.F., Kolenda, 

N. and Souder, L. (Eds.), Overcoming the Language Barrier: Problems 

of Interdisciplinary Dialogue; Proceedings of an International 
Roundtable Meeting; May 14-17, 1997; Philadelphia: The Center for 

Frontier Sciences, Temple University; pp. 17-39; p. 25. (Emphasis 

added) 
26 Callaos, op. cit. 

might be applied to interdisciplinary communication. An 

adequate use of natural language is important for 

interdisciplinary communication, and it is necessary for 

communicating scientists with the general public. A natural 

language might be taken as one of the fundamental means of 

interdisciplinary communication, because it surely provides a 

common base through which such a communication might be 

supported. One of the “competing impulses” in English, for 

example, is the one “that aims to establish it as interdisciplinary 

center…”27 “The assumption what words mean is itself 

interdisciplinary.”28 Natural language proficiency is an 

important issue when it comes to interdisciplinary 

communication. Communication via analogies, images, and 

metaphors are significant in this kind of communication. 

Likewise, it is with the dialogical approach how researchers and 

scholars from different disciplines interact with each other 

dynamically and dialogically, not monologously, in order to 

learn from each other in a fruitful cross-disciplinary interplay 

and collaboration. In usual scientific conferences, scholars and 

researcher attend basically to inform about their research 

results, and to be informed about other researchers’ results. In 

interdisciplinary symposia, workshops, roundtables, etc. 

researchers, scholars, and practitioners attend to participate in 

a cross-disciplinary co-learning process. Multidisciplinary 

conferences might be held in parallel, or collocated, with 

interdisciplinary events in order to support each other. 

Researchers and scholars might be more productive and more 

useful to themselves and to other participants in such parallel 

events, where they might inform, and learn; get informed and 

teach. In this framework, interdisciplinary tutorials might 

play a very important role. They might not only support  

interdisciplinary communication, but they might also foster the 

communication between universities and industries, between 

the academic and the corporative worlds, between scientists, 

technologists, and practitioners, and even between scientists and 

the general public. Interdisciplinary communication, via 

interdisciplinary tutorials or other means, has a high potential in 

supporting the creativity required for the generation of new 

ideas, hypothesis, innovations, and/or unfamiliar possibilities by 

means of interdisciplinary analogies. Let us now focus a little 

bit on analogical thinking. 

 

Table 1 schematizes the differences between inter-disciplinary 

and intra-disciplinary communications by means of contrasting 

their usual characteristics. This table collects the contrasting 

characteristics identified in this short version of the essay, as 

well as the extended version being worked out and to be 

promptly released. 

 

 

INTER-DISCIPLINARY CONVERSATIONS 

 

Academics, professionals and practitioners have increasingly 

been using the conversation format as an alternative to the 

conventional conference format. We think that the 

conversational format might also be used, not just as an 

alternative, but concurrently with conventional conferences in a 

way as to generate synergic relationships between both 

formats/models. If this combination is feasible, then the intra-

disciplinary and inter-disciplinary communication might be 

                                                 
27 Moran, op. cit., p. 17 
28 Forum: Defining Interdisciplinarity, 1996, PMLA 111, 2 (March), pp. 

271-311; p. 280 (Referenced by Moran, 2002, op. cit.) 
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implemented simultaneously though the same meeting or 

conference.   

In this short draft we will briefly describe the characteristics of 

each  format  or  model,  highlighting  their   opposite   features, 

 

 

Inter-Disciplinary Versus Intra-disciplinary Communication 

 

Inter-Disciplinary Communication Intra-Disciplinary Communication 

Oriented to analogical thinking and learning Supported by logical thinking and informing 
Based mainly on Synthetic or integrative (probably via syncretic 
and/or eclectic) thinking 

Based mainly on analytical thinking 

 Dionysians traits: leaning to intuition, synthesis and passion; 
and/or 
Odysseans traits : combining the two predilections in their quest 
for connections among ideas. 

Apollonians traits:  favoring logic, the analytical approach, and a 
dispassionate weighing of evidence 

Systemic Insertion of research results Systematic presentation of research results 
Strategic intentional ambiguity is required for effective 
communication with multi-disciplinary audience.  

Precision is valued 

Tradeoff between rigor and adaptability to different disciplines, or 
multiple rigor versions according to the sought audience plurality 

Maximization of rigor according to each disciplinary 
epistemological values and consensually accepted methodologies.  

New relationships based of not necessarily original ideas are 
valued.   

Original ideas are valued 

Dialogical and/or Mono-Dialogical Orientation Monological and/or multi-monological orientation generating 
potential debates.  

Conversations and dialogues Discussions, argumentations, and potential debates.  
Homo dialogus: intellects relating to themselves by means of 
interacting with other intellects via dialogics. 

Homo argumentus: intellect relating to others to win an argument 
by means of relating to themselves via logical thinking.  

Reveals assumptions and premises for reevaluation.  Defends or attacks assumptions or premises  
Require temporarily suspending one's beliefs and assumptions.  Require conviction in one's beliefs and assumptions. 
Since  enthymemes (syllogism in which one of the premises is not 
stated) are frequently used in conversations or dialogues, 
communication processes should include the identification of 
implicit or tacit disciplinary premises.  

The identification of implicit or tacit disciplinary premises is not 
always a necessary condition for and effective communication 

Frequently causes introspection on one's own position.  Frequently causes critique to other´s position 
Dialectic as creative tension based on differences identification 
and opposite perspectives  

Dialectic as argumentation, with which opposite opinions are 
confronted as a way of showing which one represent the truth, or  
which one is false; or as the sense of art or science of proving 
through logical argument.    

Participants search for basic agreements and difference 
identification is used as potential learning sources in order create 
knowledge or extend the intellectual common ground. 

Perceived differences are conceived as contradictions which 
should be faced by means of showing the truth or the falsehood of 
the contradicting thesis or ideas.  

Multiple disciplinary dialects might lower communication 
effectiveness 

Efficient communications through disciplinary dialects  

Identification of synergic polar oppositions Identification of contradictions.  
Shared meaning and understanding Truth/false identification and transference  
Communicants submit their best thinking, knowing that other 
people's reflections might support  their respective improvement.  

Communicants submit their best thinking and defend it against 
challenges to show that it is right. 

Non-hierarchical networked knowledge Hierarchical relationships among disciplines 
Non-lineal collective thought processes and explicit cybernetic 
loops 

Lineal thought processes with few implicit cybernetic loops.  

Communication is for knowing with each other and for knowledge 
creation.  
 
 

Communication is usually one-way traditional publications and 
presentations, where the purpose is to transmit knowledge 
previously obtained, not to create it. 

Collaborative Frequently based on individual (or small groups) thoughts to be 
transmitted or to oppose other thought.  

Finding common ground is usually the purpose.  Proving truth (or falsehood) in the context of a discipline is the 
usual purpose, which frequently is achieved via winning an 
argument.  

Listening the other side in order to understand, learn, find new 
meanings, agreements, and common ground to improve 
communication.  

Listening is usually for information apprehension and/or to 
identify flaws in order to counter-argument.  

Extend and possibly changes a participant's point of view. Debate 
affirms a participant's own point of view. 

Points of views are contrasted and discussed in order to confirm or 
disconfirm them  

Participants assume that many people have different valid 
perspectives of reality and that together they can put them into a 
whole which would be a more adequate representation of reality. 

Participants usually assume that there is one right perspective and 
that someone has it.  

 

Table 1 
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suggesting the benefits of their possible integration, a 

methodology to design and implement this possible integration 

and the initial steps that might be taken in the context of 

reflection-action and design-action, which can end up in action-

research projects.  

 

To our knowledge, the largest meetings with the conversational 

format are The Fuschl and The Asilomar Conversations. The 

Fuschl Conversations have been organized every second year, 

for about 30 years by the International Federation of Systems 

Research (IFSR) and The International Systems Institute  (ISI) 

has organized 25 meetings with the conversational format since 

the early 80’s, being the Asilomar Conversations the core of 

them. The late Bela H. Banathy, former President of the IFSR 

and the ISSS (International Society for Systems Research), was 

the founder of these two series of meetings with the 

conversational format. The experience gathered in these 

conversations supported the organizing process of 

conversational meetings in the context of the conventional 

conferences organized by the International Institute of 

Informatics and Systemics (IIIS) since 2006.  

 

Organizing conversational meetings in the context of 

conventional conferences might support the generation of ideas 

with regards to the possible synergies that might be generated 

my means of combining both models and the ways of 

implementing them with the purpose of 1) increasing the 

effectiveness of conventional conferences, and 2) 

synergistically combining intra- and inter-disciplinary 

communication.   

 

The conversational format was conceived as an alternative to 

the conventional one in order to improve the effectiveness of 

scholar, academic, professional and /or practitioner meetings. 

Relating both of them in the same event might increase the 

effectiveness of both formats as well as inter- and intra-

disciplinary communication.  

 

T. G. Frantz, for example, affirms that The International 

Systems Institute (ISI), organizer of the Asilomar 

Conversations,  

 
… was born out of the recognition that academic, scientific 
and professional conferences seem to offer scant 

opportunities for colleagues to confer, to converse. 

Typically, a minority of participants deliver prepared 
presentations to a relatively passive majority. Except for 

brief Q & A opportunities, interchange among participants is 

rarely found on the official schedule... Presenting is almost 
always more prestigious than listening, and some 

presentations carry greater prestige than others. 

Traditionally, the prestigious experts disseminate pre-
packaged new ideas to the others, who are encouraged to 

take home and use whatever they find valid or promising. 

Such hierarchical knowledge distribution systems greatly 

constrain us in addressing humanity’s most pressing and 

complex issues, issues about which we are not merely 

concerned, but also outraged. Of course, at traditional 
conferences it is understood that scholars should approach 

issues objectively - without emotional involvement. Bela H. 
Banathy had a different vision for scholarly gatherings, one 

which could more fully harness the collective potential of 

groups…As Banathy puts it, “We aspire to reap the 
‘reflecting and creating power’ of groups that emerges in the 

course of disciplined and focused conversations on issues 

that are important to us and to our society”.”29  

 

This “reflecting and creating power” of the conversational 

format might certainly support inter-disciplinary conversations 

and provide the participants of conventional intra-disciplinary 

communication with the possibility of having conversational 

meetings regarding inter-disiplinary issues. 

 

The conversational and the conventional conferences formats 

oppose each other in several aspects. The table 2 below 

summarizes some of them. It might be thought that because of 

these opposite aspects of both models, the respective meetings 

have been held separated from each other. But, in our opinion, 

this opposition does not necessarily mean a contradiction; it 

might be handled as a polar one from a synergic perspective, or 

a complementary opposition, where each opposite requires each 

other to generate a synergic relationship or to produce positive 

emergent properties, where the whole is more than the sum of 

its parts. As it could be noticed, the conversational format 

would be more effective for intra-disciplinary communication, 

and the conventional format is more adequate to intra-

disciplinary communication. Holding both kinds of academic 

communications might generate synergies providing 

disciplinarians 1) with the support to transmitting knowledge 

obtained by means of their research in a conventional format, 

and) with the opportunities for analogical thinking and learning 

via the conversational format, which might provide them with 

the opportunity of creating knowledge or generating new 

hypothesis to be tested in future research.    

 

The opposite features of both kinds of meeting do not make any 

of them better than the other in an absolute form. Each model 

has its own advantages and disadvantages and, depending on 

the objective of the organizers, any one of them might be more 

or less adequate. If an appropriate combination is made of both 

of them we might amplify the advantages of each model and 

diminish its disadvantages. To identify some kind of an 

adequate combination, some tradeoffs should be made. These 

tradeoffs are, by their very nature, more subjective than 

objective, so they require subjects to provide them with the 

objective of finding the most consensual one.  

                                                 
29 T. G. Frantz, T. G., 2006, “The ISI Story & a Warm Welcome to All 

Who Share Our Vision.” In 

http://www.isiconversations.org/publications/pub_welcome.pdf 
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Conventional Conferences Versus Conversational Format 
 

 Conventional Conferences Conversational Format 

Input 
Paper based on a solution or an answer, 

which will be presented by an 
individual (its author). 

A problem or a question, which will be 
addressed by a group. 

Output 
Knowledge or information 

communication. 

Sharing of Knowledge, reflections, ideas 
and opinions in multi-directional 

communication. 
Flow of 

Information 
Basically unidirectional. Multi-directional. 

Sequence 
Serial: one presentation after another, in 

a lineal format. 

Serial/Parallel: multiple short 
presentations by each individual interacting 
with similar shorts presentations of others 

in a non-lineal interchange of ideas. 

Cybernetic Loops 
None or very low level of feedback in 

the small time period of 
questions/answers. 

High levels of feedback and feedforward 
loops in a highly interactive environment. 

Formal/Informal 
Papers are presented in a formal 

environment and informal interaction is 
limited to coffee breaks. 

More informal sharing of ideas and 
reflections with more possibilities of group 

creativity and ideas emergence. 

Creativity 
Individual (or group creativity) 

previous to the meeting. 

Group creativity during the meeting 
nurturing and being nurtured by the 

individuals in the group in positive loops of 
feedbacks. 

Order 
Pre-established fixed order of papers 

presentations. Plan-based order. 
Post-established, emergent and dynamic 

order. Rules-based order. 
Process Systematic Systemic 

Implicit general 
Objective 

Oriented to efficient knowledge or 
information communication 

Oriented to effectiveness in knowledge 
communication, sharing of ideas and 

reflections, solving problems, answering 
questions,  achieving consensual designs, 

etc. 

Whole/Parts 
The whole is basically equal (or 

sometimes even less)  to the sum of its 
parts 

The whole is basically more  to the sum of 
its parts 

Guiding Metaphor Mechanism Organism 
Methodological 
and Epistemic 

Approach 

Mostly, but not uniquely, oriented by 
Reductionism and Mechanicism 

Oriented by the Systems Approach and 
its Pragmatic-Teleological epistemology 

and methodologies. 
 

Table 2 
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ABSTRACT 
 

Misunderstanding often occurs in a multidisciplinary field of 
study, because each field has its own background of thinking.  
Communication training is important for students, who have a 
potential to develop the multidisciplinary field of study.  
Because each nation has its own cultural background, 
communication in an international seminar is not easy, either.  
A cross-cultural student seminar has been designed for 
communication training in the multidisciplinary field of study.  
Students from a variety of back grounds have joined in the 
seminar.  Both equations and figures are effective tools for 
communication in the field of science.  The seminar works well 
for communication training in the multidisciplinary field of 
study of biomedical engineering.  An interdisciplinary area of 
research offers the tool of cross-cultural understanding.  The 
present study refers to author’s several experiences: the student 
internship abroad, the cross-cultural student camp, multi PhD 
theses, various affiliations, and the creation of the 
interdisciplinary department. 
 
Keywords: Multidisciplinary Field, Biomedical Engineering, 
Cross-Cultural Understanding, Student Seminar and 
Communication Training. 
 
 

1. INTRODUCTION 
 
A common base is necessary for communication.  Similar 
experiences develop the common base.  When common rules 
are defined, the communication becomes easier.  That is the 
reason why you learn language, mathematics, SI unit, etc. 
 
The biomedical engineering field is interdisciplinary [1-8].  In 
the field, communication is important between engineering and 
medicine.  Both experimental procedures and technical terms 
are different between these fields.  Both figures and formula, 
on the other hand, are convenient tools for communication in 
the interdisciplinary fields. 
 
In an international project, you may experience 
misunderstandings, which depend not only on the language, but 
also on the cultural background.  In a research project in the 
interdisciplinary field, you also experience misunderstandings, 
which depend on the methodological backgrounds.  In this 
point of view, both international projects and interdisciplinary 
projects have the common problem.  The problem supplies a 
good chance for communication training. 
 

Explanation of a project on biomedical engineering is not so 
difficult, while biomedical engineering is interdisciplinary.  
Every project in biomedical engineering relates to a human 
being, so that everyone can image the contents related to 
oneself. 
 
In the present study, a cross-cultural student seminar has been 
designed for communication training in the multidisciplinary 
field of study. 

 
 

2. METHODS 
 
Presentation training in international student seminar on 
biomedical engineering 
1) Each student makes a presentation on his research plan 

related to biomedical engineering.  The slides are 
available to the presentation. 

2) Foreign students of a different special field of study 
review the presentation, whether it is easy to understand or 
not. 

3) After the exercise in the seminar room, students visit some 
cultural sites, and introduce their culture to the foreign 
students. 

 
Department visit 
1) Students join in the international student seminar entitled 

“Introduction to biomedical engineering”. 
2) Students join in the seminar entitled “How do you create 

interdisciplinary field between engineering and biology”. 
 

 
 
Fig. 1: Presentation training in international student seminar. 
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3) Students visit the experimental project for students in 
biomedical engineering. 

4) Students visit the laboratories of biomedical engineering. 
 
Exercise: “Find a project to be solved in biomedical 
engineering field” 
1) Each student finds an interdisciplinary topic, in which 

biomedical engineer may be interested. 
2) Each student makes a presentation on the topic for a 

competition. 
3) After the competition, everybody votes a topic for 

discussion. 
4) Students make a group, and discuss about the topic. 
 
 

3. RESULTS 
 
Presentation training in international student seminar on 
biomedical engineering 
The seminar was held six times from 2002 to 2010: five times 
in Japan (Fig. 1) and one time in Thailand.  Approximately 
fifteen students from Thailand and ten students from Japan 
joined in each seminar.  It was the first experience for Japanese 
students to make a presentation in English.  The evaluation to 
their presentation was not very good, but the presentation of 
every Japanese student was understandable to Thai students.  
The figures in the slides might help for Thai students to 
understand the outline.  Every topic is related to a human being, 
so that it is easy for the audience to get images of the contents.  
The presentation is good training for the students to explain 
contents in the logical order. 
 
The presentation also gave a Japanese student a good 
opportunity to express himself to the person of the first meeting.  
After the seminar, communication among students continues to 
the sightseeing in the traditional places (Figs. 2 & 3).  Some 
students keep in touch with the participants by e-mail. 
 
Department visit 
The group of students visited some departments of biomedical 
engineering abroad four times since 2005: USA and Thailand.  
It was not easy for Japanese students to understand the lecture 
in English (Figs. 4 & 5). 
 
 
 

 
 
Fig. 2: Sightseeing in Kyoto in Japan. 
 

 
 
Fig. 3: Sightseeing in Bangkok in Thailand. 
 

 
 
Fig. 4: International student seminar on “Introduction to 
biomedical engineering”. 
 

 
 
Fig. 5: Seminar on “How do you create interdisciplinary field 
between engineering and biology”. 
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Fig. 6: Experimental project for students of biomedical 
engineering. 
 

 
 
Fig. 7a: Laboratory visit of biomedical engineering. 
 

 
 
Fig. 7b: Laboratory visit: surgical robot. 
 
 
An experimental project for students in biomedical engineering 
was introduced to Japanese students.  The topic was 
“Transportation through membrane”, which is clinically 
applied to the dialyzer (Fig. 6).  The topic was familiar to 
Japanese students, because they knew the medical instruments.  
The laboratories were interesting for the students (Fig. 7).  
Students exchanged ideas about the experimental system. 

 
 
Fig. 8a: Group discussion: “Find a project to be solved in 
biomedical engineering field”. 
 

 
 
Fig. 8b: Exercise: “Find a project to be solved in biomedical 
engineering field”. 
 
 
 
Exercise: “Find a project to be solved in biomedical 
engineering field” 
The student seminars were held in 2011 and in 2012 [8] in 
Thailand (Fig. 8).  Five Japanese students and seven Thai 
students joined in the seminar.  The topic, which every student 
found, was as follows: 
 
1) Freeze technique for erythrocyte bank. 
2) Serum for boosting cell regeneration. 
3) Simulator on human nerve system. 
4) Intelligent walking stick for blind-deaf person (both sight 

and audio assists). 
5) Telemedicine network for rural health care (counseling). 
6) Controller for emotion of a subject with medicine. 
7) Can we distinguish mechanical properties between cancer 

cells and normal cells? 
8) Collaboration between engineering and medicine to make 

a rescue system for a severe accident. 
9) Temperature regulator to control viscosity of blood. 
10) Tissue engineering for reconstruction of cartilage. 
11) Behavior of erythrocyte through the micro slit. 
12) Application of micro machining to cell culture. 
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“Intelligent walking stick for blind-deaf person” was selected 
for discussion.  Students found several different back-grounds 
between countries through the discussion: the traffic situation 
in the city, etc. 
 
Discussion extends the topic of “Behavior of erythrocyte 
through the micro slit” to the topic of “System design of the 
artificial spleen”. 
 

4. DISCUSSION 
 
Recently, we have a lot of tools for communication.  Although 
the e-mail system is very convenient for communication, 
communication on face to face has more information than 
digital signals: movement, atmosphere, and many expressions.  
Letters can reveal feeling by handwriting.  A telephone can 
give a tone of the voice.  A handshake tells temperature, and 
the force of the muscle.  Paying attention to the background is 
important for communication training. You may be surprised if 
some language systems do not have a term, which means 
“Reflection”.  The culture might be positive. 
 
At the beginning, students tend to pay attention to the language 
itself.  After the seminar, students found: "it is easy to find the 
rule, but difficult to understand the background". 
 
 
 

 
 
Fig. 9a: Organism. 
 

 
 
Fig. 9b: Organism and machine. 
 

 
Fig. 9c: Engineering and organism. 
 

 
 
Fig. 10a: Internship in institute of artificial heart in Free 
University Berlin, Germany. 
 
 
Biomedical Engineering” is a multidisciplinary field of study, 
which relates to engineering and medicine [2].  Fig. 9 shows 
analogy between an organism and a machine.  The machine 
consists of several parts, and transduces energy to make a 
movement with inhalation and exhalation.  An organism also 
consists of several parts, and transduces energy to make a 
movement with inhalation and exhalation.  The organism has 
variation, and adapts to environment by learning, although the 
machine is designed to keep stability. 
 
When I was a student, I experienced a technical internship in 
the institute of artificial heart in Free University Berlin (Fig. 
10).  The research project of the artificial heart had been 
supported by collaboration between engineering and medicine.  
The experience gave me international sense and 
interdisciplinary sense, simultaneously. 
 
I myself joined the cross cultural student camp every year, 
since I was nineteen years old.  I experienced a lot of 
difficulties to communicate with students of different field of 
study, and of different background of culture. 
 
I found different disciplines, when I take examinations for 
multiple PhD theses: one for medicine and the other for 
engineering.  The research in the field of biology is based on 
individuality and time dependent, so that statistical processing 
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is indispensable.  The research in the field of engineering is 
based on homogenization, so that the experimental condition 
should be controlled.  The referee of medicine requested 
number of experiment with keeping the protocol, although the 
referee of engineering requested the sophisticated condition of 
the experiment. 
 
I also found different disciplines, when my affiliation changed: 
school of medicine, electronics, biomedical engineering and 
mechanical engineering.  Each special field of study develops 
own discipline including the style of education.  Each 
discipline has one’s own technical terms.  For example, 
“control” means “comparison” in medicine and “regulation” in 
engineering, respectively. 
 
Creating the first department of “Biomedical Engineering 
(including bachelor, master, and PhD courses)” in Japan was a 
big challenge (Fig. 11).  I created a new concept for the 
interdisciplinary department [1, 2]. 
 
1) Every professor has experienced interdisciplinary research. 
2) Each course is charged by multi-faculties, and bridged to 

the next course [4, 5, 7]. 
 
 

 
 
Fig. 10b: Students joined internship in Berlin, Germany. 
 

 
 
Fig. 11: The first department of Biomedical Engineering in 
Japan. 
 

3) Each lecture is related to the experimental project [3, 5]. 
4) A small group of students rotates over the experimental 

projects of the special field of study, one by one [2]. 
5) The room for experimental project is facing to the room 

for research and to the office for professor [3]. 
 
The multidisciplinary field makes students learn several things: 
logical thinking, and flexibility without prejudice.  The 
common background of “Biomedical Engineering” helps them 
find a way of thinking. 
 
The shocking experience of the cross cultural seminar makes 
students notice “It is important to understand the background of 
thinking to learn the multidisciplinary field of study”.  Some of 
the students advanced the experience to the internship abroad. 
 
 

5.  CONCLUSIONS 
 

A cross-cultural student seminar has been designed and applied 
to the biomedical engineering field.  The seminar works for 
communication training in the multidisciplinary field of study 
of biomedical engineering.  An interdisciplinary area of 
research offers the tool of cross-cultural understanding. 
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                          Abstract

 Conventional approaches to 

scientific data collection and usage are 

generally limited to a focused project 

objective and scientific discipline within 

a research enterprise environment 

without the ability to practically share 

collections among other interdisciplinary 

scientists for repurposing.  There are 

many reasons for this continuing 

challenge among interdisciplinary 

scientists in terms of publication issues, 

funding streams for future research and 

the lack of a practical framework to 

efficiently share the scientific data with 

enough meaning for others to leverage.  

This paper focuses on the development 

of a new framework to passively allow 

scientists to share scientific collections 

without imposing any significant 

additional work load on their projects but 

allowing their scientific data to be 

repurposed throughout their internal 

research enterprise.  Passive 

provenance is defined for this paper as 

requiring no or little effort to generate 

since provenance information is 

provided within the scientific data itself. 

 The new enabling framework is 

described with supporting SPARQL 

queries shown that allow repurposing of 

the hyperspectral data use case 

described.  This use case is particularly 

applicable since the content is stored in 

HDF with substantial provenance 

content that can be formally modeled 

using semantic web approaches.  

Finally, the importance of modeling the 

enterprise itself is discussed for 

optimum knowledge generation and 

improved curation and repurposing of 

the interdisciplinary scientific content. 

 

Keywords:  Provenance, 

Interdisciplinary Scientific Data, 

Curation, Knowledge Engineering, 
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Semantic Modeling, Repurposing, 

Hyperspectral.  

 

                1.0 Introduction 

 The core technical framework 

issue underlying the challenge to 

efficiently share complex scientific data 

collections among interdisciplinary 

scientists is the effective handling of the 

data provenance.  Simmhan [1] defines 

provenance as information that helps 

determine the derivation history of a 

data product, starting from its original 

sources.  This lineage or provenance 

information can either enable practical 

reuse by interdisciplinary scientists or 

disable due to the criticality of the 

description of state changes of data 

from sensors through scientific 

workflows. 

Bose [2] notes that scientific 

research relies as much on the 

dissemination and exchange of data 

sets as on the publication of 

conclusions.   Bose points out that 

lineage retrieval for complex workflows 

“will clearly present challenges.”  Pan [3] 

notes that Geoscience data curation 

using open source frameworks has 

become more heterogeneous in format 

and more distributed in handling.  Pan 

shows that it is critically important for 

this specialized metadata (provenance) 

to be effectively preserved and reused 

for the long-term.  Pan highlights that 

less attention is being given to situations 

where workflow engines are not used. 

 

 Most interdisciplinary scientific 

research environments are not using 

workflow management systems to 

automatically track and manage 

provenance information.  As scientific 

processing moves more to web services 

implementation this will likely shift but 

for the foreseeable future scientific data 

processing is still performed using 

discrete processing tools that are locally 

executed.  To provide a solution to 

bridge the gap until web service type 

processing is fully implemented, an 

adaptive four-level provenance 

enterprise framework is developed and 

tested using hyperspectral imagery, an 

example true color image is shown in 

Figure 1. 

 

Figure 1, Hyperspectral True Color 

Example 

 

      2.0 The Adaptive Framework 

 The adaptive four-level 

provenance framework begins at Level 

1 passively leveraging the rich 

provenance information stored within 
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the Hierarchical Data Format (HDF) 

using semantic web technology to 

create Resource Description Framework 

(RDF) graphs and then proceeds 

through the other levels to enrich with 

existing ontologies that are suggested 

and ending at level 4 with the allowance 

of user-defined ontologies to enable the 

richest query and inference interaction 

with the scientific data content that is 

practical.  The practicality issue is 

significant since this repurposing of 

complex scientific data will never be 

perfect on a large scale but this work 

shows that it can be practically done to 

substantially increase the value of the 

data collection across an 

interdisciplinary scientific enterprise. 

 

             3.0 Query Examples 

 Modeling of the Hyperspectral 

data as RDF graphs allows the 

exploitation of semantic web 

technologies to reuse knowledge 

engineering from various other sources 

from scientific terms to taxonomy 

relationships to SPARQL (Protocol and 

RDF Query Language) queries across 

multiple graphs exploiting the modeled 

properties and sub classes.  The W3C 

has developed a PROV O ontology that 

is also leveraged in this framework to 

add additional relationships as well as a 

common interchange mechanism 

among provenance ontologies. 

 The SPARQL queries 

demonstrate how practical within this 

framework it now is to passively 

repurpose multiple geophysical 

parameters (generated at various 

processing stages from original 

hyperspectral sensor data with captured 

provenance) for unplanned other 

scientific uses as well as long term 

curation.  These queries (19 total for 

original model) vary in type from where 

geographically geophysical parameters 

are available, statistical measures and 

algorithms used to generate. 

 A specific SPARQL query 

example demonstrating the adaptive 

framework repurposing scientific data is 

shown in Figure 2, where the query itself 

is “What algorithm(s) was used in the 

chlorophyll-a calculation.” 

 

 

Figure 2, SPARQL query for algorithm 

used in chlorophyll-a calculation 

 

 The results of this query are 

shown in Figure 3, yielding prov: 

wasGeneratedBy “OC3 algorithm.” 
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Figure 3, SPARQL Query Results =  

“OC3 algorithm” 

 

 This Query example shows that 

the adaptive framework allowed for 

passive generation of this complex 

SQARQL query that exposes practical 

information content (algorithm used and 

that the chlorophyll-a is even available) 

from this original source data such that 

a scientist in another domain, such as a 

Carbon Flux researcher, can gain 

immediate value from this geophysical 

parameter. 

 Key to this approach is the 

embedded, self-defining provenance 

information contained in the HDF file 

structure itself, shown in Figure 4.  This 

specialized metadata allows for direct 

formal modeling of the content with 

semantic web techniques to promote 

efficient exposure of the content in a rich 

manner without requiring originating 

scientist to spend valuable time 

describing all the detailed content, 

algorithms used, location of the content, 

etc. 

 

 

Figure 4, Provenance embedded within 

HDF file 

 

      4.0  Modeling the Enterprise 

 Modeling the pertinent enterprise 

is critically important to knowledge 

generation and to provide the richest 

experience for all interdisciplinary 

scientists within the particular enterprise 

as they interact with the repurposed, 

newly available content.  In this 

particular case, a simple modeling of a 

portion of the naval research enterprise 

was modeled using existing descriptions 

of scientific collections that had been 

generated over a six year period for 

other purposes.  This unstructured 

information was structured and then 

used to create a RDF graph that could 

then contribute knowledge to the overall 

reasoning within the adaptive 

framework.   

 

            5.0 Future Research 

 Future research plans are to 

enhance the current formal modeling to 

reduce usage of regular expressions for 

greater flexibility of inclusion of other 
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scientific data types into the framework 

in a rapid manner.  Hyperspectral data 

has been shown to be an excellent 

beginning point to exploit passive 

provenance techniques especially when 

the content is stored in a HDF type file 

structure.  Extensions will be needed to 

accommodate even other hyperspectral 

data sets that may not be stored in a 

HDF like format or lack the stored 

provenance as found in this particular 

data set. 
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              7.0 Conclusions 

 The primary conclusion from this 

work is that it is practical to passively 

repurpose interdisciplinary scientific 

data across an enterprise by formally 

modeling the provenance of the data.  

Provenance handling is the key 

underlying technical issue that will 

enable the effective management of 

complex, interdisciplinary scientific 

content with little or no requirements 

being placed on data originators for 

HDF type content with stored 

provenance.  Additionally, it has been 

shown that complex SPARQL queries 

can be developed leveraging semantic 

web technologies that allow a rich 

interaction experience for scientists with 

the content across interdisciplinary 

areas enabling exploitation of properties 

and relationships that would not be 

practical without the formal modeling of 

provenance.  Finally, this passive 

knowledge generation is most effective 

when the enterprise itself is also 

formally modeled to enable even more 

sophisticated curation of the 

interdisciplinary scientific content. 
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ABSTRACT 
 
Inspired by the intersection of teaching for 
passion, learning as the goal, and culture 
as the final barrier, this paper explores the 
scholarship of teaching in the milieu of 
disciplinary and cultural diversity, i.e. the 
globe. We are students of the world, yet 
scholars in our own area of expertise. 
This distinction underscores the difference 
between good teaching and scholarly 
teaching.  
 
Good teaching promotes student learning 
as reflected in student satisfaction 
surveys and learning outcomes [3], [8] & 
[22], while scholarship of teaching 
integrates the teaching and learning 
literature reflecting on the theory and 
practice of teaching, resulting in new 
paradigms shared through publications [6], 
[23] & [7]. Just as teaching and research 
complement one another so do good 
teaching and scholarly teaching. 
 
Keywords: Globalization, International 
Business, Culture, Strategic Management, 
Communication, Decision-making, Inter-
Cultural, Interdisciplinary 
 
 
 

LITERATURE REVIEW 
 
Boyer [7] argued that teaching and 
research are not separate entities, but 
rather should be considered as 
interdependent professoriate functions, 
and that all four components should be 
recognized and rewarded: 
 
■ Scholarship of discovery 
■ Scholarship of integration 
■ Scholarship of application 
■ Scholarship of teaching 
 
The scholarship of teaching as framed by 
Martin, Benjamin, Prosser, and Trigwell 
[19], relates to three activities: 
 
■ Discipline-specific exploration of the 
teaching and learning body of knowledge 
■ Discipline-specific reflection on 
teaching and learning   
■ Discipline-specific publications on 
teaching and learning  
 
Please see Exhibit 1 in the Appendix. 
 
 

INTER-CULTURAL AND INTER-
DISCIPLINARY CONSIDERATIONS 

 
Considering the Inter-Cultural and Inter-
Disciplinary Com m unication for 
Academ ic Globalization, it is the 
communication that becomes both an 
enabler and disabler between individuals 
and across nations. Cross-cultural 
barriers remain the final frontier for global 
communication. This paper proposes that 
CultureActive or InterCultural Edge [ICE], 
cross-cultural instruments, serve as 
vehicles to explore the Inter-Cultural and 
Inter-Disciplinary Communication 
commonalities and differences in pursuit 
of academic globalization. 
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Few things are as heterogeneous as 
cultural differences. The 1980s had 
propelled an acute demand for cross-
cultural instruction. For years, cross-
culturalists grappled with the problem of 
summarizing national characteristics. 
Prior theoretical frameworks for studying 
cultural differences have included the 
Kluckhohn-Strodtbeck [13], Trompenaars 
and Hampden-Turner [27], and most 
notably, Hofstede [14]. Grounded in his 
forty-plus years of cross-cultural 
consulting, Richard Lewis, authored 
W hen Cultures Collide [17] and The 
Cultural Imperative [18], and was 
challenged to explain national, 
international and transnational business 
cultures. Poignantly, Lewis conceived of 
the LMR [Linear-active, Multi-active, and 
Reactive] framework, which gave rise to 
Cultureactive and subsequently ICE. 
Lewis proposed that cultures be 
classified simply and more 
comprehensively according to the three 
categories, comprising the LMR 
framework [17] & [18].   
 
The strength of the LMR model is that it 
transcends previous works by focusing on 
the individual as the unit of analysis, 
rather than the nation-state. As such, 
there is no assumption of within-nation 
homogeneity. ICE emerged from 
Cultureactive when strictly from a 
research perspective, validity and 
reliability issues became paramount. The 
conceptual reconfiguration to ICE was 
spearheaded by the ABC research team, 
Adair, Buchan and Chen [1] & [2], who 
capitalized upon both Hall’s [12] low 
context/high context communication tool 
and Triandis’ [26] model of subjective 
culture to result in the theoretical 
underpinnings for ICE. They leveraged 
the works of Trompenaars [27], 
Holtgraves [15], Hampden-Turner [27], 

Thomas and Kilman [24], Yamagishi [29], 
and Bearden, Money and Nevins [4] in 
creating ICE. 
 
Cultureactive and ICE are web-based 
products that teach cross-cultural 
awareness in business settings by 
focusing on individual cultural profiles 
which are then compared to national 
profiles using the LMR constructs. ICE is 
a collaborative initiative between the 
Fuqua School of Business, Duke CIBER, 
Richard Lewis Communications, and 
Cultureactive.com. Participants analyze 
personal assessments, team results and 
national cultural profiles. Commensurate 
with exploring, expanding and energizing 
academic globalization, such cross-
cultural assessment tools equip 
academicians and practitioners with 
Inter-Cultural and Inter-Disciplinary 
Com m unication tools. 
 
Just as discovery and dissemination, 
scientists and engineers, managers and 
technicians, scholarly teaching and good 
teaching, CultureActive and ICE, reinforce 
each other- each is pivotal to the other, 
yet each is different from its pair- in 
creating a systematic body of knowledge. 
The evolution from the experientially-
based Cultureactive to the theoretically-
based ICE is more iterative than it is linear, 
just as is the relationship between good 
and scholarly teaching.  Communication is 
key to both good and scholarly teaching, 
thus when integrating the scholarship of 
teaching with inter-Cultural and Inter-
Disciplinary variables, the following 
analogies emerge: 
 
Please see Exhibit 2 in the Appendix. 
 
Academic globalization requires the 
systematic creation of a knowledge base 
that is rigorous, reliable and valid. In 
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pursuit of this, CultureActive facilitates a 
better understanding of culture and 
communication, employing the LMR 
framework to analyze individual results. 
 
The cross-continent implementation of 
Cultureactive resulted in two seminal 
questions: First, whether one’s business 
profession vs. cultural mindset has a more 
direct effect on individual cultural profiles 
and leadership/communication/cultural 
styles. The samples for this work came 
from several multi-cultural sources: 
European Fulbright students, Sub-
Saharan African entrepreneurs, Duke and 
Georgia State University MBA and 
undergraduate business students. It was 
demonstrated that the universal 
dichotomy across cultures and disciplines, 
as measured by the business vs. non-
business variable is a more powerful 
indicator of work habits, negotiating styles, 
cognitive processes, etc., than is cultural 
orientation [28].  
 
Regardless of national culture, persons 
with a predisposition for business were 
characterized primarily by linear-active 
modes of 
leadership/communication/cultural 
mindsets, and persons with a non-
business tendency typically employed 
less linear-active and more hybrid or 
linear/multi-active modes of 
leadership/communication/cultural 
mindsets. Thus, a business context vs. a 
non-business context reveals within-
professional similarities and fewer cross-
cultural differences. 
 
Second, whether English makes a 
difference. Are participants primed 
differently when they are surveyed in 
English vs. their native language? Cross-
national studies examine the following 

two variables and four conditions for 
cross-cultural similarities and differences: 
 
 

     Business Context 
 

                             Yes           No 
 
 
    English 
 
 

Survey 
Language 
 
 
 
   Native 
   Language 
 
 
 
Source: InterCultural Edge (ICE) 
Research Progress Report 
http://www.fuqua.duke.edu/ciber/program
s/we_organize/ice/ 
 
 

CONCLUSION 
 
How does this relate to the scholarship of 
teaching? Having established the 
dominant within-business similarities and 
fewer cross-cultural differences, the non-
business model resulted in a different yet 
equally powerful leadership/ 
communication/ cultural framework. Thus 
business or non-business predisposition 
has a more direct impact on one’s 
individual cultural profile than does 
nationality, and yet both are important in a 
world where culture is the final barrier.  
 
Extrapolating from this, to understand that 
both professions and cultures 
communicate differently is an experiential, 
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good teaching component. To integrate, 
apply and publish this knowledge is a 
theoretical, scholarship of teaching 
component. Taken together, this enables 
Inter-Cultural and Inter-Disciplinary 
Com m unication for Academ ic 
Globalization.  
 
Please see Exhibit 3 in the Appendix. 
 
Inspired by the intersection of teaching for 
passion, learning as the goal, and culture 
as the final barrier, this paper has 
explored the scholarship of teaching in the 
milieu of disciplinary and cultural diversity. 
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APPENDIX 

 
EXHIBIT 1 
 
GOOD TEACHING: EXPERIENTIAL 
 

 
 
 
SCHOLARLY TEACHING: THEORETICAL 
 

 
 
 
 
 
 
 
 
 
 
 

EXPLORATION  
SELF 

REFLECTION  

STU D ENT 

LEARNING  

EXPLORATION  
LITERATU RE 

REFLECTION  
PU BLICATION 

175

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



 
EXHIBIT 2 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

G OOD  

TEACH ING   
EXPERIENTIAL  CU LTU REACTIVE 

SCH OLARLY 

TEACH ING   
TH EORETICAL  

INTERCU LTU RAL 

ED G E [ICE] 
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EXHIBIT 3 
SUMMARY 
 
 
 
 

 

 

• Different Communication Paradigms for 
Inter-Cultural and Inter-Disciplinary Mindsets 

•••Scholarship of 
DISCOVERY 

 

• Creating a systematic and rigorous body of 
knowledge from the CultureActive and ICE 
results 

••••Scholarship of 
INTEGRATION 

 

• Application of these results to a diversity of 
Cultural and Discipline-based groups  

••• Ap
Cu

Scholarship of 
APPLICATION  

 

• Publication of teaching-based research to 
enable Cross-Cultural and Cross-
Disciplinary groups to capitalize upon the 
collective body of knowledge... and start the 
cycle anew. 

••

Scholarship of 
TEACHING 
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ABSTRACT

This paper present a methodology for management of
automation and control projects in the oil and gas in-
dustries, using a new parameter called ”Justice Index”.
This parameter measures the difference between the fair
and real to indicate the contribution of a project with the
common good. We concluded that using this new element
in a methodology can align projects to produce economic
benefits and also contribute to a true development.

Keywords: Project Management, Strategy, Truth,
Charity

1 INTRODUCTION

The Project Management Institute defines project man-
agement as the application of knowledge, skills, tools, and
techniques to project activities to meet the constraints of
scope, time, and cost [1].

The field of project management is an area that has
made significant progress in the last 10 years, as presented
in [2]. However, over this time the results are not entirely
satisfactory because, the uncertainty around them, often
ending without customer satisfaction.

The difficulty in project management lies in the fact
that there are many factors that determine the success or
failure of a project, for example Morris [3] cites some of
the most common faults made in projects:

• Change in the strategy of the stakeholders.

• Poor definition of a project.

• Technical difficulties.

• Inappropriate contractual strategies.

• Adverse political environment.

• Lack of support from senior management.

• Inadequate labor.

• Geophysical conditions.

Several models have been created in order to standard-
ize the planning and execution of the projects, each one
with different approaches [1], [4], [5], [6]. Even some as
[7] have created mechanisms to study the project man-
agement based on information flow simulation.

The success or failure of a project is defined not only by
internal factors affecting the project, but also for external
factors that directly affect the success of a project.

Most of the project management methodologies focus
on the main parameters of projects and the relations be-
tween them; however, there is no a methodology that in-
cludes a parameter to give importance to what is right in
a project.

A project can be completed on time, within the budget,
and according to specifications and still be considered a
failure as seen in [8] because something is not right.

All programs, projects and project leaders need to
think about the core values and how they can simplify
and guide decisions to most successful results [9] to do the
right things. Progress is limited without truth and honest
information, knowledge and resources. Honesty should be
the basis of all that is said and what is done, just as the
most successful project managers are those who think of
the stakeholders as human beings. [9]. To do an hon-
est job, it is first necessary to understand what is being
done, so that you can determine the correct parameters
for quality and success.

1
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Automation projects in the oil and gas industry are
very capital intensive and are limited by international
norms and standards. Poor management of such projects
can quickly translate into large capital losses; unethical
administration and principles can translate into signifi-
cant damage to the environment and people.

When such projects are being handled by high risk in-
vestments, it is extremely important to introduce the con-
cepts of what is right in the methodology of their admin-
istration. The aim must include both economic benefits
and a common good.

There is no methodology yet that considers in its ex-
ecution, a measure of justice to handle the internal and
external processes of the project.

We propose a way, in this article, to create what we
call ”Justice Index” to measure the justice generated on
the processes of a project with the purpose of aligning
projects with the justice and common good that are fun-
damental elements of the real development [10]. This con-
cept is not new. For example, Michael Porter in his article
[11], proposes that companies need to develop strategies
that help to achieve competitive advantage while con-
tributing to the economic and social development of the
region. Also, in [12], the author explains that the world
requires mechanisms that serve to align all stakeholders
of a project with the environment and society.

2 METHODOLOGY

2.1 Relation Charity and Justice

Charity in truth is the principal driving force behind the
authentic development of every person and of all human-
ity [10]. Charity is the true driving force of development.
It is the first element of the micro and macro relation-
ships [10], and is one of the drivers of the successful of the
projects; because by not doing the right thing, a project
will fail. The Charity is limited by truth, and is in this
area, where it originates true human development see fig-
ure 1. Everything inside true limits can produce Charity.

1.5 2 2.5 3
0

1

2

3

True Limit True limit

x

y

Charity Area

Figure 1: Charity Space

Only within Charity there can be justice and the com-
mon good as essential elements for a true development.

Doing the right thing means also talking about the con-
cept of charity in truth, therefore to measure the right
thing is to measure the charity in truth.

If from the charity in truth is derived the justice and
the common good [10], then it is through justice that it’s
possible to quantify charity.

In terms of project management, it can be analyzed
from the point of view of a traditional transaction in the
industry: The customer requests the price and delivery
time of a product with specific characteristics; the sup-
plier answers with a proposal that will include price, de-
livery time, and a list of specific characteristics of the
product. From the point of view of the vendor, the cus-
tomer would expect the following elements:

• Fair cost to the customer.

• Fair delivery time to the customer.

• Fair product quality to the customer.

However, during the execution of a project the original
set, parameters can change and we start having some de-
viations from the original parameters established. Some
of the deviations can be produced because, a change in
the scope of the project; however, there are others that
can be produced because, human errors or even because
of loose ethical standards that take advantage of the mis-
takes of others. This is common practice in the oil and
gas industries. There is no methodology that considers
the ”right thing to do”, as a parameter that can deter-
mine the successfulness of a project. We intend to fill
this hole, creating a methodology that can incorporate a
new parameter called the ”Justice Index” as the measure-
ment of the ”right thing to do”. To do this we propose to
create an equation to represent the ”Charity of a project”
based on the inverse of the difference between the real
and the fair.

We propose to integrate the justice index in each of the
main parameters of a project (cost, time, and specifica-
tion) to measure the contribution to the common good.
To do this we developed a methodology for managing au-
tomation projects in the oil and gas industries that can
help to achieve the objectives and also measure the overall
contribution of the project to the common good.

When a project contributes to the common good, it
produces economic benefits and also a true development.

We can translate the difference between the fair and the
real in a graph (see figure 2). At the center, the difference
between the fair and real is 0, so that, we propose that the
less difference between the fair and the real, the greater
charity. Moving this to the example of a transaction of
products with a lower difference between the actual price
and the price offered directly to consumers, the charity

2
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of the transaction will increase; therefore, the difference
between the fair and real has an inverse relationship with
charity.

We translated the difference between the fair and the
real value, in a graph (figure 2) and equation (2). At the
center, the difference between the fair and real value is
0; then inverse of the difference between the fair and the
real is a value that represents the charity of a transaction
and this is expressed in equation 1.

Charity =
1

IJ
(1)

IJ is the absolute value of the difference between the
actual value and the fair.

Justice Index = |V alue Fair − V alue Real| (2)
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Figure 2: Relation between Justice and Charity

This analogy reveals three types of relations between
customers, vendors and companies regarding the Justice
Index:

2.2 Stable
A stable relation is created when the difference between
the fair and the real is 0 and as shown in equation 1, the
charity will tend to infinity. This activity is contributing
not only to generate an economic benefit but also is in
accordance with justice and the common good.

2.3 Unstable
This relationship is divided two parts:

• Only benefit for the company.- Where the Justice
Index tends to infinity on the right side of Figure 2.
This case is outside the area of charity and therefore
this relation is not contributing to the justice and
the common good; mainly because this is claiming
an excessive price for a product or service. The risk

in these kind of relationships is losing customers or
competitiveness, plus the effects that may induce in
secondary stakeholders of a project.

• With no benefit to the company.- When the Justice
Index tends to minus infinity to the left side of Figure
2. In this case the relationship affects the company
directly as it is not charging a fair price for a project
or service and falls in losses. Such relationships can
bankrupt a company.

2.4 Critically Stable

As it is mentioned before, the difference between what is
fair and what is real on the positive side is what will deter-
mine the quantity of charity that a parameter (cost, time
or specification) would generate. The companies need to
set what would be the area in which they can move the
parameters for their projects, but the closer they are to
the limit, the charity of a project will be less. When the
value of the project is in the limit, determinated by the
company, the project falls into a relationship which is re-
ferred to as critically stable.
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Figure 3: Critically Stable Area of the Justice Index

Once understood, the origin of the justice index and its
relation with the charity can be used in a management
methodology for automation projects, such as in the in-
dustry of oil and gas with the objective to align projects
with the common good.

3 Project Planning Model using the Justice Index

In an ideal world, the automation project begins after the
entire process has been defined and has completed piping
and instrumentation diagrams. The user should transmit
to the supplier the strategies required to achieve the ob-
jectives and together define the scope of the project, but
frequently this does not happen and most of the time it
is difficult to define the scope of the project by not hav-
ing adequate information. In automation projects where

3
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there are programmable logic controllers (PLC) having a
clear understanding of the scope at the beginning of the
project, is the difference between the success or failure
and the reason is simple, not knowing exactly what must
be programmed, generates unneeded codes an extra time.

Because of this complexity, a methodology was devel-
oped that could be used to execute these projects with
a greater likelihood of positive outcomes and permeating
the concepts of charity in truth in each of its elements.
The methodology starts from the revision of the speci-
fication to final product delivery. The methodology has
checkpoints in some stages to ensure client feedback. The
methodology and checkpoints are described in figure 4.

Review of 
Specification
And Drawing
Generation

Purchasing Manufacturing Testing Shipping
Closing and
Invoicing

Customer 
Inspection

Customer 
Inspection

Customer 
Inspection

Customer 
Inspection

Essential process for the execution of an automation project

Document Generation

Flow Process

Figure 4: Proposed Methodology of Project Planning and
Automation Control.

The methodology consists of seven main stages, which
are:

1. Review of specification and develop of drawings

2. Purchasing

3. Fabrication

4. Testing

5. Shipping Logistic

6. Documentation

7. Closing and Invoicing

The key of the model is to add to each of these pro-
cesses, the Justice Index as a new indicator, with the
objective to monitor the justice level of a project. This
will integrate a new dimension in the quest to use projects
to generate economic benefits as well as contribute to the
common good.

One example of the application of the Justice Index can
be observed in table 1 that shows project specifications.
From this table, we took one of the parameters, to sim-
ulate different scenarios in order to calculate the Justice
Index. Table 2 shows part of a simulation of the param-
eter of the weight of a control panel. Figure 5 shows the
graph of the simulation as it shows the behavior of the
Justice Index is in accordance with the approach set in
section 3.

Parameter Specification Specification DWG
Parameter Required Proposed DWG
Dimensions 288” 286” 1000
Weight 2500Lb 2800 Lb 1000
Signals 50 60 1003
Operation 9800 PSI 10,000 PSI 1004
Pressure

Table 1: Table of indicators of Project Specification

Item Justo Real IJ
23 2500.00 1500.00 2.5
24 2500.00 1600.00 2.777777778
25 2500.00 1700.00 3.125
26 2500.00 1800.00 3.571428571
27 2500.00 1900.00 4.166666667
28 2500.00 2000.00 5
29 2500.00 2100.00 6.25
30 2500.00 2200.00 8.333333333
31 2500.00 2300.00 12.5
32 2500.00 2400.00 25
33 2500.00 2500.00 30
34 2500.00 2600.00 25
35 2500.00 2700.00 12.5
36 2500.00 2800.00 8.333333333
37 2500.00 2900.00 6.25
38 2500.00 3000.00 5
39 2500.00 3100.00 4.166666667
40 2500.00 3200.00 3.571428571
41 2500.00 3300.00 3.125
42 2500.00 3400.00 2.777777778
43 2500.00 3500.00 2.5
44 2500.00 3600.00 2.272727273

Table 2: Simulation of the Justice Index
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Figure 5: Graph of the Simulation of the Justice Index
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3.1 Data Analysis

The data used to test the equation 1 were taken of a selec-
tion of 10 automation projects with similar specifications.
The reason to do this lay in the idea of standardizing the
projects that we used to test the equation.

With these 10 projects we created a spreadsheet with
the following information:

• Start day of the project

• Delivery time according with contract

• Real delivery time

• Sale price

• Fair sale price

• Total cost of the project

4 RESULTS

The result of this investigation was a project management
methodology focused on automation and control projects,
which complies with the basic requirements and best prac-
tices in project management [1], and also adds to each the
processes, the elements necessary to quantify the charity
and hence the contribution to the common good of the
project. The development of this methodology aims to
standardize the way in which projects are managed and
also give importance to what is fair in a project.

To prove the behavior of the justice index, for each
of the selected projects, graphs of the main parameters
(cost,time and specification) were generated, using the
data provided to the customer at the beginning of the
project and final real data. This analysis was comple-
mented by adding simulated values in order to have more
points to graph. The resulting graphics show that the jus-
tice index of each parameter for each project has a normal
type behavior as was established.

5 CONCLUSIONS

The traditional methodologies of project management are
based on the measurement of three main parameters of a
project (cost, time, and specifications). To determinate
the success or failure of the projects, these parameters
are used to measure the success of the project in isolation
and only for the benefit of the few. To align a project
to the economic welfare of the companies and also with
true development, it’s important to have a parameter that
can measure the real contribution of a project with the
common good.

A ”Justice Index” parameter was proposed, to empha-
size the need to give importance to what is fair within a
project and was developed taken the elements of charity

in truth given by [10]; the idea is to give a value to the
right thing. The behavior of this parameter is pretty sim-
ilar to a Bell Curve and it measures in an indirect way
the quantification of fair that exists in a project by testing
the levels of justice in each of its elements. This new indi-
cator is used in order to create a theoretical methodology
of project management in the area of oil and gas from the
operational point of view that is inherent in any of the
project processes. Finally, this indicator can be consid-
ered as a new way to measure the real contribution of a
project with the development as well as being an element
that integrates Charity and Truth to the traditional pro-
cesses of project management and program management.
The theoretical approach is to use the Justice Index, as a
new element, to align projects with a true development.
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ABSTRACT 

This work suggests some conceptual elements to drive 

interactions and build the channels and mechanisms so 

relevant knowledge flows through the higher education 

institutions or research centers, with the productive 

sector; so, eventually, innovation occurs. 
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1. INTRODUCTION 

Innovation has the characteristic of being a complex, 

interdependent, ambiguous and risky kind of activity, in 

which time, costs and certainty are unknown [1]. 

Additionally, it is clear that the activities of the actors 

centered around innovation are interdependent on each 

other. The need arises for organizing things differently, 

in a game of competence and cooperation. This favors 

network configuration, allowing the actors a more 

efficient use of knowledge, according to the new 

paradigm. In general terms, the main actors of the 

innovation system or network are enterprises, the 

government, universities, public and private research 

and development centers, and society. Global tendency 

is to reinvigorate the role each one has to have in the 

transformation of scientific knowledge or any other and 

distribute it in order to satisfy social needs and gain 

benefits in the country’s economic development [2]. 

In this sense, this work aims to contribute with elements 

for the management of networks as a mechanism to 

support decision making in the effective management of 

scientific research, looking forward to reinforce its 

industrial, economical, and social relevance. 

 

2. RELEVANT KNOWLEDGE 

The new knowledge paradigm places it in the center of 

global economy. Thus, the borders between theory and 

practice are vanishing and the cognitive and non-

cognitive elements are mixed in new and creative forms 

and media [3]. From this perspective, what really 

matters is the relevance of knowledge. The concept of 

relevant knowledge refers to the set of various types of 

knowledge aimed at a practical or social application, be 

that real or potential. Thus, nowadays, research 

activities are increasingly being carried out within a 

context of orientation towards more specific targets of 

application and collaboration. It is an effort aimed 

towards solving problems and entering the production 

process in a more efficient way [2]. What is more, [4] 

makes an emphasis on entrepreneurs as a link of 

economically relevant knowledge; and [5] makes an 

emphasis on policies which enable the entrepreneurial 

spirit as an important instrument to highlight the 

spreading of knowledge and drive economic growth . 

In order to satisfy social needs and reach specific goals, 

efficient use of knowledge has to do with the capacity 

or creativity of the different actors for timely resume 

each time of knowledge and distribute it beyond the 

conventional limits of scientific knowledge,. That is, 

that in order to make effective use of knowledge, it is 

necessary to have the capacity of mutual understanding. 

Consequently, the relevance and the construction of a 

common language among suppliers and recipients of 

knowledge are inseparable from the identification of the 

needs of the user for its adequate integration into the 

productive sphere. 

The inclusion of knowledge in the productive sphere 

requires, among other things, the building of 

mechanisms, channels and capacities to use it in an 

effective way, to drive forward and capitalize 

(absorption capacity) the scientific [6]. 

In short, the methods of knowledge transference can be 

very diverse, but what matters is to make an efficient 

use of knowledge. The ability to identify and translate 
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needs in research and development problems (I+D), the 

capacity of the actors to transfer and absorb new 

knowledge is what makes the topic of science-industry 

linkage something crucial. 

 

3. SCIENCE-INDUSTRY LINKAGE 

From a systemic point of view, innovation involves a 

network of public and private institutions in which 

production, distribution and use of knowledge and 

technology take place [7]. The links between such 

institutions are not mere short term transactions. New 

and useful knowledge is the result of the continuous 

interaction, exchange and learning between various 

actors; thus, increasing their own competences. The 

various types of knowledge come together and nourish 

the generation of the new scientific-technological 

knowledge for innovation to occur [3]. The peculiar 

configuration and development of innovation systems in 

the macro level, and the contribution of their 

interactions within those systems through their practices 

in the micro level result in the effectiveness of the 

interaction between producers, users, suppliers, public 

and scientific authorities.  It is through these 

interactions that channels are established through which 

knowledge will flow among the actors. The group of 

interrelated institutions which produce, spread and 

adapt the new technological knowledge in a country is 

known as National Innovation System [8,9,10, 11]. 

The structure of a National Innovation System , thus, 

made up by the institutions and their links within the 

national context.  [9]. The institution can feed the flow 

of knowledge towards society and make interventions –

successful or unsuccessful- in reducing uncertainty 

through its policies and instruments [12], and this, 

through its institutional processes and practices [6].  In 

this sense, it is valid to think that, for various reasons 

(historical, contextual, managerial, etc.), some 

institutions involved in innovation may grant the wrong 

incentives, unfulfilled promises, or grant insufficient 

resources to reach their goals or demands. Also, they 

may fuel conflicts or fail to reduce uncertainty [13].  

The proposal is that the innovation networks that may 

make up the national innovation system can be 

improved and strengthened from various politic and 

institutional fields if there is impact on the 

organizational practices and routines from the micro 

level. Because of this, talking about the universities and 

research centers, their way of linking through their 

practices will greatly determine not only their own 

institutional strength but, eventually, the one of the 

innovation system itself. Hence their performance in the 

university regarding relevant knowledge contribution 

can be measured by the type and quality of the links 

they are able to generate around themselves in an ego 

network way. 

 

4. THE STARTING POINT FOR LINK 

BUILDING 

For Universities and Research Centers (UyCI, Spanish 

acronym) a fundamental problem, in that it touches their 

contribution to the increase of innovative capacity in 

their countries, is how to make their performance more 

effective in terms of the ever changing needs of the 

societies they are in. That is, how to design and 

implement a strategy oriented towards producing and 

spreading relevant knowledge. 

The building of links between organizations involved in 

I+D is neither easy nor automatic. Even though links 

arise from interaction, not all interactions are links. 

What separates a link from a mere interaction or 

transaction is durability and quality. And durability is 

supported by trust and in the establishment of a 

common language. 

In many developing countries the weak link between 

UyCIs and their users is characterized by institutional 

rigidity, irrelevance, mistrust, and a lack of absorption 

capacity. Furthermore, the mutual benefit of such 

associations is not always immediate, tangible or easy 

to assess. This becomes even harder because there are 

not objective conditions to contribute to these links. 

While UyCIs usually work without looking at the needs 

of the productive sector, the potential users do not 

necessarily require the results or products of 

knowledge; also, they don’t take advantage of the wide 

range of knowledge integrated to and available in 

human resources in order to increase their absorption 

capacity [14]. It seems clear, then, that beyond scientific 

quality, the main issue has to do with the building of an 

environment of trust and credibility, by detecting the 

market needs and the production and timely spreading 

of relevant knowledge under through different methods  

[6]. This is the meaning of the effective building of 

links with the industry. 

The quality of the relations between the interacting 

actors is very important for linkage: the flow of 

knowledge greatly depends on high trust levels [15].  

To avoid the inevitable uncertainty accompanying the 

innovation process, mutual trust, credibility and respect 

to codes of conduct are required [9]. 
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That being said, for the establishment of knowledge 

networks to be long term, they must be based on 

relations of trust; such networks may represent a great 

advantage for the innovation system. The networks also 

provide the flexibility necessary for a quick response to 

change, and a framework for joint learning and 

technological exchange [16].  Durability involves 

institutional, personal and ethic commitment 

relationships which transcend the expectations of 

simple business relationships [17] describe these ties 

and commitments in the following way: 

 “It takes time to learn the way of being and the visions 

of others, and how to interpret the acts of others. 

Relationships build gradually in a social exchange 

process through which the parties start trusting one 

another… With time, as a consequence of the 

interaction, different types of links start building 

between them…” 

 

5. THE BUILDING OF LINKS 

 It has been said that the flow of knowledge is a key 

element for the national innovation system. The flows 

of knowledge required for every innovation process are 

of very different types. As the intellectual borders inside 

the base of knowledge become more permeable, the 

sectorial and professional divisions start to disintegrate. 

As said by [18, 3], the utilitarian character of the 

production of knowledge leads to interdisciplinariety 

and transdisciplinariety  and the interactions between 

various actors. A more complex system of users and 

producers of knowledge and information has emerged, 

which leads to the creation of new structures “intra-  

trans-  and inter-“ organizational. Thus, networks, inter-

institutional links, informal and formal collaboration not 

only are possible, but necessary in the institutional and 

individual level, to face the growing differentiation and 

complexity of today’s innovation systems. 

The links of an innovation system include financial, 

human, regulating and knowledge flows. According to 

[19], industry-science relationships can be formal or 

informal. The formal kind includes the research of 

collaboration, research contracts, intellectual property 
rights development, derived from technology firms by 

researchers who belong to the scientific base of the 

UyCIs, cooperation in teaching, training for employees, 

systematic exchange of researchers, etc. 

In addition to formal kinds of links there is a myriad of 

informal links. These include processes to open doors 

and build bridges. Among these we can name personnel 

mobility, consults and information exchange, student 

meetings, mutual memberships in advisors boards, 

industry support for professors, etc. These informal 

contacts and human capital flows are ways of 

exchanging knowledge between society and public 

research that are harder to quantify, but which, 

nonetheless, are very important and frequently serve as 

agents of change to induce formal links WAITRO, 

1999..  Considering that in our framework there is a 

secular detachment between science and industry in 

developing countries, informal links become more 

important. These are seen as a first step towards a 

linkage of social quality and thus towards the 

articulation of the national innovation system, through 

certain integration practices among ego networks. 

How to build those links through which an innovation 

network can be configured? While there is not a unique 

recipe, there are ways to do it which have proven 

successful. Getting the lessons, learning from others’ 

experience through certain good practices in order to 

face similar issues, is a method which has proven to be 

effective. In general terms, and regarding universities 

and research centers, the most appropriate approach for 

detecting those good practices seems to be process 

benchmarking [6].  That is, practices which allow 

translating industrial problems in I+D projects, 

establishing a common language, generating a trustful 

environment, accessing and mobilizing new knowledge, 

etc. Each practice will serve strategically to start 

building the network’s scheme. 

Thus, the flow of knowledge comes from the link 

between Universities or Research Centers with each of 

their target actors through specific practices or routines. 

The adoption of these practices must be done within the 

framework of institutional strategy and be accompanied 

by motivations and resources required by the actors 

involved [20]. The dyad is formed as a result of the 

good practice, and the link acquires new properties as a 

pair; it is not enough to look at it as if belonging to just 

one individual actor. In turn, each nod in the dyad forms 

dyads with other actors; hence, building the scheme and 

the structure [21]. 

The flows of knowledge and communication can have 

an important impact on the social structures resulting 

from these relationships as well as impact on the 

behavior of the actors and on the learning processes. 

The social network analysis allows for the identification 

of those related structures, whose properties can help, 

understand, learn and better manage the results of the 

human action. The formation of cohesive subgroups 

which can facilitate or complicate the intervention in 

the whole system is of particular interest [22].  

6. CONCLUSIONS 
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Science-industry-linkage can be considered a 

continuous, evolutionary process; a function of the 

cumulative generation of trust and of the absorption 

capacity of the actors. It is important to highlight that 

some of the linking processes are oriented towards the 

generation of long-lasting interactions between the 

parts: building of a trustful environment; detection of 

needs in the market, construction of capabilities, 

production and spreading of relevant knowledge using 

various methods, etc. The purpose of an institutional 

strategic vision is to intervene in order to drive the 

development of these interactions, to increase the 

linking capacity between the actors; otherwise, linkage 

will not happen. This intervention may favor the 

strategic design of linkage policies which allow the 

construction of everlasting links and moving forward 

towards a major articulation of a national innovation 

system in developing countries. 
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ABSTRACT 

The Business School at the Bern University of Applied 

Sciences is offering a new MScBA degree program in 

business development. The paper presents a practical 

report about the action learning approach in the 

course ’Business Analysis & Design’. Our problem-based 

approach is more than simply ‘learning by doing’. In a 

world of increasing complexity, taking action alone will 

not result in a learning effect per se. What is imperative is 

to structure and facilitate the learning process on different 

levels: individual construction of mental models; under-

standing needs and developing adequate solutions; criti-

cal reflection of methods and processes. Reflective prac-

tice, where individuals are learning from their own pro-

fessional experiences rather than from formal teaching or 

knowledge transfer, may be the most important source for 

lifelong learning.  

 

Keywords: problem solving, action learning, knowledge 

generation, reflective thinking, innovation 

 

 

LEARNING CHALLENGES 

While designing the educational concept of a new course 

in ‘Business Analysis & Design’ we have taken the 

chance to rethink some of the traditional education mod-

els and to implement new activity-based study methods. 

We understand active and problem-oriented learning as 

the answer to the transformation taking place in the work-

ing and learning environment. In brief, the challenges can 

be characterized as follows: 

Increasing complexity: The problems that our graduates 

will face in the workplace of the future can be character-

ized as being increasingly more complex. This is why our 

teaching method has to focus on dealing with complex 

systems (large number of components, high degree of 

behavioural variability) and to place the spotlight on 

related methods (cf. Fig. 1). 

Conceptual thinking: Even though in terms of structure 

we still find ourselves entirely engrossed in the transfor-

mation from an industrial society to a knowledge society, 

visionaries are already discussing the next age, which is 

much farther beyond what we currently understand as 

knowledge management. Daniel Pink [1] has come up 

with the term "conceptual age". This is the age where 

lateral thinking, empathy for the user, and collaboration 

with stakeholders is more important than factual 

knowledge and linear thinking. 

Constructive learning: In the past, learning typically 

involved memorizing and reproducing facts. When it 

comes to the practical use of the acquired knowledge in 

complex situations, this way of learning is only partially 

effective. For managers of the future, in fact, expertise in 

creative problem solving will be high in demand. There-

fore, a future-oriented learning approach has to make the 

transformation from reproduction to production, from 

knowledge acquisition to the development of skills, from 

testing to encouraging and from dogmatic teaching to 

coaching.  

Learning to learn: Knowledge management is a central 

task of the knowledge society. To date, the predominant 

idea has always been that knowledge must primarily be 

conveyed in an explicit form (books, lectures, etc.). For 

future managers, who are confronted with new challenges 

on a daily basis, we advocate a move away from the 

institutionalized learning of facts towards the construc-

tion of new knowledge and the development of reflective 

skills. 

 

PROCESS MODEL REQUIREMENTS 

While designing the educational concept for our new 

course, we were led by the ideas of Henry Mintzberg who 

states: „Management is craft, meaning that it relies on 

experience – learning on the job. This means it is as 

much about doing in order to think as thinking in order to 

do." With this in mind, the challenge therefore was to 

define a process model, which provides an answer to the 

following seemingly conflicting challenges:  

Structure vs Flexibility: How do we design a process 

model that is intended to clearly structure the communi-

cation process with the different stakeholders, and yet 

which has enough flexibility to allow the students to 

individually tailor the solution process? 
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Fig.  1: Complexity is the result of a greater degree of behavioural variability. The develop-

ment of innovative solutions requires collaboratively constructing new knowledge [2] 

 

 

Divergence vs Convergence: How can we go about 

organizing the process in a way that on the one hand we 

can incorporate as many needs and ideas as possible in a 

divergent process, and on the other hand we can keep re-

directing the focus again and again, thus converging it 

towards our goal?  

Abstract vs Concrete: How should we design a process 

that encourages the students to repeatedly change the 

level of abstraction, so as on the one hand to stay close 

to the problem, and yet on the other to break away from 

the concrete object and to develop abstract models of an 

intended solution? 

 

GENERAL PROCESS 

For a long time, the problem solving process was charac-

terized by the mindset, that one knew what the problem 

was and that the task was to find the right solution. 

However, often it turned out that solutions did not meet 

the needs of the users. In recent years we have been 

facing a paradigm change. Solutions are no longer being 

developed exclusively ‘inside-out’ from the point of 

view of a company or a service provider, but increasing-

ly ‘outside-in’, from the point of view of the user or in 

general the stakeholders ([3], [4], [5]). 

Figure 2 gives an overview of the general process model. 

It is more or less a modified merger between the Stan-

ford “design thinking process” [6] and the “double dia-

mond process” of the UK Design Council [7]. With the 

diamond shapes the need for divergent and convergent 

thinking is illustrated. As a result of the analysis phase 

we produce a specification of the demands. During the 

design phase we come up with a rough sketch of a possi-

ble solution. The whole process is heavily based on the 

collaboration with stakeholders. 

With regard to a stakeholder-centred approach, problem 

solving is primarily understood as a learning process. 

The goal for developers and stakeholders is to interact 

for the sake of generating new knowledge regarding 

possible solutions. The learning process is not simply 

linear, but cyclic and iterative. A cyclic approach means 

that we go through a development cycle, once or several 

times per phase, at the end of which there is a concrete 

understanding of an issue, which is narrowed down to its 

very essence (cf. Fig. 4). By an iterative approach we 

understand that sometimes it is reasonable to take a step 

back in order to incorporate new insights into an earlier 

phase. For example, we might discover at the time when 

we develop and test an initial prototype that certain re-

quirements are not sufficiently understood and so it is 

necessary to redefine the specifications. In specific 

terms, problem solving means nothing more than apply-

ing a step-by-step learning process to find one's way 

toward the needs of stakeholders and toward solutions 

which adequately satisfy these needs. 
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Fig.  2 General process: Understanding the problem before searching for possible solutions. 

The spiral indicates the cyclic approach; the dashed lines represent iterative steps. 

 

 

THINKING CYCLE 

We understand learning within the concept of construc-

tivism ([8], [9], [10]). Accordingly, reality is not objec-

tively perceived, but it is a construct that we lay out for 

ourselves based on our own mental models. Learning 

means nothing more than the continuous adaptation and 

addition to our set of mental models (cf. Fig. 3).  

When we perceive information, only aspects that can be 

associated to our current mental models will penetrate 

into our consciousness. Ideally, we can match the incom-

ing information with our mental models. A difference 

between our perception and our models leads to “pertur-

bations” [11], which forces us to rebuild our mental mod-

els. As a consequence there is no one universal reality 

(objective reality), but each person has their own view of 

reality (subjective reality). 

In the context of problem solving, we are particularly 

interested in the process where two persons (A and B, 

e.g. the problem solver and a stakeholder) communicate 

in order to develop a common understanding of a topic. 

Communication is more than just exchanging infor-

mation. If A says something to B, it is not possible for B 

to know what is happening in A’s mind, and vice versa. 

We feel that communication is closer to the Latin verb 

‘communicare’, which means ‘to share’. This means that 

persons A and B will start a collaborative learning pro-

cess in order to develop a common understanding. 

Schrage [12] brings it to the point when he defines this 

process as: “two or more individuals with complementary 

skills interacting to create a shared understanding that 

none had previously possessed or could have come to on 

their own”. 

 

 

Fig. 3: Learning = Constructing new mental models. 
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The collaborative development of shared mindsets and 

models is the basis for creative problem solving. Arte-

facts play a key role in making the thinking process tan-

gible. Schrage [12] assumes that in a collaborative con-

text it is mandatory that symbols, pictures, models or 

concepts are processed within a shared space: “The im-

ages, maps, and perceptions bouncing around in people’s 

brains must be given a form that other people’s images, 

maps, and perceptions can shape, alter, or otherwise add 

value to”. 

 

DEVELOPMENT CYCLE 

Each phase of the general process is structured in the 

form of a development cycle. This is indicated in Fig. 2 

as a spiral and illustrated explicitly in Fig. 4. The process 

is performed with the output in mind. Before we start a 

new cycle we have to ask, which kind of artefact (model, 

scenario, drawing, prototype, etc.) we would like to pre-

sent at the end of the cycle. This result represents the 

starting point for the next cycle. The development of 

artefacts in relatively short cycles is important for the 

ability to steer the process efficiently and effectively. 

With each cycle the knowledge from the previous cycle is 

improved and fine-tuned. The cyclic procedure helps us 

to ultimately resolve two of the main challenges stated 

above: On one hand there is a divergent phase of under-

standing needs and developing ideas and a convergent 

phase of conceptualization and consolidation in every 

cycle. On the other hand we face an on-going exchange 

between the concrete scope of the problem/solution and 

the abstract level of models/concepts. This process of 

changing views triggers so-called “perturbations”, that is, 

the deliberate disruptions in the cognitive process that 

lead to the change in mindsets and to a more creative 

perception and solution process.  

In our iterative spiral model the feedback culture is cen-

tral. At the beginning of each cycle, different viewpoints 

are explored with the stakeholders. At the end of the 

cycle, an artefact is generated which during the next 

phase can in turn be used as the basis for communication 

and feedback. At the end of each phase, the most crucial 

work steps and results are presented in a so-called ’eleva-

tor pitch’. These short presentations are intended to pre-

pare students to be ready to collect opinions from stake-

holders. 

 

 

 

 

Fig. 4 Development cycle: Based on the results of the previous cycle, each cycle will produce 

a specific artefact (please compare the similarities with the thinking cycle in Fig. 3) 
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REFLECTION CYCLE 

Today's economy is being affected so strongly by its 

transformation that the environment and challenge re-

quirements are constantly undergoing change. Problems 

at this level can no longer be solved merely with a set of 

fixed methods. In this case, what is needed is an on-

going learning process by which to optimize the meth-

odology. The action-learning approach is more than 

simply ‘learning by doing’. In the world of complex 

problems, taking action alone will not bring with it a 

learning process. What is needed is the step that involves 

reflection, so as to be able to discover specifically what 

has been learned in the problem solving process. And we 

also need artefacts (text, images, models, etc.) in order to 

make the findings tangible for others. 

It is important to position oneself as often as possible but 

at least once during each phase on the meta-level to take 

a critical look at one’s own doing from a bird's eye view. 

Inspired by Kolb’s learning cycle [13] and according to 

the structure of the thinking and/or development cycle 

we propose to organize the four steps of the reflection 

cycle as follows: 

! Subject of experience: What is it I am observing? 

! General observations: How am I reflecting about new 

experiences in light of my insights from the past?  

! Lessons learned: How can I draw new insights from 

possible differences, and in what form can I general-

ize them for future purposes?  

! Consequences: In what way do I intend to apply the 

acquired knowledge in the future? 

 

ACTION LEARNING –  

CONNECTING THE DOTS 

According to Marquardt [14] action learning is: a prob-

lem (project, challenge, opportunity, issue, or task), an 

action learning team, a process of reflective cognition, an 

action taken on the problem, a commitment to learning, 

and an action learning coach. In our MScBA course we 

are setting up the action learning environment in cooper-

ation with business partners like Swisscom (How to 

implement services around watching TV.), UBS (How to 

redesign the knowledge portal ‘Intellispace for Human 

Resources’.), Swiss Post (How to address and motivate 

customers for the new online service ‘Swiss Post Box’.), 

or Swiss Federal Railways (How to improve services at 

the ticket machine.). 

Among the business partners, both an evaluation of the 

performances as well as oral consultation have shown 

that the results do consistently indicate a high degree of 

quality and that they are relevant for practical purposes. 

Especially interesting are the results of a student evalua-

tion, which focused on finding out the ability to achieve 

various levels of learning objectives (inspired by Bloom 

[16]): 

 

 

 

 

Fig. 5 Action learning is developing competences on three different levels: thinking, doing, and 

reflection (inspired by Checkland [15]). 
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1. Knowledge: ability to describe what one has 

learned 

2. Understanding: ability to explain what one has 

learned 

3. Application: ability to transfer what one has learned 

to a new situation  

4. Analysis: ability to analyse a complex situation and 

to present the findings systematically 

5. Synthesis: ability to condense different ideas into a 

concept 

6. Evaluation: ability to argue about the fit of a con-

cept with regard to the requirements of a complex 

situation 

7. Reflection: ability to analyze the own actions and to 

draw conclusions that can be used to improve re-

sults in the future 

The evaluation shows that the course in ‘Business Anal-

ysis & Design’ produces significantly higher results on 

levels 4-7 than the average of other MScBA courses. 

These results underscore not only the practical value of 

our action learning approach but also the fact that we 

apparently have managed to structure and facilitate the 

learning process on different levels: individual construc-

tion of mental models; understanding needs and develop-

ing adequate solutions; critical reflection of methods and 

processes (cf. Fig. 5). 

The creation of new knowledge is the main foundation 

for innovation. The ability to learn quicker than the 

competitors is a crucial and in particular long-lasting 

advantage. The challenge is to organize a creative learn-

ing environment which keeps the team on “the edge of 

chaos” [17]. This means to lead the team on a path where 

maximum creativity exists and where learning best oc-

curs, in a team or organization which is optimally re-

sponsive to the complexity of the environment but still 

structured sufficiently to succeed [18]. Fulmer [19] ar-

gues, that for a team to succeed it needs to walk the fine 

line between stability and change. To stay at the edge of 

chaos, the team needs a few simple rules and a minimum 

set of norms or guidance, which are simple but also 

adaptable [20]. Our experience shows that the structured 

interplay between thinking, doing, and reflection can 

help to keep the team poised on the edge of chaos and to 

solve the somehow paradoxical demand to introduce 

disorder and to organize creative chaos. 
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ABSTRACT 

 
I would like to introduce the term quantitative-semantics as a 
new linguistic term.  Quantitative-semantics allows for a type 
of scaling of mainly adjectives and adverbs beyond their 

common usage.  
  
The linguistic analysis is performed at two levels: semantic and 
syntactic. The first stage is the semantic analysis. Here, the 
vocabulary of the sentence is checked. 
 
Quantitative-semantics analysis looks especially for 
superlatives such as “never”, which hints at an extreme case. 

This analysis is based, in the first iteration, on the 
corresponding use of expressions termed “distinguished” 
words.  In order to find these distinguished terms, in  the next 
step one must analyze a syntactic sentence. This should 
reconfirm the indications iterated in the first stage.  
 
This sentence analysis can be computerized, and thus, the the 
analyzed text can be quickly classified using the semantic-

quantification methods shown below. 
 
Cognitive behavioral therapy (CBT), currently a very popular 
method among psychotherapists, was the impetus for 
developing quantitative-semantics.  Its main advantage lies in 
its simplicity and in its schematic methodology. These 
characteristics facilitate the creation of a computer-
implemented cognitive therapy model. iCBT is computerized 
CBT that deals with huge auxiliary information processing. 

 
The crux of this model lies in finding the so-called “distorted 
thought”. A distorted thought is a thought that tries to represent 
reality, but instead gives a distorted or unrealistic result [2]. For 
example, the following sentence represents a distorted thought: 
A student who has received a C concludes “I am a complete 
moron…”. Another example deals with someone who, after 
quarreling with his girlfriend, concludes:  “Girls always spoil 

the relationship. I will never be able to hold on to a 
girlfriend”…  
Cognitive thoughts are formulated by the human brain into a 
natural language, namely, into meaningful spoken or written 
sentences. Therefore, analysis of any thought is actually 
performed on sentences, the thought’s linguistic counterpart. 
The distorted thought’s text is characterized by the use of 
superlatives. 

Computerized quantitative-semantics can be used as an 
auxiliary psychological tool and also in self-psychotherapy. 

   
 
Keywords: Syntax, semantics, parsing, pattern-matching, 
statistical parameters, GUI, CBT, bibliotherapy. 
 

 

 

1. INTRODUCTION 

 

Categories and Subject Descriptors 
[Natural Language Processing]: Language parsing and 
understanding; Text analysis. Features – evaluation of 

semantics and its application in behavioral science. 

 

General Terms 

There are several general terms used in this article:  
 

There are several general terms used in this article:  

a. Human Factor – the article deals with behavioral 
sciences, namely, CBT – Cognitive Behavioral 
Therapy.  

b. Languages – a natural language is the interface 
between subconcious thoughts and conscious speech.   

c. Measurement – the measurements are performed to 
evaluate the tested text and subsesquently, the 
distorted thought is then transformed into its 
normative counterpart. 

 

 

The presented paper belongs to an interdisciplinary domain, 
joining linguistics and psychotherapy; therefore, in order to be 
understandable to both of the above professional domains, some 
basic terms of linguistics and psychotherapy will now be 

introduced.  
 
The first stage is semantic analysis. Here, the vocabulary of 
thoughts is checked. The distorted thought text is characterized 
by the use of superlatives such as “never”. The distorted 
thought is defined and categorized by the CBT’s developers [2], 
[9] and thus may be recognized and classified automatically by 
a computerized analysis of the corresponding text. This analysis 

is based, in the first iteration, on the corresponding use of 
expressions called “distinguished” words.  In order to find these 
distinguished terms, which indicate the possibility of cognitive 
distortion, quantitative semantics must be introduced. 
 

The next step is syntactic sentence analysis. This reconfirms the 
results obtained in the first stage.  This analysis leads to a 
syntactic sentence transformed from an affirmative one to an 
interrogative one, guiding the user towards self-improvement. 
 

 
2. DEFINING BACCHUS NORMAL FORM OR BACCHUS -

NAUR FORM (BNF) NOTATION  

 

This suggested method for describing the linguistic 
characteristics of various distorted thoughts is widely used in 
defining the syntax of programming languages [7]. This 
technique will be used in the context of iCBT (computerized 

CBT).  Understanding this technique is essential for further 
understanding the article. 
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The BNF [4] methodology is based on using the symbols in Fig.  
1 for its notation. 
 
The sharp-brackets contain the terms to be defined and the 
terms that already have been defined. The set of two colons and 
the equal operator define the assignment operator in BNF 
notation.  “|” denotes the alternative operator, as shown in the 

example (Fig, 2). The rectangle-brackets denote an option. The 
tilde operator denotes a negation or complementation. The 
space denotes the concatenation operator and the regular 
parentheses control the precedence of the operators as they do in 
algebra (Fig. 2). 
 

 

 

 
 

    

 

 

 

 

 

 

 

 

 

 

 

 
3. SYNTAX ANALYSIS 

 

Syntactic Parts  

In order that the computer can accurately analyze a sentence, 
the sentence must be decomposed into its syntactic parts. 
Assuming that the sentence’s words are given in a dictionary 
with their corresponding part of speech, e.g., an adjective, noun, 
verb, and adverb, it is possible to classify the sentence’s words 
into their syntactic role within the sentence.  Knowing the 
syntactic function of the sentence’s words such as subject, 
object, and verb will be helpful in analyzing the semantics or 

the meaning of the sentence.  This meaning enables one to 
automatically recognize distorted thoughts.  

 
Example 

A sample sentence “The best student is feeling awful” will be 

analyzed. First of all, the BNF corresponding rules [4] are 
applied (Fig. 3), and then the corresponding derivation tree (Fig. 
4) is obtained, using the syntactic-structure method [7]. 

The usefulness of BNF notation and decomposing the syntactic 
structure will be further discussed. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
       

 

 

 

 

 
4. QUANTITATIVE-SEMANTICS 

 
Semantics [8], [5]  is a linguistic area of study that tries to parse 
the significance of a sentence and its parts. This is one of the 
required fields in cognitive thought analysis. In order to better 
serve the needs of iCBT, we will propose some ranking of the 

vocabulary.  
 
This ranking is termed hereafter as Quantitative-Semantics. Its 
definition is as follows: The parts of speech, for example, 
adjectives, adverbs, and nouns are organized into "family-
groups" containing sorted members in the family group. Each 
group treats some property represented by an abstract noun (or 
term) such as speed, hunger, and feeling (hot, cold, etc.). 

 

Fig. 1:  BNF’s conventional symbols 
 

Fig. 2: An example using the BNF symbols to 
define the term number. 

 

Fig. 3:  Derivation – BNF rules of a sentence:“The 

best student is feeling awful.” 
 

Fig. 4: The derivation/parsing tree of the sentence, 
“The best student is feeling awful”, are using the 

rules from Fig. 3. 

 

 

<sentence> ::= <noun phrase> <verb phrase> 
<noun phrase>   ::= <adjective> <noun-  

        phrase>| <adjective><singular noun> 
<verb phrase> ::= <verb> <adverb> 
<verb>  ::= <singular verb>| <composed verb> 
<composed verb> ::= <auxiliary> <verb> 
<auxiliary> ::=  is | are | have 
<adjective> ::=  the | best 

<noun> ::=  student 
<singular verb> ::= feeling 

<adverb> ::=  awful 
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Fig.  5:   Schematic of Quantitative Semantics – a fragment of a   wider set of scaling-terms. 

 

<determining-term> ::= <extremal-term> | <moderate-term> 
<extremal-term> ::= <minimal-term> | <maximal-term> 
<minimal-term> ::=  <minimal-timing-term> | <minimal-location-term> |   
                  <minimal- personal-term> | <minimal-still-term> 

<maximal-term> ::=  <maximal-timing-term> | <maximal-location-term> |  
                  <maximal- personal-term> | <maximal-still-term> 
<moderate-term> ::=  < moderate -timing-term> | < moderate –location-  term> |  
                  < moderate - personal- term> | <moderate-still-term> 
<emotional-term>::=<negative-emotional-term> | <positive-emotional-term> 
<negative-emotional-term>::= sadness | unhappiness | despondency |   

                 depressing |  anxiety | restlessness | unease |  dissatisfaction |  discontent 
 <positive-emotional-term>::= happiness |  calmness |  satisfaction |  contentment 
<minimal-timing-term> ::= never | not at all | not at any time | not ever | not in any way 

<maximal-timing-term> ::= always | constantly | without stopping | anytime 
<moderate-timing-term> ::= sometimes |  once in a while | occasionally |often |seldom 
                 | frequently | in many cases 
<minimal-location-term> ::= nowhere | not anywhere | in no place 
<maximal-location-term> ::= everywhere | in every place | in every location 
<moderate-location-term> ::= here and there | somewhere | someplace | 
                some location | some place | any place 
<minimal- personal-term> ::=  nobody | no one | no person 

<maximal- personal-term> ::=  everybody | each person | everyone | anyone |all 
<moderate- personal-term> ::=  somebody | someone | some person | unspecified person 
<minimal-still-term> :: = nothing | not one thing | in no way | empty 
<maximal-still-term> ::= everything | all | whole | full 
<moderate-still-term> ::= something | some object | unspecified object | some 
<minimal-manner-term> ::= wrong| behave unjustly toward| injure| harm| violate| malign|  discredit 
<maximal-manner-term> ::= well | excellently | in a good manner | appropriately| properly |  
significantly |  in good spirit| fairly | completely | totally 
<positive-relation> ::= love | like | polite | respect | honor | dignity | respect | face | glory| homage | 

               honorableness | kudos | laurels | regard | reputation | comity | success 
<negative-relation> ::= hate | cruel | scorn |  contempt | derision | disregard | disparagement | 
              flippancy | levity | failure 
<moderate-relation> ::= acquaintance | friend 

<sharp-conscientiousness>::= should | must | have | mandatory | obligatory 
< moderate-conscientiousness>::=  may | might can | could | maybe | possible | probable 
<negative-label-affront>::= stupid | fool | pig | monkey | donkey 

<positive-label-compliment>::= wise | talented | lion | cat 
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The sorting is done according to the intensity of the meaning of 
the word in the family-group, starting from a lower intensity, 
and proceeding through moderate words and then coming to the 
higher ones. The members of the family-group appear with their 
attached intensity value. 
 
For example, the sequence of the following words represents the 

idea: {{cold, -1}, {lukewarm, 0, {tepid, 0}, {hypothermal,1}, 

{warm,1},{ hot,2}}. 
 
This ranking will first be presented in BNF notation (Figure 5), 
and then its usage will be analyzed. 
 
This is only a partial list of a much longer one that may be 
created to indicate contrast. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
5. IDENTIFYING  COGNITIVE DISTORTION 

THOUGHTS  
 
The Quantitative-Semantics (QS) and the BNF notation defined 
before will enable one to analyze the sentence’s meaning.  Such 
an analysis is essential for identifying thoughts having cognitive 

distortion. The structure (BNF) and the evaluation of meaning 
(QS) reinforce each other; namely, BNF enables a more 
accurate way of classifying the sentence's words into their 
corresponding QS categories (Fig. 8). Also, conversely, the 
first-iteration of the sentence’s word classification may improve 
the first decomposition. 

 
The above analysis is supported by statistical tools, whose 
usage is demonstrated by describing the treatment of Mental 
Filter cognitive distortion. 
 
The next relevant step in identifying cognitive distortion 

thoughts is to parse [1], [10], [3] a given transcription of 
thoughts to discover whether the analyzed sentence belongs to 
one of the known categories in the bibliography [2] of cognitive 

distortion thoughts.  
 
The thought distortions are generally recognized by using the 
external-terms (superlatives) introduced in section 3 in a special 
context, or in a special sentence construction.   
Some of the known distortions (Figure 6) will be listed below 

and their linguistic (semantic and syntactical) properties will be 
noted. 

 

 
All-or-Nothing Thinking 

This type of distortion may be determined by a template (1). 
 

(1) 

      ~ <maximal-term>, [<cause-connection>] I 
am (<minimal-still-term> | <negative-label-

affront>) 
  
The following example shows the essence of the above template 
(1.): “I received a grade of 85 in the examination. I am a 
complete fool; how could I make such a mistake?” 

 

 
Overgeneralization 

This type of distortion may be determined by a template (2) 

using the <timing-term> notations dragged from Figure 5 and 
with the <event> notation, which denotes a sentence describing 
some kind of event. 

(2) 

<overgeneralization-distorted-sentence>:=  I 

<maximal-timing-term><negative-event> | I 

<minimal-timing-term> <positive-event> 

The following examples use the Overgeneralization class of 

thoughts: 

 “I always fail the examination.”  

“I never succeed in passing the examination.” 

 

 

Fig. 6: Definitions of auxiliary terms 

a. All-or-Nothing Thinking 

b. Overgeneralization 

c. Mental Filter 

d. Disqualifying the Positive 

e. Jumping to Conclusions 

f. Magnification and 

Minimization 

g. Emotional Reasoning 

h. Should Statements 

i. Labeling and Mislabeling 

j. Personalization 

Fig. 7: Cognitive Distortion Thought 

Categories [2]. 

 

 

<connector>::= <cause-connector> |  
           <pointing-connector> 
<cause-connector> ::= therefore | because | and so |   
            hence | namely | i.e.| however 
<pointing-connector>::= that | which | who 

<importance-term>::= <neglecting-term> | 
            <emphasizing-term> 
<less-important-term>::= by coincidence | 
            it’s  nothing | good luck | only 
<more-important-term>::= intentional | knowingness  

            | willfulness 
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Mental Filter 

This cognitive-distortion causes the person to perform a so-
called selected-abstraction. Here the template would be (3): 

)3(         

[because] <negative-event>  , <negative-relation> 

Example:  “He laughed at her; that person is very cruel.” 

In order to identify this distortion, tone can use statistical 
methods [11] to find significant use of negative-relations in 
comparison with moderate-relations from the same person.  The 

rate given may be compared with the rate known in the person’s 
milieu (community/population). 

 

Disqualify the Positive 

Here, the template consists of two components (4), where a 

<positive-event> generally describes a sentence in which the 
event yields a positive outcome for the subject.  The component 
<less-important-term> relates to neglecting (an antonym of 

emphasizing) term.  

)4(    

<positive-event><less-important-term> 

 

An example is the following conversation: 

- You are a very good student. You have received 

a very good grade. 

- It is a coincidence. I just have good luck.  

 

Jumping to Conclusions 

Drastic decisions are made, owing to bad speculations about the 
future and an incorrect reading of people's thoughts. 

 

Minimization and Magnification 

This class is characterized by using the <extremal-term>s. 

 

Emotional Reasoning 

The category of cognitive distortion, Emotional Reasoning, is 

treated according to the template given next (5): 

)5(   
    I am <negative-emotional-term> <cause-connector> 

 I am <minimal-still-term> 

This definition can be improved by finding a more general 
determination of the subject I. 

Should Statements 

To treat the distortions based on should statements, we will 
perform pattern matching (see [1], [10] and [3]). The template 
<sharp-conscientiousness> is related to the subject (the 

syntactic-part of a sentence), where the subject is referred to in 
first-person such as I and me. 

 

Labeled and Mislabeled 

Labeled and mislabeled sentences constitute a class of distorted 
sentences   containing the <negative-label-affront> attached to 
an object (syntactic-part of a sentence).  This object relates to 

the second or third-person (speech-part). 

The difference between the Labeled-terms and Mislabeled-

terms lies in the degree of the reliability.  The mislabeled-term 
group members indicate the existence of distorted thought, 

whereas the members belonging to the labeled-terms are 
candidates for causing disturbances through cognitive 
distortions.  It depends on what context the terms are used.  The 

tree-structured analysis is helpful in analyzing such a context. 

 

Personalization 

The cognitive distortion category, Personalization, is treated 
according to the developed iCBT methodology.  Additional 

items in the Personalization list should be treated as the others. 
This list should include the following expressions: self blaming, 
negligence, fault, and responsibility. This is achieved by 

defining the template that treats the Personalization type of 
cognitive distortions. 

 

6. CORRECTING  COGNITIVE DISTORTION 

THOUGHTS  

 

After discovering the distorted-thoughts and recognizing them in 

the transcribed text, the psychotherapist may suggest some 

corrections [2] of the original text. 

 
This operation may be partially computerized using known 

algorithms in the field of the string/tree pattern-matching ([1], [10], 

[3], and [6]). 

 

The proposed computerized CBT is intended to give the patient an 

opportunity for gradual self correction by choosing the appropriate 

expression from the list of proposed moderate-expressions (Figure 

5) and substituting it for the extreme expression. The iCBT can 

automatically perform such substitutions and show the user the 

computer’s solution.  

 

 

7. CONCLUSIONS 

 

It should be emphasized that the adjectives and adverbs may be 
categorized into two classes:  
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Superlative 

The superlative class is a class in which the terms are very 
categorical, suggesting some cognitive-distortion.  This class 
contains expressions such as impossible or never. 

 

Mild 

The Mild class contains expressions that express some doubt. 
Statistically, they describe more accurately reality [x2x] and 
they may be substituted for the superlative counterparts.  This 

class contains expressions such as improbable or seldom. 

The iCBT (Computerized CBT) [12]  is a kind of bibliotherapy  
[13] that uses reading as a therapeutic treatment method. The 
presented methodology, together with transformational 

grammar [7] (supported by statistical methods), which 
transforms an affirmative sentence into an interrogative one, 
may upgrade the reading to an interactive collaboration between 

the software-system and the user-client, hopefully leading to 
mental self improvement.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The advantages of iCBT over the bibliotherapy lie in its 
adaptiveness; thus, it responds more accurately to the client. In 

the future, an improved human-computer relationship (GUI-

Graphic User Interface) using audio devices enabling voice 
recognition instead of the textual input devices will be used.  
These types of   
devices can be termed MUI – Media User Interface, which will 
also include audio and other media possibilities.  
 

The Quantitative Semantics list is an additional property of 
iCBT. The list given in Figure 5 represents a preliminary 
Quantitative Semantics BNF derivation list. Its purpose is to 
show the iCBT methodology concept.  However, in order to 
better implement the iCBT, a more extensive list should be 
prepared and in addition, the statistical methods [11] may also 
be used. 
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Fig.8:  An algorithm for cognitive distortion recognition. 

 

 

199

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



Graph-Based Formalisms for Knowledge Representation 

 

 
Mile PAVLIĆ 

Department of Informatics, University of Rijeka,  

Rijeka, Croatia 

 

Ana MEŠTROVIĆ 
 
Department of Informatics, University of Rijeka,  

Rijeka, Croatia 

 

and  

 

Alen JAKUPOVIĆ 

Bussines Department, Polytechnic of Rijeka, 

Rijeka, Croatia 
 

 

 

ABSTRACT 

 

Graph-based formalisms provide an intuitive and easily 

understandable vehicle for knowledge representation. In this 

paper several existing graph-based formalisms are described. 

Furthermore, a new graph-based formalism for knowledge 

representation is defined. Basic concepts for graphical 

representation (nodes and links) as well as their variation are 

described. Context node, context link and process node are 

defined in order to represent different kinds and levels of 

knowledge. A knowledge network diagram defined from 

sentences expressed in natural language is presented. The main 

goal of this formalism is to present knowledge stored in textual 

fields in the databases. 

  
Keywords: knowledge representation, knowledge based 

systems, conceptual graphs, semantic networks, natural language 

representation 

1. INTRODUCTION 

 

Knowledge representation and reasoning is an important field in 

the domain of artificial intelligence. It is concerned with how 

knowledge can be represented symbolically and manipulated in 

an automated way by reasoning programs [1] and it involves 

machine-interpretable representation of the world [2]. In [3] the 

goal of knowledge representation and reasoning is described as 

to symbolically encode human knowledge and reasoning in such 

a way that this encoded knowledge can be processed by a 

computer via encoded reasoning to obtain intelligent behavior. It 

can be the knowledge of a single person, of an expert in some 

domain, shared knowledge of ordinary people (common sense 

knowledge), social knowledge accumulated by generations, e.g., 

in a scientific domain, etc.  

Knowledge representation is important for the different 

scientific disciplines [4]: the theoretical foundations of artificial 

intelligence, linguistics (in connection with the formal 

description of the semantics of natural language expressions and 

for the formalization of lexical knowledge), cognitive 

psychology (to model conceptual structures and the processes of 

reasoning), natural language processing (e.g. natural language 

understanding, semantic search, question answering systems, 

machine translation systems) and knowledge based systems 

(KBS).  

This paper deals with knowledge representation formalisms 

based on graphic notation. The main concepts used in graph-

based knowledge representation are nodes (represented as 

vertices) and links (represented as arcs). In graph-based 

approach to knowledge representation graphs are considered for 

knowledge modeling and for computation. A benefit of this 

approach is that labeled graphs, schemas and drawings provide 

an intuitive vehicle for knowledge representation. There is a 

wide range of applications of graph-based methods such as such 

as the ER  model, UML, Topic Maps in the domain of database 

and information systems development. The main reason is that 

graphs are easily understandable for users, knowledge engineers 

or specialists in an application domain [3]. 

In this paper we propose a graph-based formalism that is based 

on semantic network. The main motivation of this approach was 

to define a formalism that may capture knowledge stored in the 

text fields in the databases. That way this formalism can be 

viewed as an extension of the ER model. Introducing an 

additional model for knowledge representation of textual fields 

in the database will enable more precise reasoning with the data 

from the database. In our approach, we introduce different kinds 

of nodes for term representation. Link between nodes enable 

grouping terms into more complex expressions. Specifically, a 

process node is defined as an aggregation point for the 

representation of knowledge described in sentences.  

The paper is organized as follows. Section 2 summarizes the 

related work and existing methods. Section 3 introduces the 

main concepts for graph-based knowledge representation 

formalism that we propose. Section 4 describes how to represent 

complex language structures using described graph-based 

concepts. Finally, section 5 presents the conclusions and future 

work. 

2. RELATED WORK 

 

Different applications need different formalisms and languages 

that may range from simple to complex and very expressive 

knowledge representation formalisms. Over the time, many 
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different approaches, formalisms, methods and languages for 

knowledge representation have been developed. Traditionally, 

there are two main approaches to knowledge representation that 

are defined in the domain of artificial intelligence: declarative 

and procedural. The declarative approach includes logic 

schemas, network schemas and frames; while the procedural 

approach is related to production systems, also known as rule 

systems. Apart from these traditional approaches, there is 

connectionist approach [5,6] in the field of knowledge 

representation that introduces neural networks.  

Network schemas include different formalisms based on 

graphical notations. The most influential are semantic networks 

(SN) introduced by Quillian in 1968 [7] and conceptual graphs 

(CG) introduced by Sowa in 1976 [8] and later developed and 

elaborated in [9, 10]. Both formalisms are derived from 

existential graphs developed by Peirce in 1896 to express logical 

sentences as graphical diagrams [6]. Later on, similar notations 

have been defined, all differing slightly in syntax and semantics. 

Furthermore, there is a number of graph-based methods that 

have their origins in these two main methods: Cognitive 

Semantic Networks, Structured Inheritance Networks, 

Multilayered Extended Semantic Networks (MultiNets), Basic 

Conceptual Graphs (BG), Simple Conceptual Graphs (SG), Full 

Conceptual Graphs (FCG), Hierarchical Semantic Form (HSF), 

Resource Description Framework (RDF), etc. A short overview 

of the main existing graph-based formalisms is given below.  

 

Semantic networks 

A semantic network was developed as a model of human 

(associative) memory [2] in order to provide a structural 

representation of statements about a domain of interest. 

It is represented using nodes, which represent concepts, and 

labeled arcs, which represents semantic relations. Therefore, a 

semantic network represents semantic relations between 

concepts. There are two special relations distinguishing semantic 

network applications: is-a and a-kind-of. The is-a relation is a 

particular relation which links individuals to their classes. A a-

kind-of relation denotes a subsumtion. A subsumption link 

connects two general concepts and denotes specialisation or 

generalisation. Furthermore, other specific relations may be 

used, such as has-a-property, or any other relation that specifies 

relation between two concepts.    

There are different kinds of semantic networks that vary from 

informal to highly formal. The most common kinds of semantic 

networks are: definitional network, assertional network, 

implicational network, executable network, learning network 

and hybrid network. 

The main drawbacks of semantic networks include lack of 

formal semantics and limited reasoning tools [3]. 

 

Conceptual graphs 

Conceptual graphs were initially defined to represent conceptual 

schemas used in database systems but after that they had a wide 

range of applications in artificial intelligence, computer science, 

and cognitive science.   

CG are formally defined in an abstract syntax that is independent 

of any notation, but the formalism can be represented in three 

different notations: graphical display form (DF), the formally 

defined conceptual graph interchange form (CGIF), and the 

compact, but readable linear form (LF).  

A basic conceptual graph is composed of two kinds of nodes, 

i.e., concept nodes representing entities and relation nodes 

representing relationships between these entities. 

In [3], some specific graphical methods based on conceptual 

graphs are defined and described, such as the basic conceptual 

graphs and the simple conceptual graphs  methods.  

Multilayered extended semantic networks 

Multilayered Extended Semantic Networks is defined as a 

formalism for the semantic representation of natural language 

expressions which can be used as a universal knowledge 

representation paradigm in human sciences [4].  

In semantic network formalisms every node represents a concept 

and vice versa. In MultiNet formalism representatives of 

concepts that can be designated by a single word are called 

lexicalized concepts (e.g. Peter, Discussion) and all other 

concepts are called nonlexicalized concepts (e.g. in front of my 

house). 

A concept can be generally characterized by three components: a 

word or a word group designating the concept and representing 

it externally, a collection of relations to other concepts or a 

complex pattern. Furthermore, each node belongs to a certain 

class from a predefined classification of nodes, which is called 

conceptual ontology (consists of 29 classes). Each node 

possesses 7 predefined attributes, whose values place it in a 

semantic space (motivation for this approach is the analogy with 

the point in Euclidean space). Links are established between 

nodes by using one of 89 predefined types of links. 

 

Hierarchical semantic form 

In [6], a knowledge representation technique named Hierarchical 

Semantic Form is introduced as a method for representing 

patterns in natural language sequences. The HSF method 

consists of two basic concepts: group and link. They are 

graphically represented with circles (empty for groups, full for 

links) interconnected with arrows (to show the direction of 

reading). The concept of groups is used in denoting a particular 

sign, group of signs, words, semantic categories and complex 

samples. Basically, it is used in order to show the sequence of 

denoted terms on different levels of abstraction (the group shows 

the link to the first element of the sequence). The same group 

can appear at different levels of abstraction. The concept of links 

is used in the creation of a sequence of signs, group of signs, 

words, semantic categories etc. on different levels of abstraction. 

The primary task of a link is to show a sample (group) in 

different contexts. For example, for a sample "Student", the link 

has to show the correct sequence of a particular sign in the 

sample. Similar would apply to words, sentences etc. The HSF 

method provides semantics for a particular sequence of terms by 

linking them to a concept of groups which contains a semantic 

description (e.g. "is a part of" or "part of the day" etc.). 

 

Resource description framework 

The RDF method has several display types, one of which is an 

RDF graph [11]. It is another graph-based method for 

knowledge representation which focuses on knowledge from 

web resources. It shows the relationship between web resources 

by using a named property and its value. Various data, 

documents, pictures etc. can appear as web resources. The 

named property refers to the observed resource. The name of the 

property is defined by a Uniform Resource Identifier (URI) and 

therefore the property can be observed as a new resource. The 

value of the property can be another resource or some data (e.g. 

string, number, date etc.).  

The RDF graph method consists of three basic concepts: a node 

which represents the resource, a node which represents the data 

and an arrow which connects the nodes. An ellipse is a graphic 

symbol for a resource, whereas a rectangle is a graphic symbol 

for data. An arrow represents a property and the name of the 

property is written on it. The arrow points to the value of the 

property. Since resources have properties, at the start of an arrow 

there is always an ellipse (resource node), whereas at the end of 
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the arrow there is an ellipse or a rectangle (therefore, resource or 

data node). The RDF method can be used to show statements 

with the subject-object-predicate structure. 

 

The formalisms described above attempt to give a graph-based 

knowledge representation using nodes and arcs as basic 

concepts, but in a different way. Figure 1 shows an example of a 

simple sentence in English language represented with different 

graph-based formalisms. In the next section we propose a new 

approach for knowledge representation. 

 

 

 
 

Figure 1. Graph-based methods formknowledge representation 

 

3. BASIC CONCEPTS 

 

In this section we describe basic concepts of the graph-based 

method that we propose. 

 

Node 

A Node is a drop of knowledge (term, entity) different from any 

other knowledge in the model. All concepts which have their 

own meaning are in nodes. Thus nodes can represent particular 

named people, things, events, actions, ideas, but also concepts 

on a higher level of abstraction, such as a person, a table, a 

sporting event, learning, a feeling, activities etc. A node is the 

smallest unit of knowledge which cannot be further divided. 

Larger units of knowledge are represented by a group of 

connected nodes. Also, nodes are not groups (relations, tables, 

classes) of similar entities. A node is not a classification of 

entities, but rather one individual entity. Every new term is a 

new node. A node may only contain one term. The meaning 

(name) of a node is entered in the node symbol (rectangle), as 

shown on Figure 2. Even the smallest semantic difference 

between two terms leads to the creation of a new node. A new 

node is also created when there is a difference in "essence" 

between two concepts (e.g. two different persons named Marko). 

The name of a node is its attribute and gives the semantic 

identification of the concept. The name does not have to be one 

word only; it can be a group of words, a compound or a 

derivative with a specific meaning, e.g. "I don't know", "army 

branch", "come to mind", company "good vibrations". A node 

can have several attributes. While implementing the method, it is 

necessary for a node to have a name, but also an identification 

attribute which identifies it unambiguously. Names of nodes 

may not be polysemantic, that is, all homonyms have to be 

broken down and their precise word versions have to be used in 

the knowledge record. In human language it is presumed that, as 

a result of their natural intelligence, readers will understand the 

knowledge which one tries to transfer to them. Our goal is to 

define such a formalism which relies on the reader's prior 

knowledge, but leaves no possibility of alternative 

interpretations and ambiguities. We have shown the essential 

requirement of the this formalism: there is a drop of knowledge 

(essence, concept) which has its own identity (name or 

identifier) and semantics (essence of the concept, the 

corresponding fact it replaces) different from anything else, both 

in reality and in the mind, and such drops are represented by 

nodes. There are following types of nodes: node (ordinary node, 

static node, entity, concept, term), context node (abstract, group, 

sort, class, framework, type), data node (place where data are 

kept) and different kinds of process nodes (binding, relative, 

dynamic, functional, action nodes, conditioned nodes). 

 

Link 

The second basic concept is link, which has the role of 

connecting a maximum of two nodes in the network. Links do 

not have link names, but can have role names. Role name (as 

described below) is the information belonging to the node, and 

this name questions the role of the connection between that node 

and another node. A link is represented by a line, with or without 

an arrow. A link cannot connect three or more nodes. Only 

binary links are allowed. If there is a need to connect three or 

more nodes then "process nodes", which connect several nodes 

by binary links, can be introduced. The cardinality of a link is 

always (1,1): (1,1) [12]. This means that the first node in the 

connection must always exist and that it is connected with a 

maximum of one other node and vice versa. An example of two 

nodes and their links, which correspond to the sentence: "City of 

Zagreb", but also to the sentence "Zagreb City", is shown in 

Figure 2. If we take another city, e.g. Sarajevo, it will be 

connected to City by a new link. 

 

Context link and context node 

A Context link is a special link between a context node (node on 

the higher level of abstraction, general, superior, class, generic, 

superterm) and a specialised node (described, specific, node on 

the lower level of abstraction, of phenomenon, of the pertinent). 

 

 
 

Figure 2. Relationship between a context node and a specialised 

node 

 

The assumption on which this knowledge modeling concept lies 

upon is that knowledge can be presented and organised in nodes 

among which there is a certain relationship: abstract term – 

specific term. The complete knowledge network consists of 

several levels of knowledge, as it is presented in Figure 3. The 

first level is the level of the first (phenomenal) nodes, that is, the 

schemes of knowledge about relationships between particular 

phenomena. The second and higher levels are the levels of 

classes and their relationships. The higher level node is a context 

node with respect to the node described on the lower level. The 

knowledge network imposes no limitations regarding the 

connection of any node with any other node on any level. 

It is possible to interconnect nodes from all levels; then the 

higher level node is called the context node with respect to the 

node it is connected to. This link is called the context link. This 
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is not a generalisation link in which supertype attributes belong 

to the subtype and both have several occurrences. A context link 

for a particular node answers to the following questions: what is 

the node, which sort is the node, of which type it is, which class 

is it, to which group it belongs, etc. If two nodes from different 

levels are connected, then the context link is represented by a 

line with an arrow. The arrow points to the lower level node. 

Figure 3 shows certain context links. One node can be the 

context node for an unlimited number of specialised nodes. One 

node can have an unlimited number of superior context nodes. A 

context link can be established between different sorts of nodes 

(ordinary, process nodes). 

 

 
 

Figure 3. Knowledge network nodes at different levels 

 

 

Process node 

A process node is a node whose links connect the nodes and 

together with them create a more complex presentation of 

knowledge in form of aggregated knowledge. The process node 

is intended for representing knowledge which cannot be 

represented by ordinary nodes because it stands for: 

relationships between nodes, activities, links between several 

nodes, actions, occurrences, feelings etc. The process node is 

graphically represented by an oval (Figure 3). Names of ordinary 

and context nodes are usually nouns. Names of process nodes 

can belong to different parts of speech or word groups but are 

usually verbs or gerunds. Process nodes are the glue which links 

and connects words in a sentence into superterms. A process 

node can represent an action happening between the nodes. If an 

action is composed of several parts, then it is represented by 

several connected process nodes. 

 

4. NATURAL LANGUAGE SENTENCES 

REPRESENTATION 

 

An example of a simple statement representation 

A simple statement can be represented using nodes and links. 

Simple sentences given in the subject-predicate-object form can 

be transformed into graphic notation. Subjects and objects are 

represented with the specialized node and predicates are 

represented with the process node.  

Let us analyse the simple statement clause "Marko hoes the 

vineyard". This sentence has one verb -"hoes", and corresponds 

to one process node. Other two words are nouns and we 

introduce two nodes for them as it is shown in Figure 4 a.  

This sentence can be extended with additional knowledge. One 

process node may have as many individual drops of knowledge 

as it has links as it is shown in Figure 4 b. 

 

 
 

 

Figure 4. The process node "hoes" (Croatian: "kopa") and its 

links 

 

An example of a complex statement representation 

We will now show model for a sentence chosen from daily 

press, expand the obtained diagram with additional knowledge 

about those events and ask questions the answers to which can 

later be gathered and built into the model.  

A complex sentence is: "La Peregrina, a pearl from the 16th 

century that Richard Burton gave to the actress as a gift, was 

sold for $ 11.842.500". A model of this sentence is shown in 

Figure 5. 

 

 

 
 

 

Figure 5. Knowledge network applicable to more than one 

sentence 

 

The chosen sentence does not tell us which actress it refers to, 

but from previous sentences it can be concluded that Elizabeth 

Taylor's pearls were being sold. A part of knowledge can be 

extracted from each of the sentences in the text and added to the 

diagram. Several process nodes are shown. Thus we see the first 

sale to Richard Burton and the second sale to an unknown buyer. 

We see everything that was happening with La Peregrina pearl. 

Unlike natural language, which consists of finite logical 

sentences and in which the subject always has to be named, the 

model of a knowledge network consists of one expressed 

"sentence", unlimited by size and contents, in which each term 

appears once and only once, but with at least as many 

connections as contained in the corresponding text. Process 

nodes around an ordinary node show everything that was 

happening (processes, events, occurrences, emotions, activities, 

actions, movements) with the ordinary node in any of the roles 

(subject, predicate, object). Process nodes between ordinary 
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nodes show everything that was happening between those 

entities.  

5. CONCLUSION AND FUTURE WORK 

 

In this paper, we present a graph-based formalism for knowledge 

representation. This is a new method and as such it will continue 

developing and upgrading. Further lines of research can go in 

the direction of applying the method to various sentences, 

groups of sentences connected by particular subjects; various 

types of texts, parts of an information system such as 

documents, databases, reports, screen forms, Web contents or 

business applications. It provides an alternative way of storing 

knowledge, different from the way the human mind stores 

spoken or written words, and different from other existing 

formalisms.  

What this method introduces is a special kind of process nodes 

which represent a link between nodes, but at the same time a 

new term related to other terms. The method emphasises 

contextuality of all knowledge.  

The further research includes realising the idea of incorporating 

questions in the knowledge network enables us to learn, to ask 

ourselves what else can be added in order to expand knowledge 

and retrieve it from the knowledge base. A separate issue is how 

to apply this method in the field of artificial intelligence for 

reasoning. Moreover, further research and improvements can 

upgrade this method to include a number of grammatical and 

orthographic standards (tenses, cases, pronouns, 

multilingualism). The knowledge network enables easier 

development of expert systems, particularly modules for 

communication between experts and knowledge bases, both for 

asking questions and for expanding the knowledge base. 
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Abstract 
Peer review has been regarded as a cornerstone of 
scientific research for a considerable time. Journals 
seeking to attract high quality scholarship rely on peer 
review to maintain their credentials in the publishing 
industry. However, over a period of time—and especially 
given the advent of the Internet—complaints have arisen 
from authors, reviewers and even editors as to the efficacy 
of the system. The authors outline a range of models 
which have evolved that either complement or replace 
evaluation processes which characterise traditional peer 
review. Research data is presented in the context of 
quality assessment. The authors introduce several 
approaches which are utilising repositories to support the 
process. Consideration is given as to how this might 
change the current institutional repository environment.   
 

Keywords: Peer review, repositories, open reviewing, 
research data, data journals 

1. Introduction 
Formal peer review has been utilized in one format or 
another for scientific publishing since the eighteenth 
century [1], although it is considered by some to be a 
fairly recent innovation, not widespread until the 
twentieth century [2]. While most researchers agree with 
the principles of peer review, many feel there is room to 
improve how it is implemented. Along with citation 
impact, peer review has engendered quite vigorous 
discussion among its critics for failing to deliver on its 
objectives. Concern has been expressed regarding bias 
and inconsistency, ineffective filtering of error or even 
fraud, and the suppression of innovation. 

In this paper the authors provide a brief overview of the 
conventional peer review process, focusing particularly on 
the perceived disparity between its objectives and actual 
utilisation. They proceed to discuss a number of review 
processes that either complement or replace peer review. 
Based on recent experience in working with new types of 
digital research content, the authors outline current 
approaches which utilise repositories to support the peer 
review process, as well as suggesting an expanded role, 
particularly for institutional repositories (IR). 

2. Traditional Peer Review 

Traditionally the role of peer review is considered to 
touch on four main functions within scholarly literature: 
dissemination of current knowledge, archiving of the 

canonical knowledge base (KB), quality control of 
published information, and assignment of priority and 
credit for their work to authors [3]. Corollary attributes 
include ensuring the correctness of reported work by not 
allowing demonstrably false claims to be given credence, 
certifying authors’ work as valid, maintaining the 
reputation of the publisher—especially if a learned 
society, and at the same time not stifling the introduction 
of valuable new ideas.  

Notwithstanding the laudable objectives outlined above, 
the peer review process has been subjected to quite 
vigorous debate. Major complaints include: 

• Unnecessarily lengthy review periods  
• Papers rejected for trivial reasons  
• Reviewers not reading work properly owing to 

time pressures  
• Publication blocked because a reviewer is 

working on something similar 
• Authors asked to recommend reviewers for their 

submission  
• Reviewers reacting unprofessionally to criticism 

of their work  
• Tendency for reviewers to be established authors, 

with subsequent bias against novel ideas and 
methodologies 

A 2008 survey by Ware [4] corroborated the fact that 
while the majority of respondents (93%) supported peer 
review as a process and 64% supported the current 
system, they also concurred that improvements were 
needed.  Ware highlights two areas in which peer review 
is deemed to have the most benefit as the ones clearly in 
need of improvement: improvement in the quality of 
published papers; filtering of the output of papers to the 
benefit of readers. While a clear majority of authors (ca. 
90%) felt that peer review had “improved the published 
paper”, concern was raised about the identification of 
statistical errors. The work by Garcia-Berthou and 
Alcaraz [5] was cited for having demonstrated that articles 
in high profile journals such as Nature and BMJ were full 
of such errors. 

The “widely held” belief that almost any genuine piece of 
academic work—no matter how “weak”—could 
eventually find a peer reviewed journal in which to be 
published was used to undermine the concept of peer 
review acting as an effective filter. However recognition 
was given to the fact that the system does tend to lead to 
the “better papers” being published in the “better 
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journals”, where “better” is linked to attributes such as 
impact factor.  The concept of content having met certain 
standards is implied in this process. 

The role of the reviewer is critical to the success of the 
peer review system. The necessity for high-profile 
journals to select content for publishing from a large 
number of submissions places pressure on both the editors 
and the reviewers. In an ALPSP (Association of Learned 
and Professional Society Publishers) survey [6], one in six 
reviewers indicated that they were overworked.  

As both a journal editor and a scientist who peer reviews 
articles, Leszczynski [7] attests to this fact: “Ultimately, 
too often reviewers are overworked and the reviews are 
done hastily, leading to publication of studies with poor 
science”. According to Taylor [8], “In many cases the 
reviewer is only able to give a short and often cursory 
overview of the work in question. As a consequence the 
most able person capable of reviewing a new piece of 
work may be too busy or simply disinterested.” Therefore 
while glaring problems are likely to be detected, subtle 
issues may escape unnoticed. 

There is the well-publicised study [9] by the British 
Medical Journal in which the BMJ Editor and several 
colleagues deliberately introduced eight errors into a 
paper which was about to be published in the journal. The 
paper was sent for review to 420 people. Of the 221 
respondents, the median number of errors detected was 
two. No one identified more than five, and 16% found no 
errors. It is this type of occurrence, along with high profile 
instances of actual fraud, that has led some critics of the 
current peer review process to take the view that a single, 
experienced editor could judge the significance and 
quality of research as effectively as a group of external 
reviewers.  

Certainly one of the most negative aspects of the peer 
review process has been encapsulated by Taylor [8], who 
describes it as “an excellent method for guarding the 
consensus view against attack”. In some instances an 
editor may be unlikely to accept any new material which 
challenges a current viewpoint held within the research 
community. He cites the negative impact of what he labels 
as the ‘gate keeping’ activities of the system on “the 
timely publishing of the continental drift theory of 
Wegener and the Helicobacter pylori theory of ulcer 
formation, which eventually led to a Nobel Prize for 
Marshall and Warren”. 

In the final analysis, despite the “negative press”, there 
are many who, like Harris [9], believe that peer review 
will remain a “cornerstone of the scientific process -- not 
because it's the best system, but because it's the best 
system we have”. 

 

3. Other Review Processes 

Given the inherent dissatisfaction, however, a range of 
systems have evolved that either complement or replace 
evaluation processes which characterise traditional peer 
review. It has been recognized for several decades that the 
advent of the Internet offers opportunities to rethink the 
landscape of research publication and evaluation [10] [11] 
[12] [13]. Alternative approaches are being used to tackle 
some of the longstanding problems with traditional peer 
review. Birukou [13], for example, analyses three 
experimental approaches: asking reviewers to rank papers 
instead of reviewing them, bidding for reviewing a paper, 
and open evaluation of research works.  

In addition there are new publishing models which are 
utilising alternative approaches for peer review.  Articles 
published in the EMBO Journal 
(http://www.nature.com/emboj/index.html) have a 
supplementary Review Process File (RPF), which 
includes the timeline of the review process and all 
relevant communication, e.g. referees’ comments and 
responses from authors. The World Economic Journal 
(WEJ) (http://world-economic.com/index.html) has 
recently launched an open reviewing process, entitled 
“Open Discussion Forum”, which combines input from 
the membership with editorial decision making [14].  

Philica (http://www.philica.com/) was created by two 
British psychologists, who were dissatisfied with 
traditional academic journal publishing because it “makes 
profits from researchers’ efforts through strong copyright 
restrictions which greatly limit the free exchange of 
information, both between research groups and between 
researchers and the public”. The journal publishes articles 
before full peer review process takes place. The whole 
review process is publicly available. 

The Journal of Scientific and Mathematical Research 
(http://www.jscimath.org/) uses open peer review in part 
to overcome the issue of “overworked or competing 
referees”: 

Manuscript submissions to the Journal of Scientific 
and Mathematical Research are posted immediately 
and peer-reviewed by the open scientific community, 
rather than by 2 or 3 people in a blind peer-review 
process. Reviews are therefore rigorous yet unbiased. 
The open (not anonymous) refereeing of manuscripts 
eliminates spurious or biased rejection of manuscripts 
by overworked or competing referees. Referees are 
required to post a clear justification of any rejections 
by openly citing errors relative to a list of errors. 

Faculty of 1000, which has been in existence for nearly 
ten years, offers fours services that support the work of 
life scientists and clinicians [15].  Of particular interest in 
the context of the current discussion is F1000Research—a 
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journal which is promoted on the basis of immediate 
publication and peer review: 

F1000Research is a completely original open access 
journal for life scientists; it offers immediate 
publication, transparent peer review (post publication) 
and full data deposition and sharing. F1000Research 
accepts all scientifically sound articles, ranging from 
single findings, case reports, protocols, replications, 
and null or negative results to more traditional articles. 

Episciences.org (http://episciences.org/) is a project which 
has stemmed from the open access movement. It describes 
itself as a technical platform of peer reviewing. It is 
designed to host “epijournals”, i.e. so-called “overlay 
journals”. These journals do not actually produce their 
own content; instead they derive their content from 
sources such as pre-print servers, e.g. arXiv. The editorial 
boards of such epijournals organize peer reviewing and 
scientific discussion of selected or submitted preprints. 
The service is scheduled to launch in April 2013. 

In his testimony to the UK Parliament, Taylor [8] has 
highlighted the fact that some scientists are beginning to 
post draft manuscripts on their own websites, requesting 
feedback, and subsequently producing a revised version 
for final submission.  

In a theoretical paper Martin [16] presents a model based 
on a “cooperatively built knowledge base” approach. 
Relationships are represented between elements 
(sentences, terms for concepts, relations). The fact that 
researchers would store and relate their knowledge in a 
“precise, organized and scalable way” into the shared KB 
of a community eliminates the need for a KB user to 
create / write a whole new article each time they make an 
advance in their research. For example, once a reference 
has been entered by a user, authors can draw on that 
shared information. In theory authors would have more 
opportunity to provide more technical information, 
without worrying about the presentation layer, e.g. space 
constraints. In fact it would allow for more flexibility in 
displaying aspects of their research. The reviewer is able 
to evaluate content using precise semantic relationships to 
compare, for example, a concept presented by one author 
with that of another. This would assist in identifying self- 
plagiarism, redundancy, and lack of precision in 
expression.  

A number of systems have evolved to support these new 
publishing models. Managing content is a critical 
component of their review process. Given their genesis, 
repositories—particularly institutional repositories—have 
the potential to expand their current capabilities to meet 
the requirements of these new models.  

    

 

4. Role of Repositories 

In several Commonwealth countries, accountability is 
measured among universities by means of a research 
assessment exercise. The United Kingdom has its 
Research Excellence Framework (http://www.ref.ac.uk/), 
while New Zealand universities are required to meet the 
requirements of the Performance-Based Research Fund 
(PBRF) (http://www.tec.govt.nz/Funding/Fund-
finder/Performance-Based-Research-Fund-PBRF-/). In 
Australia, the Excellence in Research for Australia (ERA) 
(http://www.arc.gov.au/era/) initiative is designed to 
provide benchmarking data for Australian universities 
compared with international measures. In the latter case 
traditional publications have been evaluated in terms of 
citations. Research outputs which do not lend themselves 
to citation analysis have undergone peer review. The 
model has used either institutional or purpose-built 
repositories to store research content of all types which 
have been nominated to be peer reviewed by an Expert 
Committee.  

As a logical consequence of focusing on research quality, 
governments and funding agencies are now turning their 
attention to the preservation and discoverability of the 
data which underpins research. 

Research data is the new gold, or black, depending upon 
the perspective of the reader. Historically knowledge 
derived from research was disseminated through 
traditional publication formats while the very data which 
informed those publications was significantly 
undervalued. As Pryor [17] suggests,  

…data is the primary building block of all 
information, comprising the lowest level of abstraction 
in any field of knowledge, where it is identifiable as a 
collection of numbers, characters, images and other 
symbols that when contextualized in a certain way to 
represent facts, figures or ideas as communicable 
information.   

Access to data expands the products of research to new 
communities and advances solutions to complex problems 
[18]. Major funding agencies have begun to recognise 
this, as evidenced by the move toward the requirement for 
a data management plan to be submitted as part of a grant 
proposal. 

Given the high-level focus on research data, an important 
trend—from a publishing perspective—has been the 
emergence of data journals. While the definition of a 
“data journal” may vary, it is essentially a platform, 
primarily designed to formally publish datasets. 
GigaScience (http://www.gigasciencejournal.com/) 
publishes “big-data” studies from the entire spectrum of 
life and biomedical sciences. It links standard manuscript 
publication with an extensive database that hosts all 

207

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



associated data and provides data analysis tools and 
cloud-computing resources. 

Launched in 2012, the Geoscience Data Journal 
(http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN
%292049-6060) is touted as a response to the ability of 
researchers “to create and collect often huge new data sets 
[which] has been growing rapidly in parallel with options 
for their storage and retrieval in a wide range of data 
repositories”.  

Another important trend is that of journals requesting data 
deposit to accompany journal article submission and, in 
some cases, to link the article with the underlying data. 
The Dryad Digital Repository (http://datadryad.org/) is a 
leading-edge example of the use of a repository structure 
to support the re-use of data. When an author submits an 
article for publication in one of the Dryad journal 
partners, they are encouraged to submit their data to the 
Dryad repository. While the article undergoes the peer-
review process, the deposited data is issued with a Digital 
Object Identifier (DOI)--using DataCite through the 
California Digital Library)--which allows for the citation 
to be constructed. 

These new publishing models which have evolved to 
support research data frequently have a repository 
structure that underpins them. The strength of this model 
is that whereas the repository handles the capture and 
management of the description of the data, the journal can 
focus on its interaction and interaction with the audience. 

Because these new models now support research data, 
they have inevitably raised questions around peer review. 
If other parts of the scholarly information lifecycle are 
subject to peer review, than why not the underlying data?  
Lawrence et al [19] note that “A dataset which has been 
through peer review can be considered to have been 
through a process of scientific quality assurance.” 
Callaghan et al [20] observe: 

There is significant interest in data journals at this time 
as they could provide a framework to allow the peer-
review and citation of datasets, thereby encouraging 
data scientists to ensure their data and metadata are 
complete and valid, and granting them academic credit 
for this work. 

While the aims are laudable, they raise the question as to 
how one avoids replicating the shortcomings associated 
with the peer review of traditional outputs. In future, one 
might expect that governments and funding agencies 
would require a quality assurance process for research 
data.  Lawrence et al [19] elaborate on the data peer 
review procedure and provide a generic data review 
checklist. The authors acknowledge that data review will 
vary between disciplines and data types, and therefore 
while their checklist is not exhaustive, it is wide ranging 
and generic. The checklist includes aspects such as data 

quality, metadata quality and more general review 
measures. 

A major JISC-funded project which targets the issue of 
peer reviewing of research data is Peer REview for 
Publication & Accreditation of Research Data in the Earth 
sciences (PREPARDE)(http://proj.badc.rl.ac.uk/preparde).  
It aims to: 

... capture the processes and procedures required to 
publish a scientific dataset, ranging from ingestion 
into a data repository, through to formal publication in 
a data journal. It will also address key issues arising in 
the data publication paradigm, namely, how does one 
peer-review a dataset, what criteria are needed for a 
repository to be considered objectively trustworthy, 
and how can datasets and journal publications be 
effectively cross-linked for the benefit of the wider 
research community. PREPARDE brings together a 
wide range of experts in the research, academic 
publishing and data management fields both within 
and without Earth Sciences with the aim of producing 
general guidelines applicable to a wide range of 
scientific disciplines and data publication types. 

An important part of the project’s work—which uses 
Geoscience Data Journal as the test journal—is not only 
to develop procedures but also to develop policies for 
accepting data papers as submissions for publication. 
There will be a focus on “guidelines for scientific 
reviewers who will review the datasets”.  

The involvement of a wide range of stakeholders from the 
research lifecycle, the exploration of current technologies, 
and the emphasis on policies and procedures offer 
promise as a model which combines both traditional and 
new elements to build a peer review system. It remains to 
be seen how “open” the process will ultimately be. 

Akerman [12] suggests that institutional repositories could 
take on some of the intermediation roles in the scholarly 
workflow. A major function could be providing links and 
unique identifiers such as Digital Object Identifiers 
(DOIs) for the article and the data as well as unique 
identifiers for authors. Some of his ideas are now manifest 
in the evolution of data journals and data deposit.  

In questioning whether peer review has maintained pace 
with the evolution of the Internet, Akerman has proposed 
that:  

...the article itself could live an independent life on 
web pages or in institutional repositories without ever 
being published in a journal. Since a blog is 
fundamentally a publishing technology, might a 
scientist's blog be the authoritative source for his or 
her academic output? An article or blog entry 
submitted to, and passed by, a stand-alone peer review 
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service might be recorded in a public registry, or be 
digitally signed as part of the certification process.  

Ackerman is not proposing that the “wisdom of the 
crowds” replaces peer review by “experts”. Instead he is 
advocating that, because of the sheer volume and pace of 
information enabled by the Internet and web-based 
publishing tools, peer review should not be conceptualised 
only in terms of “slowly circulating, static documents”.  

New communication formats create new ideas. Echoing 
some of Akerman’s thinking, Dineen [21], a professor of 
music, has proposed a new category of content which 
should be considered for peer review: digital ephemera, 
i.e. forms of scholarly communication that respond to 
changing circumstances only to be replaced by new 
ephemera. As vehicles of new scholarly ideas, entities 
such as blogs, webinars, wikis, webcasts, tweets, 
Facebook comments and even email should be captured. 

Dineen goes on to outline how the peer review might 
work: 

First, allow a scholar to assemble digital ephemera for 
peer evaluation for the purposes of tenure, promotion 
and scholarly funding. In lieu of a published book or 
article, a scholar seeking tenure might create a blog 
comprising dated copies or records of emails, 
webcasts or other digital- media publications that have 
contributed to the formation and dissemination of their 
research. Preface the blog with a description of the 
research developed through these ephemera, how, for 
example, an email exchange led to the emergence of a 
new scholarly idea. Let the blog and its contents then 
become the object of peer review. 

Second, open up the process of peer review by 
allowing the author to respond to reviewer comments 
(and the reviewer to respond in turn), under the 
auspices of an editor or moderator. Retain the 
judgment of the reviewer as ultimate, for peer review 
is the cornerstone of evaluation in academia. But make 
the process a true exchange between peers. 

We would propose that the use of a repository solution 
instead would provide a more fully featured environment 
to: store the content; publish the content; capture 
reviewers’ comments and authors’ replies which are then 
preserved with the content; link data to any publications; 
build discipline-specific interfaces; and provide 
underlying functions / processes need to achieve this, e.g. 
DOIs and blogs. 

This proposed model offers the potential to increase the 
participation among potential reviewers. Ware [4] makes 
the point that: 

Some have shown that peer review can be unreliable. 
For instance one study showed that the chances of two 

reviewers agreeing about a particular paper were only 
slightly better than chance; in order to produce a 
reliable result, editors would need to use six reviewers 
for each paper. (In practice, they typically use two or 
three – the average reported in this survey was 2.3.) 

Repository solutions which enable easy access to content 
in theory would help address the challenge of identifying 
a majority viewpoint about a piece of research rather than 
the feedback from as few as two reviewers as seen in the 
current traditional system. 

5. Discussion 

Institutional repositories evolved from a need to archive 
and preserve scholarly materials, specifically research 
publications. However, in this new research publishing 
environment, a new type of repository system will be 
required.  

Recent developments worldwide have seen the emerging 
trends of enhanced discovery and data sharing services 
along with more focus on the content lifecycle - from data 
capture through to publication and preservation. One 
outstanding issue is ensuring quality assurance processes 
are in place throughout the lifecycle, especially for the 
final published data set.  

If peer review is used, services will need to be provided 
that capture feedback from the reviewers as well as 
publish the results of qualitative and quantitative 
measures. These services will allow readers to assess the 
quality of the content and to have some assurance that the 
data has been through an assessment and review exercise.  

Emerging methods such as altmetrics (alternative metrics) 
may provide possible solutions for qualitative measures to 
show the level of discussion and review around individual 
published data. While outside the scope of this paper, 
altmetrics are a key element in the current discussion 
about the impact of social media / systems on “soft peer 
review” [22]. 

6. Conclusion 

There is no single, one-size-fits-all approach. Instead 
models should be developed which incorporate several 
processes to evaluate authors’ submissions. Consideration 
should be given to the specific needs of individual 
disciplines, given the variance in the practice and goals of 
peer review. As the landscape of publishing is changing, 
the processes for the evaluation of research outputs are 
also changing. 

To meet these challenges institutional repositories will 
need to evolve from an archive of preserved research 
publications to a rich ecosystem of data stores, content 
management functions, discovery, and collaboration 
services as well as offer publication services to capture 
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open peer review of content. The interfaces developed for 
peer review will need to be tailored to specific disciplines.  
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ABSTRACT 
 

Engaging students to teach them new concepts and to 
have the students to achieve individualized learning 
through the successful integration of the new concepts 
with their already existing knowledge has been and 
remains the primary goal of college education. Presently, 
extensive research has been conducted in diverse areas 
focused on developing better methodologies and 
techniques to help in student learning, especially in the 
sciences and engineering. A few of the techniques have 
shown moderate success, but further investigation need to 
be conducted, particularly when considering the teaching 
of courses having abstract concepts. Therefore, in this 
study drawing on information gathered over the past 2 
plus decades, my findings have led me to develop two 
separate teaching structures that are significantly helping 
my current students have greater success in mastering the 
material of my Physics 106 (Physics II, Electricity, 
Magnetism and Light) classes. These two new structures, 
called Contextualized Teaching and Rich Contextualized 
Teaching (RCT), with each structure relying on various 
aspects of a modified Bloom’s cognitive domain 
taxonomy and on my description of and when to use each 
structure, along with my introduction of “students 
learning convergences,” are described and illustrated 
here. Finally, I make the suggestion that these two 
teaching techniques can be used for new-concept mastery 
and concept integration in the minds of students in any 
academic course where engaging students to teach new 
concepts represents the primary focus. 
 
Key words: individualized learning, Bloom’s cognitive 
domain taxonomy, learning convergences, 
Contextualized Teaching, Rich Contextualized Teaching 
(RCT), engaging to teach, outcome gauging and 
exchange mechanisms 
 

1.  INTRODUCTION 
 

When I teach Physics 106 (Physics II - calculus based 
Electricity, Magnetism and Light), I routinely use a new 
cognitive teaching tool that I have named 
“Contextualization Teaching.” As a new teaching 
technique or tool, Contextualized Teaching is comprised 
of three independent parts or blocks, which are: 

 
1) Standard teaching methods  
2) Teacher’s attributes  
3) The last component and the first three components of   

Bloom’s cognitive domain taxonomy 
  
Contextualization Teaching, as a new teaching tool, has 
been designed for initially and continuously gauging and 
then engaging to teach students new concepts and to have 
them achieve content mastery with the successful 
integration of the new concepts with their already 
existing knowledge. The successful integration of 
existing knowledge and new concepts as manifested 
through individualized learning has been and remains the 
primary goal of college education.  
 
For me, the way I use Contextualization Teaching helps 
make the abstract nature of Physics II [1-2] concepts less 
intractable to my students. In Fig. 1a, I show a visual 
rendition of Contextualization Teaching, with its three 
independent blocks or parts. 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1a:  Contextualization Teaching diagram 

 
The standard teaching methods, as contained in the left 
block, are the traditional teaching patterns used in most 
physics classes: initial assessment of the class is 
implemented, discussions of content material occur; the 
instructor issues selected assignments; the assignments 
are provided to the instructor; the assignments are graded 
and returned; tests and other learning projects are given 
and graded; and finally a letter grade to the student is 
awarded for course performance. The entirety of a course 
can move forward in this manner. I have used this pattern 
over the years and will continue to use the pattern in the 

Instructor’s Attributes 
1. Knowledge of Subject Material 
2. Teaching Experiences 
3. Enthusiasm  

 

Standard 
Teaching 
Methods 

Last & 1st 3 Categories  
of Bloom’s Taxonomy 

1. Evaluation 
2. Knowledge 
3. Comprehension  
4. Application 
	  

Context-
ualization 
Teaching 
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future. The uppermost block of Contextualization 
Teaching, the instructor’s attributes, has three 
subcomponents:  
 
1)  Instructor’s knowledge of the subject material  
2)  Instructor’s teaching experiences 
3)  Instructor’s enthusiasm for the course 
 
Needless to say, the instructor’s attributes, subcomponent 
1, instructor’s knowledge of the subject materials, is 
absolutely critical for effective teaching. The instructor 
simply must have the requisite content knowledge of the 
course material that is to be conveyed to the students 
otherwise less than adequate teaching will occur in the 
course and a diminished return can be gained from the 
instructor’s presence in the class. Also similar and at least 
as critical as the instructor’s knowledge of the subject 
material is the instructor’s teaching experiences, often 
without which the instructor is ill equipped to handle the 
typical Physics II class, often having more than 20+ 
students. If developed properly, the instructor’s 
knowledge of the course material and teaching 
experiences lead the instructor to a greater intellectual 
depth and the presentation of the material more 
effectively to the students. 
 
Finally, as the third subcomponent of the instructor’s 
attributes, enthusiasm represents the last part. Without 
enthusiasm a critical motivation mechanism for sharing 
between the instructor and students is missing. 
Essentially, in this regard, the course structure has little 
or no rasa or synergy and thus is robbed of an effective 
exchange mechanism. These teaching attributes remain 
viable and applicable for me, and I find myself constantly 
working on how to expand my knowledge of all physics 
courses that I teach, including Physics II, where 
developing new tools to teach more effectively with 
Physics II as the illustrated course is the focus of this 
study. 
 
The third and final block of Contextualization Teaching 
equates to uniting the last category and the first three 
categories of the original Bloom’s cognitive domain 
taxonomy together into one block. The four categories, 
with their separate identities, are evaluation, knowledge, 
comprehension and application [3-5]. The essence of this 
part of Contextualization Teaching is designed for the 
instructor to have a method to gauge the class capacity 
for learning Physics II, initially, and then to have readily 
available several menu items from these categories of the 
taxonomy, which the instructor can use to engage the 
class in various teaching sessions, exchange new 
concepts and assess outcome gauging more effectively, 
than when using standard teaching methods only.  
 
Table 1 shows the modified Bloom’s cognitive domain 
taxonomy, where Contextualized Teaching, as a teaching 

tool, contains only categories 1-4. Other categories 5-6 
(Analysis and Synthesis) will be addressed later.  
 
As is well documented, Benjamin Bloom in the mid 
1950’s chaired the committee that created this 
classification or taxonomy, and from that time forward, 
the taxonomy has been labeled Bloom’s cognitive domain 
taxonomy. 
 
Table 1:  Modified Bloom’s cognitive domain taxonomy 

1 2 3 
Evaluation (6) Knowledge (1) Comprehension (2) 

Appraise 
Assess 
Support  
Choose  
Compare 
Defend Est. 
Judge 
Predict 
Rate 
Select 
Evaluate 

Locate 
Define 
Write 
Recite 
Memorize 
Identify 
Describe 
Label 
Name 
Recognize 
State 

Compare 
Match 
Summarize 
Confirm 
Transform 
Restate 
Explain 
Relate 
Change 
Predict 
Extend 

4 5 6 
Application (3) Analysis (4) Synthesis (5) 
Make 
Interpret 
Solve 
Classify 
Show 
Model 
Modify 
Choose 
Collect 

Select 
Analyze 
Compare 
Construct 
Classify 
Separate 
Categorize 
Survey 
 

Hypothesize 
Construct 
Formulate 
Organize 
Develop 
Combine 
Add to create 
Produce 

 
In strategizing for teaching effectiveness, I consider 
Bloom’s original categories (1) & (2) (my categories 2 & 
3) in Table 1, to be the low-level intellectual grouping for 
Physics II instructional engagements and categories (3)-
(5) (my categories 4-6) to comprise the high-level group. 
Evaluation, the 6th category of the original Bloom’s 
cognitive domain taxonomy (my category 1), used to 
gauge student performance, is positioned as number (1) 
and is used as such in my Contextualization Teaching 
tool. The low-level grouping 2 & 3 and category 4 of the 
high-level are used more or less during each class 
session, and, to that extent, Contextualization Teaching as 
a teaching tool helps me in routine day-to-day instruction 
in my Physics II classes. Modified Bloom’s cognitive 
domain taxonomy categories provide in pictorial form a 
menu of items that support engagement, information 
exchange and outcome gauging for learning purposes. To 
reiterate and summarize, Contextualization Teaching 
comprises: 
 
1)  Standard teaching methods 
2)  Instructor’s attributes 
3) Modified Bloom’s cognitive domain taxonomy, 1-4 

categories, only 
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However, difficult content material to students arises 
during some class sessions where a greater effort for 
teaching effectiveness is required on the part of the 
instructor. In my Physics II classes, I find that when 
Contextualization Teaching as described above is 
insufficient for teaching effectiveness, a “learning 
convergence” is imminent, or one has already occurred in 
the class. At this point, for me as the instructor, my 
teaching approach at this moment is critical to the overall 
success of the class. Failure on the instructor’s part to 
recognize the reality of learning convergences places the 
class in the dangerous predicament of not being able to 
meet the course learning outcomes in its totality. My 
experiences suggest that better teachers know from 
experience where learning convergences exist in their 
courses and can prepare for their impact well before they 
occur. 
  
Simply stated, in Physics II, I recognize that a learning 
convergence is imminent or about to occur when either 
two or more new concepts must be used together, two or 
more mathematical equations (formulas) must be 
manipulated simultaneously, or two or more similar yet 
variant procedures or operations are required in concert. 
To teach effectively or to manage my Physics II class 
properly during these situations, during learning 
convergences, I have progressed to use a teaching tool 
beyond the scope Contextualization Teaching, which I 
call “Rich Contextualization Teaching,” or “RCT.” This 
tool, with its five parts, is depicted in Fig. 1b below. 

 
Fig. 1b:  Rich Contextualized Teaching (RCT) diagram 

 
This additional teaching tool, RCT, is an enhancement to 
my routine or day-to-day teaching tool as folded under 
Contextualization Teaching; RCT embraces teaching 
engagement, information exchange and outcome gauging 
at a higher level than Contextualization Teaching does. 
RCT, as used in my Physics II classes, more than doubles  

the probability that at least 80% of my Physics II students 
will successfully master the course material. As Fig. 1b 
shows, the components of RCT in comparison to 
Contextualization Teaching display two additional yet 
critical blocks. The first additional block, (right, mid 
level), contains simple persistence having three elements:  
rehearse, recite and redo. The persistence block of RCT is 
virtually self-explanatory. For the Physics II student to 
embrace several newly acquired abstract concepts at once 
or a voluminous amount of material that is to be 
integrated into the mind, he/she must be engaged with 
obvious and consistency repetitions, recitation and 
practices to learn effectively or must embrace the adage: 
“rehearse, recite and repeat (redo) for excellence.” 
 
The final new block, comprising analysis and synthesis, 
engages the Physics II student in higher-level intellectual 
thinking, which on some occasions requires deconvolving 
or separating existing information, on one hand, and the 
combining of concepts, on the other. Both analysis and 
synthesis categories of modified Bloom’s cognitive 
domain taxonomy have additional and critical menu items 
that add to the menu items already available in 
Contextualized Learning. The additional menu items 
further illumine content understanding to allow better 
engagements for cognitive learning or exchange to occur 
to meet the course learning objectives.  
 
Finally RCT, comprised of five independent blocks, 
allows me to engage fully for effectiveness teaching and 
exchanging knowledge with my Physics II class on the 
occasions of learning convergences. In this regard, RCT 
allows me to meet the course learning outcomes in 
critical teaching sessions. Together Contextualization 
Teaching and RCT span completely the entire spectrum 
of what is needed for effective teaching in my Physics II 
classes. What are some learning convergences in Physics 
II? I address this question next.       
 
A host of learning convergences occurs doing the 
duration of a course in Physics II. However, I will 
illustrate only four such convergences with related 
physics problems in this study. In brief, the four 
convergences (problems) to be considered are:  
 
I.  Obtain, using Kirchhoff’s laws, the unknown currents 

in a simple multi-loop electrical circuit when other 
circuit parameters are known. 

 
II. Obtain using the derived resistivity equation of metals 

the unknown temperature of a lamp’s filament when a 
given electrical current exists in the filament and other 
relevant parameters are known. 

 
III. Obtain the equivalent resistance Req and the 

equivalent capacitance Ceq when a “resistor bank” and 
separate “capacitance bank” are given simultaneously. 

Last & 1st 3 Categories  
of Bloom’s Taxonomy 
1. Evaluation 
2. Knowledge 
3. Comprehension  
4. Application 
 
4	  

Next Two Categories 
of Bloom’s Taxonomy 
	  	  4.  Analysis  
  5.  Synthesis 

Persistence 
1.  Rehearse  
2.  Recite  
3.  Redo  

Standard 
Teaching 
Methods  

Instructor’s Attributes 
1. Knowledge of Subject Material  
2. Teaching Experience  
3. Enthusiasm  
 

RCT 
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IV. Obtain the magnitude of the force on an accelerating 
electron in crossed magnetic and electric fields (both 
fields are present in the same space at the same time). 
 

The below section, labeled “Four Illustrations of RCT in 
Physics II,” will consider problems having learning 
convergences and how to address effectively the learning 
convergences using the new teaching tool, RCT. 
 

2.  SCOPE AND RATIONALE FOR 
CONTEXTUALIZATION TEACHING AND RICH 

CONTEXTUALIZATION TEACHING (RCT) 
 
As stated previously, a learning convergence for my 
Physics 106 class is imminent when one of the following 
actions is poised to occur: 
 
1) To manipulate several mathematical equations in   

concert 
2)  To connect several simultaneously occurring concepts 

(some new ones and some old ones) 
3) To use several new or recently learned concepts in 

concert 
4)  To process a voluminous amount of material 
 
In this regard, I find that a tandem of material and 
complicated informational items do not hinder the 
students of my Physics II classes. Instead, obstruction to 
learning results only from the concert or voluminousness 
or similar yet different material making, on these 
occasions, difficulty in effective learning of new 
concepts. These are the sort of occurrences that my 
Physics 106 students find extremely undesirable and, 
therefore, are worthy of avoidance if possible.  
 
In this regard, I find that the characteristic of students 
needing both Contextualization Teaching and RCT is not 
unique to my students at Alabama A&M University 
(AAMU). I have observed this behavior in all places 
where I previously taught Physics II, ranging from 
Fayetteville State University, Fayetteville, NC, to the 
University of Pittsburgh in Pittsburgh, PA, and Spelman 
College in Atlanta, GA. My thoughts are that this 
behavior exists in all academic institutions. In summary, 
the components of Contextualization Teaching can 
handle routine day-to-day class sessions in Physics II and 
RCT can handle the occasions when learning 
convergences occur. 
 
Finally, both these new teaching techniques, 
Contextualization Teaching and RCT, do not involve or 
require the injection of extra hands-on activities into the 
Physics II course or the removal or diminishing of 
Physics II abstractness as the popular learning tool, 
Contextualized Teaching and Learning (CTL) does. CTL 
engages the learning process using hands-on and direct 
experiences. While these adjustments meet the needs of 

non-abstract course, CTL does meet completely satisfies 
the requirements of abstract courses, such as Physics II. 
On the other hand, Contextualization Teaching, as 
depicted here, along with the favorable RCT which also 
handles learning convergences, are ideal for abstract 
courses and those courses where content descriptions can 
not be changed. Collectively, Contextualization Learning 
and RCT have the ingredients that allow effective 
engagement, exchange and outcome gauging mechanisms 
in my Physics II classes. With these teaching tools, 
motivated students can learn effectively and manifest to 
have a true fundamental understanding of the given 
subject material. 
 

Relevant Sequence Course Descriptions 
 

 PHY 105 (Physics I – 4 hrs):  This is the first 
part of a calculus-based physics course designed for 
sciences, engineering and technical majors. The goal is to 
acquaint students with the language, notation and nature 
of physics. The approach to the mathematical solution of 
physics problems is strongly emphasized throughout the 
course. Topics to be covered include mechanics, fluid 
heat and thermodynamics. The student will perform at 
least ten experiments. Prerequisites:  None. Co-requisite:  
MTH 125. 
 
 PHY 106 (Physics II– 4 hrs):  The second part 
of a calculus–based physics course designed for sciences, 
engineering and technical majors. The goal is the same as 
for Physics I. Topics to be covered will include 
electricity, magnetism and light. At least ten experiments 
will be performed by the student. Prerequisites:  PHY 
105. Co-requisite:  MTH 126. 
 

3.  METHOD:  FOUR ILLUSTRATIONS OF RCT 
IN PHYSICS II 

 
I.  A Multiloop Electric Circuit Problem 

 
RCT modified Bloom’s components for 

engaging students:  a. APPLICATION - collect, solve 
and illustrate; b. ANALYSIS - analyze and construct; c. 
SYNTHESIS - formulate and combine results 

 
Fig. 2:  Multiloop electric circuit 
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In Fig. 2, all the required parameters are given:  
 
V1 = 6.0V, V2 = 12.0V, R2 = 8.0Ω and R1 = 4.0 Ω         (1) 
 
If considering the batteries to be ideal, find the magnitude 
and direction of the current in each of the three branches. 
Since there is no way to reduce the circuit to a simpler, 
equivalent circuit by using Ohm’s law, we use 
Kirchhoff’s voltage and current rules to obtain a set of 
three simultaneous algebraic equations. Then we solve 
the three equations to obtain the unknown currents, in 
magnitude and direction. 
 
Kirchhoff’s current rule applied to node b yields: 
  
i3 = i1 + i2      (2) 
 
Kirchhoff’s voltage rule applied to the left-hand loop 
yields: 
 
-i1R1 + V1 – i1R1 – i3R2 – V2 = 0                 (3) 
 
Kirchhoff’s voltage rule applied to the right-hand loop 
yields: 
 
-i2R1 + V2 – i2R1 – i3R2 – V2 = 0                 (4) 
 
The students are led to solve this set of equations by 
substituting eq. (2) into eq. (3) and eq. (4) to get the two 
independent equations, having two unknowns, i1 and i2. 
After substituting the given parameters, the two equations 
become: 
 
8i1 + 4i2 = -3 
4i1 + 8i2 = 0      (5) 
 
Resulting values are i1 = -0.5A,  i2 = 0.25A and i3 =  
-0.25A. The current direction of i1 and i3 are reversed as 
signified by the negative currents. 
 

II.  Resistor Bank and Capacitor Bank Problems 
  

RCT modified Bloom’s components for 
engaging and gauging:  a. APPLICATION: solve, 
illustrate and interpret; b. ANALYSIS: analyze, construct 
and compare; c. SYNTHESIS: formulate and combine 
 
Often one has to determine the equivalent resistance for a 
resistor bank when the bank contains both series and 
parallel resistors. Resistors in series combine in a linear 
manner, while resistors in parallel combine in a 
reciprocal manner. In this problem, the students are given 
capacitors in Fig. 3a and resistors in Fig. 3b. When 
looking into each circuit from the battery V, find the 
equivalent capacitance in Fig. 3a and the equivalent 
resistance in Fig. 3b. 

 
Series Resistors            Series Capacitors 

� 

Req = R1 + R2          1
Ceq

=
1
C1

+
1
C2

                   (5) 

 
Parallel Resistors          Parallel Capacitor 

� 

1
Req

=
1
R1

+
1
R2

        Ceq = C1 + C2                  (6) 

 
Fig. 3a:  Resistor bank electric circuit  

 

 
Fig. 3b:  Capacitor bank electric circuit 

 
The given parameters for each circuit are: 
 

� 

C1 = C6 = 3.00F       R1 = R6 = 3.00  (7) 
 

� 

C3 = C5 = 4.00F      R2 = R5 = 4.00  (8) 
 

� 

C2 = C4 = 2.00F    R2 = R4 = 2.00  (9) 
 
Using the required formulas for combining resistance in 
the first case and the capacitors in the second case, the 
results are: 
 

� 

Ceq = 3F    and   Req =1.56                (10) 

 
III.  Temperature Coefficient of Resistivity: 

Simultaneous Equations with Divisional Cancellations 
 

RCT modified Bloom’s components for 
engaging and gauging:  a. APPLICATION: solve, 
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illustrate and interpret; b. ANALYSIS:  analyze, 
construct and compare; c. SYNTHESIS: formulate and 
combine  
 
For a common metallic flashlight bulb, the resistance 
(resistivity) depends on the temperature of its tungsten 
filament. Consider that the bulb is rated 0.30A and 3V, 
the current and voltage, respectively, at the higher 
operating temperature. If the resistance of the filament at	  
room temperature (20°C) is 1.25�, what is the 
temperature of the filament when the bulb is on? For 
tungsten, the temperature coefficient is 

� 

 = 4.5x103(K3) . 
 
Other relevant equations to solve this problem are: 
 

� 

V = IR	  	   	                   (11) 
 

  

� 

R =  
A

 	   	   	                  (12) 

 

� 

 = 0[1+(T T0)]	   	   	                 (13)	  
 

� 

TK = TC + 273	   	   	   	                 (14) 
 
When  

T = T0, 

� 

 = 0  and   
  

� 

R = 0

A

 	                 (15)	  

 
Now, using the ratio of the resistance at the high 
temperature to the resistance at the lower temperature 
yields: 
 

  

� 

RH

RL

=
0[1+(T T0)]


A

0

A

=1+(T T0)         (16) 

 
After inverting the above ratio, the result becomes: 
 

� 

T = T0 +
RH

RL

1
 

 
 

 

 
                 (17) 

	  
On substituting the given parameter, the final equation 
and numerical value are, respectively: 
  

� 

TK = (20 + 273) +

         1
4.5x103K1

3.0V /0.3A
1.25

1
 
 
 

 
 
 
	                (18)	  

	  
and  TK	  =	  1,849K	  	  or	  	  TC	  =	  1,576°C. 
 

IV.  Electric and Magnetic Fields Concepts Occurring 
Together 

 
RCT modified Bloom’s components for 

engaging and gauging:  a. APPLICATION: solve, 
illustrate and interpret; b. ANALYSIS:  analyze and 
construct; c. SYNTHESIS: formulate and combine   
 
In this context, simultaneous equations will result. An 
electron has an initial velocity of 

� 

12.0km /sˆ i +15.0km /sˆ j  and a constant acceleration 
of 

� 

2.0x1012 m /s2ˆ i  in a region in which uniform electric 
and magnetic fields are present. If the magnetic field is 
given by  

� 

 
B = 400µTˆ i , find the electric field   

� 

 
E . 

 
The students’ solution proceed in the following manner: 
 
An electron’s mass and charge are 

� 

m = 9.1x1031kg	  
and	  

� 

qe = 1.6x1019C .	  See Fig. 4.      
 
 

 
Fig. 4: Electron moving in electric and magnetic field 
 
The required equation is: 
	  

  

� 

 
F = m a = qe

 
E + qe

 v 
 
B                 (19) 

 
The results of inverting this equation yield: 
 

  

� 

 
E = m

qe

 a   v 
 
B                  (20)	  

	  
On substituting the parameters, the electric field vector 
  

� 

 
E 	  becomes: 

 

	  

	  

y	  
	  

z	  

x	     

� 

 
B 

� 

ˆ i 

� 

ˆ k 

� 

ˆ j 

  

� 

 a 

  

� 

 
V 

  

� 

 
E 
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� 

 
E = 9.11x1031kg

1.6x1019C
(2.00x1012 m /s2ˆ i )

(12.0x103 m /sˆ j +15.0x103 m /s ˆ k )
4.0x104 Tˆ i 

              (21) 

 
The resultant electric field becomes: 
 

  

� 

 
E = 11.39N /Cˆ i  6N /Cˆ j + 4.8N /C ˆ k             (22) 

 
4.  DISCUSSION 

 
In previous sections, the new definitions of 
Contextualization Teaching and RCT were presented, 
along with a description of each. The two individual 
teaching tools are complete for their intended purpose. 
Contextualization Teaching enables the instructor in 
Physics II to teach effectively through routine day-to-day 
class sessions. Contextualization Teaching is particularly 
applicable when students are learning less abstract 
concepts or abstract concepts that are presented in a 
tandem or sequential manner, i.e., one idea allowed to be 
digested and acted upon before the occurrence of many 
other new ideas or the onset of additional information. In 
Physics II, under Contextualization Teaching, the student 
can digest singularly new material, comprehend and 
apply the material in an effective manner. Also, the 
notion of enthusiasm is indicated which is paramount to 
allow effective exchanges between instructor and 
students. 
 
RCT arises to provide the Physics II instructor with a 
technique to engage the class session effectively when a 
learning convergence is imminent or one has already 
occurred. At the onset of a learning convergence, higher 
cognitive levels of thinking and processing of material 
must be used in Physics II. The learning convergence 
typically occurs when material occurs in a voluminous 
amount, simultaneous manipulations are required in 
formulas or equations, or numerous newly learned 
concepts occur in concert. 
 
In order to recognize the onset of learning convergences, 
this study indicates that the Physics II instructor must be 
sufficiently knowledgeable of the subject material and 
know beforehand that an RCT action is needed. Not 
knowing ahead of time or not being able to adjust to a 
learning convergence quickly after it occurs places the 
class in jeopardy of not meeting the class learning 
outcomes. Knowing at the onset that a learning 
convergence will occur at a particular junction in the 
course or upcoming class session and being equipped 
with teaching engagement mechanisms which can be 
utilize in teaching through the learning convergence are 
paramount to the success of the Physics II class. I have 
repeatedly suggested above that RCT can be used not 

only in Physics II, but also in all other abstract and 
academic classes where engagement to teach new 
concepts is the overwhelming concern. 
 

5.  RESULTS 
 
The followings are several obvious results of this study:  
 
1) A comprehensive definition of Contextualization 

Teaching has been given.  It has three parts (blocks), 
which are:  

 a)  Standard teaching methods 
 b)  Instructor’s attributes 
 c)  The last category and first three categories of       
                    Bloom’s cognitive domain taxonomy 
2) The meaning of learning convergence has been given 

in full detail. 
3) The definition of RCT with its five parts (five blocks) 

has been given, which are the previous three parts of 
Contextualization Teaching (a – c) and additionally: 

 d)  The two other components of Bloom’s 
      Taxonomy - analysis and synthesis  
 e)  Persistence 
4)  Four illustrations using RCT have been demonstrated 

using course material from Physics II. 
5) Enthusiasm is an effective attribute to allow the 

exchange of information between the instructor and 
students. 

6) The author is quite convinced that Contextualization 
Teaching can be used routinely in all academic 
courses where engagement to teach is the primary 
concern, and that RCT must be used in such courses 
when learning convergences arise. 
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ABSTRACT 

 
Creative engineering design activities and their management in 
research, education and practice generally conflicts on the one 
hand with ‘instruction’ based methodical approaches because 

of their prevailing rigidity, and on the other hand with 
‘math-logic’ based theoretical approaches due to their extreme 
abstractness. A developed and validated approach based on the 
Theory of technical systems (TTS), a constituent of 
Engineering design science (EDS), which brings significant 
benefits in all the above mentioned creative fields including 
their important mutual context is outlined in the paper. 
 

Keywords: Engineering Design Science, Designing, 
Creativity, Technical Products, Technical Systems  
 
 

1.  INTRODUCTION 
 
Usual approaches to design engineering of technical products 
tend towards traditional, intuitive ways of using the knowledge, 
which have been acquired both from theory and (more and 

more in the course of time) from practice. Practising 
engineering designers in general ‘do not like’ the more 
systematic approaches, because of their ‘rigidity’, which they 
find to be incompatible with their own creativity.  
 
It is also obviously not effective and efficient to load the 
memory of practising engineering designers and engineering 
design students with acquiring engineering design knowledge 

exclusively in their specialised forms. They then need to use a 
great deal of their creativity for painstaking step by step 
discovery of analogies and applications of such specialised 
forms within the area of their work.  
 
Usual instructive methodical approaches to engineering design 
procedures improve this situation. But if they are considered by 
themselves, they resemble more formal algorithms, rather than 

the needed ‘handy workbench’ of knowledge and tools for the 
creative work of engineering designers.  
 

There is no doubt that this situation also negatively influences 
the understanding of engineering design students regarding 
connections among the many subjects of their studies, the time 
needed for the ‘ripening’ of engineering design novices, and 
even the flexibility of many skilled practising engineering 

designers. We would like to introduce how this situation can be 
dealt with in order to obtain better results in engineering design 
research, education and practice.  
 
 

2.  TECHNICAL PRODUCTS  

AND THEORY OF TECHNICAL SYSTEMS 
 

Technical products 
Technical product (which stresses ‘production view’ in the 
‘practice realm’) can be understood as a synonym for Technical 
system (which stresses ‘system view’ in the ‘theory realm’). 
Technical system (TS) is a category of an artificial 
deterministic system that performs the necessary effects for 
transformation of an operand in a process [12]. 
 
Technical products are increasingly complex, complicated and 

advanced in order to be able to satisfy the ever growing 
demands put on them. There is a huge set of TS properties that 
are required, and engineering designers must be aware of them. 
These are not only requirements concerning the TS operation 
functions, their parameters and connection interfaces, but also a 
high level of product safety and health protection, good 
appearance, easy manufacture, transport, maintenance and 
liquidation, low price, short delivery time, and many other 

factors.  
 
Products in general as well as Technical Products are more and 
more consciously understood (in the case of Technical products 
also designed and treated) as heterogeneous products, like e.g. 
mechatronic products. Coming from [12] and [15], 
heterogeneous products in general can consist of hardware 
(solid material), ‘formlessware’ (fluid material), software 

(information), ‘energyware’ (energy), ‘assistanceware’ 
(service), as well as ‘livingware’ (living beings, from which are 
excluded human beings for ethical reasons) [6]. 
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The aim of theoretical, i.e. descriptive knowledge related to TS 

(Theory of technical systems - TTS), is to classify and 
categorize the knowledge about (existing) technical 
products/systems (TS) into an ordered set of statements about 
their nature, regularities of conformation, development and 
various empirical TS-related observations [12]. In the 
following is outlined our current view on a concept of the 
fundamental knowledge of TTS which supports and integrates 
the whole framework of Engineering Design Science (EDS) in 

context with [13] [3] and [4] ([3] is used to refer to all four 
books [12], [13], [3] and [4] in the following if appropriate). 
 

Transformation system 
The Transformation system [3] is an axiomatic abstract general 
model of a system aimed at any artificial change (Fig. 1). The 
transformation is performed by five transforming “object” 
constituents called Operators (Human & other living beings 
system - HuS, Technical means - TS, Active and reactive 

environment - AREnv, professional Information system (IS), 
and Management information system (MgS) [3]. They perform 
a required artificial change of a state of an above mentioned 
Operand, by their direct and/or indirect exerted active and/or 
reactive effects. Operand can consist of material, energy and 
information or can be living beings [3] Transformation is 
usually aimed only at one of the constituents. Remaining 
transformations, if any, only accompany them. 

 
The power of the traditional model of Transformation system 
can be simply enhanced by adding ‘Auxiliary transformation 
(sub)systems of Operators’ services’ (Fig. 1) (HuS - staff 
training, TS maintenance and repairs, IS and MgS 
maintenance). The model of TrfS serves as a tool for modelling 
either real artificial transformations of any kind and complexity 
or as an element of the more complex EDS models of higher 

hierarchical levels as outlined in the following sections. 
 

 
 

Fig. 1 General model of Transformation system (TrfS) 

incl. auxiliary systems for service of Operators 

 

TS Life cycle (LC) 
A transparent and consistent General model of TS Life cycle 
(Fig. 2) can be built from a sequence of general models of 
Transformation system (see above) concretized for the 
respective TS Life stages [3]. The usually considered model of 
TS Life cycle consists of significant TS Life stages: Planning, 
Designing, Technological and organisational preparation for 

manufacturing and other TS LC stages, Production (incl. 
manufacturing and assembly), Distribution (incl. packaging, 
sale and delivery), Operation (incl. maintenance) and 
Liquidation (incl. disassembly and recycling). In comparison to 
the traditional model, we consider information outputs from all 
preceding TS LC stages as inputs to the Operators Information 
system of the respective following Transformation systems. 

 
 

Fig. 2 General model of TS Life cycle 
 

Note also that information outputs from the respective 
processes work as inputs to the operators Information System 
of the following Transformation systems. The reason is that this 
information works as indirect transformation effects in the form 
of constraints, not as input of the following Transformation 
processes (i.e. transformed Operand) as has usually been 
considered up to now. The next difference consists of our more 
general definition of the LC stage “Technological and 

organisational preparation for manufacturing” also for 
preparations for all LC stages following Manufacturing. 
 

TS properties 
TS Property is any TS ‘feature, characteristics, attribute, etc.’, 
such as: power, form, size, stability, durability, colour, 
manufacturability, transportability, suitability for storage, etc., 
which characterize TS [11]. Thus TS Property can be 

understood as an inherent (i.e. ‘inborn’ during design 
engineering) ‘unchangeable’ TS attribute/characteristic [15] 
which corresponds to a requirement regarding a specific 
viewpoint. Any TS Property can be specified, measured, 
compared and finally evaluated by using a set of either 
numerical or textual ‘values’ of either a chosen or normative set 
of the appropriate TS Property indicators [10]. 
 

TS Properties can be classified in a number of ways. The 
described consistent and transparent hierarchical taxonomy 
stems from [12] and our research supported by inquiries and by 
our large university and industry related experience [9]. TS 
Properties are split first into the following three Domains [10]:  
 
(1) Descriptive properties comprising a description of TS 
itself including its descriptive features/characteristics.  
 

(2) Reactive (behavioural) properties comprising reactions/ 
responses of TS to its external and/or internal load/stimuli of 
any kind during TS Life Cycle.  
 
(3) Reflective properties comprising TS reflections of external 
bodies on TS, i.e. on its Descriptive, Reactive and also 
‘reflected’ Reflective properties.  
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TS Reactive (behavioural) properties are being commonly 

merged together with Reflective properties. However, it denies 
their cause-consequence relationships and dissuades 
engineering designers from using TS Reactive properties as 
means to fulfil objective requirements. For example a customer 
needs a machine tool to be “precise”, not stiff as is often 
required / believed. Although stiffness is the most frequent way 
of achieving TS machine tool precision, it is not the only 
method and, actually, it is not a sufficient condition (i.e. TS 

property) to achieve it. 
 
The Domain of descriptive properties is axiomatically 
structured into 2 classes of Elemental and Feature (Intrinsic in 
[3]) Engineering design properties [12]. The Domain of 
reactive (behavioural) properties can be ad hoc structured 
according to the corresponding scientific and/or profession 
fields [7]. Taxonomy of the large Domain of reflective 
properties can be appropriately simply split only into only 7 

Property classes following the structure of the above outlined 
model of the TS Life cycle (Fig. 2) [7].These are split into 
subclasses, like e.g. ‘Human (operator) related properties’ (in 
all TS LC stages!) into ‘value ones’ (ethic, religion, prejudices, 
etc.), ‘danger ones’ (safety, ergonomy, hygiene, etc.), transiting 
to ‘pleasant ones’. (appearance, noise, aroma, etc.). 
 

 
 

Fig. 3 Hierarchical taxonomy system of TS 
Property Domains, Classes, corresponding Properties  

and Property Indicators – samples for a car 

 
The presented comprehensive system of TS property classes 
has been linked with the original definition of the process 
dependent v́alue(s)  ́ of any TS property indicator including 
its/their analysis(es), prediction(s) and simulation(s) (Fig. 3). It 
has brought a new systematic, transparent and user-friendly 
view to this crucial, however, traditionally very fuzzy area of 
design engineering. It contributed, together with other EDS 
knowledge topics, to the further development of transparent 

relationships to TS quality and engineering design both product 
and business competitiveness, and to the systematic 
development of further engineering design knowledge as 
outlined in the following paragraphs. 

 

TS quality and TS competitiveness 
The term quality has a huge number of theoretical, practical and 
popular interpretations which can become ambiguous when 

designing TS. The most ‘dangerous’ are the narrow, but largely 
generalized concepts (e.g. implicit relationships only to TS 
manufacturing, operation etc., and/or to the highest technical 
and/or technological level of TS).  

In our view [7], TS quality is simply understood in concordance 

with the philosophical category (quality in contradiction to 
quantity) as a judged set of stated, obligatory, generally implied 
requirements [15], and possibly a company’s specific 
requirements on inherent/inborn TS properties. Inherent TS 
properties are those (e.g. TS form, function, manufacturability, 
etc.), which cannot be artificially changed by assignment in the 
following phases (like e.g. TS price, owner, etc. can).  
 

Quality thus represents a judged agreed and/or stated set of 
criteria for TS evaluation (based on the total evaluation of the 
respective required values of TS Property indicators compared 
with the corresponding predicted or existing ones) which 
results in a value of TS quality [7]. For a designed TS it is 
possible to deal with predicted “Product design (i.e. inherent) 
quality” of its Constructional structure, which has not yet been 
‘distorted’ by real market evaluations considering factors of a 
real business situation (e.g. company prestige and/or 

popularity, provided services, accessibility of spare parts, 
power of competitors, etc.). By adding the predicted delivery 
cost and time, and predicted business factors the corresponding 
TS Product design competitiveness and Product business 
competitiveness can also be predicted and treated [7]. 
 

Taxonomy of DfX and PoX knowledge and methods 
The developed taxonomy system of TS properties can also 

serve as a direct basis for the taxonomy of ‘Design for X’ (DfX) 
and ‘Prediction of X’ (PoX) knowledge and methods (where X 
usually means a TS property class, subclass, sub-subclass or a 
property respectively) [2], [3], [5] and [14].  
 
This has also brought a quite new systematic, transparent and 
user-friendly view to this huge, very important, however, 
traditionally very fuzzy area of supporting engineering design 

knowledge, methods and tools again. These results, which 
include the relevant basic knowledge, related to all property 
classes above have been applied in our university teaching 
texts, but have not yet been published.  
 
 

3. KNOWLEDGE INTEGRATED DESIGNING 
 

Four levels of mutually bounded key approaches for problem 
solving focused on designing can be recognised (Fig.4): 
 
(0) The ‘Trial and Error (and Success!) based strategy’ can 
be assumed to be a ‘zero’ level for problem solving. A series of 
trials (attempts) should find the solution by individual steps. 
Appraisal (evaluation) of the suitability of the solution for the 
situation is then necessary. Achieved quality of results and 
required cost and time are accidental so there is possibility 

exists that no result could be found in this way. Perhaps the 
only advantage is that ‘almost no’ previous knowledge and 
experience of the problem to be solved is required in a limit 
case. The repeated use of ‘Trial and Error’ methods results in 
some experience, i.e. practical knowledge which could serve as 
a basis for the higher levels of design problem solving. These 
levels could be structured roughly as follows: 
 

(I) The ‘Intuitive based strategy’ which usually stems from 
previously acquired knowledge and experience. 
 
(II) The ‘Instruction based strategy’, mostly in a form of 
prescriptive or normative guidelines, which usually stems from 
summarised general knowledge, special theories and practical 
experience of their authors, arranged and presented differently 
(often mnemonically if possible to simplify their memorising).  
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(III) The ‘Theory based strategy’ stems mainly from a 

framework of theoretically based structured knowledge – 
Engineering Design Science (EDS) - obtained by scientific 
‘mapping’ both from theory and practice.  
 
Of course each mentioned subsequent ‘higher’ hierarchical 
level includes the ‘lower’ level(s), and the real situation is in 
any case rather vague. When analysing the compatibility of 
these four strategies, i.e. possibility of flexible use of an optimal 

level appropriate to the solved problem, we can easily find great 
discrepancies among instruction level II and theoretically 
‘lower’ levels I and 0. The reason is that principally quite 
‘rigid’ instruction level II hardly provides designers with 
needed flexible support when returning from levels 0 and I back 
to level II (Fig. 4, middle). 
 
It is obviously one of the main reasons for the above mentioned 
difficulties in the acceptance of the instruction approaches in 

practice. However, theory based level III, which provides 
designers with a transparent system/‘map’ of theoretically 
based knowledge on (and for) design engineering is very 
compatible with all lower levels, enabling the ‘correct’ location 
in this ‘map’ to be found easily after returning from the ‘lower’ 
levels (including instruction level II) (Fig. 4, middle top). 
 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Knowledge integrated designing (KID) 

(left) and Knowledge Integrated (systematic creative 
design) Thinking (KIT) (right) metaphorical schemes. 

 
Our research, supported by industrial and academic experience 

and the feedback gained during cooperation with industry, 
proves that the generally used approaches to design 
engineering, which are ‘Trial and Error/Success approach’, 
‘Intuitive approach’ and ‘Instruction approach’ are deficient in 
many aspects for current and future needs. We find that a theory 
(Theory of Technical Systems [12]) based integrated design 
problem solving approach, which we call multilevel 
Knowledge Integrated Designing (KID), is a very powerful 
vehicle for treating dialectic systematic and at the same time 

creative design engineering including its management.  
 
It enables the most appropriate and consistent use of all the 
mentioned problem solving strategies, because the theory based 
engineering design ‘map’ of knowledge spans/covers the other 
‘lower’ hierarchical levels (Fig 4). Thus engineering and 
industrial designers, and both ‘outside’ leaders and executive 
‘inside’ ones, as well as necessary cooperating specialised 

experts can manage, solve and monitor their projects on the 
theory based level. It enables them to ‘jump’ to other ‘lower’ 
levels at any time if efficient and effective, and again to ‘return’ 
back to the ‘map’ to follow the planned strategic path. 
However, TS Design Specification, Evaluation of alternatives 
and variants of any output for optimal Decisions, as well as 
Documentation including its archiving and transfer to other TS 
Life stages ought to be almost exclusively systematic (Fig. 5).  

We have experienced that the ‘KID’ approach helps to integrate 

the individual specialists within the interdisciplinary teams 
very effectively [9]. We have also experienced and validated 
that when any designer mastering the ‘KID’ concept it is 
naturally converted into a dialectic ‘systematic heuristic’ way 
of design thinking which can be metaphorically called 
‘Knowledge Integrated (systematic creative design) Thinking 
(KIT) ’ (Fig. 4, right).  
 

 
 

Fig. 5 General problem solving scheme as a framework  

for TTS based Knowledge Integrated Designing (KID) 
 
 

3. APPLICATIONS 
 

The consistent system of engineering design knowledge and 
methods both from theory and practice (Fig. 6, in the middle ) 
based on and integrated by the theory of technical systems 
(TTS) outlined above has been continuously verified and 
compared to other approaches and gradually improved and 
validated in executive and also in management activities in a 
number of our projects performed mostly in cooperation with 
industrial partners. In the following sections, we present a few 

typical examples of this. 
 

 

Fig. 6 Theory based concept of integration  

of Research, Education and Practice 
 

Applications in research for industry 
One of the applications has been the Information and evaluation 
database system for Constructional specimens from 
conventional (solid) and unconventional (composite) materials 
(CSM). Implementation in MS Excel SW has capacity for 34 
variants of 4 types of specimens, and 270 property indicators 

for each recorded specimen. Due to the full consistency of the 
database, the system has also enabled a method to be developed 
for comparing numerical values of any two property indicators 
of the same type (e.g. for a bending displacement) for any two 
specimens independent of their constructional structure, type of 
load and/or border constraints.  

221

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



 

The potential of TTS for management and conceptual design 

engineering can be illustrated with two larger applications. The 
Information and evaluation database type sheet systems for 
Regional rail vehicles (RRV) [8], and for City tram vehicles 
(CTV). Two user-friendly implementations in MS Excel SW 
(Fig. 7) have been developed for 49 variants of 20 RRV types 
from 10 world producers with 180 property indicators for each 
recorded RRV, and for 80 variants of 68 CTV types from 5 
world producers, 260 property indicators for each recorded 

CTV respectively. The databases helped to indicate SWOT and 
new trends for innovations about 5 years before they have been 
asked from industry to be investigated. 
 

 
 

Fig. 7 Information and evaluation databases for Regional 

railway vehicles (RRV) and City tram vehicles (CTV)  
 
Another significant application for design projects in education 
and industry is substantially innovated management and an 
engineering design software tool, which supports product 

design specification and evaluation of its fulfilment (including 
generation of risk indicators) as well as prediction of design and 
business competitiveness of a designed product regarding the 
former and selected comparable products on the market [7]. All 
results are depicted in a form of diagrams. 
 
Promising results have been also achieved from a developed 
method and a SW tool based on the principle of case-based 

reasoning, enabling prediction of an unknown property 
indicator value (e.g. cost) for a (e.g. designed) technical 
specimen of ‘any kind’ (e.g. technological feature, the 
mentioned material specimen, machine element). This 
approach is more precise especially in case of not smooth 
courses of the treated values of property indicators, and 
immediately takes into account each new downloaded 
specimen without any re-calculations compared with e.g. 

traditional regression approaches. 

 

Applications in education and projects for industry  
Further results based on the introduced knowledge have been 
achieved and its usefulness proved in the design education and 
its management at the Department of Machine Design, UWB. 
The Engineering Design Science knowledge has been reflected 
in the complex curriculum model at our department. 

Constituents of this knowledge have been applied in more than 
10 engineering design courses.  

Comprehensive work on generally applicable TTS knowledge 

and methods has been carried out especially in the field of 
Machine Elements. It concluded with two monographs in 
Czech, partially available also in English. These works 
introduced an innovative approach of classifying general and 
specialized Machine Elements exclusively according to their 
functions and working principles, and of the fully consistent 
structure for description of knowledge and methods relevant to 
any hierarchical level and type of Machine Elements. 

 
Further results and valuable feedback have been achieved in 
‘property driven designing’ of technical products within the 
outlined framework of TTS based KID concept outlined above. 
Since 2004 this philosophy has been utilised and validated in 
more than 120 student teams (from 6 to 8 students each) on 25 
very different topics of the interdisciplinary engineering and 
industrial design projects assigned consulted and evaluated by 
13 Czech and foreign industrial companies (Fig. 8, 9 and 10). 

Each year the projects were performed from scratch within 13 
weeks of the winter term by engineering design and 
management students from our Faculty of Mechanical 
Engineering together with industrial design students from 
Institute of Art and Design, and consulted by physiotherapy and 
ergo therapy students from Faculty of Health Studies, and also 
selectively supported by students from our Faculty of Electrical 
Engineering, from University of Zielona Gora (PL) and 

University of Deggendorf (G) (Fig. 10) [9] and [10]. 
 

 

Fig. 8 Minutes from consultancies with partners experts, 

and from competitive and workshop student presentations 
 

 

Fig. 9 Samples of results of student engineering 

and industrial design projects assigned, consulted and 

co-evaluated in cooperation with industrial partners 
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Fig. 10 Industrial, university and institutional partners  

involved in student design projects since 2004 
 
Here the important role of the presented approaches lies not 
only in support of designing itself but especially in supporting 
both explicit (leading) and implicit (executive) engineering 
design management tools for project activities as a whole, in 
continuous evaluation of the developed technical product from 
the very beginning to its very end, and for transparent and 

comprehensive project documentation and presentation.  
 
The projects are the complementary part of the undergraduate 
master course System design engineering of Technical 
products, which aims to provide students with foundation in the 
system of EDS knowledge about and for system management 
and creative design engineering of technical products. Finally, 
the TTS based property driven designing has been also more or 
less applied in a number of university engineering design 

diploma theses, which have been undertaken for dozens of 
industrial companies and successfully evaluated by their 
reviewers. 
 
 

4. CONCLUSIONS 
 
The introduced approaches, knowledge and methods create an 

advantageous systematic management and engineering design 
framework, which enables to adopt ‘any’ reasonable 
combination of the key design problem solving strategies 
which we consider to be theory, instruction, intuition and trial 
& error/success based approaches. It can serve as a powerful 
foundation for research, education and industrial practice. 
 
We have applied and validated it in a number of projects 

including development of innovative professional CA software 
and relevant educational tutorials. The most complex project 
deals with interdisciplinary team student engineering and 
industrial design projects assigned, consulted and co-evaluated 
in cooperation with industrial partners. Students’ outcomes 
have also resulted in certificated utility and industrial models. 
The achieved results are very appreciated by participating 
industrial and institutional partners as well as by design 

community and our university officials.  
 
We have managed these interdisciplinary projects for 9 years 
and among others we have experienced that these to be the best 
practice in educating students for industrial practice. It has 
always been our important goal in design education to bring 
design students closer to industrial practice and provide them 
with experience which they will need in their future jobs. The 
whole bulk of interdisciplinary student projects also evoked 

further educational, R&D and business projects performed with 
institutional and industrial partners.  
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ABSTRACT

This paper tries to specify the shortcomings of the 
mathematics culture in the western world to deliver successful 
mathematics educations on the grounds that mathematics 
contains essential conceptual knowledge for which the 
language to formulate, talk and learn in school is insufficiently
developed. This is a consequence of that the culture lacks
constructive tools, such as linguistic considerations, listening 
and dialogue, with which also tacit knowledge can be 
formulated. The argument is based on observations of the 
special properties of mathematics, Donald SchšnÕs notion of 
the reflective practioner, and on practical examples.
StudentsÕ democratic problem solving turn out to be 
astonishingly in parallel with the inherent freedoms of 
mathematics. Significantly increased cooperation among the 
mathematics professions is proposed. The Dialogue seminar is 
an activity for discovering dilemmas in a profession, and for 
building a common language. It is described and proposed as 
a vehicle for increased cooperation and for cultural extension.

Keywords: mathematics, knowledge, tacit knowledge,
dialogue, dialogue seminar.

1. INTRODUCTION

Possible improvement of mathematics education is in this 
paper studied by comparing the special properties of 
mathematics as a subject to its cultures, ability to communi-
cate within the cultures and with students, and types of know-
ledge occurring in the cultures. The argumentation is valid for 
most mathematics educations.
The term Òmathematics cultureÓ refers in this paper mainly to 
the culture of the three professions closest to mathematics 
education, i.e. mathematics teachers, mathematics education 
researchers and mathematicians Ð to be later discussed in 
more detail. One could add other categories, such as 
politicians, teacher educators and engineers, and we will 
indeed mention other professions as artists, actors and 
musicians as also being relevant, but the mathematics culture 
is here considered as consisting of these three.
The role played by the nature of mathematics in mathematics 
educations has been discussed in several ways, see e.g. [1],
[2].  MathematicsÕ dialogic nature is not often mentioned here 
or elsewhere in mathematiciansÕ writings, which is for this 
article an important characterization of the mathematics 
culture. However a sociologist researcher as Paul Ernest views
dialogue as at the heart of the subject [3]. The mathematics 
philosopher Imre Lakatos classic work Proofs and Refutations
[4] is an entire dialogue about Euler characteristic of 
polyhedra, where the active students constantly discover new 
proof methods and special cases in need of investigation. His 
purpose was to show how informal mathematics grows by a 
process of proofs and refutations, in contrast to formalist 
mathematics. The film Let us teach guessing by G. Polya is a 
dialogue with students about a geometrical question. 

In a similar vein Ernest writes in the preface of [5] as follows:

Precision is the hallmark of mathematics and a central 
element in the Òideology of mathematicsÓ. Tim Rowland, 
however, comes to the startling conclusion that vagueness 
plays an essential role in mathematics talk. He shows that 
vagueness is not a disabling feature that detracts from 
precision in spoken mathematics, but is a subtle and versatile 
device which speakers deploy to make mathematical 
assertions with as much precision, accuracy and confidence 
as they judge the content and context warrant.

The volume Understanding in mathematics by Anna 
Sierpinska is a brilliant investigation in the topic, and has been 
widely used by mathematics education researchers. The author 
describes the issue of understanding in mathematics as very 
complex however challenging, and that her way to describe it
is only one of many possible. She does not deliver a 
summarized view of her meaning of Òunderstanding in 
mathematicsÓ. If one regards mathematics symbols as the 
surface of mathematics, which anyone can see clearly, and the 
meaning of symbols as what is beyond the surface, much 
more difficult to distinguish, then the volume demonstrates 
the extreme difference between the surface and what is below.

Donald SchšnÕs work about the reflective practioner [6] has in 
several ways increased the scientific appreciation of practice 
and its complications. His work in many different professions,
suggesting the value of inter-professional exchange, is a 
practice that is shared by the dialogue seminar [7]. This is a 
method and philosophy of visualizing tacit knowledge in a 
group of professionals, to be described.
This paper suggests that the dialogic nature of mathematics 
must play a larger role in order to make meaning of Òunder-
standing in mathematicsÓ or Òmeaning of mathematicsÓ.
Mathematics education is an interplay between students and 
the mathematics culture, where both sides need to be able to 
learn for this meeting to be successful. What is lacking today
is not inventiveness or correctness of the analysis, nor access 
of empirical results, but perspectives that are out of reach for 
the current research paradigm.

2. PARADOXES OF MATHEMATICS

Mathematics has many curious properties as a subject, some 
of which are to a lesser extent shared by most areas in natural 
science.
One is its very wide presence. It seems as all human areas of 
activity have numerical or geometrical aspects. The 
mathematical aspects may be few or many, of little 
importance or large, but they become visible as soon as 
someone starts to formulate them more systematically. In 
school, mathematics and languages are the main meta-
subjects: having widespread and long-term use outside their 
school descriptions.
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Another property is the rather extreme narrowness of 
mathematicsÕ culture. Metaphoric and analogous thinking are 
not common in mathematics classes, sometimes considered as 
merely disturbing. Formal reasoning or calculation without 
appropriate understanding appears to be common from later 
years in elementary school and onwards. One obvious reason 
for this narrowness of the culture is the timeless validity of 
mathematical statements, allowing a very restricted set of 
arguments as mathematical. Empirical observations cannot be 
more than illustrations. You cannot prove that the ratio of 
circumference and diameter of a circle is 3.141592É by 
measuring it many times Ð which however may be relevant in 
making the statement reasonable. This cultural narrowness can 
be seen as a defense of the raison dÕêtre of mathematics: its 
truths.  

A third curious property is the notorious scarcity of under-
standing-developing mathematical dialogues in education and 
other contexts. One would expect that an abstract meta-subject 
should have a considerably larger need for reflective dialogue 
during learning to make abstract notions familiar, however 
practice shows the opposite. This lack is furthermore curious 
since the subjectÕs omnipresence invites metaphors. There is 
also a third even more fundamental argument. Mathematical 
truths rely on arguments and their reliability only, so 
questioning and inquiry by colleagues at the event of a new 
result is fundamental. Educators consider a constructive 
mathematical dialogue highly desirable in general, but it is 
also one of the few main processes that the subject of 
mathematics is equipped with for establishing truths, in the 
absence of empirical experiment. Questioning is at the core of 
mathematical truth.

One interpretation of this situation is a very fundamental one: 
that the established common language for discussing and 
testing the concepts of mathematics is too restricted, i.e. 
under-developed or under-understood. This problem may 
require inter-disciplinarity to be solved.

3. HOW IS MATHEMATICS DIFFERENT?

An all-present specialized language
Other than the special properties mentioned in the previous 
paragraph, mathematics is the only subject that has a 
specialized language with which all important statements are 
made: the formal language. It is a language with 
imperfections, as all languages, but it is extremely well suited 
for quantitative and logical statements. Only non-analytic 
geometry involves sometimes argumentation and proof 
without this language. Natural language is used to explain 
statements in the formal language, and for the logic of the 
argumentation in which they belong. Research papers must 
use this language. It is an integral part of mathematical 
research practice, as well as school practice. By borrowing a 
practice from linguistics, it is certainly possible to learn it in 
detail by systematically translating to natural language ([8], in 
Swedish). The mathematics professor Warren Esty has made 
an entire university language course in this language [9],
which improves studentsÕ results considerably in the 
following courses.

The formal language fulfills all conditions for being 
considered as a language, although a language with a semantic 
that is strongly restricted compared to natural languages, in 
need of a supporting language, and more written than spoken. 
Note also that the content of mathematics is in principle 
independent of this language Ð can be expressed in other 
ways. Comparisons of the role of language in the curricula in 

some European countries, for mathematics and other subjects, 
is discussed in [10].

Thus, mathematics has a very particular culture of two 
languages with different purposes [11]. This complication 
may be one reason for the common silence in mathematics 
classes, for the under-developed conversational language, and 
since ÒlanguageÓ is not a concept that often occurs in 
mathematical texts. It is well known that language skills in 
themselves are largely tacit [12], and that occurrence of 
symbols in a text affects how students read the text. Tacit 
features may be difficult to observe if not intentionally 
looking for them.

Large freedom to rewrite
The very large freedom of expression of the formal language, 
in that there are always many equivalent ways to write an 
expression, is fundamental. It should be well known for any 
student. The number 5 can be written as 4 +1, 7 Ð 2, 50/10 and 
so on, x/y = xy-1 = y-1x = (x-1y)-1, and x = 5 is the same 
statement as 5 = x. It is always possible to rewrite an 
expressions or statements in different ways without changing 
its numerical value or truth value. It is a freedom that cannot 
be more fundamental for mathematical truth, since 
mathematical proofs usually consist to a large if not 
overwhelming part of rewritings of expressions and/or 
statements. Many proofs are nothing but sequences of 
rewritings. The creative task for a producer of a proof is to 
find which definitions to make, which statement that may be 
true, and to find exactly which rewritings that are both needed
and possible.
Furthermore, there are several different correct ways to reach 
the answer to most mathematical problems Ð several correct 
solutions. This is another apparent freedom. I will here refer to 
these freedoms as Òfreedoms of mathematicsÓ. They mean that 
students actually have a considerable freedom at hand when 
doing mathematics and solving problems. 

Two types of mathematics knowledge
We can now distinguish two different kinds of mathematical 
knowledge. 

1. Provable mathematical knowledge:
Knowledge that can be established by a mathematical proof or 
calculation.
2. Conceptual mathematical knowledge:
Knowledge that can not be established by a mathematical 
proof or calculation.

An immediate question may be: Is there any relevant 
mathematical knowledge that is not provable? The occurrence 
of such a question underlines the aim of this article: to 
visualize tacit knowledge in mathematics. I will provide 
further arguments for that this is an essential type of
knowledge that is surprisingly invisible. Before it is made 
more visible, it is very difficult to teach and learn.

We have already mentioned examples of conceptual 
mathematical knowledge: ÒThe creative task for a producer of 
a proof is to find which definitions to make, which statement 
that may be true, and to find exactly which rewritings that are 
neededÓ. All this is essential, it is knowledge, and it is not 
possible/meaningful to prove that choices made are correct by 
a formal proof. So it is conceptual, by the above definition.

Answers to the following questions provide other examples of 
conceptual mathematical knowledge. They are important in 
mathematical activity, and none of them can be proven 
formally:
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� For a certain mathematics problem, which solution 
strategies may be successful?

� Why did my solution attempt go wrong?
� Which notation is suitable? What does it mean?
� How is a straight line connected to its equation?
� How is an application connected to the 

corresponding mathematics?
� Which mathematical results are most important?

Certainly some or all of these issues are raised in mathematics 
classes, but they represent questions where western students 
often perform poorly. We seem not to be able to handle them 
well.

Note that other sciences, except some mathematics-related 
sciences, in the absence of a formal language do not contain 
formally provable knowledge, probably because the 
phenomena studied here are too complex. Thus, while lacking 
empirical results, mathematics has instead one ÒextraÓ type of 
knowledge. This type has come to dominate the subject in the 
intensive strive for correctness, rendering its conceptual 
knowledge to the background. Insofar it is never or rarely 
discussed explicitly, it can to a large extent be considered to 
be tacit knowledge. A central theme in Donald SchšnÕs 
Theory in Practice [13] is that professional education very 
much concerns putting words on what you already know: 
making tacit knowledge explicit. 

Problem solving inadequacy
The relative silence about conceptual mathematics is 
illustrated by a serious inadequacy in school. Problem solving 
is typical for mathematics: students are throughout school 
asked to find solutions to problems. However, in the western 
world students are not often presented to how solutions are 
found Ð only to complete solutions. This misses the target, 
since finding a solution is really the task students are facing. 
A complete solution shows rather little of the solution 
construction process, only the final result of it. 

If not a standard problem, studentsÕ and mathematiciansÕ 
processes in finding solutions are rather similar, while of 
course on different levels: an interplay of guessing, testing, 
calculating, and so on. It is a process of associations, ideas, 
metaphors and knowledge, very different from the finished 
result. This process is generally absent in textbooks. The 
classical book How to solve it by George Polya [14], is one of 
a few books devoted to how to find a solution. It explicitly
focuses conceptual mathematics knowledge, and provable 
knowledge plays the role of examples.

4. CHILDREN AND FREEDOMS OF MATHEMATICS

Children learn in remarkable ways. Most obvious is how they 
successively learn their native language with no grammar. 
Children in general are able to consistently apply complex 
linguistic rules correctly, including several-case exceptions, 
without even knowing the rules explicitly. It is not far-fetched 
to assume that researchers and teachers have a similar relation 
to much of their conceptual mathematical knowledge. When 
asked, it is often summarized in the single word ÒintuitionÓ.
Sierpinska describes that in a culture of mathematicians the 
fundamental role is played by the informal level, a level of 
tacit knowledge, as opposed to the formal level ([15], p. 163). 

Democratic mathematics

There is a democratic aspect to this view of mathematics. Let 
us define a democratic education as one where the students in 
school experience the following:

1. Freedom of choice. Students have to their disposal several 
ways to solve a problem, and they know that they are allowed 
to choose themselves which one to use.
2. Openness to other views. Students expect without much 
fear criticism and comments on what they have done, and 
listen to it.
3. Reasonable self-confidence and flexibility. Students can 
both defend their work and change or modify it. 

Obviously, the emphasis on ÒdemocraticÓ is here the ability to 
have meaningful learning dialogues. In democratic societies, 
students are in their lives increasingly expecting freedoms, as 
the freedom of choice. The freedoms of mathematics (of 
expressions, statements and solutions) mentioned earlier, are 
however often not very visible for students. This lack of 
freedom may be one important reason why the interest in 
mathematics is declining among young people predominantly 
in democratic countries. 

However, a democratic mathematics education has been 
carried out in a few schools in Sweden, following methods 
that are well established in Japan. A ninth grade in Stockholm 
is a successful example (in [16], in Swedish), which is a class 
with high grades at the start. A session starts with the teacher 
presenting a mathematical problem for a class. The students 
are asked to work with it by themselves for some minutes, 
then in pairs. After that everyone writes a solution, and hands 
it to the teacher. The teacher picks a few solutions that are 
different, and shows them for the entire class. Now a 
discussion about the differences in the solutions follows, in 
which the students have become accustomed to help each 
other to find what is possible or not. Students discussing
differences in their own solutions contains a guarantee that the 
dialogue is at the right level, a fine-tuning that may be very 
difficult. In discussing differences in their solutions, freedoms 
in mathematics become freedoms for the students. They also 
discuss and learn how to find solutions. 

The teacher in the example demonstrated several 
competencies: a strong mathematical interest and knowledge,
a distinct and varied leadership, and a dialogic competence 
and respect that makes the students willing to participate. 
Donald Schšn describes in [6] how thinking depends on the 
situation and goes on at the same time as action, when it might 
disturb it. Part of the skill of the practitioner is to combine 
thinking and action into Òreflection-in-actionÓ, where one 
feeds the other. In a teacherÕs reflective dialogue, reflection 
and action furthermore need to be combined with listening Ð
providing enough mental space for someone elseÕs pers-
pective.

Double learning
A mathematics presentation is obviously much more efficient 
if it is at the right level, and touches experiences or questions 
that students carry, which may also unleash studentsÕ interest 
and energy. While a student learns more about the subject, the 
teacher learns not only about studentsÕ learning but also about 
how the subject is often understood by students Ð about its 
critical aspects and ways to bridge them. It should preferable 
be done by putting words on experiences. Such goals are 
pursued systematically by action research [17] and
Lesson/Learning Study [18], but can be done in any teaching
at various degrees. Such double learning about the subject 
could be an explicit goal whenever the teacher is sufficiently 
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established in the profession, also at universities. It is a prob-
lem solving view of teaching.
If double learning can be achieved in some form, teaching 
may be more rewarding for the teacher both in terms of 
learning results, professional development, and increased 
positive contact with students. It depends heavily on the 
culture and conditions at the school, particularly on the habits 
of cooperation among teachers of mathematics. 

The art of listening
Research shows that rather often teachers do not reply to the 
questions that pupils are asking, but to a different question 
([19], in Swedish). Listening is difficult, since we are rarely 
familiar with someone elseÕs perspective. One may extend the 
idea to listening beyond words, meaning understanding what 
someone wants to say even if the words are not right Ð if 
acknowledged by the speaker. 
Some students may hesitate in class to pose a question. If one 
tries, and does not receive a useful or meaningful reply, 
questions may vanish and learning becomes strictly 
individual. The teacherÕs mathematical knowledge becomes 
less accessible for students. This is very sensitive. One may 
formulate the following very simple good circle criterion for 
teachers:

To produce answers/comments such that studentÕs interest to 
pose mathematical questions increases, not decreases. 

ÒI donÕt know right now, but IÕll find out.Ó may certainly be 
such an answer. For this criterion to be meaningful, the 
mathematical relevance of the dialogues must be acceptable. 

5. THE MATHEMATICS CULTURE

Good circles in teacherÕs education
In teacherÕs education, this good circle criterion is even more 
important for the long-term development. Firstly, it implies 
that teacher students participate more actively and thus learn
more mathematics Ð they may ask about personal obstacles in 
mathematics. Secondly, teacher students become familiar with
a communicative teaching style that may provide such 
alternatives for their future teaching. It is well known that tacit 
knowledge is primarily learnt by active participation. 
Teachers at teacherÕs educations thus plays a central role [20],
it is essential that they are educated to effectively carry out 
such a mathematics educations. Again, the insufficient 
language around conceptual mathematics may be a serious 
constraint, but in such educations the interest in developing 
this language during the education should be considerable.

ChildrenÕsÕ wide-ranging questions
If finding courage, childrenÕs mathematical questions may be 
extremely wide ranging, challenging the teacherÕs leadership. 
Can we fulfill the above good circle criterion? Well, the scope 
of mathematics is also very wide, and mathematics has a 
strong geometrical side. Areas as art and design have since 
long developed ways to catch central ideas in combinations of 
words and images that are effectively accessible. They are 
very different from what is produced by the mathematics 
culture, suggesting a possible direction of cultural extension. 
The journal Studies in Philosophy and Education tries a 
radical stance in the direction of double learning in their April 
2013 issue, when pursuing the theme ÓChild as EducatorÓ.
The author of [21], who is mathematician, provides in great 
detail and quantity issues in learning university mathematics 
that come from studentsÕ work, a volume appreciated by 
teachers and researchers. A project where a text book was 
revised in direct dialogue with students is described in [22].

A culture divided in three
The mathematics culture is in [23] described as divided 
essentially in three, dealing explicitly with rather different 
kinds of knowledge. MathematiciansÕ is deductive, mathe-
matical education researchersÕ is empirical, while mathe-
matics teachers work with both, but also tacit professional
knowledge. Certainly, other kinds of knowledge are implicitly 
relevant. Considering the common goal of successful 
mathematics educations, this division is not an easy situation, 
particularly since the cultures often are separated organiza-
tionally in different institutions or buildings. If so the cultures 
cannot amalgamate, but tend to build inadequate images of 
each other. The situation reflects again the richness of 
mathematics Ð there are more relevant aspects than any one of 
us is able to appreciate.
Perhaps most problematic for the quality of mathematics 
education is the cultural divide between mathematics 
education researchers and mathematics teachers. A graduate 
student in mathematics education learns a research language 
that is necessary and very sharp for researching, but largely 
inaccessible for teachers. If researchers do not understand this 
inaccessibility, and are not able to adapt, researcher-teacher 
communication may be impossible. It appears as if education 
researchers in the western world cooperate seldom or never
with teachers, while such cooperation is common in emerging 
economies (however it seems difficult to find evidence for this 
statement). As a result, researchersÕ findings not often reach 
teachers. Teachers apply their own solutions. Nevertheless,
teachers who want to provide valuable answers to studentsÕ 
questions would greatly appreciate easy-to-use contacts with 
researchers in education and with mathematics.
Note that there is a qualitative difference between theory and 
practice, between knowing and performing. For example, a 
person may have a vast knowledge of the theory and history 
of the concept of a dialogue but is nevertheless unable to 
participate in one, while another easily engages in successful 
dialogues but has nothing to say about its theory or history. 
We have all different competencies. 

The dialogue seminar
The research area ÒSkills and technologyÓ has constructed the 
dialogue seminar as a tool to formulate tacit knowledge and 
experience among professionals [7]. Its explicit goals are to (i) 
develop a reflective practice, (ii) to build a common language, 
(iii) to formulate problems from dilemmas, and to (iv) train 
the ability to listen [24].
The Dialogue seminar uses written reflection, and typically 
involves eight participants. Given a theme important for the 
participants, the leader choses a text about the theme that 
should stimulate analogical thinking. All participants receives 
the text a couple of weeks before the occasion, and are asked 
to write one page of reflection about it, or perhaps a 
professional experience. At the meeting everyone obtains a 
copy of all other reflection texts, and a text is read aloud by its 
author, following a round of comments and dialogue about it. 
This is repeated for each author. A secretary produces a 
protocol of the dialogue, which is the outcome of the Dialogue 
seminar. The protocol may affect the choice of theme of the 
following occasion. 
This set up ensures that everyone is actually prepared about 
the theme in question, which is in itself a very good basis for a 
meeting. Furthermore, participants are free to focus what one 
finds most important for the theme, and the dialogue provides 
immediate feedback from many directions Ð a kind of feed-
back that university personnel seem to appreciate, and are not 
very used to. Specialists must be able to be verbally clear 
about the relevance of their views for non-specialists. Another 
characteristic is the interdisciplinary, such as mathematicians-
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musicians, nurses-artists, teachers-actors, which have often 
turned out to be surprisingly fruitful. The research is based on 
case studies rather than being empiric. Thus, it typically has 
smaller generality but may have higher authenticity: higher 
validity for similar cases.
Here practice comes first by the results of the dialogue, after 
which relevant theory may be selected, studied, discussed, and 
compared with practice. Usually the group after some time 
centers around a certain set of central dilemmas in the 
profession. This set may be rather surprising for all involved if 
something similar never has been tried before. A characteristic 
of the Dialogue seminar is that the difficult-to-formulate is 
expected and welcome, and ways to encircle it by metaphors 
and analogy are present.
Dialogue seminars for a group of teachers at a school,
preferably with presence of mathematics education 
researchers and/or mathematicians, is an obvious possibility in 
order to formulate central dilemmas put words on tacit 
knowledge. It may be combined with the previously 
mentioned Lesson/Learning Study. If mathematics teachers 
through this process find essential dilemmas, mathematics 
education researchers may choose to investigate them.

6. CONCLUSIONS

The development of a wide enough language for a fluent 
mathematics reflection in school and elsewhere is an 
extremely interdisciplinary issue, ranging from picking up 
ideas from children to extending the mathematics culture to 
better cover the wideness of mathematics itself. The purpose 
is certainly to successfully reach the narrow domain of valid 
mathematical arguments, not to lose it or replace it. Teachers 
are often in the forefront in extending the language to reach 
children with mathematical ideas, and aid and inspiration 
could go both ways between teachers and researchers if 
finding an effective common language. This connects problem 
solving in school with research, however with a research 
paradigm that needs to be discussed and formulated in order to 
handle the task. 
There are large opportunities to invite students and other 
mathematics professions to develop the language needed to 
reflect successfully about mathematics, by exchange among
complementary competencies, if the professionals are willing 
to try. When a student doesnÕt find it more difficult to ask a 
question and find satisfying understanding in mathematics 
than in any other subject, the language is there and the job is 
done.
It is perhaps surprising how mathematics inherent properties 
play together with democratic ways to work in searching for 
solutions and building understanding. Schools may too much 
have treated mathematics as any other subject. Another 
paradox may have played a role.
To not favor any particular application, mathematics employs
application-independent notation, so no application is directly 
visible. But then mathematics, conversely, may appear to be
relevant for no application at all Ð living in its own exclusive 
world. It is an illusion underlined by the difficulty in 
mathematical modeling and by mathematicianÕs application-
independent ways of working. 
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ABSTRACT 

In this paper we present a Water Utility Service Assistant: A 
case of Nkana Water and Sewerage Company. The Water 
Utility Service Assistant (WUSA) is a set of web based 
applications that have been developed to enhance the services of 
the utility company. These applications constitute a website, a 
meter reading assistant, an online customer bill presentation, a 
complaint management system, and a supplier portal. 
 
Keywords: web based utility service assistant, complaint 
management system, meter reading assistant, customer bill 
presentation, supplier portal, Nkana Water and Sewerage 
Company, website, utility company. 
 

1. INTRODUCTION 

Water is an important commodity in the day to day existence of 
the human race, and its provision and delivery is cardinal to the 
evolution of mankind. A water utility company’s delivery of an 
efficient and timely service to its customers is a cornerstone to 
its productivity and success. 

Nkana Water and Sewerage Company is a Copperbelt based 
utility company that provides piped water supply and waste 
water supply (domestic and industrial) to the towns of Kitwe, 
Kalulushi and Chambishi in Zambia. 

In order to keep a strong rapport with its customer base, the 
company must be able to provide exceptional service, which can 
only be achieved by implementing prompt and accurate means 
of information reception and dissemination. 

Prior to the start of this project, the company had no website 
that could market its services and woo cooperating partners. 
Information relating to the company on the Internet was only 
found in insufficient quantity, through online directories and 
also on literature about the projects that the company had 
participated in. Apart from the nonexistence of a website, the 
company’s paper-based bills were the only way customers were 
kept up to date with their current water consumption and 
balances. So the customers for most part depended on the paper-
based delivery of bills to know their consumption of water and 
how much they owed the utility company. Other than that, 
customers required to phone or find their way to the utility 

company’s premises in order to register a complaint or report a 
fault. Once a complaint was presented to the company, 
customers never knew how far the complaint resolution was or 
if their complaint fell on deaf ears. This forced customers to 
make phone calls in order to follow up on the state of their 
complaints. This was quite costly and cumbersome for 
customers. Furthermore, with the ever increasing number of 
new buildings and houses in the company’s areas of operation, 
it is placed in a never-ending need of resources to maintain 
existing infrastructure as well as to extend and expand the 
supply and delivery of its services. This brings out the 
inevitable need for the company to buy resources and materials 
needed to maintain and extend its infrastructure. Therefore, the 
company needs to be in touch with its suppliers for construction 
materials and other supplies for infrastructure maintenance. 

This paper begins by looking at the approach that was adopted 
in the development of the application, it then looks at the 
architecture used to implement the solution. The next Section 
discusses the realization of the system, which explains the 
language and technologies used in implementing the system. 
The system is evaluated and then the conclusion is given, which 
precedes the recommendations. 

2. REQUIREMENTS ANALYSIS 

A requirements analysis was conducted to establish the extent 
of the problem at the utility company. This included 
interviewing a selected number of employees of the company, 
going through the documents that the company uses and also 
observing some of the processes that are carried out in the 
process of the company’s operations. This gave us a good 
understanding of what was required to be done. 

3. APPROACH 
 

The systems database design followed the full stages of data 
design [1]. This included the definition of the data structure that 
could support the applications and the relationship between the 
data. This resulted in a database that is able to provide a 
container for the type of information that could support the 
applications. 
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The design of the components of the utility service assistant 
followed a top down and stepwise refinement approach in 
which the main task was defined, which was then broken down 
into smaller tasks. 
 

The website was designed using the brand awareness and image 
building model [2] because of the nature of the business. Not 
only did it have information about the company, but it also 
provided links to the applications. 
 

The Complaint Management System (CMS) was developed to 
address the limitation of the current way the company manages 
complaints. It was designed to allow the user to register the 
complaint directly using the Internet. The complaint would then 
be assigned to an employee by the administrator at the company 
side, who would then update the system after the complaint was 
looked into. The customer has a page where s/he can track the 
progress of all complaints that have been logged in. 
Additionally the system is designed to send an email to the 
customer at every point of complaint attendance. For example, 
an email is sent when the administrator assigns the complaint to 
an employee and when the complaint is completely resolved or 
attended to. Apart from that the CMS has a mobile version, 
which makes it accessible to the customers via a mobile device 
such as a mobile phone. 

To address the problem of customer bills, the Customer Bill 
Presentation (CBP) system allows the customers to view their 
bills online. After logging in, the customer would be able to see 
his/her water consumption history, billing history, current bill 
and its breakdown costs. It also has a mobile version which 
achieves all the functionality of the desktop browser version. 
Additionally it allows the customer to download a copy of the 
current bill. 

The Meter Reading Application (MRA) is a mobile application 
which facilitates the posting of meter readings into the billing 
system. It has been developed to assist meter readers to record 
the meter readings from the customers’ locations into the 
system without the need to write them down on paper based 
forms. The meter readers login into the system, and are allowed 
to post the readings according to their assigned walk routes. It 
has an admin interface which is desktop based that allows the 
administrator, to perform administrative tasks like adding meter 
readers and assigning walk routes to meter readers. 

The supplier portal was developed to allow suppliers to register 
for supply of materials with the company via the web. The 
supplier is able to register with the company by providing 
registration information similar to the outline format on the 
forms for the manual process. Upon completion of registration, 
the supplier is sent a confirmation email with the login details. 
The administrator adds employees from the procurement 
department who then are responsible for adding tenders into the 
system. When a tender is added, the system sends emails to the 
suppliers who registered in the category where the tender falls. 

Suppliers are also able to view tenders uploaded by the 
company into the system according to their selected categories. 
If the supplier wished to bid for the tender they would have an 
option to download a copy of the tender document, the system 
allows them to upload an invoice for that particular tender. 
Procurement staff is also able to download the uploaded 
invoices for the tenders that are uploaded into the system. 

4. ARCHITECTURE 

Figure 1 shows the use case diagram of the utility service 
assistant, which describes the set of actions that can be 
performed on the system by external and internal users of the 
systems [3]. The system has seven actors, who are defined as 
the types of users that interact with the system [4]. It draws 
information from the billing system for user account 
information and billing information, in turn the billing system is 
updated with the latest meter readings taken by the meter 
reading application. The meter reader enters the reading which 
is then confirmed by the administrator before posting it into the 
billing system. 

Figure 2 shows the structure of the system. The structure shows 
the arrangement of modules in the system. The utility service 
applications are all accessed via the website so the top menu 
structure constitutes links to the website pages. 

5. IMPLEMENTATION 

The utility service assistant being a collection of web-based 
systems has been implemented using PHP which is an HTML-
embedded scripting language. PHP stands for PHP: Hypertext 
Preprocessor, which is a recursive acronym, it originally stood 
for Personal Home Page. Much of its syntax is borrowed from 
C, Java and Perl with a couple of PHP-specific features thrown 
in. The goal of the language is to allow web developers to write 
dynamically generated pages quickly [5]. PHP is a server-side 
scripting language, which means that the returned output to the 
browser is plain Hypertext Markup Language (HTML). For this 
system, PHP is preferred over other server-side languages 
because of its simplicity, efficiency, security and flexibility. In 
conjunction with PHP, JavaScript was used for client side 
scripting and validation because of its capabilities like 
responding to user events and pre-processing data on client side 
[6], while Cascading Style Sheets (CSS) were used for 
formatting of HTML elements [7]. HTML is a document-layout 
and hyperlink-specification language. It defines the syntax and 
placement of special, embedded directions that aren't displayed 
by the browser, but tell it how to display the contents of the 
document, including text, images, and other support media [8]. 
The database structure was implemented in MySQL. The 
motivation behind the use of MySQL lies in its advantages; not 
only is it fast, but easy to use, secure and customizable, amongst 
many others [8]. When used together PHP and MySQL, 
provides advantages of having a wide support community and 
that it is open source [9] [10]. 
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The development and testing of the system was done on the Apache Web server version 2.2.11 because it offers more

 

Figure 1: Use Case Diagram for the Web Based Water Utility Service Assistant 
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flexible modules for user authentication and proxy caching. The 
PHP version that was used is Version 5.3.0 and the database 
was implemented on MySQL 5.1.36. 

The system requires a minimum of 10 gigabytes for the storage 
space and 256 megabytes of random access memory (RAM) for 
normal performance. 

 

6. EVALUATION 

After the development of the system, it was tested against the 
functionality requirements that were laid out in the 
specifications document. 

The system is able to save complaints and upon being assigned, 
the system is able to send an email informing the generator of 
the complaint that the complaint had been assigned to a 
technical staff for solution; it is also able to send an email after 
the complaint has been resolved. Furthermore, the system is 
able to provide correct reports for both adhoc and periodic 
reports.  

The Customer Bill Presentation (CBP) application is able to 
display billing details of the customer, also allowing customers 
to view both billing and water usage history. Additionally, the 
customer is able to download a copy of his/her bill successfully.  

The meter reading assistant was also exhaustively tested, to 
ensure that the readings input were correct. The system is 
developed in such a way that if the reading input is lower than 
the previous recorded reading in the system for the household, it 
would return an error. When the reading entered is higher than 
the approximated usage, it gives an alert before the reader 
confirms the reading. Once the reading for a particular 
household is taken, the address disappears from the list where 
the meter reader selects houses for meter readings entry. After 
the administrator confirms the reading, the meter reading period 
is closed, so when an attempt is made to login by a meter 
reader, the system gives a message that the billing period is 
closed. 

The supplier portal was also tested, and the email which is 
supposed to be sent to the supplier was sent with login 
credentials that are correct. The suppliers also are able to 
download copies of the tender documents that are uploaded by 
the administrator on to the company website. The system also is 
able to allow the supplier to upload the invoice documents, 
restricting the invoices to only portable document format (PDF). 
Upon the procurement staff or administrator adding a tender, the 
system automatically sends a mass mail to the suppliers that are 
registered in that particular category of supply items. 

General testing was done on the system concerning user access 
control and the results were tabulated.  

 

7. CONCLUSION 

The Web Based Water Utility Service Assistant system was 
developed to address the limitations faced by the company in 
the provision of its services. The website provides the company 
with a source of information for its customers and the general 
public. It also acts as the access point to the other applications 
that constitute the utility service assistant. The complaint 
management system addresses the problem of managing 
complaints by providing a form of dual notification between the 
company and the customer, meaning that the customer has a 
way of being notified by the company in the case of the 
complaint being attended to and the company also has a way of 
knowing the problems that the customers are facing. This helps 
the company to improve its customer services. The bill 
presentation by the CBP provides the customer with an 
alternative solution to the problem of waiting for the monthly 
dispersion of bills by the company. It allows the customers to be 
able to view their current bill without worrying about the 
limitations of the paper based bill delivery system. The supplier 
portal enables the company to manage a supplier database 
which can be helpful in terms of the company needing 
equipment supplies and other items. Additionally, the supplier 
portal enables the company to get invoices from suppliers 
quicker due to the email facility built into the system. 
 

8. RECOMMENDATIONS 

The system being web based faces some challenges on the type 
and version of browser being used to access it. Old versions of 
some web browsers do not support scripts or uses an old 
definition of the Document Object Model (DOM) functions. In 
order to appreciate the capabilities of the developed system, it 
must be accessed on newer versions of most standard browsers.  
Due to the libraries that have been used in the system, the use of 
recent versions of browsers is encouraged. Another important 
issue to remember is that the browser should be allowed to 
support running of scripts because of the heavy use of 
JavaScript on the system. Even as intuitive as the system is, it is 
advised that the users also follow the instructions that are laid 
out in the system user manuals, especially for the Meter 
Reading Application where wrong entry of figures and misuse 
may lead to rather repercussive measures for the company. The 
system also opens up the possibility of electronic commerce for 
the company. An addition would be enhancing the system to 
provide a secure online payment and settling of customer bills, 
this way the customers can make payments for their bills 
without leaving the system making it more convenient. In this 
way, customers would not need to physically trek to the 
company premises to pay their bills. 
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ABSTRACT 

 

Model of separation-mixing is applicable when studying 

the compositional evolution of systems of different nature, 

from physicochemical to the social ones. To display the 

processes, RHAT information language-method is 

proposed; it takes into account at the same point on the 

chart an indefinitely wide variation of components and 

their quantity. The possibilities of the model application 

are showed. 
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1. INTRODUCTION 

 

There are concepts that guide thinking to the general view 

on what is happening in the world. Herbert Spencer 

distinguished differentiation and integration as two 

fundamental processes of complex systems evolution in 

nature, technology, and society. In particular, in the 

evolution of systems completely different in material 

embodiment, there is a similarity in their composition 

change. A person can directly observe only the processes 

taking place in mobile environments and during their 

manifestations observed for the period of life: seasonal 

and annual changes in ecosystem, composition of waters, 

rivers. The processes taking place in the Earth interior are 

not observable and are slow. Information about them is 

obtained indirectly by studying their tracks - spatial 

distributions of compositions of rocks and their 

component parts – minerals, inclusions in them, as well as 

intergranular substance [1].  Geology as a science with a 

great practical output, with a specific set of macroscopic 

characteristics of the study object [2], is a good model for 

heuristically important analogies with other branches of 

knowledge. Another model object – crystal, the formation 

processes of which are deeply developed theoretically [3] 

can be used as a model for the study of a wide variety of 

separation processes, in which the great role of a chance is 

combined with the strictness of laws of physics and 

physical chemistry. In 1971, paper [4] was published, 

which presented the method of compositions encoding 

designed for describing and classification of discrete 

distributions of any nature. The possibility to represent a 

system as a discrete series of event names with ranking by 

decrease of their probabilities should be common to them. 

The method also enables to study the processes of 

compositions change, which makes it possible to use it for 

reflecting the separation-mixing processes. 

 

 

 

The paper aims to describe the processes of separation 

and mixing as model ones to study the evolution of 

compositions of different nature, as well as the 

information language for their representation, RHAT

method. 

 

2. MODEL OF SEPARATION-MIXING 

 

Separation is the process of formation from a system of 

two or more systems differing in composition, which can 

be written as A!B+C+…. Examples: crystallization from 

solutions, various types of separation using various fields 

and sieves, centrifuges, distillation, formation of mineral 

deposits, in chemistry - reactions of substances 

decomposition. It is trivial, but the existence of different 

"elements" is essential in the system, by which we mean - 

the minimum "parts-particles" of components. Mixing is 

the process of combining of systems different in 

composition with composition homogenization in their 

common space. Designation: A+B+C+...=D. Examples: 

various kinds of dissolution, waste disposal into the 

environment, soil fertilizing, preparation of construction, 

pharmaceutical, food mixes, in chemistry reactions of 

substances combination occur as a result of mixing. 

Successive mixing and separation is a common in geology 

process of replacement (A+B!C+D); its result coincides 

with that of separation. In this case, some of its products, 

being more mobile, can disappear from view creating 

effects remote in space and time. 

The system arising as a result of mixing has an average 

composition in all components between the compositions 

of the original systems. Maximum contents decrease, 

minimum increase. In contrast to mixing, as a result of 

separation some elements get increased contents 

compared with the original system, the others – decreased 

ones. That is, only separation causes growth and fall of 

the component contents in the resulting system compared 

to the original ones. In engineering processes, separation 

is enrichment – increasing of major component contents, 

and purification – decreasing of minor, small contents, 

"admixtures". In contrast to laboratory, where the act of 

mixing occurs, one may say, in a single step, and 

processes of composition change are stretched in time and 

space in nature. They leave their traces in the form of a 

volumetric cloud of more or less smoothly varying 

compositions, in which a geologist looks for the directions 

of maximum variability in order to understand where the 

solution - the originator of changes - came from, where is 

the maximum concentration of the substance of interest. 

General condition for the separation and mixing processes 

is the presence of translational mobility at particles of all 
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or some components of the original systems. Therefore, 

they can pass only at not too low internal energies. As the 

temperature increases, bonds are torn and the substances 

pass into liquid and gaseous state, which leads to the 

predominance of mixing processes. In closed systems, 

which are in an impermeable for the substance container, 

energy increase leads to the prevalence of trend to 

mixing, up to the inclusion of its walls in this process. As 

the gases temperature decreases, the reverse processes 

take place: condensation (water droplets in the air), 

crystallization (formation of snowflakes, crystallization in 

magma). That is, the existence of separation or mixing 

depends on the total energy background of the system. 

Curve of substances solubility-miscibility is the border 

between the separation and mixing and, at the same time, 

between the fields of "content-temperature" pairs. At "too 

low" energies, translational mobility is missing - the 

system is "frozen". 

Differences in elements mobility can be generally (but 

with some care) regarded as a driving force of separation. 

Such differences are due to the temperature difference in 

gas and liquid that are in a closed system, where in a 

higher temperature area more mobile system elements are 

accumulated (Soret effect), or when using filters, or 

slowdown and fixing of substance on the growing crystal 

surface. Crystallization is a demonstrative example of 

separation [5,6] of gas or liquid mixtures, solutions, and 

simultaneous self-organization, to which the conference 

was dedicated in 1961 [7]. Crystal is a result of a flow of 

random events, namely the selection acts of individual 

atoms-molecules-radicals with respect to their bonding 

energies to this place on the crystal surface. These 

selections are made for each particle until it is overlapped 

by the following particles, also undergoing these 

selections [8]. And these selections take place with errors 

that accompany the construction of what will probably be 

always seen as the acme of perfection - in nature, 

technology, and in our minds. Growing crystal perhaps is 

the best example of self-organization of matter. In this 

case, changes in the "growth pyramids" composition of 

different faces of a grown crystal bear the record on its 

formation history. The question on the driving force of 

mixing is more difficult. In the simplest case, for gases, 

the driving force of mixing is the desire to pass into a 

more probable and disordered state. Generally, 

miscibility - ability to a more uniform distribution of 

different parts-particles in the volume grows with energy 

increase (explosions, tornadoes, tsunamis etc.). However, 

"in case of a moderate" energy background, when the 

temperature decreases the system will sooner or later 

come first to equilibrium with the liquid or crystalline 

phase, and then to separation.  

In addition to the polarity of the considered processes 

results, there is another polarity. This is the polarity of 

separation and mixing rates. Separation processes rates 

are regularly lower than those of mixing processes. The 

first direct measurements of rates of crystal growth and 

dissolution under equal overheating-overcooling have 

shown this. [9]. Probably, it is well known that in general 

all processes associated with the need to distinguish, to 

separate, to organize have lower rates than the processes 

of mixing, disordering. It is known in the same context 

that the lower the difference between component 

particles, and the smaller they are the slower and less 

efficient is the selection, sorting. 

W hen studying composition evolution, the determination 

of its direction and path length estimation are hindered by 

fragmented character and often incompleteness of 

materials. In addition, the following is substantial: a) 

uncertainty of selecting the "main" parameter, as the 

"main" component at the early stages of the process can 

become absolutely insignificant at the late ones; b) 

opposite direction of changes of various parameters, 

which is caused by composition normalizing to a unity 

(or 100%); c) absence of a time-constant direction of 

changes in individual components, in particular, because 

of the imposition on the "main" process of the subsequent 

ones or preservation of traces of previous. 

Such difficulties could be overcome with the help of 

using the integral characteristics of process, specifically 

focused on the representation of separation-mixing 

processes. 

Despite the abundance of well-known to the author 

descriptions of separation in engineering processes, 

variants for differentiation in nature, destructive 

consequences of separation in social systems based on 

religious, national, property and other features, works on 

"separation of powers", it should be admitted that he was 

unable to find papers on the general theory of separation. 

However, on the theory of mixing - too. Applied to the 

geological problems, the considered processes are 

described in [5]. 

Speaking of substance circulation in nature, one can say 

the following: any mixture will sooner or later undergo 

separation – dissociation; any separation products sooner 

or later will participate in mixing. Any mixing-

association is temporary, any separation – dissociation in 

nature is for ever.  

 

Such circulation exists on the surface and in the interior 

of the Earth, and under the leading influence of gravity it 

caused the division of its whole material into the 

lithosphere, hydrosphere, and atmosphere. 

 

3.   H, A, T  INTEGRAL CHARACTERISTICS OF 

COMPOSITIONS 

 

To display the separation and mixing processes, we use a 

combination of C. Shannon information entropy H as a 

characteristic of complexity and anentropy A [4,10,11,12] 

as a characteristic of composition purity as a basis. The 

use of the Shannon entropy is substantiated by two 

circumstances. First, mixing entropy existing in 

thermodynamics is different from the Shannon only by 

factor, the gas constant. Second, [13] proved two 

theorems on the entropy change during separation and 

mixing. W hen two systems are separated, entropy of at 

least one of the resulting systems is lower than entropy of 

the original one. W hen two systems differing in 

composition are mixed, entropy of the resulting system is 
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greater than that of at least one of the original systems. 

These theorems give a statistically significant 

substantiation for entropy decrease during separation and 

its increase during mixing. There is no such evidence for 

anentropy, however the commonness of inverse 

relationship between anentropy and entropy does not 

prevent their joint utilization in diagrams. 

C. Shannon information entropy != - "pi*lgpi as a 

measure of uncertainty – complexity of the next event 

prediction. W ith regard to intuitively understood concept 

of composition complexity, there are two polar 

distributions of content. 1) Uniform: when there are many 

components and all components are in equal proportion, 

complexity is high and is lgn. 2) Extremely uneven: when 

a system has only one component, complexity is zero. 

Extremely high complexity and extremely low purity 

correspond to the first case. Extremely low complexity 

and extreme purity, to the second one. Let us immediately 

note that the latter is not achievable for real chemical 

systems either practically, according to the principle of 

chemical elements ubiquity [14] or in theory, according 

to [15]. This should be considered a very common feature 

of multicomponent systems. 

Apparently, entropy was for the first time used in geology 

[16]. Subsequently, it has become widely used in various 

fields of knowledge, but for a very short time in geology. 

The fact is that contributions to entropy [-pi*lgpi] after 

the maximum at p = 0.368 drop sharply with pi decrease. 

Therefore, with p decrease its value comes down, that is 

the contents of small components, more valuable than the 

common ones, almost cease to influence H value. 

Moreover, the compositions that slightly differ in large 

but significantly different in small components become 

indistinguishable. Thus, rocks – shales are 

indistinguishable by H from minerals – some micas. This 

led to the search and introducing of an additional value, 

which would take into account small ones, and to the 

greater extent the smaller the content value. That is, the 

task was to balance the significance of large and small. 

The fact is that information about the major components 

is usually enough for identification of the object name, 

however for tracing the history, construction of genetic 

models information about the secondary, and even the 

smallest components is required. Their list and their 

concentrations bear the record on the ultimate pages of 

the formation history of the system being studied now. 

In addition to the entropy, to account for the smallness of 

small components, characterization of composition purity 

anentropy  A = – 1/n("lgpi) – lgn was introduced 

[4,10,11,12]. Note that here lg pi is the component 

contribution to anentropy value, at the same time, it is the 

first derivative of pi*lgpi with respect to p. That is H and 

A are mathematically linked together. Minimum A = 0 if 

all components are in equal proportions, that is when 

entropy is maximum. Anentropy is interpreted as entropy 

of separation [12]. Below one can find the diagram 

(Fig.1) described in detail in [12], with some changes. 

The diagram shows outlines of the field, inside which 

there are the trajectories of all processes that can occur 

with compositions that have ten components and content 

intervals from 0.99955  to 0.00005 ("pi = 1). Along the 

axes, directions of the trajectories during separation and 

mixing are showed, and inside, illustrations to 

formulations of Yu. Shurubor theorems. 

 
Fig.1 EnAn entropy diagram. Main directions of mixing 

and separation processes, as well as positions of the 

original [I] and resulting (R} systems are shown. 

 

W hen working with especially pure substances, 

anentropy is insufficiently to changes in composition. 

Therefore, "tolerance" or "sterility" T was introduced. In 

the same notation T = lg[1/n"(1/pi)] [2]. In terms of 

information theory, T can be interpreted as logarithm of 

the Component contribution in T is the second derivative 

with respect to p of the contribution to entropy, and the 

first derivative of the contribution to anentropy. HT 

diagram is shown in Fig.2 average signal waiting time 

for their uniform arrival.  

Dependence of contribution to H,A,T on p is given in a 

diagram in [11]. 

 

 

 
Fig. 2. Entropy-tolerance diagram. Gray - area prohibited 

for compositions with components content below 

0.00005.  
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HA and HT diagrams are polar. The capability of 

substances to mixing (to solubility) increases with 

temperature growth, which usually causes H increase and 

A decrease of composition. H and A of separation 

products are associated with process intensity and noise 

level [16]. During crystallization, intensity increases: 1) 

when the system deviation from equilibrium, which 

determines the rate of crystallization, grows; 2) when the 

medium complexity grows; 3) when the temperature 

grows. Temperature is a "centaur". It prevents the 

particles ordering on the crystal surface, showing itself as 

noise, and conditions the required mobility of a particle 

when it chooses the "right" place and position [8].   

 

4.  “COMPLETENESS” OF AN OBJECT 

COMPOSITION 

 

Representation integrity of a complex system 

composition has specific requirements to the information 

completeness on the quantitative relationship between its 

constituent parts [10]. This is due to the fact that 

complete and accurate information on the systems 

composition is usually unattainable, and all three 

quantitative characteristics depend on the number of 

components. To compare the results of H,A,T 

calculations, "complete" analyses are required, that is 

those in which all essential components for the chosen 

analysis detail n are present. W hen distinguishing 

components for HA calculation, rank formulas R are 

used, component sequences by content decrease. 

(Analyses in the sampling should be at least no shorter 

than n value.) For n values of contents H,A,T are 

calculated. Components with numbers greater than n are 

ignored, they are excessive, however their quantity is a 

qualitative assessment of the reliability of selection of all 

n main components of composition. It is clear that the 

lists of components in such standardized analyses may 

not be the same (this is one of difficulties in the method 

development). After adjusting the rank formula, 

compositions are normalized to the sum of the 

components remaining in it. It should be borne in mind 

that the smaller n, the less information on compositions is 

taken into account, it has a more general character, and 

vice versa. The degree of points distinctiveness in the 

diagram with n increase usually grows sharply at first, 

then slows down, so one can choose the optimal detail 

level for different data sets. 

 

5. HEURISTICITY OF THE MODEL  

REFLECTED IN THE ENTROPY DIAGRAMS  

 

Composition change is in principle continuous and should 

be displayed in the diagram by lines. The smaller the 

points scatter along the mean trajectory of system 

evolution in the diagram, the more clearly expressed the 

process in nature and in the diagram. Data on 

compositions evolution are almost always fragmentary. In 

addition, their sequence in the historical sciences is often 

poorly defined. Diagrams enable to find the most 

probable trajectories of the processes, to assess the length 

of their way and pay attention to the anomalous points. 

Processes of composition change of two types are the 

ruling ones in nature. They cause: 1) an increase of 

differences between the component values, and 2) a 

decrease of differences. W ith the growth of differences, 

H decreases, A increases. W ith the reduction of 

differences, H increases, A decreases. Other directions of 

trajectories correspond to the transient processes between 

the considered ones. In one-way processes - monotonous 

changes of component contents, the transition from H 

increase and A reduction to H decrease and A growth, as 

shown by numerous observations, is possible. The 

transition from H decrease to its increase (at the 

corresponding A changes) speaks for a disturbance of the 

process monotonicity. Several representations of various 

one-way process in HA diagrams are given in [12]. An 

example of a sharp change in the process direction in one 

geological object - rare earth pegmatites is given in [18]. 

The first stage of pegmatites development, "barren" 

igneous corresponds to the typical separation with 

complexity reduction and purity increase. At this time, 

gravitational settling of heavier minerals with lighter fluid 

separation and its crystallization as coarse-crystalline 

formation - "pegmatite" with decreased H and high A 

takes place in magma. The second stage - high-

temperature aqueous solutions flowed into the cracks and 

pores of rock – mixing took place (H growth and A 

decrease). Solutions reacted with pegmatite substance and 

deposited new substances, i.e. secondary separation took 

place. After depositing substances, solutions left the 

changed rock volume. Geologist handles with enriched in 

"ore" components (in this case, lithium minerals) one part 

of the twice separated system. Using H,A values enabled 

to reveal a system of sphalerite (ZnS) occurrences and the 

epicenter of ore-forming solutions source in the Northern 

Urals [19]. In the epicenter, sphalerite purity was minimal 

and increased with the distance from it along the system 

of faults to more than 300 km in one direction and 60 km 

in the other; zone width in the epicenter area of about 50 

km. 

Diagrams provide opportunities of reflecting composition 

changes in complex hierarchically structured systems, 

such as igneous rocks. Thus, the diagrams can combine 

the evolutionary trends of: a) chemical compositions of 

rocks [2,12], b) mineral compositions of the same rocks, 

c) chemical compositions of minerals building them up, 

g) crystal chemical characteristics of minerals [20]. The 

impossibility of such combinations for visual perception 

in the traditional forms of the actual material 

representation limits both the possibilities of conceptual 

interpretation of complex systems development and 

fantasy. Heuristicity of the separation-mixing model 

occurs when only one branch of the separation products 

change is easily accessible for learning during the 

separation process. This situation focuses on the search 

for other branches, possibly more valuable. An example 

of separation of a general group of organic substance 

(cellulose, lignin, proteins etc.) into gas, oil and coal [21].   

Oil coming to refining is itself a complex mixture of 

solid, liquid, and gas substances and is subject to 
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separation. As a result of a large number of processing 

separation methods, an indefinitely wide range of 

substances is produced. A few examples of curves 

obtained in the theoretical mixing of compositions of 

complex systems are presented in [12]. The trajectories of 

compositions development in a series of igneous rocks 

from gabbro to granite and of sand compositions are 

given there as well. Trajectories are quite similar as in 

both cases they reflect the separation processes. Physical 

and chemical processes during these composition changes 

are dramatically different. 

Analogs of the separation-mixing model go far beyond 

thermodynamics, up to ecology, sociology, linguistics, 

where mixing and/or separation terms are used at a half-

intuitive level, without quantitative estimates. 

The simplest social-psychological analog of situation 

with the Soret effect - concentration in areas of military 

conflicts, in high-risk areas, of more energetic, 

courageous people, with adventurous temperament - and 

there is an increase of national and confessional 

compositions entropy. 

There is a principle of optimal diversity addressed in 

various fields of knowledge. One way to implement it is 

the breakdown of complex systems with formation of 

simpler ones, the other way is the development of simple 

systems with their complication. Ethnic and religious 

mixing taking place in many countries could be compared 

in HA, HT diagrams. After reaching the "supersaturation" 

new phases are formed, which is marked by the 

dissipation of states. Social activity – an equivalent of 

temperature - a comfortable life exists away from power 

poles. 

Liquidation of a wide gap between the need for 

knowledge on the contents of light elements, elements of 

life and weak in this regard possibilities of the modern 

analytical framework - should lead to a new stage in 

development of knowledge about the Earth and the Life 

on it. 

Human actions on the planet from substance concentrates 

mining to road traveling involve the predominance of 

diminishing, dispersion, and therefore mixing of 

substances - entropy growth and anentropy decrease of 

compounds in the environment. 

HA and HT diagrams can be used in cases where the 

separation-mixing model is adequate only to a part of 

occurring changes. This applies to cases of using 

diagrams in biology, where the number of system 

elements is the result of many factors, such as 

reproduction and death. 

In nature and in technology, separation of substances 

occurring at crystal growth of water and silicate solutions 

(magmas), at differentiation of grains in sizes and density 

during formation of sedimentary rocks, at composition 

changes in engineering processes from oil cracking and 

ore dressing to production of a high-purity chemical 

reagent, and further up to isotope separation occur with 

the single mechanism of selection. The very same is used 

in any reforms in countries; the very same is significant 

in the evolution of biospecies diversity, in spontaneous 

and forced changes in national, religious, age, 

psychological, and other compositions in society. 

Dealing with environmental issues is mainly dealing with 

protection of natural water, atmosphere, soils from their 

uncontrolled mixing with waste of industry, agriculture, 

and transport means, respectively, with problems of 

separation, concentration of these waste components for 

recycling, utilization or disposal. 

In 1918, spelling reform took place in Russia. W riting 

was “purified” from "excess" elements. To determine the 

consequences of this action, entropy characteristics of a 

number of the same texts of various genres, published 

before and after the reform were measured. It was found 

that entropy as a measure of diversity – richness of the 

language decreased [22].  

 

Emergence of a new methodological approach, which 

includes new terms, types of components, their 

abbreviations, units of measurement, mathematical 

formulas, diagrams, methods of material ordering is the 

stage of mixing – their simultaneous existence with the 

traditional arsenal of tools for knowledge. System 

complexity - "The knowledge of multicomponent 

systems" - has increased. 

 

W ork on the method is provided by the software Petros3 

developed by S.V. Moshkin. Created mostly for work 

using RHA method, it includes at the same time a large 

variety of other data processing methods that enable a 

comprehensive study of compositional changes. They 

include several types of diversity measures between 

compositions. This, in particular, enabled to reveal a 

significant limitation of the Euclidean distance for work 

with complex compositions, which include, along with 

key components, small "admixtures" measured in 

hundredths and thousandths of a percent. Such 

compositions are common, for example, in the field of 

geochemistry, which is often interested in much lower 

contents. 100 different types of compositions and 

"composition-like" discrete distributions are possible. 

[23]. 
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Web: www.laps.ufpa.br; www.lasse.ufpa.br.
E-mails: {leonardolr, joeldo, aldebaro}@ufpa.br, {lailson.santos, joary.fortuna}@itec.ufpa.br

ABSTRACT

The GNU Radio and USRP are important tools that can
be used by students to learn the theory of various areas,
such as digital signal processing and telecommunications.
This work presents how the GNU Radio and USRP
has been used to transmit/receive signals in wired and
wireless channels for a wide range of frequencies. Two
case studies are discussed: cellular phone jamming and
modulation classification. When dealing with these two
(and other) topics, the students get involved with several
important theoretical as well as practical issues. The work
summarizes strategies to benefit from the combination
of GNU Radio and USRP and increase their impact on
engineering education.

Keywords: GNU Radio, jammer, modulation
classification, PBL, USRP.

1. INTRODUCTION

The PBL (Problem-Based Learning) is a
student-centered learning method in which students
are encouraged to solve real-world problems, most of the
time, in groups [1], [2]. The idea is that the students can
apply and learn the necessary theory in a practical way,
helping them to learn the content as well as improving
their thinking strategies and interpersonal relationships.
In this context, the USRP (Universal Software Radio
Peripheral) and GNU Radio are important tools for
teaching telecommunications and associated areas, given
that they are, respectively, a relatively low cost hardware
and open-source software.

Figure 1 illustrates how the USRP and the GNU Radio
operate together. Each one is briefly described in the
sequel. The USRP is a generic hardware to transmit and/or
receive signals [3]. It is composed by a motherboard
that can be connected to several daughter-boards that
provide a variety of interfaces from simple analog filters
to complex down and up conversion circuits for many
frequencies bands. Thereby, the USRP is able, with the

Fig. 1. Simplified block diagram of how GNU Radio and USRP can be
configured.

daughter-boards, to operate in frequencies from DC to
6 GHz.

GNU Radio is a development toolkit that provides signal
processing blocks to implement software radios. Using
the GNU Radio, it is possible to create (or to receive)
digital data streams that can be transmitted (or sampled)
by hardware (for example, the USRP) or , simply written
(or read) to (from) a file [4].

Several institutions in the world have foreseen the
advantages of using the USRP and GNU Radio. The 2012
IEEE Globecom conference, in Anaheim, held a session
specifically about the adoption of such software radio tools
for teaching purposes. Institutions such as UT Texas at
Austin, USA, and RWTH Aachen University, Germany,
have developed and distributed teaching material regarding
several basic and advanced concepts. This work follows
this trend with the specific characteristic of using PBL in
projects that are of interest for research. This way one can
benefit from the synergy of research and education-oriented
projects, in an environment where both undergraduate
and graduate students cooperate. Therefore, the approach
adopted here is to describe two specific case studies and
indicate the concepts that are emphasized.

The work is organized as follows. Section 2 presents
the general task of how to use the GNU Radio and USRP
to send/receive signals through a real channel. Sections 3
and 4 describe two case studies: cellular-phone jamming
and modulation classification, both implemented with GNU
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Radio and an USRP. They are followed by the conclusions.

2. GR COMPANION FOR TASKS USING THE EXISTING
FUNCTIONALITIES IN GNU RADIO

The GNU Radio project provides a set of signal
processing blocks that can be aggregated to build
flow-graphs. These blocks are written in C++ and run
in Python, which brings several advantages, such as easy
instantiation and connection of existing blocks and easy
GUI (Graphical User Interface) creation, as shown in
Figure 2. The user only needs knowledge of how each
block works, which is an invitation to the proper study of
algorithms that process the samples in frames (or blocks).

Fig. 2. GNU Radio graphical user interface.

The existing blocks in GNU Radio cover various
applications from simple mathematical operations to
complex digital filtering, modulators/demodulators,
channel coding blocks, voice codecs and others.

A special class of blocks are the input/output blocks.
They create an interface with the real world, the most
known of them are UHD (USRP hardware driver) blocks
and Audio blocks.

The UHD blocks are created to use the USRP
and normally put/get signals from wireless medium.
Alternatively, the audio blocks put/get the signal from
sound card.

2.1. Wireless transmission example using USRP
At the Federal University of Para, students with access

to a USRP use the GNU Radio to transmit signals through
wireless channels. As an example of the procedures, this
subsection presents a wireless digital communication using
BPSK (binary phase-shift keying) modulation.

As it is well-known, in BPSK modulation there are
only two symbols, representing the bits 0 or 1. They are
separated by a π phase shifting. The bits 0 and 1 could be
represented by [5]:

s0(t) =

√
2E

T
cos(2πfct) (1)

s1(t) =

√
2E

T
cos(2πfct+ π) (2)

where
E is the symbol energy ;
T is the symbol Period;
t is a any time, 0 ≤ t ≤ T ;
fc is the carrier frequency.
Figure 3 shows the blocks used in a bit transmission

over wireless channel. The block Vector Source sends
a vector specified by the user. When executing this
project, the vector is composed by 0s and 1s; the block
repeats the vector whenever it reaches the end. The Vector
Source output is connected to a Packet Encoder which is
responsible for encoding the data, such that the receiver
can find the beginning of the transmitted data.

Fig. 3. GNU Radio BPSK transmitter flow graph.

After the encoder, the encoding data are sent to PSK
Mod which is responsible to modulate the information
using PSK. In this block, it is possible use different
configurations like if it is desired use gray code and
differential encoding as well as the number of points in
constellations, among others. In this example, the PSK Mod
was configured as a BPSK modulator.

The value of the samples in PSK Mod output is modified
(multiplied by a constant) by Multiply Const block, such
that the power of modulated signal can be changed. Lastly,
in transmitter, the signal is sent to UHD: USRP Sink block
which is responsible for interact with the USRP. This block
has several parameters that are used by the hardware like
sampling frequency, carrier frequency and what antenna is
being used on the daughter-board.

Figure 4 shows the blocks used in reception of wireless
BPSK signals. The UHD: USRP Source block abstracts all
the hardware in reception (USRP and daughters-boards)
and its outputs are the samples of the received signal in
baseband. In this block, like the UHD: USRP Sink, it
is possible to define several parameters of the hardware.
The UHD: USRP Source output is connected to PSK
Demod block that demodulates the PSK signal (BPSK
in this example), recovering the encoding data. After the
demodulation, the encoding data is sent to Packet Decoder
block which decodes the data and outputs the bits (the
information sent by Vector Source). Once the information
was recovered, the Char to Float block converts the byte in
float, so that the information can be used by others blocks.

For this wireless example, the students used an USRP
with two daughter-boards (RX2400) and two antennas,

242

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



Fig. 4. GNU Radio BPSK receiver flow graph.

each one used on transmitter and receiver, as shown in
Figure 5. It was sent a sequence of 0s and 1s. Figures 6
and 7 show the FFTs of the transmitted and received signal,
respectively.

This wireless experiment allows students to implement
and study several telecommunication concepts, such
as channel estimation, noise analysis and modulation
development.

Fig. 5. USRP transmitter and receiver BPSK.

Fig. 6. BPSK transmit signal spectrum.

2.2. Wired transmission example using the sound card
Projects involving wired communications are good tasks

to start with, given that the channel is better controlled than
the wireless channel. This subsection presents an example
using the sound card.

Fig. 7. BPSK received signal spectrum.

To exemplify the data transmission using a sound card,
the authors created a flow-graph transmitting/receiving a
QAM signal. GNU Radio already has QAM modulator and
demodulator, so we only need to instantiate and connect the
blocks using GNU Radio GUI (GNU Radio-companion),
QAM transmitter flow-graph can be seen in Figure 8, and
QAM receiver can be seen in Figure 9.

Fig. 8. GNU Radio QAM transmitter flow graph.

Fig. 9. GNU Radio QAM receiver flow graph.

To exemplify the signal processing blocks, we add Up
Converter and Down Converter Blocks, they do not exist
as original blocks on GNU Radio, but we create then
using a special feature called Hier Block which allows
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the encapsulation of multiple blocks into a single. The Up
Converter Hier Block can be seen in Figure 10 and the
Down Converter Hier Block was created similarly.

Fig. 10. Up Converter Hier Block.

All data flowing through flow-graph can be stored in
files to subsequent analysis, but in this particular case, we
will use graphical sinks to see data flowing in real time
GUI.

The frequency spectrum of generated QAM signal can
be seen in Figure 11. The generated QAM signal is up
converted to a given frequency (5 kHz in this case), as can
be seen in Figure 12.

Fig. 11. Baseband QAM signal in the transmitter.

Fig. 12. Upconverted QAM signal in the transmitter.

After going through a real channel, consisting of a
loopback cable connecting sound card output to sound

card input, the received signal is show in Figure 13. The
received signal is down converted to baseband and can be
seen in Figure 14.

Fig. 13. QAM signal in the input of the receiver.

Fig. 14. QAM signal in receiver, after downconversion.

3. CASE STUDY: CELLULAR PHONE JAMMING

The number of cell phone subscriptions reached
almost 6 billion and there were 105 countries where
the mobile-cellular subscription exceeded the number of
inhabitants by end of 2011 [6]. Cell phones are used
everywhere, but in some places its use is inconvenient or
even illegal. Thus, a jammer is an important device that
can block (part of) communication in a determined area
(e. g. theater, church, prisons).

The attack to a communications system can be
implemented in various ways. A jammer can work
in the physical layer, link layer or even in higher
layers [7]. There are a lot of jammer implementations
in literature [8] [9] [10]. The jammer presented here
exploits the vulnerability of the physical layer by
sending a signal (noise, here called ’signal jammer’) that
substantially reduces the SNR (Signal-to-Noise Ratio) of
the communication.

Figure 15 shows a simplified block diagram that can be
used for jamming. The GNU Radio generates the signal
jammer and the center frequency (FC), then send them
to USRP that uses its DAC (digital-to-analog converter)
to send the signal (in baseband) to the daughter-board (in
this project, the RFX900). All analog circuits necessary to
move the signal in the frequency range of 700-1050 MHz is
within the RFX900. However, other daughter-boards could
be used to operate in others frequencies range.
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Fig. 15. Simplified block diagram of a jammer using the USRP and
GNU Radio.

Fig. 16. Blocks used in GNU Radio to generate the signal jammer.

Figure 16 shows the blocks in GNU Radio to create the
signal jammer. A Hier Block was created, the Jamming
Signal Generator, which encapsulated all the processing
used to generate the signal jammer in baseband. The GNU
Radio, with the USRP, allows change the center frequency
and the bandwidth of the signal jammer. Figure 17 shows
the signal jammer on the output of the RFX900.

Fig. 17. Signal of the jammer after mixer.

The N9320B spectrum analyzer from Agilent
Instruments has been used to generate the Figure
17. The Resolution (RBW) is 10KHz and the range of
frequencies from 897-903 MHz are shown. As can be
seen, the signal jammer is centered in 900 MHz and its
bandwidth is 4 MHz. Besides using virtual instrumentation

such as the FFT scope in GNU Radio, it is interesting for
the students to deal with actual equipments, as the ones
they will face when working in industry. Hence, at UFPA,
some of the experiments are verified using spectrum
analyzers and digital oscilloscopes.

To jam the cellular phone, is necessary send the signal
jammer in the band of frequencies which the cell-phones
operate. These frequencies can vary, depending on the
country and the mobile network operator. However the
USRP and the daughter-boards can serve applications
in various frequencies, including the frequencies of
cellular-phones.

4. CASE STUDY: MODULATION CLASSIFICATION

The Automatic Classification Modulation (ACM)
consists in identifying the modulation schema of a
transmitted signal with a high probability of success
in a low range of observations. Detailed discussions
about the subject are found in [11] and [12]. ACM
has been used for decades in military systems and
others applications. Recently the interest in ACM was
renewed by research in cognitive radio [13]. Most of the
ACM proposed methods [14] were inspired on pattern
recognition techniques [15] and/or detection/estimation
theory [16]. There are several studies in the literature that
use simulated data and models that vary in complexity
channels including AWGN and fading channels. However,
as pointed out in [11] (Section 5), there is a great
difficulty in comparing the various methods proposed.
Among the reasons is the lack of a public database of
modulated signals. To minimize this problem the authors
have been organizing and freely providing signals [17]
for example of BPSK, 4-PAM, 16-QAM and 8-PSK
modulations.

The developed dataset allows greater ease in building
benchmarks to compare results among different groups
of researchers. As an example, Figure 18 from [18]
shows the result of applying the bases in ACM using
three classifiers, the CSS-SVM (with and without SNR
knowledge), cummulant and the ALRT upper bound
(see [18] for details). The graph shows the curve of
probability of correct classification (PCC) as a function
of SNR.

The bases were generated with GNU Radio by
transmitting random numbers through the wireless channel
and capturing the symbols modified by the channel. It was
used AWGN channel and SNR ranging from 0 to 15dB.
The file name contains the information of the modulation
signal, the SNR and if is full, train, test and validation.
The full file indicates that the file contains all samples
taken in the generation of bases. Files with train, test and
validation contains samples extracted from the full file for
use in ACM. The file extension is raw to indicate that the
content file contains only the samples of complex symbols,
without any other additional information. The contents of
the files are arranged in binary format where each sample
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Fig. 18. Results of three ACM classifiers using the same modulation
bases. [18]

occupies 8 byte being the first 4 bytes corresponding to
the component I and the remaining 4 bytes containing the
component Q. The order of the data is little endian, or least
significant byte first. The dataset assists researchers when
comparing different results and assist students that can use
them without having to generate the signals.

5. CONCLUSIONS

This work described two case studies on using the GNU
Radio and USRP for education. One important aspect
is that the topics allow both graduate and undergraduate
students to benefit from the experiments.

Various aspects of practical importance can be explored
with the help of these tools. For example, the compromise
between time resolution and frequency can be exploited
by analyzing signals and graphs of bit error rate versus
signal to noise ration can be compared with theoretical
expressions. The tools also allow the investigation of
modern modulation techniques, such as discrete multitone
and OFDM.

An interesting aspect of using open source tools and
datasets is that it has been found that reproducible research
results cause greater impact [19]. However, this requires the
availability of low cost hardware and software and public
databases.

The GNU Radio and the USRP surely allow
students to develop projects and effectively apply the
theory of important and difficult areas such as digital
signal processing and telecommunications. Educational
institutions can use the PBL method and improve the
learning experience of their students by using the GNU
Radio and USRP. Among the advantages, one can relatively
quickly setup and see the results of a experiment;
algorithms can be easily implemented and performed.
The experience shows that every time a experiment is
successful, the student typically feels more motivated to
study and continue learning about the theme.
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The meta-methodology for assessing innovation models 
 
Abstract: The meta-methodology for 
assessing innovation models stems from 
the need of the Innovation Committee 
of the National Quality Foundation 
(NQF) in Brazil, to disseminate the 
concept of innovation management 
throughout Brazilian organizations and 
universities, via a study group 
composed of leading organizations on 
the topic. The committee, coordinated 
by the NQF and benefitting from the 
academic support of the Getúlio Vargas 
Foundation (GVF/EAESP), is made up 
of the following 26 public and private 
sector organizations: Abbott, AES 
Brazil, Alelo, Ampla, Anpei, Itaú Bank, 
Brasilata, Cemig, CNI, Coelba, 
Brazilian Post, Cummins, EDP, 
Embraer, Ethos, Fibria, GPC Chemistry, 
Natura, Plural Graphical, Promon, 
Senac, Senai, Siemens, Suzano, Tellus 
and Vale. 

One of the facets of the 
committee’s study is to examine the 
main models, awards and norms in 
operation throughout the world that 
relate to the question of innovation. To 
this end, a models survey was carried 
out, taking into account knowledge and 
use on the part of the aforementioned 
organizations. The following were 
listed: Best Innovator Prize (AT Kerney 
& Época magazine), the Brazil 
Innovation Index (BII) of 
Unicamp/FAESP, the World’s Most 
Innovative Companies (Forbes), the 
National Innovation Prize (CNI), Fast 
Company, Global Innovation Index, 
DowJones Technology Innovation 

Awards, Chicago Innovation Awards, 
ITIF/Kauffman, The Economist’s 
Innovation Award, Health Care 
Innovation Awards, ANPEI, Innovation 
Champions from Amanhã Magazine, 
the FINEP Prize, the PROTEC Prize, 
ABNT Innovation Norms, Gespública, 
the National Quality Award (NQA), 
COTEC (European companies), 
SAGRI, the Ibero-American Prize, the 
Mexican Quality Award, the Malcom 
Baldrige Award and the Deming Prize. 
 The situation-issue that arises is 
that these models entail different 
dimensions, factors and scales, 
demanding that they be “normalized”, 
that is to say, framed within the same 
structure in terms of items and 
assessment scales. Thus, the 
methodology adopted here devotes 
attention to carrying out the 
normalization of the different models 
and generating a new assessment model 
for innovation models, drawing on the 
strengths and weaknesses of existing 
models. Ultimately, theoretical, 
methodological and practical 
conclusions and recommendations are 
put forward, in addition to a proposal 
for a research agenda.     

 
Introduction 

This article seeks to outline the 
assessment methodology for innovation 
models. The method makes it possible 
to generate a new innovation model 
from pre-existing models that treat the 
factor of innovation in its evaluative 
dimensions.    
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The study stems from the need 
of the Innovation Committee of the 
National Quality Foundation (NQF), 
made up of the following 26 public and 
private sector organizations: Abbott, 
AES Brazil, Alelo, Ampla, Anpei, Itaú 
Bank, Brasilata, Cemig, CNI, Coelba, 
Brazilian Post, Cummins, EDP, 
Embraer, Ethos, Fibria, GPC Chemistry, 
Natura, Plural Graphical, Promon, 
Senac, Senai, Siemens, Suzano, Tellus 
and Vale. 
 One of the facets of the 
committee’s study is to examine the 
main models, awards and norms in 
operation throughout the world that 
relate to the question of innovation, 
taking into account the knowledge and 
use on the part of the committee 
organizations. The following were 
listed: Best Innovator Prize (AT Kerney 
& Época magazine), the Brazil 
Innovation Index (BII) of 
Unicamp/FAESP, The World’s Most 
Innovative Companies (Forbes), the 
National Innovation Prize (CNI), Fast 
Company, Global Innovation Index, 
DowJones Technology Innovation 
Awards, Chicago Innovation Awards, 
ITIF/Kauffman, The Economist’s 
Innovation Award, Health Care 
Innovation Awards, ANPEI, Innovation 
Champions from Amanhã Magazine, 
the FINEP Prize, the PROTEC Prize, 
ABNT Innovation Norms, Gespública, 
the National Quality Award (NQA), 
COTEC (European companies), 
SAGRI, the Ibero-American Prize, the 
Mexican Quality Award, the Malcom 
Baldrige Award and the Deming Prize. 
 The situation-issue that arises is 
that these models entail different 
dimensions, factors and scales, 
demanding that they be “normalized”, 
that is to say, framed within the same 
structure in terms of items and gauging 
scales. Thus, the methodology devotes 
attention to carrying out the 
normalization of the different models 
and generating a new assessment model 

for innovation models, drawing on the 
strengths and weaknesses of existing 
models. 

 
Meta-Methodology 

This study on organizational 
management models adopts the 
management concept advanced by 
Guillén (1994), according to which 
management is a coordinated, technical 
task, denoting a system of hierarchical 
authority between functions, processes 
and operations, as well as the 
distribution of resources generated by 
the production conditions of the 
organizational system. The management 
model is the body of technical, dynamic 
knowledge applicable to practical 
situations when employed in the context 
described. The management model 
reinforces and legitimizes the 
organization’s institutional credibility.   
 According to Costa (2002), in 
order to be useful, a model must address 
adequately the matters for which it was 
originally developed, representing only 
a part of the process and not its result. 
Conceptual molding is necessary 
because the implementation process 
requires the conversion of “what” into 
“how”. Molding languages are 
necessary and need to be applied to the 
analysis of rigid and flexible issues, 
particularly when systems of human 
activity are concerned. Thus, 
bibliographical and documental 
research was undertaken, with reference 
to books, conference compendia, 
published theses and essays, national 
and international periodicals. For the 
purposes of this analysis, contact was 
maintained with other, leading 
researchers in the field.        

Taking note of the diverse 
innovation models listed, eight 
organizational subsystems were found: 
leadership, strategies, clients, society, 
information and knowledge, people, 
processes and results. Based on this 
finding, the normalized items should 
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refer to these dimensions. As suggested 
by Bardin (2002) and Reinert (1990), in 
order to treat qualitative data, the 
methodology sets out the carrying out of 
descriptive research, in order to 
identify, determine and analyze the 
existing relations between the respective 
requirements of the innovation 
assessment models and subsystems, 
known by a given sample of 
organizations.  

 
Methodology 
The methodology comprises four 

sections: research preparation; 
theoretical research; empirical research; 
and assessment of results. Full 
development requires that 21 stages be 
carried out, as shown in Figure 1: 1. 
Define the problem; 2. Establish 
objectives; 3. Outline the “state of the 
art”; 4. Documental analysis (scientific 
and market); 5. Selection of 

organizational innovation assessment 
models; 6. “Normalization” of the items 
of innovation assessment instruments; 
7. Link the items of the different models 
selected; 8. Treatment of items through 
content analysis; 9. Creation of 
categories a posteriori; 10. Generation 
of a new innovation assessment model; 
11. Content, semantic and systemic 
validations; 12. Generation of empirical 
study; 13. Application of collection 
instruments in committee organizations; 
14. Identification of factors that explore 
innovation; 15. Identification of factors 
that confirm innovation; 16. Systemic 
validation; 17. Generation of results 
from analysis; 18. Assessment of 
innovation management practices; 19. 
Selection of the best management 
practices; 20. Generate reserve of the 
best innovation practices; and, 21. 
Generate conclusions and 
recommendations.   

 
Figure 1. Assessment methodology stages for innovation models 
 

Start
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innovation assessment instruments
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The research preparation section 
entails three stages and aims to define 
the scope of the research to be 
undertaken. The theoretical section is 
composed of eight stages and involves 
developing the documental framework 
that will support the analyses of the 
models under examination, making it 
possible to generate a new innovation 
assessment model, the core of which 
undergoes a normalization process, 
concerning the items of the innovation 
assessment instruments, since each 
management assessment model or 
award has a unique and independent 
structure made up of assessment 
criteria, items and scales. In order to 
avoid mistakes in semantic validation 
and interpretation of the dimensions of 
the innovation construct, data 
redundancy, equal treatment for 
different concepts, different treatment 
for similar concepts, it is necessary to 
apply special structuring rules to all the 
assessment items of the innovation 
models selected.      

To this end, stages are set out with 
treatment techniques for qualitative and 
quantitative data, for constructing new 
innovation assessment instruments. It is 
essential to the methodology to 
normalize the content and scales of the 
different innovation models selected. 
“Normalizing” the items involves 
bringing to the same platform all the 
items and requirements from the models 
selected. Preferably, the item will 
express a unique idea and use short, 
simple sentences. Vague, overly 
technical, atypical or negative 
sentences, should also be avoided. 
Another function of the normalization 
stage is the adoption of a particular 
assessment scale, drawing on the 
various scales present in the innovation 
models selected.   

Ultimately, there is a new 
theoretical model combining the 
strengths of all the models studied, with 
an appropriate measurement scale, 

ascertained by at least three types of 
validation: content validation by judges, 
semantic and systemic. The validations 
of the items of the models, in 
accordance with the criteria proposed 
by Pasquali (2010) and Hair, Anderson, 
Tatham and Black (2009), aim to 
guarantee that each item to be measured 
indicates an observable, explicit and 
clear action, taking into account social 
variables of the environment or 
resources required for the object of the 
action. As per Hernandéz-Nieto (2002), 
the validation of content by judges 
provides substance in confirming 
whether items represent adequately the 
construct studied. Semantic validation, 
in turn, is performed with the aim of 
verifying if the items are 
comprehensible to sample members. 
Systemic validation seeks to guarantee 
that the normalized items from the 
innovation models selected maintain 
interdependent relations with the 
organizational subsystems, as well as 
the external environment, verifying if 
the organizational subsystems continue 
to be perceived and considered by the 
empirical model. 

The empirical section is 
composed of nine stages and involves 
developing the theoretical model’s 
application experience in organizations, 
in order to measure the data from a real 
situation with the innovation assessment 
model generated. Selection of the 
organizations’ representatives who use 
the innovation model will ideally 
depend on their meeting the following 
criteria: (a) experts in the field with 
sound understanding of the functioning 
of the organization they work at; (b) 
specialists in management assessment 
models (Gespública, MEG-NQA, 
EFQM, among others); (c) have taken 
part in developing the management 
report; and (d) have sat on the board of 
examiners for management assessment.  

The initial analysis of the data 
gathered from the organizations occurs 
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via the identification of innovation 
factors and as such, the goal is to 
organize and classify the items from the 
most relevant factorial loads, through 
exploratory factorial analysis. In order 
to carry out this analysis, as suggested 
by Hair & cols. (2009), the sample 
should comprise over 50 respondents. 
At least 100 cases is advisable, in order 
to ensure solid results, observing the 
following:   

a) level of data factorability, 
excluding indexes under 
0.30, where more than 
50% of the data matrix 
should bear results of 
over 0.30. 

b) As for missing data, Hair 
& cols (2009) and 
Tabachnick & Fidel 
(1989), argue that it 
should represent under 5 
to 10% of the total. 

c) Normality of the data via 
histograms. 

d) Extreme cases, excluding 
cases that present 
themselves as outliers, 
even if in the factorial 
analysis, variables that 
present very disparate 
data tend to bear low 
factorial loads. 

e) The Kaiser-Meyer-Olklin 
test (KMO), whereby an 
index closer to “1” 
indicates an excellent 
assumption for 
generating factors. 
Pasquali (2010) proposes 
the following scale for 
interpreting the value of 
the KMO statistic: 
between 0.90 and 1 is 
excellent; between 0.80 
and 0.89 is good; 
between 0.70 and 0.79 is 
average; between 0.60 
and 0.69 is mediocre; 
between 0.50 and 0.59 is 

poor; and between 0 and 
0.49 is inadequate. 

f) The Bartlett sphericity 
test (BTS), with the need 
for statistical 
significance (p<0.05). 

 
In accordance with these 

assumptions, the exploratory factorial 
analysis is carried out in order to extract 
the factors and analyze the 
interpretability of the respective items, 
the existence of semantic significance 
and similarity between the variables 
grouped together in one same factor. 

After selecting the exploratory 
factors that correspond to the result of 
the tests applied from the theoretical 
model, the model selected, in 
accordance with Hair & cols. (2009), 
should bear results with the following 
traits: a) chi-square reason/degree of 
freedom (Χ2/df) values below 5.0 
indicate the suitability of the model for 
describing the data; b) the Comparative 
Fit Index (CFI); an incremental 
adjustment index. CFI values under 0.9 
are generally not associated with 
models that adjust well; c) the Tucker-
Lewis Index (TLI) is conceptually 
similar to the CFI. Typically, models 
that adjust well have values 
approaching 1; d) the Root Mean 
Square Error of Approximation 
(RMSEA), which assesses the model’s 
error in relation to the saturated model 
with the same set of data. The lower the 
value according to this index, the more 
suitable the model, preferably below 
0.1. 

Using these parameters, the 
confirmatory factorial analysis can be 
carried out, seeking to ratify or rectify 
the items of the model tested in 
accordance with the sample of 
organizations studied, the result of 
which defines whether the factors in the 
model have been validated or not. 
Finally, the results section involves 
recording the gains, losses, easy points, 
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difficulties, best practices and standards 
noted during the application of the 
empirical section.  

   

Conclusion 
 At present, there are hundreds of 
models and awards for management 
assessment throughout the world that 
treat the issue of innovation in all its 
dimensions and criteria. There is no 
“better” or “worse” model, but rather, 
there is one that is most suitable for the 
profile and organizational context, 
making this stage crucial, since the 
selection criterion for models ensures 
the quality of the analysis of items that 
are relevant to innovation. 

 This article purported to describe 
the construction method and outline the 
assessment methodology for innovation 
models. The result of the research 
brings about methodological 
contributions to the field of 
administration. It is noted that the 
methodology is contextual and dynamic 
and, if applied fully in its four sections, 
can generate distinct, resulting models 
for every sample of innovation models 
and awards studied, and for every 
sample of organizations applied.   
 The rigor of the normalization 
stage is a critical factor for the success 
of the methodology, since this stage 
depends on the quality of the content to 
be treated using qualitative analysis 
techniques. The content, semantic and 
systemic validation stages, can be 
enriched by gathering qualitative or 
quantitative data, consulting experts in 
innovation, as well as professionals who 
do not belong to the group of employees 
from the organizations selected for the 
application of the empirical section. 

The stages set out in the 
methodology make it possible to 
accommodate models of varying levels 
of heterogeneity and complexity. But it 
is recommended that the group of 
organizations selected to validate the 
new innovation model have common 

characteristics, such as the same: 
industrial sector; importance; business 
activity; structure; as well as other 
factors.    
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ABSTRACT

There is a tremendous need to transition from teaching

science focused upon teacher lectures to teaching that 

puts the student and the learning process in the center by

active scientific experimentation. Teaching using the 

research approach encourages cooperative learning in 

problem solving through which the student gains 

experience with formulating questions, constructing a set 

of experiments, gathering data and drawing conclusions. 

The research-based teaching approach is conceived as the 

right method to foster STEM educated population (STEM 

refers to science, technology, engineering, and math). A 

high-quality STEM-oriented education is essential for 

gaining the intellectual tools to integrate successfully into 

society and workforce. The initiative’s goal: to increase 

substantially the number of high school graduates with 

the type and level of educational achievements in STEM 

that will enable them to pursue a science degree on the 

way to gaining employment in a scientific or 

technological industry. The application of teaching that is 

based on the research approach in science classes raises 

many limitations among teachers.  Therefore, a unique 

regional innovative program was established in order to 

increases teachers' self-confidence in carrying out the 

process. An exceptional coalition of stakeholders was 

formed: Academic colleges; research institutes; local 

industries; municipalities' educational leaders; the 

Ministry of Education, and schools. This initiative 

constitutes a special cooperative effort with all partners 

guided by the same goal and measured against the same 

objectives in order to attain a regional impact. The 

purpose of this paper is to investigate the action process 

for improving implementation and to evaluate reaching

its' goals.

Keywords: Science education, Inquiry-based learning, 

Assessment, Problem-based learning, Cooperative model,

Regional approach

INTRODUCTION

The inquiry-based approach is an important pedagogical 

approach for instilling scientific knowledge. There is a 

tremendous need to transition from teaching science 

focused upon teacher lectures to teaching that puts the 

student in the center and that invites active, investigative 

scientific experimentation. Teaching using the 

investigative approach encourages cooperative learning 

through which the student gains experience with 

formulating questions, constructing a set of experiments, 

gathering data and drawing conclusions. Research skills 

include the ability to think in diverse ways, develop 

creativity and independence in learning, awaken curiosity 

and wonder, develop generally positive attitudes towards 

learning and contributes to improving scholastic 

achievements (Haury, 1993; Kühne, 1995; Shulman & 

Tamir, 1973). The inquiry-based teaching method is 

based on the constructivist approach which views 

learning as an active process that constructs meanings in 

the learners' minds. Learning environments that are based 

on this approach were found particularly beneficial to 

students by enhancing their learning processes (Rivet & 

Krajcik, 2004; Rosenfeld & Rosenfeld, 2006; Dori & 

Sasson, 2008; Von Glaserfeld, 1991). 

The application of inquiry-based teaching in science 

classes raises many limitations among teachers.  

Therefore, it is important to build a training framework 

for professional development that increases their self-

confidence in carrying out the process. Deep pedagogical 

change is possible only by creating active involvement of 

science teachers who, themselves, experiment with 

applicable scientific inquiry together with the support of 

experts: "Teachers must begin to engage in practices that 

have built-in support for the changes they have made; 

otherwise, the changes are likely to erode over time" 

(Franke, Carpenter, Fennema, Ansell & Behrend 1998, p. 

67).

For the last few years, the 15 municipalities of the East 

Galilee in Israel have joined together in a forum to 

advance processes and initiatives outside of their local 

frameworks in order to gain the benefits of operating on a 

regional level. One of the main educational goals is to 

foster STEM educated population (STEM refers to 

science, technology, engineering, and math). A high-

quality STEM-oriented education is essential for gaining 

the intellectual tools to integrate successfully into society 

and workforce. Increased opportunities in STEM 

education among schoolchildren will lead more of them 

to attain an academic science degree. The initiative’s 

goal: to increase substantially the number of high school 

graduates from the eastern Galilee with the type and level 

of educational achievements in STEM that will enable 

them to pursue a science degree on the way to gaining 

employment in a scientific or technological industry. The 

formation of an exceptional coalition of stakeholders 253
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from the region, from all sectors associated with 

achieving the goal is crucial. Principal stakeholders 

include: 15 municipalities educational leaders; the 

colleges in the region which teach science and technology 

subjects; research institutes in the region; a number of 

local industries; the Ministry of Education, schools 

principals and science teachers. 

The regional science initiative includes special programs 

for both science teachers and students which embedded a 

significant involvement of academy, research and 

industry experts. Physical infrastructure including 

research laboratories, equipment and materials are used in 

favor of the regional education system therefore advanced 

science exploration processes become possible. The 

regional innovative program promotes the establishment 

of cooperation between the higher education and high 

schools in the area and encourages educational 

continuity, with an emphasis on science education.

This initiative constitutes a special cooperative effort with 

all partners guided by the same goal and measured 

against the same objectives in order to attain a regional 

impact. Regionality is a principle of operation according 

to which a number of partners in one region work 

together. The principle has significant advantages for 

initiatives, operation and application of processes, 

enterprises and projects with expansive vision. 

Regionality rests upon existing area assets and strengths, 

with the goal of building them into sustainable platforms 

for change (Kania & Kramer, 2011). 

Based on Kania and Kramer (2011) recommendation for 

developing a shared system of measurement for 

collecting data and measuring results consistently across 

all participants an evaluation research was conducted. 

Evaluation describes educational processes and judges 

their value by means of relevant criteria. It is the process 

that determines the measure of achievement of 

educational goals. Evaluation of educational programs 

includes the use of measurement methods designed with 

the goal of improving the programs through a process of 

goal and objective clarification, development of a 

rationale and indices of implementation and increasing 

the awareness and understanding among participants 

(Smith, 1989; Trevisan, 2007). 

RESEARCH SETTINGS

The goal of this paper was to investigate the effectiveness 

of the program. The research question that was raised:

How does the program influence the development of 

skills and scientific thinking among students?

The research tool for investigating students' thinking

skills was case-based questionnaire. Case study is a 

learning tool presented in a narrative way that deals with 

a real situations. Case studies are viewed as contributors 

to professional development, usually used as a discipline-

based teaching method. The use of case studies features 

several themes: cases as a tool for professional 

preparation and development, cases for facilitating 

critical thinking and exploring dilemmas, and cases as an 

assessment tool (Dori, 2003; Dori & Herscovitz, 1999, 

2005; Dori & Sasson, 2008; Kobballa & Tippins, 2000;

Sasson & Dori, 2011; Tal & Hochberg, 2003; Tobin, 

Kahle, & Fraser, 1990). Pre and post case-based 

questionnaires were designed to assess a host of thinking 

skills, including inquiry, graphing, and argumentation.

The questionnaires included a variety of assignments for 

assessing these thinking skills. 

In the inquiry assignment students were asked to 

formulate a research question, based on the scientific text, 

and to define its' variables (dependent and independent).

In the graphic assignment they were asked to describe the 

graphs and to analyze data and conclude logical 

conclusions. The argumentation assignment tested 

students' ability to present a scientific claim based on 

relevant explanations and examples. For each assignment,

an assessment rubric was conducted and validated by five 

experts in science education achieving 90% interraters 

reliability. Table 1 presents an example of one of the 

rubrics that was used to assess students' ability to 

formulate a research question, based on the scientific text, 

and to define its' variables.

Table 1: Rubric for assessing students’ inquiry skill

Score Criteria 

0 No answer, inquiry question is not relevant 

or not presenting the right structure – effect 

of variable A on B 

1
The inquiry question is relevant to the 

scientific text and presents the right structure 

– effect of variable A on B or the question 

presents innovative aspect that wasn’t 

presented directly by the scientific text

2
The inquiry question is relevant to the 

scientific text and presents the right structure 

– effect of variable A on B and the question 

presents innovative aspect that wasn’t 

presented directly by the scientific text

About 150 junior high school students answered the 

questionnaires. 47% girls, 50% boys and 3% didn’t 

mention their gender. The students participated in a 

science program that included about 50 academic hours. 

During the program the students were exposed to the 

science topic, experienced lab activities using special 

analytic methods, and conducted a research in small 

groups. 

FINDINGS

Based on the rubrics that were developed students' 

responses were assessed and the scores were calculated 

for each thinking skill. Table 2 represents students' scores 

in the thinking skills that were assessed.
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Table 2. Students' thinking skills results – Pre vs. Post

t Test

Post

N=129

Pre

N=151Thinking skill

S.DMeanS.DMean

t=-4.04 

p=0.000

0.570.960.520.59Inquiry skill 

(Min=0, 

Max=2)

t=-9.29 

p=0.000

0.661.260.550.58Graphing 

skills

(Min=0, 

Max=2)

t=-8.35 

p=0.000

0.561.420.570.84Argumentation 

skill

(Min=0, 

Max=2)

The results indicate on a significant improvement in the 

students' thinking skills. The scientific program students 

significantly improved their ability to ask research 

questions based on reading scientific text, to describe and 

analyze research results that are presented graphically and 

to claim arguments based on scientific knowledge.

DISCUSSION

The purpose of this paper was to demonstrate 

investigation of the action process of a unique regional 

innovative program that was established in order to 

promote scientific research. 

Social responsibility reflects the commitment of the 

organizations to contribute to the development of the 

communities in the region. Organizations, such as higher-

education and research institutes and industries recognize 

that their success as an organization depends also on the 

quality of the life in the nearby communities. This 

conception created value to the organization and its 

stakeholders through social and educational opportunities 

(Geryk, 2012; Shamir, 2002). Assessment culture that 

includes research on the educational work also reflects 

social responsibility to explain the conducting methods 

and to take responsibility for the consequences.

In science education, learning environments that 

incorporate an inquiry-based approach or case studies are 

recognized as fostering students’ thinking skills (Lee & 

Thompson 1997; Lohman 2002; Muthukrishna & 

Borkowski 1995; Sasson & Dori, 2006). In this paper, the 

focus was on assessing science thinking skills by case 

studies. Students significantly improved their ability to 

ask research questions based on reading scientific text, to 

describe and analyze research results that are presented 

graphically and to claim arguments based on scientific 

knowledge. The study is likely to provide deeper 

understanding of the nature of student achievements in 

the field of science.

In educational theory, a contribution is expected to the 

general body of knowledge dealing with evaluation in 

education and, more specifically, in researching the 

relation between opportunities for learning and results. 

W ith regard to practice, it is expected to gain a broad 

understanding of supplemental science programs 

operating in a wide geographical area and their 

contribution toward advancing the science achievements 

of students.

In recent years, there has been a considerable decrease in 

the number of students choosing to study the fields of 

science and technology in high school and university. In 

addition, the scores of Israeli students on international 

tests are relatively low and demonstrate low scientific 

adeptness and only partial command of the skills of 

scientific thinking. The findings of this study, that relate 

to the development of scientific skills among students, 

can contribute to the advancement of science studies in 

Israel.  
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ABSTRACT

It  is  sometimes  necessary  to  deploy  autonomous multi-agent 
teams  to  perform  analysis,  interpretation,  threat  or  safety 
assessments  in  environments  that  are  either  too  remote, 
hazardous, or physically impractical to send human beings. It 
may also be the case that  synchronous data  communications 
along with any real-time video or audio monitoring of the team 
may not be possible or at the very least not dependable. In these 
situations if we are able to debrief the team at some point how 
do we rely on any analysis, or assessment that the team makes 
if we could not monitor its performance? On teams that perform 
assessment or analysis there is always the possibility that one or 
more members may make misidentifications, or false positives. 
Without the ability to monitor, it may not be clear that correct 
locations were visited or substances analyzed and assessed. It is 
also possible that team concluded its analysis and assessment 
without considering the entire environment or partial failures of 
team  members  in  terms  of  inter-team  communication  or 
subtasks  completion.  In  this  paper  we  describe  FACT,  an 
experimental  heterogeneous  multi-agent  system consisting  of 
software  and  autonomous  robots  agents,  and  a  Coherence 
Inspector  (CI). The CI consist of a knowledge structure and a 
knowledge  engineering  technique  used  to  determine  the 
reliability  of  any  analysis,  interpretation,  or  assessment  that 
FACT makes during the debriefing process.

Keywords:  agents,  logic programming, epistemology, 
robotics, multi-agent, knowledge representation, epistemic 
logic, autonomous, chemical analysis, forensics, knowledge 
base, propositions

1. INTRODUCTION

There are many problematic situations that could benefit from 
human involvement  but  are  either  too hazardous,  dangerous, 
remote or simply physically impractical to send human beings. 
In these situations the most immediate alternative has turned 
out  to  be  the  deployment  of  autonomous/semi-autonomous 
robotic agents as proxies when interpretation, analysis, and data
gathering are required. There are contexts where the  unknown 

creates potential hazard for human presence. At one extreme are 
crime scenes like the booby-trapped apartment found by law 
enforcement agents in 2012 in Aurora Colorado left behind by 
mass murder suspect James Holmes where robots were used to 
disarm  explosives  as  well  as  data  gathering.  At  the  other 
extreme are far way remote environments such as the surface of 
Mars where the robot agent Curiosity was deployed to perform 
data gathering, and exploration. In these examples robot agents 
were  used  as  proxies  to  mitigate  harm by  allowing  indirect 
interaction  for  data  gathering  and  problem  solving  in 
environments where human physical presence was not feasible. 
When  we  have  to  deploy  autonomous/semi-autonomous 
multiagents  as  proxies  using  realtime  communication  and 
monitoring,  there  is  typically  no  question  on  the  success  or 
failure of the robots or of the value of work done.

But what happens if camera or audio monitoring is not possible,
unreliable, corrupted, or not available and data communications
to and from the multiagents is dropped and there is no way to 
know what or how the multiagents are performing? The very 
nature  of  remote,  hostile,  or  unknown  environments  may 
exclude video, audio or data surveillance of the robot agents. In
those  cases  where  the  primary  task  of  the  multi-agent  is  to 
perform information gathering, analysis, or interpretation, how 
can we rely on the agent's debriefing if we have no real-time 
method of observing the agent's work? How can we qualify any 
information or data extracted during debriefing? Can we simply 
rely on the system's design to alleviate any uncertainty? 

We have  developed  an  experimental  system called  FACT,  a 
heterogeneous  multi-agent  system  consisting  of  a  team  of 
epistemic software and autonomous epistemic robot agents, and 
a  Coherence Inspector  (CI).  The CI  consist  of  a  knowledge 
structure  and  a  knowledge  engineering  technique  used  to 
determine  the  reliability  of  any  analysis,  interpretation  or 
assessment  that  FACT makes  during  the  debriefing  process. 
FACT is designed for mobile chemical analysis, identification, 
and interpretation. FACT has a  priori  knowledge about safety 
and threat assessment when it comes to
environments  that may have hazardous substances.  The team 
combines their a  priori  knowledge with an initial site briefing 
that is done by a human analyst in order to determine how to 
proceed  in  executing  their  goals.  The  agents  have  on  board 
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knowledge  about  various  chemicals,  gases,  and  other 
substances. Each member of the team specializes in some type 
of data gathering, measurement or simple analysis. Each robot 
on  the  team  has  a  different  sensor  set,  actuators,  and  end 
effector capability. The agents know how to perform their tasks
without human supervision or remote control. The team has a 
team  leader  that  is  the  most  knowledgeable  about  any 
substances that the team is charged to analyze. The team leader 
also performs the final analysis and interpretation of any sensor 
data  gathered.  The  CI's  job  is  to  determine  how  much 
justification  each  team member  has  for  any  propositions  of  
completion  that  they  assert.  Any justification  the CI  finds  is 
added  to  each  agent's  commitment  to  completeness  and 
correctness of the tasks that they have performed. Finally, it is 
the team leader's job to sign off on the CI's work. The a priori 
knowledge  in  combination  with  the  site  briefing  constitutes 
what the agents know about the target environment. 

So as the agents complete their tasks their confidence of what 
they know about the target environment increases, and they use 
the task completion as partial justification for any assertions, 
analysis, or interpretation they make. In contrast to other robots 
we've  discussed  that  require  human  monitoring  and  remote 
control, FACT autonomously performs its tasks and then during 
debriefing gives interested parties reasons or justifications thus 
increasing the reliability of any propositions or assertions made. 
That's not to say that FACT or team members don't fail, or that 
all trial missions are successful or completed. On the contrary, 
but the difference is FACT is designed to provide justification 
for why its description, analysis, and interpretation of the target 
environment should or should not be relied upon. 

FACT is not intended to be the initial remote system deployed.  
It is meant to function in a supplemental capacity. In this paper 
we  will  describe  FACT and how propositional  knowledge  is 
used  to  model  the  team's  environment  and  its  a  priori  and 
posteriori  knowledge  of  the  environment  and  how  simple 
coherence is used as a form of epistemic justification for the 
assertions that the software and robot agents make about the 
target  environment.  We  also  describe  how  FACT  performs 
chemical forensic analysis and where coherence and epistemic 
justification fits into the team debriefing process.

2. BACKGROUND

The multi-agent teams we describe in this paper are teams of  
heterogeneous  epistemic  [1]  agents,  consisting  of  both 
epistemic  software  agents running on computers and physical 
hardware  agents embodied by robots. The computers and the 
robots are networked together to perform a single cooperating 
team.  Each  agent  is  epistemic  (or  knowledge-based)  and 
rational [2]. For our research and the purposes of this paper we 
have  a  simplified  version  of  the  Tripartite  Analysis  for  the 
definition of knowledge [3]. The actions of team members can 
be understood totally in terms of epistemic logic [4], procedural 
and  propositional  knowledge  [3].  While  some of  the  classic 
representations  for  robot  environments  include  Finite  State 
Machines  (FSM)  [5]  and  formal  and  process  algebras,  we 
choose  to  represent  the  Robot  Environmental  Attribute 
Description (R.E.A.D) set [6] as a set of propositions. That set 
of propositions represents the robot's reality. The READ set is 
either in whole or in part shared by the entire team depending 
on the task at hand. 

The robot's interaction with the READ set can be understood 
under  the  procedural  interpretation  of  logic  in  logic 
programming  [7].  The  team  members  reason  from  one 
proposition  to  the  next,  they  assert  propositions  under  the 
procedural interpretation of logic [8] into the READ set, and 
they retract propositions. They use logic programming to make 
inferences  and  draw conclusions  about  the  READ set.  Each 
team  member  has  a  certain  level  of  commitment  to  the 
propositions in the READ set [9]. Under the Agent BDI model 
[2], this commitment would be referred to as belief. The agent's 
actions are based on the propositions in the READ set that it is 
committed  to,  and  its  inaction  is  based  on  its  lack  of 
commitment  to  a  proposition  or  set  of  propositions  in  the 
READ set. The assessments, interpretation, and analysis will be 
based on what the robot believes that it knows relative to the 
READ set. Table 1 shows the full set of relations of the team's 
propositional knowledge relative to the READ set.

If we let:

R = {propositions that are true in the target environment}     (1)

A1..AN  be the agents on the team                                            (2)

p  ={P1.PN propositions   AN holds as true}                              (3)

Table 1 The full set of relations of the team's propositional 
knowledge relative to the READ set.

Relation  between  A1,...,AN 

and READ Set.
Posteriori Condition

K1 =  | p ⋂ R | > 0 What agent knows about R

K2 =  | p /  R |  > 0 What agent erroneously  holds 
about R

K3 =  | R /  p |  > 0 What the agent does not know 
about  R

  
For the span of a given mission the READ set represents the 
teams complete world,  and what is true of the world can be 
found  in  the  propositions  in  the  READ  set.  When  a  team 
member's posteriori knowledge is inconsistent with the READ 
set, then that agent is either in error or in a failed state. The 
team leader's  and  CI's  report  will  be  about  which  posteriori 
propositions  they  have  justification  for  in  the  READ set.  In 
working with the so called 'smart'  or  'intelligent'  multi-agent 
systems, one of the limitations is the knowledge representation 
scheme in place [10]. How knowledge is stored restricts how it 
is used in terms of internal computation, and how it is retrieved 
for external use. Because the error and model checking of fact 
relies  on  coherence  and  epistemic  logic  [11][12],  Epistemic 
Structures are used both for software and physical agents.

3. AGENT'S EPISTEMIC STRUCTURE

Each  agent  on  the  FACT  team  uses  Es  for  knowledge 
representation [9]:

Let Es  be the structure:

Es =  <G1,G2, J ,Vc,f>                                                                (4)
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The agent's Es has the following meaning:

G1 is a graph (V, E)  where V is a set of nodes that represent the 
agent's a priori knowledge in the form of  propositions and E is 
a  set  of  edges  that  represent  the  relations  between  the 
propositions.  The  a priori  knowledge  is the declarative and 
procedural  knowledge  that  each  agent  has  about  its  own 
expertise and domain [15].  For example, the primary domain 
of our  FACT agents is chemical  analysis and one of the  a 
priori  propositions in G1 is:

liquids with a pH value  <= 1 are considered hazardous

This  is  an  example  of  declarative  propositional  knowledge 
stored in G1  and simply asserts that liquids with pH values less 
than 1 are considered hazardous. On the other hand some of the 
propositions  in G1 represent procedural knowledge and can be 
used to cause the agent to take action [16].  For example, the 
proposition:

 X  is a hazardous liquid

requires the agent to prove that X is hazardous, and to do so  the 
agent applies its procedural interpretation of  the horn clause 
representation  [13]  hazardous_liquid(X). The 
procedural interpretation of  horn clauses [8]:

hazardous_liquid(X)  <--  
         sensor_to_measure(X,Y),
         measured(PhValue,X,Y),
         PhValue <= 1
         
basically  states  that  we  can accept  the consequent  that  X is 
hazardous  if  the  result  of  executing  the  three  antecedents, 
sensor_to measure(),  measured(),  and  PhValue 
<=1  are true under the logical interpretation.  The graph  G2 

contains  the agent's  posteriori (from experience) knowledge. 
This is the knowledge that the agent gets from the site briefing 
and actually interacting with the target environment [17]. For 
example, the following propositions are examples of posteriori 
knowledge that might be gained during analysis:

The liquid is brown in color
The temperature of the liquid is 92 degrees 
The pH value of the liquid is 0.

These  are  assertions  that  apply  only  to  the  particular  target 
environment under investigation.  J  is a set  of propositions 
that justify various propositions in  G2 that represent evidence 
that  the  agent  has  performed  some  task  completely  and 
correctly and are placed into J  by the agent. For example, if an 
agent has been charged with moving a container from location 
x,  to  location  y,  and  the  agent's  gps  sensor  verifies  that  the 
agent  is  at  location  y and  the  agent's   RFID and  ultrasonic 
sensors  verify  that  the  container  is  at  location  y then  the 
proposition:

RFID and ultrasonic sensor verifies container at location y.

will be true. Each agent's set J may also contain propositions 
that have been placed there by the CI. We will discuss this later. 
Vc is  a  vector  of  commitment  and  represents  the  agent's 
commitment to each of the propositions in G2 . Each element in 

the  vector  corresponds  to  a  proposition  in  G2.  Ideally  each 
proposition  in  G2 has  justification  in  J.   And f is  a  truth 
maintenance function that maintains the consistence of  Es .  

4. LOGICAL FACTORING

Logical Factoring is an approach to reliability and verification 
that we are developing at Ctest Labs that  attempts to identify 
two sets of  points  N1 and  N2  in  the logical sequence of an 
agent's  tasks.  N1   is  the  set  of  points  that  represent  the 
Necessary Logical Consequences of what is Known ( N1 Lock) 
and  N2  is  the  set  of  points  that  represent  Necessary  and 
Sufficient Logical Consequences of what is Known ( N2 Lock). 
A  N1 Lock, point B, says that if an  agent because of action or 
inference believes that A is true, then some point  B which is a 
consequence of  A, should be true also.  If  B turns out to be 
true, then we can consider it as evidence in support of  A .  The 
set of N2 Locks for an agents task is stronger than the N1 Locks. 
If we've found  point B is an N2 Lock,  it means that everything 
that  agent  believes  (all  point  A's)  about  its  READ  can  be 
accepted as true.  This logical factoring is a nod in the direction 
of coherence as epistemic justification [11],[14]. 

The challenge is to identify  N1 Locks and  N2 Locks that  are 
deterministic and can be evaluated by  an  impartial agent that  
may not  (usually  doesn't)  have  all  of  the  capabilities  of  the 
agent performing the tasks.  To see what we mean by Locks, let 
us consider one of our experiments. We have  three agents  A1, 
A2, and A3.   A1 has the task of transporting 2 L of a substance 
from location  x to location  y.  A2 is located at location  y.  A2 

has  the  task  of  performing  simple  measurements  on  the 
substance  and  then  distributing  1/2  of  the  substance  to  a 
container  and  requesting   that  A1  transports  1/2  of  the 
substance to  A3.   A2  also communicates its measurements to 
A3. If A2 determines the substance to be harmless then it will 
return a value between 2 and 12. 

Table 2 Some of the N1  and N2 Lock types for the agents.

Agent N-LOCK Proposition Lock Type

A1 A3 has  1L  of the substance . N2

A1 A2 had the container N1

A2 A3 has a  1L  of the substance . N1

A2 A3  measures a substance that is 
an acid that meets weight range

N2

A3  analyzes  the measurements from A2  and  then performs an 
analysis  and  interpretation.  At  this  point  an  N2 Lock  for  A1 

would be that A3 has a container that consists of  1 L.  If  A3 has 
a  container   that  contains  1L,  then  it  must  be  true  that  A1 

transported a container to A2 consisting of 2 L.  Therefore we 
can trust A1's propositions.  The fact that A1's propositions can 
be trusted imply  that A2's propositions can be trusted [18],[19]. 
A2 is the agent that requested A1 to deliver the substance,  the 
fact that A1 delivered 1/2 of the substance suggests that A2 also 
performed its task.   So the N2 Lock for A1 is at the very least a 
N1 lock for  A2.  Table 2 shows some of the  N1  and  N2 Lock 
types for  the agents.
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The Coherence Inspector

Keep  in  mind  that  the  Agents  in  our  experiment  are 
unmonitored and are operating autonomously.  We would like 
to  know how reliable  the  team leader's  report,  or  any  other 
information we get during debriefing. This is where the N1  and 
N2  Locks  are used.  FACT  consist of a team leader, a small  
number of agents and a  CI. Each member of the team has their 
own justifications in the set  J from Es. The CI's only job is to 
check a predetermined list of N1  and N2  Locks  for each agent. 
If the Locks are in place (meaning they are true) then we can 
have confidence that the agents posteriori propositions (G2) are 
true. The CI needs not check all of the Locks.  If the primary N2 

Locks are in place then we have strong confidence that the team 
was successful. 

In our experiment above. A3 believes that it has received a 1 
from A2 and  interprets  the  substance  to  be  battery  acid  and 
therefore hazardous.  Well why should we accept this result? 
The CI who does not have all of the capabilities of the team 
may perform simple tests to verify N2 Locks.  In this case, the 
CI verifies that A3  has 1L of a substance.  The CI's blue litmus 
paper turns red as a result of contact with the substance and 1L 
of the substance weighs approx 1.83 kg.  We know from this 
that we are dealing with  1 L of some kind of acid that weighs 
approximately 1.83 kg. Well the agent has a sulfuric acid that 
weighs approximately 1.06 kg per 0.583 L proposition in their 
G1. To  the extent that the CI is able to verify the  N1 and  N2 

Locks then the debriefing is reliable. To the extent that the N1 

and N2  Locks  are false or do not hold, then the Team was not 
successful or their debriefing is not reliable,  or only partially 
reliable if  some  Locks are in place while others are not.  The 
CI checks the Locks for  the team members and the team leader 
verifies the Locks for the CI.       
 
Site Briefing:   Simple Propositions

  It  is  important  to  note  that  the  heterogeneous  multi-agent 
system  that  we  are  describing  is  not  meant  to  analyze 
unknown,   dynamic,  unbounded  or  open  environments  [10]. 
Table 3 characterizes the types of environments  that  FACT  is  
being  designed  to  handle.   Unknown  and  Dynamic 
environments are excluded because the multiagents that we are 
interested in require a detailed propositional description of the 
environment  (READ set).    

Table 3  Practical Environments for FACT

Unknown Dynamic Remote Infeasible Hazardous

No No yes yes yes

 
The entire environment and any attributes that are relevant to 
the  agent's  tasks  must  be  described  in  terms  of  simple 
propositions about the environment [20].  For example:

• Temperature  of  target  environment  is   95  degrees  
Fahrenheit

• Target  environment  consists  of   two   5  ft  by  7  ft  
compartments

• Environment  dimensions  is  12  inches  in  height,  72  
inches in width, 240 inches in length.

For our purposes the site briefing requires an analyst that has 

intelligence about  the target  environment  and who can work 
with  a   knowledge  engineer  to  describe  that  intelligence  in 
terms of propositions.  The agent's uses its a priori knowledge 
about chemical  measurements, analysis and interpretation, its 
goals,  and  the  site  briefing  (added  to  the  agent's posteriori 
knowledge)  in  order  to  execute  its  tasks.  The  multi-agent 
system we describe is not meant to be the primary system in a 
set  of  automated  first  responders.  However,  it  is  one  of  our 
goals to have it perform as  part of a supplemental team  that is 
capable of autonomous unmonitored work (given that it has an 
adequate site brief).

5. DEBRIEFING

The debriefing process for our  multiagents  consist of the team 
leader's  report  showing  its  analysis,  interpretation,  and 
safety/threat  assessment  of  the  environment  along  with  each 
agent dumping its  G2,  Vc and J from its  Es . Each agent will 
also  have  a  log  (simple  text  file)  that  lists  its  assertions  of 
completion.  As  each  agent  completes  or  believes  that  it 
completes  a  task,  it  update  the log  with a   horn  clause that 
represents a particular  proposition that is now true about the 
READ set.   While the team leader's report  is in English (for 
these  experiments),  the  agent's  information  is  represented  as 
horn clauses [7].  The team leader also provides a table of  N1 

and  N2 Locks  that  have  been  met  based  on  the  information 
received from the CI. 

6. FACT (FORENSIC AND CHEMICAL ANALYSIS 
TEAM)

FACT  is  an  experimental  autonomous  multi-agent  system 
developed  at  Ctest  Laboratories   to  perform   unaided,  and 
unsupervised forensic chemical analysis in remote, hazardous 
of  otherwise  impractical  environments  for  human  beings. 
FACT works as a team of heterogeneous autonomous agents. 
Currently  FACT  consists  of  a  Team  leader,  CI  (Coherence 
Inspector), and 2 agents.  The team leader is a laptop computer 
running  SuSE  distribution of  Linux.   The  CI and the other 
agents  are physical agents  implemented  as  robots.  The team 
leader  consists  of  a  collection  of  software  agents  that  work 
cooperatively  with the  robots.  The entire team is designed to 
be low cost and implementable using COTS  and  Open Source 
software and hardware.
  
Robot Hardware Description

Each robot is built using the Tetrix Mindstorms  Robotic Kit.  
Figure 1 shows a picture of some of the robots that make up 
FACT.  Each robot using the ARM 7 Micro-controller with 4 
inputs for sensors,  3 outputs for motors and supplemented with 
servo controllers from Pitsco. 
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Figure 1. CSI Team members.

Sensors

Collectively the robots are equipped with ultrasound,  16 color 
light  sensitivity,  RFID  sensors,  barometric  sensors,  heat 
sensors,  light  sensors,  temperature  sensors,  motion  sensors, 
chemical  measurement sensors  e.g.   pH measurement system 
from Vernier Inc.

Primary Software Platforms Used

The robots  are  programmed exclusively  in  Java  and  Prolog. 
The Java programming relies on the LeJOS [21]  Java library 
designed  for  the  Lego  Mindstorm's   Robotic  kits.  We  used 
JiProlog  to represent  a priori  and posteriori  knowledge in the 
robots,  along  with  generating  the  log  that  contains  the 
assertions  of  completion.   The  team  Leader  is  programmed 
using   Java, Lejos, and JiProlog, C++ and  SWI-Prolog.

Bluetooth Piconet

The  team  is  networked  together  using  Bluetooth  Wireless 
protocol,  with  the  team  leader  performing  the  task  of  main 
controller and simulating a peer to peer network using indirect 
message handling [6].

 
7. CONCLUSIONS AND FUTURE WORK

While the FACT architecture and its CI are  not a guarantee that 
work done by a unsupervised autonomous team is reliable,  it 
does provide prospects for an additional move in the direction 
of fault tolerance  of  autonomous systems.  The notion of an 
inspector  that  verifies   completed  tasks  based  on  epistemic 
coherence, logical inference, and simple empiricism is a very 
inviting notion.  But the system is in its infancy and there are 
many  restrictions.   For  instance,  requiring  that  the  entire 
environment relative to the team's task  be represented as a set 
of simple propositions is  prohibitive in many situations.    In 
addition to that a requirement that the robot's environment be 
represented logically as opposed to some of the more common, 
behavior-based, or state-based representations also provides a 
hurdle.  Further,  logical factoring has proved to be extremely 
difficult.  The idea of finding deterministic logical points along 
a particular work flow may is a tough sell.   There are often 
many factors that lead to a particular result in the real world 
that the robot team would function in, and the idea of  logically 
factoring  N1 or N2 Lock points during site briefing has proved 
to be very problematic. 

But we are nevertheless encouraged because in the complete 
absence of any other kind of feedback,  this kind of epistemic 
justification used by a coherence inspector  provides something, 
rather  than  nothing.   We  are  currently  investigating  new 
approaches for logical factoring, new methods of acquiring a 
logical  description  of  the  target  environment  as  well  as 
optimizing how the inspector choses N Lock points and how to 
do efficient back tracking if he finds Locks that are not in place.
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ABSTRACT  

The aim of this paper is to illustrate how the designer can use 
and exploit results obtained by applying different methods 

and techniques of cognitive ergonomics. In particular, this 

study made use of the Eye-tracking tool and other qualitative 

projective techniques in order to assess the user perception 
based on different attributes in different contests (from 

packaging to jewelry, car seats and taps fitting). Specifically, 

one of the most investigated attribute has been the perception 

of benefits coming from environmental sustainability. 
Moreover, the presented case studies have also been focused 

on other communicative aspects of the products such as the 

perception of elegance, cost, convenience and quality.  

As a result, the present study does not set out guidelines for 
the design process of products which can implicitly 

communicate their usage function, communicative and their 

environmental performance, but aims to highlight and 

understand how the designer can use the techniques, tools 
and methods of cognitive ergonomics and the results 

obtained through them. In order to consider the consumer 

point of view, and not only the designer one, the message of 

the product perceived by the consumer became a validation 
of the design and a suggestion for the choices to be made 

during the design process in relation to both usage and 

communicative functions. 

 
Keywords: Design process; Design methodology; Product 

design; Cognitive ergonomics; Sensory perception; 

Sustainability; Eye-tracking.  

 
 

1. INTRODUCTION  

The paper proposes to evaluate and understand, through 

some case studies, what is the added value and strength data 
given by the use of methods and tools of cognitive 

ergonomics, in particular the Eye-tracking device, as an 

integral part of the design process [27]. 

Specifically, the Eye-tracking device allows to understand  
the unconscious behavior during the observation of an object 

(web site, product, print advertising): Eye-tracking is a 

technique for recording and analyzing eye movements and it 
uses sensors to record the reflections of a beam of infrared 

rays projected on the pupil. Since this signal changes 

depending on the position of the pupil (and thus of the 

direction of the gaze), by recording and analyzing ocular 
movements it is possible to determine in which specific point 

and for how long the viewer looks at a particular object. 

Analyzing what viewers observe or ignore, when they 

examine a particular object, provides decisive information 

about the capability of the product/interface/object to attract 

and hold or rebuff observers’ attention [17].  
It could be interesting to understand and analyze, thanks to 

the support of qualitative techniques, such as questionnaires,  

what eyes’ position in space means: attention to specific 

areas of a product means a good or a bad perception? In fact, 
individuals’ decision-making mechanisms contain 

inconsistencies and errors, and individuals tend to depend on 

a few specific pieces of information or cues while they are 

processing information [14]. Moreover, we do not see with 
our eyes but through a complex cerebral process that fills in 

space-time voids with credible hypotheses based on 

experience, not on how the world is, but how it should be [2];  

[5]. Similarly, when studying an object, we do not analyze 
the entire object but only those few significant elements that 

comply with our hypotheses of reality [15]; [2] and these 

significant elements  do influence the design process. 

The present study will introduce the use of a methodology, 
consisting of qualitative techniques and instruments (such as 

the Eye-tracking tool) during the design process [2]. In 

particular, the analysis with the Eye-tracking tool is already 

widespread in areas such as cognitive science, psychology, 
human-computer interaction (HCI), market research, medical 

research and other fields. In the field of market research, tests 

are made on web sites, packaging, print advertising, retail; 

particular attention in this paper will be given to different 
kinds of products, [22] such as packaging (and not only 

labels, picture, formats), taps and jewels, in order to 

understand crucial elements that must be elaborated from 

designers as a guide-line during the design process. 
According to Piqueras-Fiszeman, Velasco, Montejo and 

Spence, these analyses are very important considering a 

design product from the consumers’ decision perspective, 

products’ sensory characteristics [18]; [25]; [24] and 
consumers’ experiences [21].  

 

 

2. INSTRUMENTS AND METHODS 

It is important to emphasize that the data resulting only from 

the devices are not sufficient in order to understand a 

phenomenon in its entirety. Must be remembered that there is 
a huge difference between what it’s perceived through a 

sense and what, on the other hand, is processed by our brain 

[2].  

For this reason, the case studies and the methodology 
presented are focused on integrating analytical and 

qualitative techniques with the sensorial analysis instruments 

that are currently available. These techniques are aimed at 

identifying the emotive levels - and their relationship with 
cognitive aspects - the “weak signals” inherent in the 
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perception of any interface and the new creative ideas that 
grow from the requirements of the users themselves. 

Specifically, this paper presents the  results obtained by using 

qualitative techniques (in particular questionnaires and 

semantic differentials) and the Eye-tracking instrument. 
These techniques also represent a valid vehicle for 

confirming or disproving data resulting from the tools used 

for the analysis: in fact, the involved research group also use 

other cognitive ergonomic techniques, such as qualitative 
session, the positioning on the FBC grid [29] and specific 

instruments for sensory evaluations of products and materials 

(Sensotact® by Renault and SounBe®) [2].  

The Eye-tracking is a hi-tech instrument for recording and 
analyzing the user’s eye movements during exploration, for 

example, of a website or while observing an object. It is 

designed to study the behavior of the human eye as it reads 

an image or a product. In effect, it is possible to deduce the 
user’s level of attention to what is being observed, how the 

user processes the information contained in a page or advert, 

the strategies and any possible problems that may be 

encountered during these activities. Eye-tracking is now 
applied to interfaces and web design and allows to precisely 

track the user experience, recording areas, words, graphics, 

space, time and sequence of movements of what is being 

observed by the user; it is actually a very interesting 
methodology because it allows not only to record the 

physical point on which the eyes are directed, but also, 

thanks to the identification and interpretation of physical 

postures unwittingly hired by the eye, understand where the 
users’ attention is focused [7]. In other words, with the Eye-

tracking it’s possible to determine where users’ attention 

poses and how it flows instant after instant. Eye-tracking is 

also widely used in different fields like packaging and 
advertising, in publishing and television broadcasting; it 

allows comparison between different creative ideas in order 

to understand which is the more efficient version; increases a 

deepening  analysis of the message components (brand, 
labels, product, creativity, headline, etc..) that attract the 

attention of users; enables an evaluation of the 

communicative effectiveness and the emotional impact of a 

single message.   
This tool is also applied to design retail outlets through the 

study of the buying habits of consumers by tracking 

their  visual pathways within the exhibition spaces, with a 

consequent saving in terms of economic impact [9]; [22]; 
[16]; [27]. 

In this paper we present a new use of Eye-tracking and 

related cognitive ergonomic methods: in fact, the use of these 

methods and tools, is not only adopted in order to understand 
attentional processing, consumer behavior [27] and consumer 

evaluation of a product, but could also be adopted in order to 

understand the actual perceptual areas, such as, for example, 

the practicality, the 'goodness' of the product itself, the cost 
or the environmental sustainability [7]. The innovation 

consists both of the use of the mentioned techniques/tools 

and of the method of application to different industry sectors 

such as faucets, jewels and car seats; moreover, regarding the 
packaging, it’s used to determine not only innovative aspects 

of a product compared to another, such as label and their 

usability [16], but also to understand how to combine the 
appropriate design elements to predetermine consumers’ gaze 

patterns in order to convey the desired messaging on product 

[21]. 

The analyses with the Eye-tracking were performed with the 
instruments Tobii T120 and Tobii T60, which look like 

normal 17” monitors and provide a recording without any 

contact with the test participant’s eyes and does not require 

the use of a head-mounted device. 
In order to allow a better assessment of the data resulting 

from the analyses made with Eye-tracking, it has been 

necessary to have the participants compile a semantic 

differential evaluation.  The semantic differential consisted of 
a set of bipolar adjectives (having opposite meanings) to be 

rated by the subjects on a Lickert scale with 5 or 7 points, 

placed on the opposite ends of the scale. Assessment of 5 

adjectives (and their opposites) was proposed for the 
definition of the products selected, i.e. 5 adjective pairs. To 

prevent an effect of de-concentration, the positive and 

negative polarities were placed at random, on the right or left 

of the scale.    
Each participant made a semantic differential appraisal for 

each image, on a scale of 1 to 5, in which 1 was the worst 

case (very negative) and 5 the ideal case (very positive). 

Another technique used in the researches was the 
questionnaire [2]: the individuals involved in the test were 

invited to express, through different levels of investigation, 

judgments and inclinations on different aspects of interest. 

This was done by completing value scales, but also by 
answering to closed and open questions or by adding  

stylized graphics of the object in question [7]. In this way, 

qualitative techniques have been applied and combined with 

the use of the Eye-tracking device permitting us to 
understand users attitude, emotive and cognitive behavior to 

different kinds of products. 

 

 

3. CASE STUDIES AND PROCEDURE 

The case studies presented in this paper have been developed 

by following the same procedure and involved both 

packaging and product analysis. 
The first phase of the research has been dedicated to the 

introductory questionnaire through which we began to verify 

the candidates’ general evaluation of the product, always 

taking into account the communicative elements of interest 
for the research. The candidates were also asked to draw an 

outline of the analyzed product, with the aim of identifying 

the aspects considered “topical”. 

W e started to identify the “markers” of the products [7], i.e. 
those elements that contribute to a rapid processing of the 

product and its content. In particular, it turned out that the 

marks of environmental compatibility, materials and some 

communicative aspects of products were an essential 
contribution for the immediate and heuristic perception of the 

packaging that could be defined as “sustainable”.     

Subsequently, we proceeded to make the Eye-tracking 

analysis, through which, alongside the assessment of the 
main points of interest identified by the initial scanpaths, the 

interviewees were invited to concentrate on a series of 

“stimuli” provided by the researcher during the session. This 

was aimed at identifying the actual areas of packaging 
perception, such as elegance, practicality, cost and 

sustainability [7]. 

Thereafter, the semantic differentials led to the identification 

of similar or opposing trends in the semantic areas presented 
to the candidates. This allowed us to infer which stimuli are 

immediately combined and which ones, on the other hand, 

appear to be in dichotomy (fig.2) [2]. 

× The first two case studies were part of an existing parallel 
multi-disciplinary research of the Pollenzo University,  
Index environmental and economics design (2009-2012) 

[1] whose objective is to outline an evaluation index of 

social, environmental and economic sustainability of the 

food products. As part of this research, a specific task has 
been focused upon analyzing food packaging, with the 

dual aim of outlining an evaluation system, based upon 

the functional, communicative and environmental 
performance [19] [26] that a type of packaging must 

satisfy throughout its entire life cycle [3] [4] and, at the 

same time, investigating how the various end users 

perceive the eco-sustainability performance [2] of the 
analyzed packaging. 
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In particular, the first case study dealt with the analysis of 
the perception, by users, customers and tasters, of 

different chocolate bars (chocolate bars produced by 

different manufactures and bars of different tastes by the 

same manufacturers). 
W e started to analyze the packaging of three chocolates 

bars, selected, after a first evaluation about their 

environmental impact and  for their attention to 

environmental sustainability of package and content. 
These bars come in three different flavours (white, dark 

and milk chocolate) and were produced by three different 

companies (fig.1). Then we explored other three bars (by 

a single company) featuring different typologies/three 
taste of chocolate (classic, “maja” – with cacao from 

south central America, and extra dark - creamy filling) 

(fig.3) [6]. 

This double analysis was performed in order to know if 
users’ perception and attention will vary in front of 

different colors and different pictures and information 

present on the packaging (in particular one chocolate bar 

was analyzed twice, as shown). 
The aim of the research was to understand the aspects of 

communication of the chocolate bar packaging and the 

specific elements related to it, such as perception of 

elegance, cost, practicality and eco-sustainability of the 
product [2]. 

× The second experiment presented in this paper has been 
conducted on wine bottles and bricks (by different 

producers and in different tastes- white and red ones).  

× The last one example concerns the perception of jewels 
and was part of the research “EDEN EcoDesign 
Network. Cross border network aimed at the engineering 

of eco-compatible product” whose objective is to support 

Piedmont based SMEs into conceiving innovative 

environmental sustainable products and processes, which 
should be assumed as the keys driven for their future 

development [8]. Different typologies of jewels (earrings, 

rings, bracelets and necklaces) have been tested, all 

produced by an Italian company, very sensitive to ethical 
problem of gold and projected towards new materials 

(not only precious materials).  

Moreover, other interesting analyses were focused on tap 

fittings, one of the subjects of the research “EDEN 
EcoDesign Network” [8] (a comparison between different 

kinds of taps from different producers and a comparison 

between taps produced by a single manufacturer, 

characterized by different materials, colors and coating 
treatments) and on car seats concepts (the objective was then 

to analyze, compare and assess the concepts, examined in 

their sensorial aspects, with a view to furnish an aid to the 

designers in the choice of the upholstery to use). 
 

 Participants and analyzed stimuli     

Different small groups of volunteers, consisting of at least 20 

people, men and women aged between 22 and 45, completed 
the analysis: every small group carried out the test related to 

one of the presented case studies. All the participant were 

volunteers and reported normal vision; in total, almost 80 

people performed the analysis. The tests proceeded following 
these steps: the participants were presented, on the Tobii 

device, with pictures/photos of the products previously 

prepared; each image was shown for 6 seconds in random 

sequence; after each image, on the monitor appeared a 
neutral screen  for 3 seconds so that the subjects attention 

could be brought again at the centre of the monitor. During 

the neutral screen vision, the volunteers  were exposed to the 

some vocal/written stimuli related to product elements such 
as strength, appearance, aesthetics, durability of the content 

and portability (in the case of packaging), practicality, 

originality, pleasantness, innovation and attention to 

environmental sustainability; the participants had to answer 

to these stimuli without speaking, just by looking to the 
images. At the end of the Eye-tracking test the volunteers had 

time to compile the semantic differential. Before the test, the 

subjects were given instructions about it, and were invited to 

answer to the already mentioned questionnaire, developed in 
order to understand their behavior towards the product in 

object (packaging, taps and jewels).  

 

 

4. RESULTS  

Thanks to the combined use of different techniques, 

instruments presented and Eye-tracking device, it has been 

possible to find out which elements of the analyzed products 
are considered topic by the interviewed consumers/users; 

moreover, it has been possible to understand which area is 

perceived in coherence or in opposition, in relation to the 

considered stimuli (for example we note a good coherence 
between the perception of elegance that, when positive, is 

also linked to the goodness of the product). 

× Regarding the first two case studies (chocolate bars), we 
underline the results of the Venchi chocolate bar case. In 

comparison with the other two types of analyzed 
packaging (by different producers), the Venchi packaging 

was found to be the one which best satisfies 

environmental performance requirements [4]. However, 

although it presents the best environmental performance 
(low material content, low value of embodied energy or 

CO2 emissions), this aspect of the product does not 

emerge from the data obtained during the analysis 

relating to the perception of sustainability. The Venchi 
product was found to be the most efficient also as regards 

the aspects of elegance and goodness, while the brands’ 

packaging, expressed sustainability more strongly, 

evoking the adverse effect; therefore, the question  
spontaneously arose whether the concept of sustainability 

communicated in the packaging actually affects the 

perception of goodness and elegance of the product itself. 

These aspects of the research led to an initial reflection 
on the communication of sustainability features on 

packaging and in future, it will be necessary to reduce the 

dichotomous opposition between sustainability and 

elegance. The results of this analysis may be useful for 
creating an appropriate perceptive path in the design of 

chocolate bar packaging [2]. 

In the first test, the Venchi chocolate bar was made of 

white chocolate; in the second case, three Venchi 
chocolate bar have been examined and one of these was 

different from the previous one only in taste (dark 

chocolate) and for the color on the packaging (fig.3), in 

fact, the pictures in front of  the packaging were different  
just colors [6].  

 

 

 

In particular, we noticed that don’t exist big differences 

in the chocolate bars packaging’ s perception: 
specifically, the dichotomous opposition between 

sustainability and elegance is confirmed (fig.2). 

 

Fig.1: example of the heat-map related to the sustainability stimulus 

obtained by the Eye-tracking on the three selected chocolates bars (white, 

dark and milk chocolate) produced by three different companies 
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× The research about wine packaging demonstrated how 
wine bottles are perceived as a packaging that need a 

further pack, in particular a secondary packaging [9], in 

order to avoid problems of portability and convenience. 

Moreover, the used methods and tools allowed to observe 
how elements such as the elegance and the perceived 

quality of the product are mutually consistent. However, it 

was found that the concept of sustainability is in decisive 

opposition to the semantic areas related to luxury, 
elegance, higher cost and thus the perceived quality of the 

wine itself [7]. Moreover, it was possible to individuate 

which areas of the product/packaging could be considered 

“markers” [7] synthetic index that our mind uses to activate 
automatic processes for the creation of attitudes or the 

implementation of real behavioural schemes.  

Principal results deriving from this research are about 

understanding how to communicate sustainability in food 
products: sustainability should not be stressed, because in 

opposition with good food quality perception. For this 

reason, sustainability of food products, and on their 

packaging, could be “hidden”, in order to give greater 
weight to the good perception of food quality by  

consumers. 

× The analytical method of research about jewels combined 
cognitive techniques with the support of the Eye-tracking 

device in order to identify which areas of jewels are 
perceived under prevailing stimuli such as elegance, 

sustainability, preciousness, portability and versatility. The 

performed analyses permitted us to define four types of 

jewels identified by consumers/users and on which the 
design could go in deep (fig. 4). Summary results useful for 

designers are related to perception of sustainability and 

elegance: respectively the first one seems to be linked to 

the presence of  stones in the jewels; the second one seems 
to focus on light and colours in the essence of jewels. 

× W ith the Eye-Tracking, in the case of the taps (fig.5), it has 
been shown that innovation is searched in the mechanism 

of the lever; on the contrary, colours originality is not 

perceived by consumers as an innovative element 
(moreover both innovation and sustainability are not 

related to the  taps’ colours, such as chrome, steel or 

iridescent colours). 

 

 
 

 
 

 

 
 

 

 

6. DISCUSSION 

W hy using Eye-tracking machine and other qualitative 

methods specific for the cognitive ergonomic discipline in 
the design process? 

In order to consider the consumer point of view, and not only 

the designer one, the message of the product perceived by the 

consumer became a validation of the design and a suggestion 
for the choices to be made during the design process in 

relation to both usage and communicative functions. 

The design process, in fact, according to the performance-

based and deductive methodology [11], is like a sequence of 
steps where a product can be considered the materialization 

of a project cycle whose assessment parameters are the needs 

and requirements, and the demanded performance levels are 

offered and provided. 
According to the “methodological approach” adopted by the 

training project for the Industrial Design course at 

Politecnico di Torino [11], the designer could be considered 

as an “explorer”, a professional who can be seen in three 
distinct ways (explorer 1 - a “conscious” designer; explorer 2 

– a “scenario” designer; explorer 3 - a “navigation” 

designer), that are not only stages along an evolutionary path 

but possible and alternative states, which may be chosen 

Fig.2: the semantic differential referred to the three selected chocolates 

bars (white, dark and milk chocolate) represented in the figure 1 

Fig.3: the heat-map related to the sustainability stimulus obtained by the 

Eye-tracking on the three examined Venchi chocolate bars 

Fig.4: an example of the rings read by Eye-tracking; the jewels are part of 

the research “EDEN EcoDesign Network. Cross border network aimed at 

the engineering of eco-compatible product”  

Fig.5: an example of the Eye-tracking session focused on tap fittings 
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according circumstances (particular moments, interlocutors, 
or research opportunities). These three different aspects are 

just parts of the same flexible figure of the designer, thus 

preparing the way one for the other [11]. 

The methods presented and analyzed in this paper, according 
to the stages of the design process, for a “conscious” 

designer, for a “scenario” designer and for a “navigation” 

designer, can then be considered in different ways: tools for 

validation the design choices made to provide feedback 
design or useful to find new paths to explore. 

The Eye-tracking, the methods and techniques presented in 

the paper may be considered as a validation tool for the 

choices made by the designer: design solutions, defined on 
the basis of functional, technical, environmental and sensory 

properties, can be measured and verified in terms of 

perceived quality [17]. In addition, these techniques and tools 

can become a means to obtain feedback design, and could be 
considered a checking tool not only for products, but also for 

concept, materials and finishes. The analysis can be applied 

with equal effectiveness on real and virtual prototypes: 

virtual reality has an interesting rule in order to optimize 
costs. 

Another purpose is intended to identify the users’ desired: 

based on the analysis performed with Eye-tracking and 

through techniques such as semantic differential or 
questionnaires, can be defined the areas of a product that are 

perceived by the users as strictly connected aspects 

(sustainability, pleasantness, innovation, etc.). For example, 

in the case of wines’ packaging, and in particular glass 
bottles, some markers located in specific areas make sure that 

the potential purchaser, even without reading any information  

written on the labels, is able to build pre-attitudes related to 

quality, value and appropriateness of the use of the product 
[7]. Therefore, the identification of elements that can be 

defined markers, allows designers to understand which areas 

of a product are related to concepts of perceived quality, and 

to specific elements, such as functionality, economic value, 
etc.. 

The identification of strategic points is a very important input 

for the designer in order to strengthen the functions of use 

and the communicative functions of the product. These 
points can be used to improve or design the products’ 

affordance in the correct way, [20], allowing the user to 

understand the functionality in an immediate way; moreover, 

understanding which areas of a product are observed for 
certain aspects (strength, hygiene, sustainability) let the 

designer to make a choice, in order to transmit the right 

content and values [28], related to colour, shape, materials, 

surface treatments, etc. 
 

 

7. CONCLUSIONS  

W hat then is the role of the designer, following the 
assessments carried out with (some of) the tools and 

techniques common in the cognitive ergonomics? 

The designer is not just a simple “acquisition system” of data 

resulted from research and analysis conducted with Eye-
tracking and qualitative techniques; the designer participates 

in evaluations in order to strengthen the design point of view, 

the processes data, "translates" and transfers them in the 
design process. 

At the end of the cognitive research, the designer uses the 

processed data in order to develop design choices, to return 

on the choices made before or to re-define project 
requirements. 

The designer then has the task of collaborating to analyze the 

data and to evolve them in design inputs: the information 

obtained in the sessions are numerous, belonging to different 
levels (behavioral, emotional and cognitive evaluations) and 

must be processed in order to create a value hierarchy. 

It is necessary, in fact, to determine if the resulting data 
(referring to previous researches), can be used to ratify 

certain designer insights, if these data disconcert some 

project elements, and which data therefore need to be 

investigated further to determine new product requirements. 
The cognitive ergonomics, therefore, could be a discipline in 

support of designer: the designer, after the analysis of data 

and the evaluation of the information obtained, has to find 

which are the possible links between the design research  and 
the data obtained from the analysis. Designer can decide to 

walk through new roads, even if these aren’t the most 

obvious, by identifying new design paths. The task of the 

designer therefore is not limited to the design of a product as 
a result of cognitive ergonomics researches, but also to tend 

to find solutions to a higher level: define areas and elements 

in order to communicate specific messages, intuit new 

approaches to product, whether in terms of shape, colors and 
materials. 

In summary, cognitive ergonomics falls within the 

methodological, multidisciplinary design approach, and can 

support designers in the research of solution related to 
sensory, functionality, sustainability and communicative 

perception. In fact, through scientific methods, this discipline 

allows, once the audience has been questioned, to understand 

and anticipate likings and behaviours: the data resulted from 
these analysis can then be inserted within the table of needs 

and exigential hypothesis (basis of the design process). 
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ABSTRACT 

To report on Patient Safety (PS) incidents several 

artifacts have been proposed. Since 2007, the WHO 

(World Health Organization) Department of Patient 

Safety steered work to define a conceptual framework 

with domain experts. But this first model had some 

structural defects and a lack of formal rigor to become 

a standard. WHO commissioned a semantic model 

using the Categorial Structure (CAST) top-down 

method, named PS-CAST, that brought a set of 

constraints which guaranteed a well-constructed 

semantic structure. In the meantime, a bottom up 

approach from existing reporting systems in Japan has 

been conducted, and the merging of these top-down 

and bottom-up approaches has resulted in an 

International Information Model for Patient Safety 
(2IMPS).  

We describe in this paper the next step of this 

standardization work, consisting in the alignment of 

PS-CAST on two approved and accepted biomedical 

Upper-Level Ontologies (ULO): BioTop and BFO 

(Basic Formal Ontology). This alignment will support 

2IMPS in its objective to allow consistent 

international or inter-jurisdictional comparisons of 

Patient Safety reporting systems. 

Keywords: Patient Safety, Information Model, Upper Level 

Ontology, Alignment, Standardization 

INTRODUCTION 

A structured and standardized representation of patient 

safety information is essential for comparison and 

trend detection in reporting incidents and adverse 
healthcare events. 

In 2009, the WHO Department of Patient Safety made 

available the first report on a conceptual basis for an 

International Classification for Patient Safety (ICPS) 

[1]. The report contained a list of terms and definitions 

of patient safety notions and a conceptual framework 

organizing the elements in large notional categories 
called “key concepts”. 

Several issues were raised with this conceptual 

framework. S. Schulz pointed that “there is no linkage 

at all between ICPS Key Concepts” [2] and 

W. Ceusters indicated that a “further effort is required 

[…] to make (the) definitions more coherent following 
[an ontological] methodology” [3]. 

In a previous work [4], we proposed to WHO a 

semantic model PS-CAST (Patient Safety - Categorial 

Structure) that addresses these issues by adding a 

formal representation to the conceptual framework 
using the Categorial Structure method. 

The normalized (CEN/ISO - European Committee for 

Standardization / International Organization for 

Standardization) Categorial Structure is an ontology-

driven approach defined as a minimal set of 

constraints to represent a biomedical terminology in a 

given health care domain with the goal to safely 

communicate [5]. CAST is a model of knowledge 

restricted to 1) a goal, 2) a list of semantic categories, 

3) the list of semantic links between semantic 

categories, and 4) the minimal constraints allowing the 

generation and the validation of well-formed 
terminological expressions. 

PS-CAST was planned to be extended as an 

international information model, robust and able to 

integrate granular value sets from different Patient 

Safety recording systems in the world. Therefore PS-

CAST required additional development and needed to 

be even more structured, more constrained, and more 

standardized while focusing on the users’ needs. We 
decided to align PS-CAST to upper level ontologies. 

ULO [6,7] are designed to achieve better organization, 

integration and interoperability of biomedical 

information in a more righteous way. This alignment 

may add constraints e.g.; providing more rigor on the 

underlying organization on the one hand, and to share 

instances of concepts of categorial structure on the 

other hand. This is a big step in the top-down 

approach, to build a complete and standardized 
domain ontology. 

The following section consists in four parts: 1) our 

material: the International Information Model for 

Patient Safety using CAST; and 2) the alignment of 

PS-CAST to upper-level ontologies; Then, 3) we share 

the results of ULO formalization and finally 4) we 

present the perspectives of this work for International 
standardization of Patient Safety data. 
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MATERIALS AND METHODS 

Patient Safety Categorial Structure (PS-CAST) 

In 2010, we used the Categorial Structure approach to 

represent semantically the conceptual framework for 

Patient Safety [1] and to remedy the problems raised 
earlier [2,3]. 

PS-CAST had to preserve to the largest possible extent 

the integrity of the conceptual framework by mirroring 

definitions and names of the concepts [1]. However, 

PS-CAST specifies relationships between concepts 

which mostly exist intuitively in the conceptual 

framework (see Figure 1), and lists compulsory 

domain constraints that authenticate particular 

analytical perspectives. As such  PS-CAST fully 

documents the intrinsic robustness (validated by 

logical reasoners) of the formal analytical 

transformation of the conceptual framework, thus 

paving the way for advanced (and hopefully efficient) 

processing of Patient Safety information. 

 

FIGURE 1- Representation of the PS-Incident concept 

For instance, the Patient Safety Categorial Structure 
specifies that: 

1. The goal is to model patient safety, 

2. The main semantic categories are Incident, 

Incident_Type, Circumstances, Outcomes, 

etc.; 

3. The semantic links are has_cause, 

has_consequence, has_action, has_situation, 

etc... (example: Incident has_consequence 

some Outcomes) 

4. The minimal constraints required are: 

 Incident and Circumstance shall be present; 

 Incident has exactly one Incident_Type 

 etc. 

We used an ontological conceptualization and 

formalization tool: Protégé [8] to obtain a full 

formalization in OWL-DL. Description Logics (DL) 

[9] combined with Web Ontology Language (OWL) 

[10] has become a quasi-standard for formal 

ontologies, which intend to describe (as much as 

possible) entities in a given scientific domain, 

independently of linguistic or conceptual variants. 

The PS-CAST ontology includes 174 concepts and 21 

distinct relations. 

BFO 

Basic Formal Ontology (BFO) [6] is a philosophically 

inspired top-level ontological framework, which 

provides general categories as a basis for domain 

ontologies of a given level of granularity. 

BFO is divided into two main parts: Continuants 

(entities which continue to exist through time), and 

Occurrents (entities which exist in full in a single 

instant of time). BFO provides a coherent and unified 

understanding of fundamental ontological entities to 

describe a science-based reality, and allows 

integrating domain terminologies such as biomedical 
ones. 

BioTop 

BioTop [7] is a top-domain ontology for biomedicine. 

BioTop provides a concept and a relation hierarchy, 

together with description logics axioms [9]. 

Furthermore, BioTop can serve as a top-level model 

for creating new ontologies for more specific domains 

or as aid for aligning or improving existing ones. 

BioTop is inspired both by BFO [6] and DOLCE [11], 
providing bridging ontologies to both. 

Alignment on Upper Level Ontology 

Two manual alignments were performed; the first one 

between concepts of PS-CAST and BFO, and the 

second one between concepts and relations of PS-

CAST and BioTop. Whereas BFO is domain 

independent, BioTop is specifically tailored to the 

biomedical domain. Both are intended to support 

interoperability with others domain ontologies and are 
therefore complementary.  

The alignment method, however, remained the same 

for both tasks. First, we performed an analysis of the 

concept definitions proposed in the ULO (BFO and 

BioTop), where relevant concepts were selected. Then 

a search for alignments between these concepts and 

PS-CAST was performed. Each alignment proposed 

was then reviewed by a Patient Safety expert. If 

concepts definitions were unclear or inaccurate, or if a 
relation was questionable, new proposals were made. 

The mapping was based on the OWL-DL versions of 

both ULOs, using taxonomic subsumption (“is-a”) (A 

subClassOf B or A subPropertyOf B), and equivalence 
(A equivalentClass B or A equivalentProperty B). 

We created, 16 concept mappings with BFO, and 50 

mappings with BioTop (29 for concept and 21 for 
relations). 

The mappings were considered complete after less 

than 10 iterations when no more changes were needed. 

We have ensured that no violation of domains and 
ranges were made. 

The logical consistency of both sets of mappings was 

checked by reasoner (HermiT OWL-DL reasoner [12]) 

that ensures that the merged structure does not imply 

any incompatible inferences, whereas a content 

verification was done by domain experts. 

 

Incident 

Circumstance 
- Contributing Factor 

- Human Deficiency 

… 

Care Setting 
- Hospital 

- Outpatient Clinic 

… 

has cause 

has location 

has consequence 

Detection 

has detection 

Person 
- Patient 

- Staff 

- Visitor 

has person involved 

Action 
- Diagnostic Action 

- Therapeutic Action 

- Preventing Action 

… 

Outcome 
- Patient Outcome  

- Organizational 

Outcome 

… 

Incident Type 
- Health Care Intervention Incident 

- Management Incident 

- Medical Equipement Incident 

… 

 

has type 

has situation 
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RESULTS 

We produced two new ontologies for PS-CAST, one 

linked to BFO, the other to BioTop as illustrated in 

figure 2. An excerpt of alignments is presented in 

table 1. 

 

FIGURE 2 - Links between PS-CAST, BFO and 
BioTop 

 PS-CAST BFO (link) BioTop (link) 

C
o

n
ce

p
ts

 

Incident Process (is a) Process (is a) 

Incident_Type Disposition (is a) Disposition (is a) 

Circumstance Process context (is a) Condition (is a) 

Care_Setting Site (is a) Material Object (is a) 

Detection Process (is a) Action (is a) 

Person Role (equivalent) Role (equivalent) 

Harm Process (is a) Condition (is a) 

Anatomy Independant 

continuant (is a) 

(StructuredBiologicalEntity 

or ImmaterialObject) (is a) 

… … … 

P
ro

p
e
rt

ie
s 

Has_Cause - Caused by (equivalent) 

Has_Consequence - Causes (equivalent) 

Has_Incident_Type - Has realization (is a) 

Has_Means - Processualy Related to (is a) 

Has_Location - Locus of (equivalent) 

… - … 

TABLE 1 – Excerpt of links between concepts 

DISCUSSION 

The BFO-BioTop existing bridge [13] adds relations 

between BFO and BioTop and thus ensures even more 

robustness of the model. By integrating the relations, 

no error (absence of logical contradiction) was 

reported by the reasoner. The logical consistency of 

our linking was in line with the work arrived at by 

Schulz et al. [13] and therefore validates our 

alignments. 

The current version of PS-CAST to BFO alignment is 

based on BFO version 1 and we plan to update the 
alignment with the definitive version of BFO 2 [14]. 

Biotop has introduced a concept named 

“Biotop:Condition” similar to the “SDP:Condition” 

concept from (Structure, Disposition, Process) 

framework [15], a disjunctive entity dedicated to 

represent pathological entities in biomedical 

ontologies and already mapped to BioTop. We plan to 

improve the alignment of PS-CAST with BioTop by 
taking into account this innovative concept. 

PS-CAST appears now as the intermediate component 

of the terminology artifacts needed in healthcare 

domains connected to the ULO at the top and to the 

different healthcare terminologies at the bottom. 

CONCLUSION 

We have reported the use of CAST and ULO 

informatics methods to develop and enhance the 

International Information Model for Patient Safety. 

The CAST, BFO and BioTop approaches are truly 

complementary. They are providing an empirical 

'reality check' to quality improvement strategies that 

may disallow the inclusion of epistemic notions. They 

can support the process of ontology construction and 

ease ontology application when complex healthcare 

knowledge is concerned. 

The crucial value in having computable models of 

these terminologies lies in the use of formal reasoning 

mechanisms for validation. Built into the workflow of 

terminology construction and maintenance, such a 

combined CAST-ULO approach would be an 

important asset towards high-quality biomedical 
terminological systems. 

Thanks to this consistent architecture we plan to 

facilitate the basis to a WHO accepted new 

information model and its associated value sets that 

will allow the comparisons of incident reports to 

support the whole process from identification of the 

incidents to correcting and preventing actions and 
permanent control of the security of patients.  
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Abstract 

 Researchers at the University of Colorado Denver 

(UCD) are focusing on computer design, constructive 

learning theory and cognitive linguistics to develop and test 

a cloud computing learning system to increase achievement 

among students in the STEM disciplines.  This paper 

describes Efficient Learning Maps (eLms), an education 

technology designed to enhance logical thinking through 

the construction of concept maps using seven basic graphic 

symbols that represent logical operations.  After and 

presenting evidence that the technology may prove 

effective and a strong need exists for effective education 

technologies the paper asks the question as to why the 

Visual Logic Maps technology appears work as intended 

when recent reports indicate that the efficacy of education 

technologies have resulted in negative or negligible results. 

The researchers of this paper suggest that the reason for the 

effectiveness of one technology versus others can be 

explained by 1) the design of the software which uses 

enhancement of mapping skills to enhance reading 

comprehension and vice versa; and 2) the findings of social 

scientists and media studies experts associated with 

Marshall McLuhan and the hypothesis of left and right 

brain differences.  The paper concludes with the 

observation that before educators and software engineers 

can develop computer applications to advance knowledge 

and improve learning, they must first ask the basic question 

as to what constitutes knowledge in the twenty-first century 

when new technologies may be changing our very 

understanding of knowledge itself. 

 [Keywords: concept mapping; science, 

technology and society; STS; science, technology, 

engineering mathematics; (STEM); science education; 

epistemology; cognitive linguistics; constructionist learning 

theory; right brain/left brain hemispheres.   

 

Discussion 

 Investigators at the University of Colorado 

Denver (UCD) are relying on artificial Intelligent software 

design,i constructive learning theory,ii cognitive 

linguisticsiii and concept mappingiv to develop and test a 

cloud computing learning system to increase achievement 

among underprepared undergraduate students in the STEM  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

disciplines.  This paper briefly describes Visual Logic 

Maps (vLms), an educational technology designed to 

enhance logical thinking through the construction of  

concept maps with seven glyphs or graphic symbols that 

represent logical operations. The authors then present the 

preliminary results of experiments that show the vLms 

learning system appears to have been effective in 

improving the content knowledge and reading 

comprehension of undergraduate students in chemistry and 

science, technology and society (STS) courses at the 

university where the experiments were performed.  

 

These encouraging results run counter to recent reports on 

education technology and computer use in the classroom by 

the United States Department of Education and the OECD 

PISA Test, an exhaustive experiment designed to measure 

the digital reading performance of students using 

information and communication technology (ICT). In the 

study by the Department of Education, investigators at the 

Institute of Education sciences studied the education 

research related to the efficacy of commercial education 

technologies throughout the United States and found their 

appear to be effective while reports on the impact on other 

technologies on learning appear to be ineffective.v The 

purpose of this paper is to give a media studies and a 

neuropsychological explanation as to why the Visual Logic 

Maps education system appears to work when other 

assessment experiments have shown that the effectiveness 

of new computer technologies in the classroom is mixed, 

negligible, non-existent or inversely correlated.  

 

Visual Logic Maps  

Visual Logic Maps (vLms) is a set of maps that 

can be generated by a concept mapping engine, Efficient 

Learning Maps (eLms)  that is part of eTutor©, a suite of 

software applications designed to increase advanced 

literacy and cognitive skills among students. The mapping 

software, written in HTML5, Python, JavaScript and Visual 

Basic, is a plug-in to Microsoft Excel that limits the student 

to using seven specific symbols or glyphs to draw seven 

corresponding concept maps. The Visual Logic Maps 

protocol is an exegesis educational technology that helps 

Efficient Learning Maps ©: a media studies explanation as to why the education technology is 

helpful when recent reports say that educational technologies do not work  
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students 1) make complex reading materials such as their 

course texts simpler; 2) make simple units of meaning into 

more complex units; 3) make connections between these 

units and 4) understand these relations as a greater whole. 

Furthermore, student use of visual logic maps and the 

efficient learning maps program promotes logical thinking, 

conceptual understanding, and connective or systems 

thinking. Preliminary experiments briefly discussed in this 

paper show that constructing these maps using a limited set 

of glyphs appears to improve the academic performance of 

underprepared college STEM students.  

A glyph is a pictograph that contributes to the 

meaning of what is symbolized.  Chinese characters as well 

as mathematical symbols are glyphs.  In math, the glyphs  + 

, = ,  × ,  ÷ , ∑ , etc. are a specific set of symbols that 

indicate an operation and as such are very precise and with 

predefined meanings.  Students construct Visual Logic 

Maps are constructed from seven glyphs called the Seven 

Sisters with each glyph, mark or symbol answering a 

specific first-order logic question concerning relationships.  

In natural language these questions are logical thought 

expressions such as, “What is a kind of? What is this a part 

of? and What is this a property of?”  In formal logic the 

glyphs can be translated into more formal and established 

symbol systems such as set theory and Boolean algebra.  

For example all of the above questions can be reduced to 

the general equation, A = {a, b, c d . . .} in set theory.vii 

 

Preliminary Experiments 

 The Visual Logic Maps educational system 

involves teaching students how to construct concept maps 

through the use of a simple symbolic language where 

students learn to categorize information as they read and 

construct knowledge. It is hypothesized that use of the 

Visual Logic Maps protocol will improve students’ higher-

order thinking skills. Data from the preliminary evaluation 

suggests the Visual Logic Maps educational protocol 

increases students’ higher-order thinking skills because 

students obtain a higher level of content knowledge as 

measured by exams where (1) a positive linear relationship 

between content knowledge and reading comprehension 

skills as measured by the College Board’s Accuplacer Test 

have been found, and (2) research evidence exists that 

demonstrates a positive linear relationship between student 

performance on tests of logical thinking and American 

Chemical Society standardized exams.xxii   

The Visual logic maps protocol and synergistic 

educational technologies are unique because they (1) teach 

a logical process of information categorization; (2) help 

students learn to reduce the complexity of reading and 

learning content; (3) utilize a simple symbolic language for 

constructing meaning and understanding; (4) enhance 

knowledge construction through both logical and 

connective thinking. This is achieved through the use of 

“whole-brain thinking” where students use both right-brain 

thinking and left-brain thinking. 

 In the preliminary visual logic maps experiments, 

students were asked to use specific graphic symbols to 

create interconnected maps of knowledge to demonstrate 

their understanding of  STEM text. This process of building 

knowledge of reading content is analogous to what the 

French called “exposition du texte,” exegesis or the 

interpretation of textual material.  

 Data analysis from the preliminary experiments 

revealed that students in the experimental group (visual 

logic maps protocol group) experienced greater overall 

chemistry content knowledge gains with an emphasis on 

gains in quantitative understandings in the areas of (1) 

molecular geometry/electronic structure; (2) solution 

chemistry; and (3) atomic and molecular representations.  

In addition to the empirical study carried out to evaluate 

content knowledge gains associated with student use of the 

visual logic map protocol, another research study was 

conducted to assess reading comprehension gains 

associated with student use of the protocol in a Technology 

and Culture STS course. Statistical analysis of pre and post 

assessment data collected using the College Board’s 

ACCUPLACER® reading comprehension test revealed a 

statistically significant improvement in student reading 

comprehension score (p-sign < 0.05). A positive linear 

relationship between acquisition of STS knowledge and 

reading comprehension skills was found. In addition, a 

greater number of students in the lowest initial ability level 

made transitions into higher ability levels (mid-range and 

high) in comparison to students in the control group who 

were not exposed to the visual logic maps protocol, This is 

particularly noteworthy as need exists for the development 

of educational interventions that will close the achievement 

gap.  One way to close this gap could be found in research 

that suggests that students who are referred for academic 

concerns have been found to have difficulties in the area of 

reading.xxiii   

 

 
Figure 1: instruction page for students to construct Visual Logic Maps from their 

reading of a chapter in text book used for the course, Chemistry for Engineers, 

asking students to answer questions such as, 1) What is the language of the 

periodic table? 2) How is the periodic table organized? And 3) What are the 

chemical properties of the elements in the periodic table? 
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Figure 2: Example computer generated visual logic map 

demonstrating an understanding of the science behind the Aurora 

Borealis using chemistry concepts. 

 

The Relationship between higher order thinking, reading 

and science 

 The conclusion behind these referrals is because 

it is becoming clearer that reading comprehension, and 

concept attainment ability and higher-order thinking may 

be causally interconnected. xxiii-xxviii  For example the U.S. 

Department of Education’s Reading Institute explicitly 

stated that “reading comprehension is a higher order 

thinking process” and “comprehending a passage is a form 

of problem solving”xxviii,xxix. Following up on that thought, 

research on the Visual Logic Maps indicate that these 

technologies may be making a considerable impact on 

learning precisely because the design behind their design s 

based on the hypothesis that reading and thinking are 

interdependent and if we can improve thinking we can 

improve reading comprehension and vice versa.  Moreover 

from the preliminary research it can be further 

hypothesized that improving thinking skills may in 

improved science achievement.  

Whether the three variables or reading, science 

and cognitive ability are in fact causally linked, the need 

for higher order thinking, improved science and better 

reading skills in the U.S. is indisputable.  According to the 

results of the 2009 Programme for International Student 

Assessment (PISA), an educational evaluation program that 

compares the performance of 15 year olds in 65 memberxxx, 

xxxi  the US ranked average in terms of reading, 

mathematics and science skills. The failure of traditional 

secondary education in the United States to prepare 

students for college is further documented by student scores 

on standardized tests such as the Standard Achievement 

Test (SAT), widely used for college admissions.  These 

scores have been decreasing since the 1960’s and results in 

2011 showed declines in every aspect with high school 

senior reading scores being the lowest ever recorded.  

Seventy-five percent of the class of 2011 did not meet 

college readiness benchmarks in English composition, 

introductory social science and the STEM disciplines of 

college algebra and biologyxxxii.  What is suggested in this 

paper is effective intervention technologies to remedy this 

decline may lie in software design that integrates these 

skills in a mutually reinforcing system, rather than tackling 

each skill individually and separately. 

 

Correlation and causation among science, reading and math 

skills 

Further examination of the 2009 International 

PISA test scores reveal some interesting statistical 

correlations.  Running the science, reading and math scores 

through a multiple regression analysis with ANOVA gave 

results (99% confidence level) suggesting that that science 

skills, reading skills and math skills are highly correlated 

and we should be able to improve science skills by 

improving reading skills and math skills and vice 

versa.xxxiv-xxxviii

 

 
 
Figure 3. Output table from regression analysis with 2009 PISA 

mean scores for science, reading and math (science mean scores 

(response variable) vs. reading & math mean scores (explanatory 

variables). 

 

The PISA Report on the impact of ICT in Learning 

 The authors of this paper were particularly 

pleased with the results of their preliminary experiments 

testing the efficacy of their education technology to 

increase reading and thinking among students even though 

the results of another PISA study ran counter to the Visual 

Logic Maps research. This study, the PISA/OECD 2011 

report, tested the efficacy of the use of information and 

computer technology as related to reading, science and 

math among 15 years old throughout the world. Analyzing 

and interpreting massive volumes of data gathered from 64 

countries and regions on tests designed to find correlations 

between computer use and academic achievement, the 

PISA researchers found results similar to those found by 

the U.S. Department of Education only with less 

equivocation.viii  

PISA investigators found that in whatever 

computer activity students engaged, a negative correlation 

existed between frequency of computer use and reading 

ability. ix Moreover, because digital reading performance 

was regarded to have similar characteristics as print 

reading, a negative effect on that aspect in relation to 

educational technology use might also have a negative on 

the other three core subjects, reading (i.e. print), science 

and math, which indeed was the case.  Increase in computer 

is negatively correlated with reading, science and math 

performance. x  xi  These findings of the U.S. Department of 

Education approved research xii and the International PISA 

exams raised the question why were the results of testing 

the Visual Logic Maps positive while the large scale 

studies of the effectiveness of educational technology in 

general negative?  Could the answer for the negative 

findings be found in the nature of educational technology 

itself?   
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Figure 4 (VI.6.10a in the PISA Report) showing a negative 

correlation between digital reading performance, time spent using 

a computer and reading, science and reading performance. (PISA 
2009 Report, p. 71 

 

According to McLuhan and his followers, today’s 

educators are blind to the fact that the printed book on 

which our whole education system is based, carries with it 

a different “message” than the new media. The different 

messages of the printed book and the new media resulted in 

a conflict between a visual and silent dominant machine, 

the book and the new oral/aural multi-media and multi-

sensory educational technologies currently being fostered 

on unsuspecting consumers. In the context of 

neuropsychology and left brain/right brain research, he and 

his son Eric in McLuhan’s posthumous book, The Laws of 

Media, argued that the current way of reading, writing, 

thinking based on literacy in the literal sense of the word is 

a left brain conditioned bias that is rapidly being replaced 

by right brain functions because of the impact of the new 

multi-media technologies.  The consequence is a conflict 

between perceived opposites such as qualitative versus 

quantitative, emotional versus detached, moral versus 

cognitive, subjective versus objective, logical versus 

illogical, holistic versus reductionist, linear versus pattern 

recognition, abstract versus concrete, mental versus 

experiential, scientific versus pseudo-science and time 

bound versus immediate.xvii   

The purpose of McLuhan’s Tetrads, detailed in 

the Laws of Media, was to invent a visual, non-linear 

analytical tool to bridge this conflict between the 

theoretical left and right brain caused by the conflict of two 

different technologies with two different messages. The 

investigators of the Visual Logic Maps developed the 

Efficient Logic Maps with a similar goal.  This paper 

argues that in addition to a design that took reading and 

higher thinking skills to be mutually reinforcing variables 

the reason the Visual Learning Maps appear to be effective 

is because the software and learning protocols were also 

designed to use technology to reinforce learning functions 

which formerly had been seen as conflicting instead of 

complementary.  The technology learning protocol was 

consciously developed to mediate left and right brain 

functions instead of acerbating their conflict as other 

educational technologies appear to be doing based on the 

US Department of Education and PISA research cited 

earlier.  

 

The Left Brain, Right Brain Metaphor as Hypothesis 

 Traditionally, scientific, analytical, objective, 

linear, quantitative and factual thinking has been associated 

with what Thomas Kuhn called normal scientific practice 

which is mainly taught in the classroom today.xix  McLuhan 

and his followers contend that these  functions were 

conditioned by the message of the book as a print 

information and communication technology.  The messages 

of the left or typological brain, as McLuhan called it, come 

in direct conflict with the dominant messages of the right 

side of the brain amplified and stimulated by the new multi-

media, multi-sensory global knowledge machines such as 

the television, the computer, the World Web, and the 

iPhone.   According to McLuhan and his followers is this 

conflict that is causing much pain, fear and confusion in the 

world in general and in education in particular.  To remedy 

this situation, new technologies and new methods of 

learning are needed that mediate the conflict between the 

new electronic learning technologies and the old, best 

represented by the book as machine.  The new technology 

McLuhan and his son came up with was their Tetrads while 

the authors of this paper developed the Visual Logic Maps 

protocol for the same purpose.  

 

Why concept mapping works  

 

Psychologists at first thought the right and left 

brain conflict was irreconcilablexx  until other psychologists 

looked at the different brain functions as complementary 

rather than conflicting.   One of those psychologists was 

Ned Herrmann, whose Brain Dominance Model as 

metaphor and hypothesis can be used to explain how the 

Efficient Learning Maps and its learning protocol resolve 

the conflict between the right brain and the left brain.  In 

his brain dominance model, Herrmann identifies four 

different modes of thinking: upper left = analytical; lower 

left = sequential thinking; upper right = imaginative and 

lower right = interpersonal. xxi 
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Figure 5: an Efficient Learning Map on Herrmann’s metaphor of 

thinking showing how the perceived conflict between left and right 

brain can be reconciled by combining upper left cerebral with 
upper right cerebral functions  

When the Visual Logic Map researchers saw 

Hermann’s model it became clear that instead of looking at 

the two brain hemispheres in conflict they could design a 

learning technology protocol that combined different 

theoretical brain functions in a way that would teach a 

holistic and integrative method of learning but not at the 

expense of the old traditional reductionist and fragmented 

but detailed method that is at the heart of scientific 

thinking.  

Herrmann’s tetrad model of the brain is 

significant because the model shows how the right 

hemispheres and left hemisphere functions could work 

together in what is called “whole brain thinking” The 

Visual Logic Maps and the associated learning protocol 

were developed with a similar whole thinking goal of 

mitigating the perceived conflict between left and right 

brain thinking processes by using visual graphs (right 

brain) to ask the logical (left brain) questions: “What is x a 

{kind, part, quality, stage, basis or analog = y} of and what 

are the (y)’s of x?  The vLmaps system is therefore right 

brain, that is visual, non-linear, and synchronous and left 

brain at the same time. The authors of this paper believe 

that The Efficient Learning Maps and its protocol, may be 

media extensions of the corpus collosum, the arched bridge 

of nervous tissue that connects the two cerebral 

hemispheres, allowing for communication between the 

right and left sides of the brain.  

Visual Logic Maps and its learning protocol work 

because they bridge the reductionist, left brain thinking 

functions with constructivist, right brain functions, hence 

the importance of constructivist learning theory in software, 

teaching material development, and the classroom teaching 

of cognitive skills to student. For example when students 

study and memorize the seven logical glyphs as formal 

logic operators, they learn a left brain mathematical 

procedure much as they learned in elementary school that 2 

+ 2 = 4. However, when they use the glyphs to construct a 

concept map, they are visually drawing a right brain spatial 

design that can be holistic, intuitive, integrating and 

synthesizing. On the other hand when students use the 

maps as an exegesis tool to search for meaning when 

reading and analyzing their textbook, they are using the left 

brain functions of organizing important concepts 

sequentially with close attention to the details that make up 

the concepts.  The Efficient Learning Maps drawing 

machine then is a computer aided learning tool to help find 

meaning and reinforce detail at the same time.  On the other 

hand, when students do collaborative work by working in 

small groups to hand draw the maps, they activate their 

interpersonal, feeling based and even kinesthetic skills. 

Finally, when they do recitations using the maps as multi-

media organizational charts with color, sound, animated 

gifs, hyperlinks and video that involve audience 

participation students are using all four quadrants of a their 

brain as an holistic communication learning experience that 

results in creative knowledge for both the student and the 

audience.   

 

Conclusion: 
 

Traditionally educators have asked the questions: (2) how 

is knowledge acquired; (3) what knowledge should be 

acquired and, (4) what can we do to improve knowledge?  

With the computer revolution in the twentieth and twenty-

first century, the main question educators and software 

engineers asked related to knowledge and learning is: “how 

can we use computers to improve knowledge?”  Neither 

asked the questions: “What is the new technology doing to 

knowledge?” and “How is this knowledge changing 

because of the technology?” as they were unaware that 

computers and the new media technologies may be 

radically changing the nature of knowledge itself.  

McLuhan is currently receiving a revival among serious 

scholars because he was a first to ask epistemological 

questions in relation to machines and learning such as: 

“what are the new technologies doing to us; and what are 

they doing to our way of knowing and thinking?”  

McLuhan and his followers then asked equally pertinent 

epistemological questions related to education and learning 

such as: “What are the new technologies doing to our brain, 

our students, our teaching, and our educational system?”  In 

this paper we asked the questions: “what are the new 

technologies doing to student cognition and student 

learning in the core areas of reading and science; and what 

impact has the new technologies had on thinking in these 

core areas?”  Without asking and answering such questions  

in an empirical and experimental way it will be difficult to 

develop technologies and learning systems that have a 

positive effect on education as exemplified by negative 

examples in this paper.  The authors, however, are pleased 

to report that their Visual Learning Maps appear to work 

because they were developed with an understanding of 

McLuhan’s epistemology and his theories on the impact of 

machines on our brains and the causal connection between 

reading and higher order thinking.        

  

                                                 
 

References 

277

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



 

                                                                         
 
i  Landauer, T.K., Laham, D., & Derr, M. (2004). 

From paragraph to graph: Latent semantic analysis for 

information visualization. Proceedings of the National 

Academy of Science, 101, 5214-5219; Schank, R.C. (1984). 

The cognitive computer: On language, learning, and 

artificial intelligence.  New York: Addison Wesley; 

Winograd, T. (1972). Understanding natural language. 

New York: Academic Press, New York; Winograd, T. 

(1982). Language as a cognitive process, Volume 1, Syntax 

Addison-Wesley. 
ii  von Glasersfeld, E. (1987). The construction of 

knowledge: contributions to conceptual semantics. Seaside, 

California: Intersystems Publications; Novak, J.D. & 

Cañas, A. J.(2008).The theory underlying concept maps 

and how to construct and use them, Technical Report 

IHMC Cmap Tools. Florida Institute for Human and 

Machine Cognition; Piaget, J., & Inhelder, B. (1973). 

Memory and intelligence. London: Routledge and Kegan 

Paul; Tobin, K.G. (1990).  Social constructivist 

perspectives on the reform of science education.  The 

Australian Science Teachers Journal, 36, 29–35; Tobin, K. 

G. and Capie, W. (1981). The development and validation 

of a group test of logical thinking. Psychological 

Measurement. 41(2) 413-423. 
iii  Richards, I.A.  (1968). So much nearer; essays 

toward a world English. New York, Harcourt, Brace & 

World; Ploux, S., & Hyungsuk, J. (2003). A model for 

matching semantic maps between languages 

(French/English, English/French). Computational 

Linguistics, 29 (2), 155-178; Schank, R. C. (1976).  

Research at Yale in natural language processing.  New 

Haven: Belvoir Defense Technical Information Center; 

Tang, M., Hyerle, D., and Tran, T, (2012). A mathematical 

analysis of semantic maps. International Journal on E-

Learning. Chesapeake, VA: AACE. 11(1), 95-104; Upton, 

A. &Sampson, R. W. (1963).  Creative Analysis.  New 

York: E.P. Dutton & Company.  
iv  Hoenig, K., Sim, E. J., Bochev, V., Herrnberger, 

B. & Kiefer, M. (2008). Conceptual flexibility in the 

human brain: Dynamic recruitment of semantic maps from 

visual, motor, and motion-related areas.  Journal of 

Cognitive Neuroscience, 20(10), 1799–1814; Hyerle, D. 

(2010). Thinking Maps®: A visual way of learning in 

Knowledge Cartography: Software Tools and Mapping 

Techniques. Okada, A.; Buckingham-Shum, S. J.; and 

Sherborne, T., eds. London: Springer-Verlag; Ma, Q., 

Kanzaki, K., Zhang, Y., Murata, M., & Isahara, H. (2004). 

Self-organizing semantic maps and its application to word 

alignment in Japanese-Chinese parallel corpora.  Neural 

networks, 17(8–9), 1241–53. 
v  WWC (2013). Intervention Report. What Works 

Clearinghouse: Carnegie Learning Curricula and Cognitive 

Tutor®,  Institute of Education Sciences (IES).U.S 

Department of Education. Cabalo, J. V., Jaciw, A., & Vu, 

M.-T. (2007). Comparative effectiveness of Carnegie 

Learning’s Cognitive Tutor Algebra I curriculum: A report 

of a randomized experiment in the Maui School District. 

Palo Alto, CA: Empirical Education, Inc.; Campuzano, L., 

Dynarski, M., Agodini, R., & Rall, K. (2009). Effectiveness 

                                                                         
of reading and mathematics software products: Findings 

from two student cohorts. Washington, DC: U.S. 

Department of Education, Institute of Education Sciences; 

Dynarski, M., Agodini, R., Heaviside, S., Novak, T., Carey, 

N., Campuzano, L., … Sussex, W. (2007). Effectiveness of 

reading and mathematics software products: Findings from 

the first student cohort. Washington, DC: U.S. Department 

of Education, Institute of Education Sciences; Pane, J. F., 

McCaffrey, D. F., Slaughter, M. E., Steele, J. L., & 

Ikemoto, G. S. (2010). An experiment to evaluate the 

efficacy of Cognitive Tutor geometry. Journal of Research 

on Educational Effectiveness, 3(3), 254–281. 
vii  Tang, M., Hyerle, D., and Tran, T, (2012). A 

mathematical analysis of semantic maps. International 

Journal on E-Learning. Chesapeake, VA: AACE. 11(1), 95-

104.  
viii  PISA 2009 Database.  OECD (2011). PISA 2009 

Results: Students On Line: Digital Technologies and 

Performance. Vol. VI., p. 210.  
ix  Ibid., p. 191 
x  Ibid., pp. 42, 72. 
xi I bid., pp. 181, 188. 
xii  WWC (2013). Intervention Report. What Works 

Clearinghouse: Carnegie Learning Curricula and Cognitive 

Tutor®.  Institute of Education Sciences (IES).U.S 

Department of Education. 
xvii  McLuhan, M. and McLuhan, E. op. cit.  
xix  Kuhn, T.S. (1977). The Essential Tension: 

Selected Studies in Scientific Tradition and Change. 

Chicago and London: University of Chicago Press, 1977. 
xx  Hugdahl, K and Westerhausen, R. (2010).  The 

two halves of the brain: information processing in the 

cerebral hemispheres.  Cambridge, Mass.: MIT Press; 

Ornstein, R. E. (1997). The right mind: making sense of the 

hemispheres. New York: Harcourt Brace; Springer, S. 

(1998); Left brain, right brain: perspectives from cognitive 

neuroscience. New York: Freeman; Segalowitz, S. J. 

(1983). Language functions and brain organization. New 

York: Academic Press. 
xxi   Herrmann, N. (1991). The Creative Brain. The 

Journal of Creative Behavior. 25(4),pp. 275–295; 

Herrmann, N. 1995. The creative brain (2nd ed). 

Kingsport: Quebecor Printing Book Group; Horak, E., 

Steyn, T. & De Boer, A. 2001. A four quadrant whole brain 

approach in innovating and engineering problem solving to 

facilitate teaching and learning of engineering students. 

South African Journal for Higher Education 15 (3): 202-

208; Horak, E., Steyn, T. & De Boer, A. 2001. A four 

quadrant whole brain approach in innovating and 

engineering problem solving to facilitate teaching and 

learning of engineering students. South African Journal for 

Higher Education. 15 (3): 202-208; E. Horak;  J.W. Du 

Toit (2002). A study of the thinking styles and academic 

performance of civil engineering students. Journal of the 

South African Institution of Civil Engineering. 44(3), 18 - 

24; Lumsdaine, M. and Lumsdaine, E.(1995).Thinking 

Preferences of Engineering Students: Implications for 

Curriculum Restructuring. Journal of Engineering 

Education. 84 (2), 193–204. 

278

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



 

Mathematical Debates as a Game Method of Teaching Mathematics 

A.Domoshnitsky, N.Keller and R. Yavich 

Ariel University, Israel 

adom@ariel.ac.il,  

romany@ariel.ac.il 

 

One of the key points in the section of 

pedagogy which deals with the learning 

process itself and offers improvements that 

contribute to greater educational effectiveness 

is the study of the interaction of the subject 

(the teacher) and the object (students). This 

interaction does not take place in a vacuum, 

but in a certain field (a school or a university) 

with well-defined rules. The subject has the 

right to demand, and the object performs. The 

subject is constantly offering new ideas to 

improve the learning process. There are two 

main directions of improvement. The first aims 

at making the student dedicate more time to the 

subject. In recent years internet technologies 

have been widely used in order to achieve this. 

Note, for instance, on line examinations. The 

introduction of such mandatory tasks does not 

always meet with students’ enthusiasm, but the 

effectiveness of having the students perform 

such tasks as part of the basic educational 

program is quite high. 

Another direction, which is much less well 

developed, is the "non-compulsory" approach. 

Before formulating its essence, let us examine 

one simple example. Suppose that you come to 

listen to a lecture on mathematical analysis, 

and you are told that you can only use your 

hearing  – i.e., you have to attend the lecture 

blindfolded. Clearly, this will complicate the 

learning process. And what if you were only 

allowed to see the speaker and what he writes 

on the blackboard, but you had to wear 

soundproof earmuffs? It is clear that this too 

will make the learning process much less 

effective. Now, let us remove the blindfolds 

and the earmuffs. Will this open all the 

channels that promote learning? No!  

Think of a weak student who has very little 

understanding of your lecture. Your 

explanations make him want to go to sleep. It 

is clear that different students master the 

material at different speeds. Let us try to 

improve the situation by creating a teaching 

process that enables students to learn from 

each other as well. This will, of course, be very 

beneficial. Thus, the purpose of the so-called 

"non-compulsory" methods is to open all 

channels of perception which can promote 

learning. 

It has long been observed that children learn 

many things during game play. Teaching 

methods based on games are widely used in 

kindergartens, to a lesser extent in elementary 

schools, and almost never in high schools and 

universities. However, game techniques can 

also be used effectively in teaching adult 

students. The success of international online 

mathematical olympiads, conducted by us 

since 2006, which bring together thousands of 

students from more than 20 countries, has 

confirmed our belief in the effectiveness of 

game methods in strengthening the interest of 

relatively strong students in mathematics. How 

should these competitions be conducted? How 

should we choose the questions? How should 

the points be awarded? Reflections on these 

topics can be found in [1-3]. 

I n this paper we develop a game method that 

is suitable for average and even weak students 

and can be used in most regular study groups. 

As a basis we take the game known as 

Mathematical Debates. Mathematical Debates 

first emerged as a form of competition between 

school students about 70 years ago in Moscow 

and Leningrad mathematical boarding schools. 
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This form of mathematical competitions 

quickly gained popularity among mathematical 

schools and clubs. Its purpose is not only to 

provide students the opportunity to solve 

mathematical problems of high complexity, 

but also to publicly present and defend their 

solutions, and argue against the solutions of 

their rivals. Special attention was paid to 

subtleties. The game helped to sharpen the 

mind, gain a better understanding of the 

foundations of elementary mathematics, and 

develop oratory skills. Today accounts of city 

level, regional and cross regional mathematical 

debates held in physical and mathematical 

schools between different teams of gifted 

children can be found on the internet. We note 

in this regard the International Mathematical 

Tournament for high school students dedicated 
to the memory of A. N. Kolmogorov. This 

tournament is designed to stimulate the interest 

of students in mathematics, and to promote 

professional and friendly relations between 

students, mathematicians and educators. The 

basis of the tournament is mathematical 

debate. Tournaments have been held annually 

since 1997. They bring together some of the 

most gifted students, and are rightly considered 

the unofficial mathematical team 

championship of Russia. Information about 
past tournaments can be found online at: 

http://cdoosh.ru/kolm/kolm.html.    

We emphasize that teams of different levels of 

preparedness, including beginners, can 

participate in the competition. In order to make 

it interesting for everyone, the teams are 

divided into groups based on age and into 

leagues based on level of preparedness. 

Some time ago we started to develop the idea 

of using a form of mathematical debates for a 

completely different purpose, targeting a 

different category of students. The idea is to 

use the game as part of the educational process 

at various stages of learning. The method 

proved to be very useful for students of 

different ages (from middle school students to 

students of basic courses at higher educational 

institutions), and for students with different 

levels of mathematical ability, especially for 

weaker students, a point which we consider to 

be of great importance. 

In order to understand how the method is used 

in our case, let us examine the essence of the 

game. The game takes place in two stages. At 

the first stage, the participants are divided into 

teams, each team receives a set of problems 

(all teams are given the same set) which they 

have to solve together in a given amount of 

time. Once the time runs out, the second    

stage - the public presentation of solutions - 

begins. One team “challenges” another on a 

particular problem. The representative of the 

team that has been challenged has to present 

his team’s solution, and the representative of 

the challenging team argues against him, 

checking the accuracy, precision and efficiency 

of the solution. The challenger can ask 

questions during the presentation of the 

solution and request further clarification. 

Unlike classical mathematical debates, where 

the rules are strictly regulated, educational 

games allow variation of the form of the game 

depending on the educational purpose. 

The main advantage of the type of 

mathematical debate described above, which 

makes it an effective educational tool, is that 

each problem goes through several stages of 

collective discussion, the first of which occurs 

while the team is trying to reach a solution. 

Often, especially with weaker students, two 

students who belong to the same team get 

different results while solving the same 

problem, and since the team has to agree on a 

solution this generates in-depth discussion of 

the study material. In the process of these 

discussions obscure points are revealed and 

clarified, and students gain a better 

understanding of details. The next stage of the 

discussion also takes place within the team. 

According to the rules of the game, the 

representative of the team is not chosen by the 

team, but either appointed by the jury or 

chosen randomly. Given this rule, all members 

of the team have to be able to present the 

solution equally well. Therefore, each problem 

goes through an additional stage of discussion 

which includes an explanation accessible to the 

weaker students. It should be noted that the 

above rule ensures the participation of all 

students, not just the stronger ones and the 

high achievers. For a weak student 

understanding and presenting another’s 

solution is often no easy task, and if he 

succeeds at it (and the team is committed to 

helping him do that), this will often be his first 

successful experience in mathematics, which 

may motivate him to study more diligently in 

the future. The third discussion of the problem 

occurs during the public presentation of the 
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team’s solution. At this stage subtleties which 

the team may not have noticed before are often 

revealed. 

Because of the above mentioned features of the 

game, the student repeatedly discusses aloud 

his understanding of the material instead of 

just writing down the solution, and this is a 

good feedback mechanism. The most 

problematic situation in teaching mathematics 

is often not when the student does not 

understand the material, in which case we can 

usually provide a more accessible explanation, 

but when the student thinks he understands, 

but his understanding does not accurately 

reflect reality. 

The objectives of the game can differ and are 

determined by the composition of the 

participants, the stage of learning, and other 

factors suggested by the learning process itself. 

For example, mathematical debates in which 

students were given problems compiled on the 

basis of typical errors made by them in a test 

proved to be very effective. Errors that the 

students themselves had made and had not 

realized the significance of in the test, they 

noticed when they were in the role of 

challengers. And in the process of explaining 

why a proposed solution was inaccurate, the 

students themselves gained true understanding 

of the material. 

The duration of the game can also differ. It can 

be a mini-debate, the goal of which is securing 

the students’ understanding of basic concepts 

and preventing typical errors expected or 

already witnessed by the educator. Thus, for 

example, in the initial stages of the study of 

trigonometry mini-debates can be very useful 

in eliminating confusion regarding the use of 

various trigonometric functions, and for the 

weaker students also regarding the roles of the 

different sides of the triangle. In a game of this 

kind student are given 20 minutes to solve the 

problems, and the rest of the lesson is 

dedicated to presentations and discussions. 

More serious mathematical debates require a 

double lesson. In this case the students can be 

given more complicated problems, trick  

 

problems, or problems that have several 

different solutions. Very conducive to a better 

understanding of the material are discussions 

about whether or not a certain statement is 

accurate, especially in courses that require a 

deeper understanding of subtleties, such as 

mathematical analysis or logic. 

Another possibility is games which require 

prior preparation of new material. For 

example, after students had mastered on their 

own several ways of proving Thales’ theorem, 

they were ready to challenge the proofs offered 

by their rivals and to find flaws in these proofs. 

Here, victory goes to the team which did a 

deeper research of the subject, its history and 

the related problems. 

And finally, mathematical debates can be 

conducted at the end of studying an entire 

subject. This debate can be held as part of a 

Mathematics Day at school or at a college. 

Students from different classes and faculties 

can participate in the competition. Some of the 

students can take part in composing the 

questions, others can be the judges, and the 

rest can form the competing teams. For 

example, ninth-graders who have just finished 

studying a basic geometry course can meet 

with eleventh-graders who are preparing for 

their geometry matriculation exam. 

A key element of any mathematical debate is 

the selection of questions in accordance with 

the intended purpose. Here lies the 

fundamental difference between mathematical 

debates as a form of mathematical competition 

between gifted children, where the main 

criterion is the beauty and the “olympic” 

nature of the problems, and mathematical 

debates that are part of the educational process, 

where every question that the students are 

given has to have some educational 

significance. 

Let us consider for example several questions 

that can be included in a mathematical debate 

for a group of first year students of exact 

sciences already at the end of the first month of 

study of mathematical analysis. 
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Are the following statements accurate? 

1. If the limit of the function g(x) as x 

approaches 3 is equal to the limit of the 

function f(x) as x approaches 3, then there is a 

neighborhood of the point x =3, not including 

the point itself, at which f(x) =g(x). 

Note that the statement sounds very plausible, 

and many students try to prove it using the 

definition of the limit, and even those who 

doubt it often have a hard time finding a 

counterexample (for instance, f(x)=3, g(x)=x). 

2. If the limit of a sequence, all elements of 

which are positive, equals zero, then the limit 

of the sequence of n-th powers of the elements 

of the above mentioned sequence also equals 

zero. 

This statement is true and can be easily proved 

using Cauchy's criterion. 

3. If the limit of a sequence, all elements of 

which are positive, equals one, then the limit 

of the sequence of n-th powers of the elements 

of the above mentioned sequence also equals 

one.  

It can be easily noted that though this 

statement is very similar to the previous one, it 

is obviously not true. (For example, the 

sequence whose general term is the root of n-th 

power of 2 converges to 1, but the sequence of 

n-th powers converges to 2).  

Observing the team representatives discuss 

problems of this kind can provide the teacher 

guidance regarding further lessons on the 

material, as well as reveal misunderstandings 

or  lack of skills (e.g., finding 

counterexamples), or conversely reveal the 

students’ strengths, which can help the teacher 

in future lessons. 

Let us present an example of another problem 

that students were given at an educational 

mathematical debate. It is interesting because 

of an error that one of the teams made in their 

solution. The representative of the challenging 

team noticed the error, but found himself in a 

quandary, because he could not explain the 

essence of the mistake. As a result, it was 

decided to award extra points to a team that 

would find the correct explanation. 

A continuous function f (x): [0,1] → [0,1] is 

given. Prove that the equation ех – х + 1 = е
f(x) 

 
  
 

is its solution on the interval [0,1]. 

The representative of the team that was 

challenged proposed a solution that involved 

substituting x=0 in both parts of the equation. 

As a result he obtained 1 = е
f(0)

. From this he 

concluded that f(0)=0, and therefore x=0 is the 

solution. The challenger had reached a 

different solution (he later presented it, and it 

was correct). He expressed his disagreement 

with the described solution, but failed to 

discern that the mistake was the substitution 

itself, since this equation is not an identity 

function but an equation that is true only for x 

which is its solution, not for any x. 

At a mathematical debate for eleventh graders 

on the subject of "progressions", the students 

were asked the following question: "Is it true 

that any function of the square of a natural 

argument У = аn
2 
+ bn + с is the sum of some 

arithmetic progression?" The problem can be 

solved in several different ways, but one 

solution confounded the challengers.  

 Sn = an
2 
+ bn + c. Then an =  Sn - Sn-1 = 

 [an
2
+bn+c] - [a(n-1)

2
+b(n-1)+c]=2an-a+b.  

 аn-1 = 2a(n-1)-a+b.   

аn - a n -1 = (2an-a+b) - (2a(n-1)-a+b)=2a. 

Thus the difference between two adjacent 

terms is constant, and it appears that indeed 

any square function of a natural argument for 

any n expresses the sum of the first n terms of 

an arithmetic progression. It can be easily 

shown that this statement is not true. It is 

enough to look at the well-known formula for 

the sum of an arithmetic progression Sn = ( 

2a1+(n-1)d ) n/2 to see that this is a square 

function for n, but the constant term in it must 

equal zero. 

However, finding the error of the above 

mentioned solution is not a simple task for the 

challenger (he has to notice that  S1 ≠ a1). The 

analysis of this mistake is very instructive for 

all of the participants of the game. And this 
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brings us to another important advantage of 

mathematical debates as part of the learning 

process. During the game, students benefit 

from collective experience, both by passing 

knowledge to each other and learning not only 

on from their own, but also from each others’ 

the mistakes. They discover different ways to 

solve the same problem and learn to choose the 

optimal solution. 

Another important point is that students enjoy 

participating in mathematical debates. They 

add variety to the learning process. And 

finally, the game is a competition, and even the 

most indifferent students can sometimes be 

drawn into it.  
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ABSTRACT 
 

Distance learning systems have many advantages since they 

provide distance learning environments where there are no 

time or space constraints. However, the no time constraint is 

not only an advantage but also a shortcoming to students in 

distance learning systems. In general, most students do not 

prefer to study by themselves or may put off studying 

particular subjects they dislike. Therefore, students may miss 

the studying progress of the disliked subjects or give up 

studying altogether. In this paper, an online face to face and 

time-constraint distance learning system that overcomes 

these shortcomings is proposed. A prototype is implemented 

for Korean students. The Korean in the system is translated to 

English accordingly. 

 

Keywords: distance learning, online learning systems, 

web-based system, SMIL, multimedia 

1. INTRODUCTION 

 

The advances in technology of computers, networks, and 

mass media make online learning systems such as cyber and 

distance learning systems popular these days [1][2][3]. The 

distance learning system is a learning system that takes place 

completely online without any constraints of time and space. 

However, no time constraints can become a disadvantage of 

distance learning systems since most students tend to put off 

their studies especially if they dislike a particular subject. 

Therefore, delaying studies may cause students difficulties in 

catching up to the progress of lectures or have them give up 

studying such subjects altogether. 

Disabled students who have difficulty going to school 

should study at a place nearby or at home. Students who 

study at such places must have the same learning 

environments as the ones existing formal educational 

institutes provide. If such students study with common 

distance learning systems which are not able to control or 

encourage students, the above problems occur.  In this paper, 

a distance learning system which not only has the functions 

of existing formal educational institutions but can also be 

used for a real time learning method with time constraints is 

proposed. As with common distance learning systems, there 

is a function that students are able to do reviews. Use of this 

system may be valuable among those educational institutes 

who prefer distance learning systems with no spatial 

constraints but with time constraints for various educational 

purposes. 

2. RELATED WORKS 

 

2.1 Distance Learning  

 

Keegan defines a distance learning system by four 

different specificities: distance between student and 

instructor, effectiveness of educational structure, usage of 

medium, and opportunity of information exchange [4]. Any 

education method that does not require the student and 

instructor to be in the same offline classroom can be 

considered as distance learning. However, transferring media 

like printed assignments, radios, and televisions are not 

distance learning because of their lack of ability for 

exchanging information. The most appropriate and 

connected medium is the internet based computer. Therefore, 

online distance learning systems are being commonly 

developed and used. In conclusion, distance learning is an 

educational environment where students and instructors can 

exchange information [5]. 

 

2.2 SMIL  

 

SMIL is a Markup language that was proposed for 

controlling and synchronizing a multimedia playlist [6]. 

SMIL has the ability of defining the interconnectedness of 

multimedia objects like texts, images, audios, and videos [7]. 

It is also simple to produce due to its use of a simple tag 

structure. The beginning and end of the SMIL document is 

enclosed by <smil> and </smil>, and the part in between 

these two tags is divided by <head> which assigns locations 

of media windows, and <body> which assigns media time to 

play. 

Table 1 is a SMIL document example for the window 

arrangement of media, and figure 1 is a schematization of the 

content for table 1. In table 1, the dimension of an image is 

set to 500 pixels wide and 150 pixels high, and 

‘image_region’ and ‘video_region’ are placed in the image. 

 

A Time-Constraint Distance Learning System 
 

 
Hyungoo Han

 

Department of Computer Science & Engineering 

Hankuk University of Foreign Studies 

89 Wangsan-ri Mohyeon Cheoin-gu Yongin-si, Gyeonggi-do 449-791 Korea 

 

 

284

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



  

Table 1 Example of media window allocation 

 

 

 

There are two methods for time arrangement of media: 

<seq> which plays media in due order and <par> which plays 

media by overlapping play times. Table 2 presents an 

example of <par> in the SMIL document. When this 

document is played, two media would play with a difference 

in starting point of 10 seconds, after that, both of them would 

be playing simultaneously. Figure 2 is a schematization of 

the content for table 2. 

 

Table 2 Example of media time 

 
 

 
 

Figure 2 Media play time allocation for table 2 

3. SYSTEM DESIGN 

 

3.1 SMIL extension 

 

SMIL is not compatible with functions that distinguish 

classes and allow interaction between instructors and 

students. In this paper, SMIL is extended in order to comply 

with the functions of distinguishing and synchronizing 

lectures and interacting between students and instructors. 

The extension involves adding <course>, <chat>, and 

<teach> tags in SMIL. As a whole property of lecture 

information, <course> tag includes information such as the 

start time of a course, play time of a media, and name of 

media. 

The <chat> tag has the information of setting up a 

chatting window (question-and-answer window) for students 

and an instructor. Not only is <teach> tag used when the 

instructor responds to a question, but it is used for pausing 

and resuming a lecture. Therefore, the chatting window 

created by <teach> tag appears on the instructor’s screen. 

The <switch> tag is a defined tag in the original SMIL; 

however in this paper it behaves as the highest tag which has 

comprehensive information of a lecture by making it include 

the <course> tag. Table 3 is an example document written in 

the extended SMIL. 

 

Table 3 Example document written in extended SMIL 

 
 

3.2 System structure and algorithm 
 

Figure 3 is a structure of the system proposed in this 

paper. There are two types of classes that students may take: 

a regular class and a remedial class. In this system, an 

instructor composes lecture data and saves it in a lecture data 

database. Lecture data is composed with a document that is 

written in the extended SMIL and actual lecture elements 

such as texts, images, and motion pictures. Media that cannot 

Figure 1 Allocated media window for table 1 
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be stored in the database because of size of data or copyright 

issue receives a direction of an external memory device or an 

internet IP address. As figure 3, preparation for a lecture gets 

done by an instructor executing the lecture manager, and then 

students log into the system and begin their classes. Students 

study in a similar teaching pattern to formal educational 

institutes during regular classes and may review their 

deficient subjects when they are free. 

 

 
Figure 3 System structures 

 

3.2.1 Lecture manager 
 

Figure 4 is a structure map of the lecture manager and 

table 4 is a brief algorithm of the lecture manager. As figure 4 

and table 4, the lecture manager establishes a distance 

learning environment by doing the next three steps. First, the 

lecture manager receives a timetable from the SMIL 

preprocessor. Second, it sends the time information of media 

to the layout manager. Finally, it requests allocation of the 

media window in order to make media be played in a 

pre-defined window at a scheduled time. 

The lecture manager controls the overall flow of a 

lecture in order to finish a lecture without any problem. It 

also takes charge of conversations between the students and 

instructor. When questioning and answering among students 

and an instructor take longer than the assigned time limit 

(maximum delay time), it sends a warning signal to the 

instructor and informs the layout manager of the exceeded 

time in order to adjust the information of media play time. 

Maximum delay time can be assigned subjectively by an 

instructor. For example, length of delay time for subjects 

such as mathematics which can require longer delay time 

than expected because of its requirement of exchanging 

schematic information must be assigned sufficiently. 

The lecture manager divides lecture time of a lecture into 

four identical sections and identifies them as t1, t2, t3, and t4. 

Suppose that a quarter of maximum delay time of a lecture is 

d and actual delay times are rd1, rd2, rd3, and rd4 in the four 

sections of a lecture, respectively. The maximum delay time 

of t1 is d and the allowed maximum delay time of another 

section ti (1 < i   4) becomes ∑     
   (d-rdk-1) + d. In other 

words, the lecture manager gathers the unused delay time for 

each section of a lecture to allow students and instructors to 

use sufficient chatting time in a fixed maximum delay time 

assigned for each lecture. 

 

 
Figure 4 Structure of the lecture manager 

 

Table 4 Algorithm of the lecture manager

 
 

A warning is sent to the instructor by the lecture manager 

when the delay time approaches its limit. Also, when a 

lecture is completed, the lecture manager saves the contents 

of the lecture to the remedial class database to provide an 

environment for students where they can review lectures by 

themselves. 

 

3.2.2 SMIL preprocessor 

 

The SMIL preprocessor downloads an extended SMIL 

document from the lecture data database. It has a lexical 

analyzer and a syntax analyzer to parse SMIL documents 

written in extended SMIL. The SMIL preprocessor extracts 

media information of the play window, storage location, and 

play time from a SMIL document. Media information of the 

storage device and play time is extracted when the tag is 

‘switch’, and media information of the play window is 

extracted when the tag is ‘layout’. Based on the extracted 

media information from a SMIL document, the SMIL 

preprocessor generates a timetable for all lectures. 

 

3.2.3 Layout manager 
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Layout manager in figure 5 assigns a window to each 

media in a lecture screen by using the properties of <head> 

tags of a SMIL document. It also adjusts the start and finish 

time of playing media according to the information of media 

time such as maximum delay time which is received from the 

lecture manager. The layout manager composes media 

windows of a subject in a lecture screen based on the 

information obtained from the SMIL preprocessor. During a 

lecture, the medium that will be played on the lecture screen 

can be images, motion pictures, or texts. When allocation of a 

media window is requested by the lecture manager while a 

lecture is in progress, the layout manager assigns 

corresponding media to each window through using the 

information of the media window. 

 

 
Figure 5 Structure of the layout manager 

 

4. IMPLEMENTATION 

 

In this prototype, Java language was used, and JDK1.6 

and JMF2.1.1 were used as development tools [8][9]. A 

prototype of the system that was proposed and designed in 

chapter 3 is implemented in Korean. Figure 6 is a student 

screen of a regular class which is composed with windows 

for pictures, texts, and question-and-answer. The upper left 

part of the lecture screen of figure 6 displays ‘Hello. 

Welcome Student’ and has a login/logout button. The upper 

part of the right side of the screen describes the contents of a 

lecture and the lower part is the question-and-answer window. 

The Korean sentences in it mean ‘Class is in process now. 

Students can communicate with instructor here. Class may be 

paused or resumed’. 

Figure 7 is an instructor screen when the lecture of figure 

6 is paused by the instructor. The left part is the same as 

figure 6. The Korean sentence in the right part means ‘This is 

a paused instructor screen’. Unlike the student screen, on the 

instructor screen, there is a button on the bottom right of the 

question-and-answer window that can pause or resume a 

lecture. 

 

 
Figure 6 Student screen 

 

 
Figure 7 Instructor screen 

 

Figure 8 is a student screen of an ongoing lecture. There 

is a video window and the texts in the window on its right 

describe what the video is doing. 

 

 
Figure 8 Screen of an ongoing lecture 

5. CONCLUSION 
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In this paper, an efficient time-constraint distance 

learning system is proposed. SMIL is extended in order to 

comply with the functions of distinguishing and 

synchronizing lectures and interacting between students and 

instructors. An SMIL preprocessor is designed for parsing 

documents written in the extended SMIL format. A lecture 

manager which is in charge of most of the lecture processes 

and a layout manager which is in charge of assigning 

windows to media are designed also. The proposed system in 

this paper is believed to be used as an assistant learning 

system in formal educational institutes, a learning system for 

handicapped students, and an education system in private 

corporations. In this paper, students can review lecture data 

in text since the remedial class is simply designed to show 

lecture data in text which is in a database. It could be a much 

better distance learning system if the remedial class were 

designed in the same style as the existing systems which 

utilize multimedia data. Moreover, if video messages are 

exchanged through the question-and-answer window, the 

proposed distance learning system could provide an 

educational environment which is very close to the 

traditional face to face environment. The performance of the 

proposed distance learning system can be enhanced with 

high-speed network infrastructure and its corresponding 

communication protocols such as a multimedia multicast 

protocol [10] for one instructor to many students 

communications and a mobility management protocol [11] 

for students equipped with mobile devices. 

 

REFERENCES 
 

[1] Mansik Chang & Hyungoo Han, “A Study of P2P 

CDN–based e-Learning Systems”, Journal of 

Information Industrial Engineering, Institutes of 

Information Industrial Engineering Hankuk Univ. of 

Foreign Studies, vol. 15, pp. 149-162, 2010 

[2] Cheng K.W.E. et al., "Development of Web-based 

Teaching and Learning Tool for the Engineering 

Students", IEEE Proc. pp. 166-169, 2001 

[3] Nadire Cavus & Dogan Ibrahim,”m-Learning: An 

experience in using SMS to support learning new 

English language words”, British Journal of Educational 

Technology, vol. 40 no. 1,pp. 78-91, 2009 

[4] Keegan, D. "Foundation of Distance Education, Third 

Edition", Routledge, London & New York, 1996 

[5] Lujean Baab. “Effect of selected factors on students' 

sense of classroom community in distance learning 

courses”, unpublished, doctoral dissertation,  

[6] Tim Kennedy, Mary Slowinski, “SMIL: Adding 

Multimedia to the Web”, Sams, 2001 

[7] "Synchronized Multimedia Integration Language 

(SMIL) 1.0 Specification", 1988 

[8] JMF:Java Media Framework, 

http://java.sun.com/products/java-media/jmf/ 

[9] J2SE, http://java.sun.com/j2se/1.3/download.htmlJ. 

FitzGerald, “Business Data Communications and 

Networking”, 11
th

 edition, xtraGfx.com, 2011 

[10] J. Baek, P. S. Fisher, M. Jo, and H.-H. Chen, “A 

Lightweight SCTP for Partial Reliable Overlay Video 

Multicast Service for Mobile Terminals,” IEEE 

Transactions on Multimedia, Volume 12, No. 7, pp. 

754–766, Nov. 2010. 

[11] J. Baek, P. S. Fisher, and M. Jo “An Enhancement of 

mSCTP Handover with an Adaptive Primary Path 

Switching Scheme,” Proc. of 2010 IEEE Vehicular 

Technology Conference, pp. 1–5, Sep. 2010. 

288

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



 

 

A Model of Inter and Multi Disciplinary Domains, 

  and their Mutual Interactions  
 

 

Dan OPHIR 

Software Engineering, AFEKA, Tel-Aviv Academic College of Engineering, 218 Bney Efraim Rd, 

Tel-Aviv 69107, ISRAEL 

 
 

ABSTRACT 

 
The Melvil Dewey Decimal Classification system maps the human 

knowledge domains into a library classification decimal system, 

which means that the knowledge is discretized. The domains are 

countable similarly to how Cantor proved the countability of the 

fractions’ domain.  

 

The debate about the “inter-” and “multi-” disciplinary domains 

may also be extended into “sub-domains” or from another point of 

view – into “super-domains”. 

 

However, Science and Technology has rapidly developed after it 

was classified. If at the beginning, two decimal digits were enough 

to classify the world's knowledge into a knowledge domain, today 

we need more digits – about five. This means we are able to display 

about a million domains of knowledge. The decimal point indicates 

the sub-division in the zooming-in; the number of such decimal 

points is unlimited.  Thus, the number of hierarchical levels in the 

knowledge-tree is unlimited.  The maximal level is unreachable 

since it propagates in time.  

 

This intriguing issue raises doubts whether the tree is the most 

appropriate structure in the current state of the knowledge 

classification.  However, I believe that the knowledge tree is a 

convenient way of expressing various connections between the 

knowledge domains. There are other models such as multi-level 

graph-networks that approximate closer to reality.  These models 

can be further visualized by graph diagrams.  

 

The knowledge diagram is more complicated, considering the 

interaction between science and industry relative to each domain. 

 

The model of reality might be compared to the object-oriented 

programming languages approximating reality in order to construct 

more naturally computer programs that can model the world. 

 

The mutual correspondence of the knowledge domains is dynamic. 

Some examples of relatively new domains are as follows: 

biotechnology, bioinformatics, nanotechnology, integro-differential 

equations, data warehouse, data mining, requirements engineering, 

micro biology, and bio-chemistry.  There is an overlap between the 

various domains. 

 

The phrase "humans know less about more and more about less" 

represents the trend of future  science and technology. Another 

interesting phrase is "an image is worth a thousand words."  Figures 

1 and 2 show the possible relationship between the knowledge 

domains represented by various geometrical objects and their 

properties such as color, form, perimeter type, and position. 

 

Research and design are two complementary human activities that, 

from the dawn of history, have improved Western civilization. New 

discoveries and research were made possible by former 

technological innovations.  Many areas of research mutually 

upgrade and improve themselves in a positive feedback loop.  

However, mathematical proofs represent a different kind of a 

symbiotic research-design relationship.    

 

Keywords: Inter-discipline. Multi-discipline, research, design, 

basic theory, symbiosis, government regulations.  

 
1. INTRODUCTION 

 

The presented models review several variations of relationships 

among the knowledge domains. These relationships will be 

represented by two mainstream domains: science and technology. 

 

This paper analyzes various types of science-technology 

relationships and provides examples from different fields for both 

the science and technology components.  These relationships 

constitute the test case of our goal of describing a model 

representing inter- and multi-disciplinary knowledge fields. 

 
2. DEPENDENCE: SCIENCE AND TECHNOLOGY 

 

The mutual co-dependence between science and technology is 

schematically represented in Figs. 1 and 2. Technology may 

contribute to science (Fig. 2 (a)) science can contribute to 

technology (Fig. 2 (b)), or they can mutually reinforce each other 

(Fig. 2 (c)).  These relationships are analogous to the relationships 

among organisms, namely symbiosis, synergism and 

commensalism.  

 

    

 

 

 

 

 

       

 

 
Fig. 1 Science-technology general view of  the space graph of 

human creation’s elements (research, technological inventions) 

types  using the following legend: 
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Symbiosis is defined as a mutually beneficial relationship between 

two organisms. Synergism is defined as two components having a 

combined effect which is greater than the cumulative effect of each 

component by itself. Commensalism is defined as a relationship 

between two organisms where one organism benefits and the other 

organism doesn’t gain anything and doesn’t lose anything.  

 
We will discuss in the following sections milestones in science-

technology developments, emphasizing the types of each of the 

mentioned relationships. 

 
3. PYTHAGORAS  THEOREM 

 

An example of research that was helpful in the design of many 

useful objects (i.e. science supporting technology – Fig. 2 (a)) is the 

Pythagorean Theorem [1] (Figs. 3 and 4).  

 

 
 

 

The application of that theorem has been used in measuring 

geodesies, navigation, prediction of celestial configurations and 

calendar determination. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Four triangles ordered in a square demonstrate the 

Pythagorean Theorem: The surface of the inner square (b) equals 

the sum of surfaces of the inner squares, where as the surface of the 

triangles remain the same in both sub-Figures (a) and (b), 

comparing the corresponding squares surfaces, the famous formula 

a
2
+b

2
=c

2
 is derived. 

 

 

4. MICROSCOPE AND MICROBIOLOGY  

 

Discoveries and research were made possible due to former 

technological innovations.  Robert Koch (Fig. 5 (a)), is one of the 

fathers of microbiology. He was greatly helped by a previous 

invention, the microscope.   

 

 

 

 

 

 
 

 

 
 

 
 

 

Fig. 6 Koch’s postulates which define a disease causing 

microorganism i.e. a bacterium. 

 

 

Fig. 3: Pythagorean 

theorem: a visual 

presentation:  of  the 

formula c
2
=a

2
+b

2
,  i.e. 

the sum of the areas 

of the two squares on 

the legs (a and b) 

equals the area of the 

square on the 

hypotenuse (c). 

Fig. 2 Seven types of science – technology 

relationships:  

 (a) Technology supports science; (b) Science supports 

technology; (c) mutual reinforcement; (d) self 

reinforcement; (e), (f) Aggregation (Scientific, ot 

technological dominance, respectively) of one of the 

previous relationships or other relationship, containing 

other components; (g) Duality of techno-scientific 

domain – mixing shapes (square and triangle) and 

colors (blue and green) of the original shapes. 

Fig. 5: Scientists: (a) Robert Koch; (b) Albert Einstein 
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The corresponding relationship (Science and technology) is of the 

type shown in Fig. 2 (a), where the microscope, the technological 

invention, helped Koch in his research thus enabling him to arrive 

at his postulates (Fig. 6). 

 

  
5. EINSTEIN‘S THEORY of  GENERAL RELATIVITY  

 

Not all discoveries were made solely on previous research. Some 

came from insights that came from minds of geniuses. Einstein 

(Fig. 5(b)) and his theory of relativity was one such discovery [2]. 

Later, his discovery was validated using telescopes looking at solar 

eclipses. 

 

The Eddington experiment was an observational test of general 

relativity, organized by the British astronomers Frank Watson 

Dyson and Arthur Stanley Eddington in 1919 (Fig. 6). The 

observations were of the total solar eclipse of May 29th 1919, and 

were carried out by two expeditions, one to the West African island 

of Príncipe, and the other to the Brazilian town of Sobral. The aim 

of the expeditions was to measure the gravitational deflection of 

starlight passing near the Sun. The value of this deflection had been 

predicted by Albert Einstein in a 1911 paper, and was one of the 

tests proposed for his 1915 theory of general relativity. Following 

the return of the expeditions, the results were presented by 

Eddington to the Royal Society of London, and, after some 

deliberation, were accepted. Widespread newspaper coverage of the 

results led to worldwide fame for Einstein and his theories. Another 

successful experiment was performed in 1919 (Fig. 7). 

   

 
 

 

Space telescopes were proposed as early as 1923. Hubble was 

funded in the 1970s (Fig. 8), with a proposed launch in 1983, but 

the project was postponed by technical delays, budget problems, 

and the Challenger disaster. When finally launched in 1990, 

scientists found that the main mirror had been ground incorrectly, 

as part of a sphere instead of as part of a parabola. This severely 

compromised the telescope's capabilities. However, after a 

servicing mission in 1993, the telescope was restored to its intended 

quality by adding a corrective lens. Hubble's orbit outside the 

distortion of Earth's atmosphere allows it to take extremely sharp 

images with almost no background light.  

 

The advanced telescopes are founded on parabolic mirrors, which 

are more difficult to produce (due to lack of spherical symmetry 

enabling a relatively easy method of polishing), but have the 

property that parallel rays break to a single focus point, based on a 

mathematical principle (Fig. 9), and are more precise than the 

classical, spherical ones.  The space telescope differs of course from 

the classical telescopes (Fig. 10) by lack of an eyepiece, which was 

once a great improvement enabling higher quality images. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Hubble telescope. 

 

The modern Hubble Space Telescope has the research potential  of 

helping mankind make many dramatic discoveries.  This shows that 

the interplay between research and design can flow both ways.  

 

 

 
 

 

 

 
 

 

 

6. BIOINFORMATICS 

 

Bioinformatics represents collaboration between biology and 

computer sciences thus creating a new scientific field. This is an 

aggregation type (Fig. 2 (e)) of the technology-science relationship 

example.  The common research tools are sequence matching [6]: 

looking for a track (sub-sequence) in a DNA or RNA strand (Fig. 

11) and three dimension optimizations using conformational 

matching. 

 

Fig. 7: The May 29th 

1919 solar eclipse, 

showing the bending light. 

 

Fig. 9: Parabola 

demostrating the 

breaking parallel 

rays in one pont 

called Focus, 

satisfying the 

following equalities: 

FPi=PiQi. 

• F

P

i

=

P

i

Q

i 

Fig. 10: Reflecting 

telescope. 
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7.  COMPUTERS AND ROBOTS 

Many areas of research mutually upgrade and improve themselves 

in a positive feedback loop (Fig. 2 (d)).   Computers fit into this 

type of category. Computer systems and their applications upgrade 

the next generation of chip designs using different simulation 

/optimization/layout programs. These improved chips are then used 

in programming faster and more complicated applications for 

designing next generation chips and so on.    

 

The production cycle includes the following components (Fig. 12): 

the CAD (Computer Aided Design) and CIM (Computer Integrated 

Manufacturing) programs, the production of an upgraded wafer 

(later integrated in the next generation computers), an online 

production quality inspection and a computer analysis. 

 

 
 

 

 

 
Robotics, in a similar fashion to computers has also benefited from 

this positive feedback loop (Fig. 13). 

 

 

 

 

8.  THEOREM ’S PROOF- AN HYBRID OBJECT 

Another kind of symbiotic research-design relationship lies in 

mathematical proofs. This relationship’s type, so called 

aggregation, integrates a group of sub-relationships into a new 

component (Fig. 2 (e)). 

In the past few years, computer programs were harnessed to prove 

mathematical theorems. An example of this is the use of a computer 

program to solve the long standing four-color problem [3] (Fig. 14). 

Controversy does exist as to the reliability of such computer aided 

mathematical proofs [4].  

 

The following lemma was proved by computerized checking of all 

possible cases: 

 

Lemma: Every triangulated planar graph, which has less than 40 

vertices, is   4_colorable.  

 

The classical proof characteristics are based on the following 

properties: 

1. Convincing- the computer program is based on hardware 

and software reliability and therefore it cannot be assured 

that it is 100% correct. 

2. Surveyable- computer programs may be traced in the so 

called debugging mode, statement after statement. But if 

the program performs millions of operations and maybe 

even more, it’s humanly impossible to follow those 

statements. 

3. Formalizable – Formalization means to put the ideas into 

forms (proof).  It’s difficult to relate to programming 

language and to the programs as to formal language.  The 

programming resembles in some aspect, art since it is 

programmer depending. 

 

The mathematical proofs based on computer’s assistance do not 

conform to the classical property proofs. Computerized proofs are 

not surveyable and not formalizable. Universal programming 

verification and validation are not yet assured. 

 

 
 

 
9. ARTIFICIAL TRANSPLANTATION  

The following relationship belongs to the aggregation class (Figs. 2 

(e) and (f)). This is a system composed mainly of domains from 

physics, electronics, biology and neurosergery. An example of an 

ultimate symbiotic relationship for research and design would be 

the futuristic possibility of melding the human brain and its 

technological counterpart, the computer chip. This would be  due to 

advancements made in computer technology and transplantation 

techniques, such as transplantations performed on the human retina 

[5]. The main components of such transplantations are displayed in 

Fig. 15. 

 

Fig.  11:  Ribonucleic Acid 

strand and its schematic 

description 

Fig. 12: The chip’s production cycle including: CAD, 

CIM, wafer, measurements and inspection’s tools. 

Fig. 13:  Robot’s production’s elements: the design and  the 

product. 

Fig. 14: An example of a four-

colored map illustrating  - the four 

color map theorem that states: 

given any separation of a plane into 

contiguous regions, producing a 

figure called a map, no more than 

four colors are required to color the 

regions of the map so that no two 

adjacent regions have the same 

color. 
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(a) (b)    

 

            (c) 

 
This type of novel techno-scientific research came to existence in 

the last two decades spurred on by advances in nano-technology 

enabling discoveries in physics (new particles) and biology (bio-

cellular research). 

 

 

 

10.   DUALITY     

In general the roles are allocated as follows: Science investigates 

nature leading to discovery. The technology creates an imitation i.e. 

invention (aviation, genetic algorithms, artificial intelligence). In 

this context, the classification of the mathematical theorems is still 

philosophically problematic: are mathematical theorems human 

discoveries or human inventions?   

 

This type of a techno-scientific problematic definition might be 

classified as a dual type (Fig. 2 (g)). This duality resembles the 

duality of light which behaves also as a wave and also as a particle 

i.e. a hybrid definition.  

 

11. CONCLUSIONS 

To summarize, research and design are both derived from the same 

source, namely, human intelligence, and their relationship is 

symbiotic in the majority of cases.   

 

The technology of another domain enables humans to improve and 

to extend their senses and capabilities. This allows us to see both 

smaller and farther objects, to think faster, more precisely, and 

more effectively and to remember more for a longer time. 

 

In our modern times, characterized by competition between 

research and design, it is the more practical design that wins against 

the more theoretical research because there is more money available 

for practical applications than for the more esoteric basic research. 

Governments can encourage more basic research by increasing 

funding. In this way, the best and the brightest will be found in both 

of these important human endeavors. 

 

Nowadays, special academic–educational inter-multi-disciplinary 

courses are offered. Some new examples of such hybridized 

domains are bioinformatics, biotechnology, biochemistry, e-

learning, neurosurgery, orthodontia, electro-optics, mechatronics, 

psycholinguistics, and legilinguistics. 

 

The Management Industrial Engineering and Computer Science 

have a special role in the mutual interactions between the 

disciplines.  These domains are like glue that controls and connects 

various domains. 
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Abstract

Social Media has frequently been leveraged for the 
purpose of anticipating trends. This paper presents a 
methodology to identify trends of consumer behavior 
through Semantic Filtering. The process begins by 
applying keyword-based filtering on a ground topic, 
proceeding to filter on terms related to anticipation 
of a purchase. Next, semantic categories are 
considered to filter out messages that are inconsistent 
with the desired signal. Following, Fisher 
Classsification is applied to identify consumer 
behavior. We apply this procedure to the goal of 
modeling vehicle purchase behavior with data 
acquired from Twitter. Results demonstrate that 
consumer demand can be determined within the 
Twitter firehose, providing a source of data to 
contribute to forecasting efforts as well as Customer 
Relationship Management (CRM).

1.INTRODUCTION
Internet-based activities have demonstrated to be 

highly reflective of real-world situations. 
Correspondingly, monitoring internet-based data 
sources have demonstrated to support the 
identification of trends across many subjects. By 
considering these sources from the perspective of a 
social network, semantics have been applied for 
substantial use in trend identification [1]. Many of 
these sources including Social Media have
demonstrated advantages for use in market prediction 
due to the fact that they are frequently updated and 
include very unbiased results. Due to the increased 
popularity of these sources and subsequent volume
they have become a form of disruptive technology,
displacing traditional information media [2]. 

  Analytics around internet-based data sources have 
been leveraged to support the areas of forecasting, 
public relations and CRM [3][4][5]. This has been 
supported through areas including Machine Learning 
and Natural Language Processing. By leveraging
classification related to sentiment, internet sources 
have allowed for the means to semi-automate the 
engagement process with customers thus allowing 
greater utility than previous forms of engagement 
which include email, customer groups and 
surveys[6].
  Due to its minimalistic  characteristics and ease of 

data collection, we have targeted the Twitter micro-
blogging service as our data source. Twitter volume 
has increased in recent years, presenting a formidable 
challenge having over 500M active users, generating 
430M tweets and handling over 1.6M search queries 
per day [6]. Through such large participation, Twitter 
has been able to support the identification of trends 
across general topics that affect very large 
populations. The challenge that exists is to extract 
signals that assist in the definition of consumer 
behavior within larger macroeconomic activity. Such 
signals can also support extraction of underlying 
topics that will support a greater understanding in 
marketing and customer relationships.
    In this paper we investigate the application of these 
techniques to determine a more focused level of 
behavior that exists within larger trends. Specifically, 
we are interested in the identification of stages of
consumer activity as it relates to an individual 
product line. Here, the focus is to identify specific 
consumer demand for an item towards application of 
sales forecasting as well as CRM. 
  In the next section, we present a survey of related 
work. Section three continues with the discussion of 
our proposed methodology. Section Four presents our
test case and Section Five presents our conclusions.
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2.CURRENT RESEARCH

Many techniques adapted from categorization of 
unstructured data have been applied to Social Media. 
Techniques range from rule-based and semantic 
evaluation to Machine-Learning based methods.
Being a popular source within Social Media, Twitter 
has been leveraged for the determination of general 
trends. By comparing Twitter information with 
associated sentiment (Tumasjan et.al.) was able to
determine that Twitter messages could provide an
accurate portrayal of the political landscape [6].
Through improving on the quality of a Twitter 
document collection and through the incorporation of 
sentiment analysis (Sang et. al.) supported 
predictions based on entity counts matching 
performance of traditionally obtained opinion polls
[7]. (Bermingham et.al.) demonstrated predictivity in
social analytics through the use of both volume-based 
measurements and sentiment analysis as explored 
over a variety of sample sizes, time periods and 
quantitative methods [8].
    (Stewart et. al.) examined aggregate daily Twitter 
keyword volumes to predict aggregate current 
spending. They demonstrated that weekday Twitter 
keyword volume, current spending, and weekday 
spending norms all have significant value allowing 
for prediction of short-term consumer spending [9]. 
Within the entertainment industry, (Asur et. al.) 
leveraged social media to predict real-world 
outcomes by constructing a model that forecasts box-
office revenues for movies through the construction 
of a linear regression model, outperforming other 
market indicators such as Hollyworld Stock 
Exchange [10]. (Gruhl et. al.) showed how to 
automatically generate queries for mining logs in 
order to predict spikes in book sales [11]. (Huberman 
et. al) studied the social interactions on Twitter to 
reveal that the driving process for usage is a sparse 
hidden network underlying the friends and followers, 
while most of the links represent meaningless 
interactions [12].

Researchers have also been successful in the past 
in identifying and tracking macro-level events 
including seasonal illnesses through Social Media. 
(Signorini et. al.) used Twitter to identify and track 
levels of disease activity and public concern in the 
U.S. during the influence of the H1N1 panademic 
[13]. This was accomplished by filtering keywords 
that would contain disease names as well as public 
concern keywords with the results showing that 
Twitter can be used as a measure of public interest or 
concern around health related events. (Chew et. al.) 
collected twitter messages containing keywords 
related to the H1N1 virus during the 2009 H1N1 

outbreak and thus validated twitter as a tracking 
system for public attention [14]. (SonDoan et.al.) 
was able determine a novel algorithm applied to the 
filtering of datasets by application of a semantic 
featureset including consideration of negation , 
hashtags, emoticons, humor and geography thus 
resulting in a improvement over earlier taxonomy
based approaches leveraged to semantic filtering
[15].

Work in Twitter also involves the evaluation of 
trends as they relate to social networks. (Asur et.al.) 
identified that relationships between members of a  
social network play a substantial role in creating 
trends [16]. They also determined that trends are also 
based on their influences with the passivity of users 
predicated on their information forwarding activity. 
Their study also showed that that the correlation 
between popularity  and influences was weaker than 
might be expected.

A number of methods have leveraged machine 
classification in order to generate trends among 
unstructured and social-network based data 
collections. Among lexical-based approaches, (Xia 
et. al.) analyzed attribute sentiment co-locations to 
approximate reasonable generalization abilities [17].
Working with both lingual analysis as well as 
classification and clustering methods, Shandilya and
Jain worked towards the extraction of knowledge
utilizing a hybrid approach [18]. More sophisticated 
multi-pass efforts have been developed recently with 
an example being Xu and Kit who performed 
examinations of opinions at different levels (course/ 
fine) of a document [19]. 
(Wang et. al.) relied on Latent Dirichlet Allocation 
(LDA) in which a topic was associated with a 
continuous distribution over timestamps and for each 
generated document, the mixture distribution over 
topics was influenced by both word co-occurences 
and the document’s timestamp. This was leveraged to 
interpret trends from email , research papers and
state-of-the-union addresses[20]. Padman and Airoldi 
proposed an approach to extract sentiments from 
unstructured text through the means of applying a 
two-stage Bayesian algorithm that is able to capture 
the dependencies among words and at the same time 
find a vocabulary that is efficient for the purpose of 
mining algorithms [21]. Other approaches for trend 
identification include the application of centrality 
calculations within a Social Network as well as 
search engine technology algorithms such as 
PageRank algorithm such as that employed by 
(Corely et. al.) which was able to determine that 
Influenza related blogging trends have a significant 
correlation to the US Fall 2008 flu season [22]. They 
were also able to identify WSM Influenza-related 
communities that share flu-postings which could 
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broker or disseminate information in the case of a 
severe outbreak or Influenza epidemic.

3. METHODOLOGY

We begin with the overview of our methodology 
by considering an internet-based data resource
(Twitter) as our starting point. We are interested in a 
demand signal of an individual product for the 
application of sales forecasting and trend prediction. 
To this means we consider the theoretical journey 
made by consumers noted as the Awareness, Interest, 
Desire and Action (AIDA) model, also known as the
‘Purchasing Funnel’[23]. With this in mind, our 
attributes are to match the consumer emotion of 
desire, in anticipation of the purchase event in the 
short term (within a month). As noted in Figure 1, 
our methodology employs two separate levels of 
direct filtering (empirical and knowledge) combined 
with a classifier to support the extraction of a signal. 

Our process starts with the consideration of single 
ground truth keywords that are applied to the raw
data collection (Twitter Firehose).  These are 
designated as words for unique identification of a 
product. Here, a tradeoff is presented between 
containment of the maximum amount of potential 
information and precision of matching the given 
subject.

Figure 1. Overall methodology

In our second stage, we are interested in keywords 
that are directly related to the anticipation of a 
purchase event. Not having found a suitable ontology 
or taxonomy, a corpus was created  from taking high 
frequency words from messages that were most likely 
to indicate the purchase of a product. This was 
accomplished by hand selecting Twitter messages 
indicating a high level of desire among consumers for 

a specific product. Employing a “try and test” method 
we were able to derive a subset of words that 
indicated a collection of Twitter messages who’s 
volumes were able to correlate to sales. Here, we 
applied the following keywords indicating such terms 
including “test drive”, “purchase”, “buy” and
“insurance” as applied to our subject matter data 
collection.

Next, we examined three specific semantic 
categories to apply our filtering. These included
negation, hashtags and humor. Negation was
examined first. In this step, we applied a natural 
language processing approach to break down the 
“demand based” indicators between positive and 
negative demand through the application of the 
Python Natural Language TookKit (NLTK). This 
process examined basic part-of-speech (POS)
taggings in each sentence and applied a set of regular 
expressions to support identification of both direct 
and indirect relationships between words supporting 
negation (including ‘not’ and ‘never’) and the ground 
truth keywords.

Hashtags were next considered as a means of 
filtering content. A hashtag is considered as a token 
beginning with the symbol ‘#’. As such it is 
considered as a community-driven comment for the 
addition of context and metadata to tweets Here, a 
taxonomy of hashtags was developed that were both 
related and unrelated to the topic of demand. Any 
topics that were unrelated to the Twitter data were 
eliminated. The related topics could be used to 
consider the weighting of the messages. Humor was 
also considered at the word level with specific terms 
associated with common jokes or humor were 
eliminated. 

For the classification step, a training set of
documents was manually devised from samples of 
Twitter messages that indicated a high level of desire 
among users in a product. Towards support of 
semantics identification we employed the Fisher 
classification method. This approach allowed for a 
higher level of flexibility in identification of semantic 
combinations as opposed to the standard naïve 
Bayesian algorithm by supporting a normalized 
method of classification. To perform such 
normalization the method relies on three calculations:

clf = Pr(feature| category) 

Freq sum = 
n

i

CategoryFeature
...

)|Pr(

cprob = crlf / (clf + nclf)

  Clf is determined as a conditional probability that a 
document fits into a category, given a particular 
feature. This is in contrast to the Bayesian approach 
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of considering the number of documents with 
features divided by the total number of documents 
(with that feature). By approximating the feature to 
category level, it takes into account of receiving far 
more documents in one category than another. To 
normalize, the probability is divided by the frequency 
sum. The Fisher method continues by multiplying all 
the probabilities together, taking the natural log and 
applying the inverse chi function to obtain a 
probability. Figure 2, provides a detailed overview of 
the three step filtering process.

Figure 2. Filtering Level Detail 

4. IMPLEMENTATION

   The goal of our case study was to characterize the 
demand for the Ford Focus sampled from the Twitter 
firehose for the time period of October 1, 2011 to 
September 31, 2012. The data collections were 
considered on a monthly basis. Following our model 
of the purchasing funnel, the focus was to 
characterize the anticipation immediately before the 
purchase event. Our empirical filtering begins with 
the determination of ground truth keywords 
designated as any message that contains both the 
words “ford” and “focus” supporting over a 99% 
precision rate. While these words eliminated 
messages which included statements such as “focus”
without the inclusion of “ford”, precision fell to 
under 20% when “ford” was omitted, making it 
necessary to utilize the keyword combination. The 
volumes of such filtering are presented in Figure 3, 
generating a .26 correlation to vehicle sales.  
The second stage of our empirical filtering consisted 

of the establishment of a manual taxonomy from a 
sampled collection of 4000 Twitter messages (filtered 
accordingly to the initial ground truth keywords) and 
associated strongly to the anticipation of the purchase 
event. This included the following keywords which 
included (buy, purchase, love, insurance). The 
highest performing set of these keywords is presented 

in Figure 4, generating a correlation to Ford Focus 
sales as presented in figure 6 of .744. 

Figure 3. Ground Truth Keyword Volumes (Ford 
Fusion) for the period Oct-11 to Sept-12

Next, semantic categories were applied with each 
category supporting successive filtering. The largest 
proportion of these categories was humor followed 
by hashtags and negative. The application of the 
semantic categories such as humor included the 
matching against keywords known to be associated 
with messages around humor including “Like Ford I 
got Focus” along with references between the words 
“focus” and “attention”  The results of which are 
presented in the semantic category section in figure 5. 
This resulted in only a marginal increase in 
correlation (.7575) as few messages at this point were 
filtered. 
  The classification step was trained (positively) from 
a manually derived collection of messages indicating 
demand and also trained (negatively) against 
messages that indicated advertising for new or used 
vehicles. This resulted in a minimal reduction of the 
overall collection increasing the correlation to .76 
(figures 3 and 5). 

Figure 4. Generated message volumes for Keyword, 
Semantic Category and Classifier – enabled filtering 
for period Oct-11 to Sep-12.

  To support our work in forecasting we compared 
these results to Google Trends (another source of 
web-based information utilized for forecasting and 
indication of trends) for the same period. We 
examined Google Trends searches for the terms “ford 
focus” , “ford” and “ford dealers”,  under the United 
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States and Vehicle Sales category. The correlation for 
our data sample fell short of the filtered data at 
.71,.59 and .42 respectively with a correlation of only 
.46, .37 and .32 to our best filtered collection (the 
final stage).  

Figure 5. Comparison of Ford Fusion Sales volume to 
Filtered Messages Volume for period (Oct-11 to 
Sep-12)

Figure 6.  Correlation of levels of filtering to Sales 
Volumes

Figure 7. Correlation of Google Trends to Sales and 
Semantically Filtered Data.

5. CONCLUSION
We have proposed a methodology for the 

monitoring of trends at an individual product level. 
Our process considers the application of unstructured 
data through filtering to determine a demand 
indicator to reflect consumer behavior. The results 
indicate that a strong demand signal can be generated 
for application in forecasting and CRM. Compared to 
another popular web-based indicator (Google Trends) 
our model performs well, providing higher 
correlation. Our filtered signal also maintains a low 
correlation to this attribute (.46) indicating that it
could perform well as a complementary parameter. 
While our core strategy involves the application of 
Twitter this methodology could be extended across 

any number of social media platforms as well as 
collections of unstructured data. 

Future work includes additional methods of 
comparison between keyword sets with the possible 
inclusion of Machine Learning technologies to assist 
in the determination of optimal or near-optimal 
combinations. The weighting of keywords in filtering 
as well as expanded training sets in classifiers can 
also assist in supporting a stronger signal that will 
enable the performance of a forecasting model.
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Abstract: In this paper, we present the results of the 

teacher's team-work of Ariel University, Israel and 

Ural StatePedagogical University,Russia. 

concerning the study of use of Internet service network 

in order to solve different kinds of pedagogical tasks 

which arise in the process of mathematical preparation 

of students. At the same time theoretical part of our 

research was conducted in the great extent in Russia 

and experimental part - in Israel with the students of 

Ariel University, Israel. 

 

 
At the present time there are many services and 

programs which let to realize off-line and on-line 

communications between teachers and students in the 

process of familiarization with educational discipline.  

Sure, such programs were not established to solve 

pedagogical tasks but they have considerable didactic 

potentional, giving opportunity to organize continuous 

and different interaction between a student and a 

teacher in the process of training. In this connection 

arise a problem to construct optimal scheme of 

application of remote communication assets which 

could solve any educational task and management of 

educational process from the teacher’s part. 

There was the following research hypothesis, which 

was adduced and checked: 

Construction of  remote communication system between 

a teacher and a student, which involve all kinds of 

educational work with educational purpose, and 

teaching on its basis will improve the results of 

familiarization with   mathematical cycle discipline. 

The logic of our research, which defines its stage, is the 

following: 

 to discover specific of mathematical preparation in 

schools and institutes of higher education of Israel 

as well as problems of pedagogical character 

generated by it which must be solved by teachers 

of institutes of higher education; 

 to conduct  network communicational assets; 

 to choose educational situations where the 

application of remote interaction between a teacher 

and a student are pedagogically approved; 

 to build a pedagogical model of optimal 

organization of communication; 

 to conduct pedagogical research for the purpose of 

examining expediency and effectiveness of 

application of such assets in educational process; 

As an educational discipline, on the basis of which 

approbation of theoretical construction was supposed to 

be conducted, mathematics and computer science were 

selected. However, results and conclusions which  

 

 

 

 

 

 

 

 

appeared in the process of research had a general 

character and, as we suppose, can be carried over to 

another educational disciplines. 

      

Starting positions. 

The theoretical part of research has been devoted to the 

analysis of three key positions. 

 The first, defining the substantial part of 

communication interaction, consisted of revealing 

specific features of preparation of students in the field 

of Mathematics and computer science for Israel, and 

also pedagogical problems generated by these features 

for decision of which the system of the  

communications between teachers and students should 

be focused. On the basis of the analysis of bibliographic 

data and the Internet-sources  such features have been 

referred: 

 In the senior classes at schools of Israel a pupil 

himself chooses a structure of training (physical - 

mathematical, technological, natural-science, 

humanitarian), and also a level of development of 

this or that discipline (in particular, 

mathematicians); in this connection there is a 

situation when even  at high enough general school 

point development of Mathematics was carried out 

at a level of complexity 3 or 4 that is not enough 

for training in a technical higher educational 

institution; 

 another consequence of the described situation is 

that in one educational group are trained in parallel 

students with higher level of initial mathematical 

preparation, as well as with lower, i.e. educational 

groups rather heterogeneous; 

 In higher educational institutions, as a rule, young 

people start training in the age of 20-21 years after 

end of service in army; the break after leaving 

school makes 3-5 years, that, naturally, reduces a 

level of initial Mathematical preparation with 

which the future students study in an educational 

institution 
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 the feature, which has a socially - political basis, is 

that in many educational institutions of Israel 

students of the Arabian origin are trained, as a rule, 

trained in national schools with rather weak 

mathematical preparation; 

 upon the end of training in c university the level of 

mathematical knowledge is defined by 

requirements of the future profession and 

competitiveness of graduates of a labor market. 

The listed features define the maintenance of 

preparation, and also those problems of pedagogical 

and methodical character which must be solved during 

student’s training. In particular, during preparation it is 

necessary to provide: 

 restoration of knowledge of people, entering an 

educational institution up to a level corresponding 

4-5 level of school; 

 individual approach to students in the process of 

study 

 conclusion of all trainees to a level of requirements 

of the curriculum. 

The solution to the listed problems requires the 

organization of precise and constant management of 

educational activity of a separate student as well as a 

group of students for which operative and different by 

form subject communication in the process of study is 

necessary. 

For this reason, the second from initial steps of research 

is the character analysis of the communications of a 

teacher and students during study and opportunities of 

use in these purposes information technologies. Such 

communications, certainly, arises in audit work - it is 

well enough studied and described. 

Our research is devoted to studying  opportunities of 

the organization of interaction of the teacher with 

students on the basis of modern communication 

technologies, in particular, services and services of 

Internet network. Necessity of such interaction arises, 

first of all, at management of independent work of 

students. 

Today there are many vehicles for communication for 

users by means of internet network. Meaning the 

further application of similar means for the 

organization of communication of the teacher and 

students, we have made their classification on the 

following bases: 

 by a mode of use: on-line and off-line; 

 by character of intercourse: individual and group 

Thus the following four ground table is formed: 

 

 
Let's characterize briefly each of the means, noted in 

the table: 

 E-mail provides an opportunity of address transfer 

of the information in any computer format (text, 

graphic, multimedia); 

 Skype, Messenger, ICQ allows to realize 

individual voice (or video) interaction between a 

teacher and a student in the process of which the 

exchange of text messages and files is possible as 

well as team-work above the document in a mode 

of " the Electronic board "; a private variant is use 

of the given program for remote carrying out of 

interactive studies with group of students (lectures, 

seminars, conferences); 

 chat and Forum allow to carry out text intercourse 

in group, where can participate each of participant; 

 on teacher’s site should be placed as materials of 

educational character (electronic textbooks, 

abstracts, collections of individual tasks etc), as 

well as the instructions, providing management of 

a training course (terms and  form of report 

representation by results of independent work, 

questions to control actions, the schedule of 

studying of discipline, etc.); 

 the system of computer testing gives to a 

student an opportunity independently to check up a 

level of his personal preparation on discipline (for 

example, before control action); the system can be 

realized as a section of teacher’s’ site or as an  

independent program environment, network access to 

which has both a teacher, and a student. 

Thus, there is an extensive spectrum of means of the 

communications which can be used for decision of 

various tasks, connected with realization of educational 

process. The third initial premise is classification of 

pedagogical situations, making necessary 

communications of a teacher and students or students 

among themselves. Such situations are generated by 

various forms of organization of educational studies in 

higher educational institutions. On character of 

intercourse (individual or group) these forms can be 

classified as follows: 

 lecture (internal or remote); 

 seminar, conference (internal or remote); 

 group projects 

Individual: 

 receiving of educational tasks (current and design) 

and accordance of reports on their performance; 

 Consultation 

 Check of mastering of a material. 

Thus, in educational process there is a necessity of 

realization of various forms of communication 

interaction of a teacher and students, part of which can 

be realized by means of information technologies. 

 

Model of complex use of network communication 

mean in   educational process. 

 Comparison of remote control means of educational 

activity and forms of organization of mathematician 

  Mode of  intercourse 

  Individual Group 

  
M

o
d

e 
 o

f 

  
d

ia
lo

g
u

e 

 

On-line 
Skype    Messenger 

ICQ 

Skype    Electronic board 

ICQ       Chat 

Off-line 
E-mail 

Test system 

Forum 

Teacher’s web site 

301

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



training has allowed to construct the model, 

establishing conformity between used means and 

didactic problems solved with its help. This conformity 

is presented in Tab. 1:

 

 
Set of the presented means can be considered as a 

system, because it provides the complex decision of 

remote tasks of educational activity of students. As we 

see in the table, there is no binding to any concrete 

maintenance. It provides a generality of offered 

approaches and an opportunity of their use at 

development of any theoretical discipline; substantial 

filling (content) for each kind of educational activity 

will differ only. 

 

The organization and results of experiment. 

For the check of theoretical positions validity of 

research we had conducted experimental work, the 

essence of which consisted as follows:  

In 2008-9  educational year training of students of Ariel 

University (a speciality: the engineer-electrician, 

mathematics and computer sciences, the engineer-

builder) in discipline of a mathematical cycle (the 

mathematician, the discrete mathematics, probability 

theory)  was conducted in traditional manner without 

applying the means of remote interaction of the teacher 

and students. Training results of these students were 

used as control. In parallel, according to the model 

described above, the complex of means of remote 

interaction between a  

teacher and the students, including teacher’s site, e-

mail, means of individual and group intercourse has  

 

 

The form of training  

organization 

Means of management on the basis of IKT 

Audit Remote 

Lecture − Means of preparation  of 

presentation 

− Use of specialized PO 

− EUM 

− Network information sources 

− E-mail ( distribution  of lecture’s 

abstracts) 

− Video conference(organization of 

«live comunication») 

− EUM laid out in the network 

Laboratory work − Specialized PO 

− EUM 

− Network information sources 

− E-mail ; ( distribution of report’s 

form) 

− Chat, video conference 

(organization of «live 

comunication») 

− Graphical forum  

Seminar Means of presentation of preparation for 

listening reports 

− EUM 

− Network information sources 

− Text forum 

− Chat, video conference   

− Grafical forum 

− EUM laid out in network 

Practical work − Specialized PO 

− EUM 

− Network information sources 

− EUM laid out in network  

− Graphical forum 

− Video conference 

− Chat 

Independent work − Specialized PO 

− EUM 

− Specialized PO 

− EUM 

− Network information sources 

− E-mail  

− All kinds of forums( for exchange 

of information) 

− Chat 

− EUM laid out in network 

− telephony 

Control − Text system 

− Specialized PO 

−  

− E-mail  

− Chat 

− All kinds of forums 

− On-line testing 

Course and degree projects − Specialized PO 

− Network information sources 

− E-mail 

− Chat 

− All kinds of forums 

Scientific work − Specialized PO 

− Network information sources  

− E-mail 

− Chat 

− All kinds of forums 

Consultation − Specialized PO 

− Means of presentation of  

preparation  

− EUM 

− Network information sources 

− E-mail 

− Chat 

− All kinds of forums 
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been developed and prepared as well as their substantial  

filling of teaching materials. In 2009-10 year at training 

in mathematical sciences the specified system was  

actively used both by a teacher and a student – the data 

of this year were considered as experimental. 

Coincidence of an initial level of mathematical 

preparation (at receipt in university) of students of 

testing and experimental groups was provided with a 

constancy of entrance requirements. 

Further comparison of final results of development of 

discipline of control and experimental groups has been 

lead. Besides, questionnaire design has been lead with 

students of experimental groups  with the purpose of 

finding-out their attitude to remote forms of 

communications with the teacher and their estimations 

of efficiency of the given forms. 

 

We had been received following basic results:  

1.   results  in mathematician in control and 

experimental groups of one specialty, made by means 

of Student’s T-criterion, shows authentic growth of a 

middle score in experimental groups in comparison 

with control ones, that testifies to efficiency of 

application of the system of remote interaction of the 

teacher and a student, offered in our work. 

For example, for students of electricity and electronics 

faculty(samples of control and experimental groups 

made on 81 men.) the following results are received 

(see Tab. 2): 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

 
 
2. By means of 2 -criterion Pirsona, comparison of 

characters of distribution of students of control and 

experimental groups in the end of training on levels of 

success of training (gradation of 60-70 points, 71-80, 

81-90 and 91-100) has been lead. Statistically, 

experimentally groups showed better results and it is 

proved. ` 

The results are illustrated as diagram(1-3):  

 

                                                            
 
 
 
 
Diagram 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Discipline 

 Mathematics Discr.Mathematics. Theory of probability and stat. 

 

 CG EG CG EG EG CG 

Middle score 76,0 83,5 66,5 84,0 63,0 89,0 

t Exp. 4,38 7,22 12,46 

t Contr.. 1,98 1,98 1,98 

Excess of EG 

over CG 
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Diagram 2.                              

 
 
 
 
 

                             

 

                                                                                                    

   

 

                                                  

 
Diagram 3. 

 

 

 

 

 
3. The questionnaire has been offered to students of 

experimental groups (the quantity of interrogated made 

150 persons.), .It contained 7 questions; the results of 

some answers are presented below: 

 

Question 1: How do you think, whether the 

introduction of technologies of the remote interaction 

between a teacher and a student is necessary in 

educational process of your university? 

  Yes     79% 

  No     14% 

  I am at a loss to answer   10 % 

 

Question 2: How often do you use different forms of 

remote interaction between a student and a teacher? 

     

  Constantly    79% 

  Several times during a semester  14% 

  One or two times   2% 

  Do not use at all    5%  

  

Question 3: In what educational situation do you use 

remote connection with a teacher? 

By preparation for receipt in university   1% 

For "alignment" of your knowledge up to a level, 

demanded in university                   65%  

In current study work    31%   

By preparation for control works                     3%  

Do not use it at all      0% 

 

Question 4: How do you thing, whether forms of 

remote interaction between students and a teacher, 

used in your colleges, promote more successful 

development of discipline? 

 

  Yes, certainly    93% 

  More likely "Yes", than "No"  2% 

  More likely “No”, than “Yes”  2% 

  No     3% 

  Hard to say    0% 

 

Question 5: If you are satisfied with your study, is it 

connected with use of remote interaction technologies 

between a student and a teacher in the process of 

study? 

Yes     41% 

Partly     46% 

 No     13% 

The detailed analysis of questionnaires allows to 

conclude, that students as a whole rather positively 

estimate application of means of the remote 
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communications with a teacher and they mark utility of 

their use in educational process of university. 

 

Thus, it is possible to consider, that our research has 

convincingly proved an opportunity and expediency of 

application of means of the network communications in 

educational process and has completely confirmed an 

initial hypothesis. It is necessary to note also, that 

though research was conducted on the basis of 

disciplines of a mathematical cycle, there are all bases 

to expect similar results at studying any theoretical 

disciplines. 
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ABSTRACT 

 
This research is aimed at investigating the impact of virtual 

reality technology on body movement and concentration skills 

by physical education MA students and pupils through action 

research.  

The design and manipulation of virtual reality is based on 

applying the virtual reality environment to the real world as 

much as possible by controlling space.. The researcher taught 

the method to 55 MA students majoring in physical education. 

Such procedures were held among various populations.  

The findings showed that the connection between virtual and 

human movements and the application of this connection in 

physical education lessons became clear to the students as they 

practiced the simulation design and manipulation through 

specific simulative software. The students used their unique 

disciplinary programs in their teaching work and reported their 

pupils’ improvement in physical activities and concentration 

skills. 

The students were able to integrate theory and practice in their 

teaching and improved their level of academic writing. The   

motivation of the students and their pupils to control, design and 

manipulate virtual environments was also enhanced.  

 

Key words: Action research, Concentration skills, Design, 

Dynamics, Technology, Body movement, Simulations, Virtual 

Manipulation, Virtual reality movement. 

  

1.  INTRODUCTION 

Most physical educators and pre-service teachers cannot deal 

with unfocused pupils during the lessons and are not aware of 

the possibility to improve their body movement and 

concentration skills by developing their computer design ability.  

According to Piaget & Inhelder's theory (1), creativity leads to a 

significant construction of knowledge. Developing control over 

reality and compatibility with the everyday environment occurs 

while manipulating virtual simulations.  

  

2. THEORETICAL REVIEW  
 

Since the connection between virtual reality and physical 

education still seems unlikely, we selected the Tetris software to 

show this connection by fostering pupils' body movement and  

concentration skills. Initially, the research of virtual reality 

focused on science (2), aviation (3), medicine (4) etc. Only 

during recent years researchers have been dealing with 

education as well. As it stands, virtual reality is still in its 

infancy, with each new project often being the first of its kind 

[5]. But we have not found yet studies dealing with the 

connection between playing the Tetris game and improving 

physical performance focusing on concentration skills of pupils 

during the physical education lessons. 

 

Pazhitnov (6) invented the Tetris game in 1985. Since then, this 

computer game has been considered the hardest task in problem 

solving by manipulating virtual reality, while the users race to 

fit falling blocks together on the screen. In the game, the player 

sees the objects graphically and tries to organize them before 

they fall (7). It links the concrete and the symbolic by means of 

feedback. The manipulations of the shapes over the computer 

screen (rotating them to the right or to the left side) link the 

symbolic commands to a sensory-concrete turning action (8). 

The game exploded in popularity after the Nintendo Co. and 

other people put it on their popular game machines.  

 

The Tetris Game and the Virtual Reality Environment 

 

The Tetris software is one among a variety of methods by which 

users can interact with virtual reality technology (9). Weiss, 

Rand, Katz, & Kizony (10) defined virtual reality as "the use of 

interactive simulations created with computer hardware and 

software to present users with opportunities to engage in 

environments that appear to be and feel similar to real world 

objects and events."  To capture this diversity, authors have 

coined the term "interactive computer play," defined as "any 

kind of computer game or virtual reality technique where the 

child can interact and play with virtual objects in a computer-

generated environment" (11). Technology enables presentation 

of information in three-dimensional formats in real time (12) 

(13).  

Situations which are too complicated to perceive in a regular 

learning environment can be presented and viewed in many 

different perspectives in a virtual environment (12) (13). 

The simulated world can provide the opportunity to repeatedly 

practice a skill without the fear of injury or embarrassment. The 

reported effects on  children include: gaining a new perspective 

[14], increasing participation and access (15) (16), instilling a 

sense of confidence, competence, self-control and mastery (14) 

(16). 

 

Thematic analysis of physical activity experiences of 12 age-

matched boys with and without the attention deficit 

hyperactivity disorder (ADHD) (17) revealed the differences 

that were found between these two groups (See table 1). 
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Table 1: Examples of differences between boys with and 

without the attention deficit hyperactivity disorder (ADHD) 

Boys with ADHD Boys without ADHD 

They reported playing with 

friends paid little attention to 

detail. 

They reported playing with 

friends paid a lot of attention 

to detail. 

They rarely organized 

opportunities to play or be 

active with other children. 

They frequently organized 

opportunities to play or be 

active with other children.  

They seemed to enjoy being 

involved in a variety of 

different activities, especially 

individually-oriented sports or 

leisure activities  (18). 

They seemed to enjoy being 

involved in a variety of 

different activities, in groups.  

 

They experienced limited 

physical activity experiences 

and had limited acquired 

knowledge (19). 

They experienced non-limited 

physical activity experiences 

and had non- limited acquired 

knowledge.  

 

Designing, Manipulating and controlling Virtual reality 

environments 

Clements (20) defined successful manipulations as "meaningful 

to the learner, providing him control and flexibility, having 

characteristics that mirror, or are consistent with, cognitive and 

mathematical structures, and assist him in making connections 

between various pieces and types of knowledge". 

 

Learners actively construct concepts through the process of 

mediated actions (21).  According to the notion of mediated 

actions, human beings use cultural tools (such as language as 

well as tangible features of the environment) which 

fundamentally change the structure of cognitive  functioning 

and activity (22). Kezar (23) believes that  faculty instructors 

can be affected by changes such as integrating technology in 

their teaching program if only they were actively engaged in 

creating the change that is taking place.  
 

Education on Computer training 

Research shows that the learning performance of 49 college 

sophomores was higher for learning software utilizing 

simulative manipulation and visualization yields than for that 

lacking simulative manipulation, which suggests that learning 

performance can be enhanced if visualized learning can 

appropriately integrate simulative manipulation activities (24). 

 

3.  RESEARCH PRESENTATION 
 

Procedure 

The research group was composed of 55 MA students majoring 

in physical education. The tests were conducted for 2 meetings 

per pupil, a total of 25 minutes per pupil before and after the 

intervention program, which lasted eight weeks, twice a week. 

This was a pilot research. 

 

The Research Method 

The students planned their study and reported on each stage 

they completed. The method of training focused on practicing 

Tetris software. 
 

The Stages of Designing the Virtual Environments and its 

Applications  

We took longitudinal research as our model (25) during one 

semester (3 months) and included four stages:  

Stage 1: Learning the rationale of virtual reality and its impact 

on physical movements and concentration skills. 

Stage 2: Planning research:  

· Choosing a pupil diagnosed with ADHD. 

· Testing the achievements in the examined skills. 

· Learning and training simulative software.  

Stage 3:   Then testing the achievements in the examined skills. 

Stage 4: Writing the research report. 

The student teacher writes his/her analysis using a professional 

PowerPoint presentation, and relates the practice to the theory.  

 

Research Tools 

Spatial Intelligence Test 

Standard Progressive Matrices test of Raven (26)  

 

Body Movement tests 

 
Media 

PowerPoint software was used for writing the research report. 

The computer “Tetris Game” software was used to improve 

physical and concentration skills. The players aimed at filling 

2D shapes into rows and a large 3D cube with small blocks of 

different shapes. During the use of the Tetris task, block-shaped 

pieces appear at the top of the screen and fall down, while 

players manipulate them, so that they fit into point-scoring 

rows. In order to attain a high score, the users need to act both 

precisely and rapidly. The users have to complete the blank 

locations on the board according to a rule they had inferred and 

fit the appropriate shape in the blank locations.  

The Tetris software is characterized by the following:  

1. Each form appears in the upper part of the game board 

and is going down at a constant speed. 

2. The degrees of difficulty are determined by the speed at 

which the forms move down. 

3. At any time when the line or the surface in the 3-D Tetris 

game is filled, it is erased and the participant scores points. 

 

The keys for enacting the “Tetris” software are the same: 

The user can move the form to the right or to the left side, 

or take it down by using the arrow-keys.  The form can be 

rotated to fit the empty space to be filled by use of the 

space bar, 900 to the right or to the left. 

The use of the “Tetris” software trains spatial orientation and 

visualization, motor skills, hand-eye coordination, and time 

orientation. 

The gains in points of the MA students in the Tetris software 

show a gradual increase during practicing with the software. 

Observing all the student teachers included in the research 

group while practicing with Tetris software revealed their 

progress and interest. 

Examples of the connection between the acts performed during 

training the Tetris software and the ability to analyze motor 

skill: 

 

Case Presentations (Pre-intervention and 

intervention) 
Case No. 1 

Loya's project (27) was aimed at investigating body movement 

and concentration skills of 8-year-olds learning in a regular 2nd 

grade class.  

· Overall aim: To improve an ADHD child’s behavior, improve 

his physical ability and his level of attention and focus in 

physical education lessons. 

· Secondary aims: To improve his behavior and his level of 

attention and focus in the various classes, raise his motivation, 

raise the level of his self-esteem, self-perception, his self-

confidence and his confidence in the environment, diligence in 

carrying out his tasks, improve limb movement and reflex 

speed. 

 

Description of the intervention program 

· Choosing a child diagnosed as having ADHD 

· Constructing a dribbling test in basketball. 

· Test in matching matrix shapes. 

· Practicing Tetris on the computer. 307
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The program checks the progress of the child at the individual 

level and at the class level, his improvement in motor ability 

and cognitive ability, and his level of attention and focus. 

Attention and focus are checked at the outset and at the end of 

the intervention, and so is the matching of shapes.  

 

Case No. 2  

Zelkar's project (28). The subject was a fourth grader 

with attention and focus issues, discipline problems, 

disruption of lessons, a history of complaints from other 

pupils following physical violence. The pupil reached 

self-fulfillment in physical education. In his physical 

education lessons he listens to instructions, carries out all 

the tasks, his achievements improve from lesson to 

lesson, and he even takes upon himself responsibilities 

such as organizing teams for sports. 

 
Overall aim: to improve this ADHD pupil’s behavior in his 

physical education lessons. 

Secondary aims: to improve the pupil’s behavior and his 

attention and focus span in the other various lessons, to raise his 

motivation, to improve his self-perception, his self-confidence 

and his confidence in others, diligence in carrying out his tasks, 

improve limb movement and reflex speed.  

 
 During his participation in the project (to which he came 

willingly and with high motivation) his attention and focus 

spans improved significantly. His suspensions from school have 

stopped and he tries to listen in the other lessons as well.  

In the diagnostic matrix test he showed a high level of 

concentration, attention and patience. Playing the Tetris game, 

his attention and focuses shown constant progress, indicating an 

improvement in his focus and attention span. Zelkar added that 

they should check if it is possible to help this student further in 

raising his level of attention and focus, and improving his social 

behavior by using a planned computer program at the beginning 

of each lesson. 

The stages of learning: Use of simulation through computer 

games. 

 

Case No. 3  
Moyal’s project (29). The aim of the project was to investigate 

the question whether it is possible to improve ADHD children 

in the following areas: cognition, emotional stability, social 

behavior, and flexibility through computer software. 

The subject of the investigation is an eight-year-olds second 

grader. He was not professionally diagnosed with ADHD, but 

was reported to suffer from constant restlessness and inability to 

sit for lengthy periods of time, “a child moving all the time.” 

 

The aims of the intervention 

The overall aim: To improve the attention and focus span of 

the child. 

Secondary aims: 
· To improve cognitive abilities. 

· To improve flexibility of the back. 

· To improve the level of computer skills. 

The child would show impatience with the Tetris game from 

time to time. He would have a hard time focusing on one single 

activity and would be restless in his chair. 

Computer games did not improve his flexibility to bend 

forwards. 

He could not complete the first matrix test. 

In the flexibility exercise, the child reached exactly up to his 

feet in a sitting position with legs straight. 

Regarding the game, initially the child showed very low 

achievements. His control was bad. He was impulsive and 

showed no strategic thinking, so that his scores were low. 

Initially, he played without enthusiasm. He sat on his chair 

restlessly, and showed signs of wanting to finish the game fast. 

He did not show control over directions, right or left at first, 

expressed in his confusion playing the game and verbally. 

 Evaluation 

Evaluations were made on comparing the level of: 

· The students' writing of the action research and designing the 

computerized teaching program.  

· The pupils' physical achievements and concentration skills 

before and after the training. 

 

4.  FINDINGS 
It was found that the computer-based intervention program 

increased the achievement level in the examined skills as 

follows: 

The MA students teachers became aware of the connection 

between the pedagogic-didactic achievements and theoretical 

scientific approaches they used as the basis of their studies. The 

students' reports became then clearer and more detailed as well 

(See table no. 2). Furthermore, the motivation and self-

confidence of the MA students and pupils were enhanced.  

 

Table No. 2: Example of Differences between the Level of 

Research Performance of the students at the Beginning and End 

of the Course 

Starting  Course Ending Course 

Focusing exclusively on 

theory. 

Applying the theory to the teaching 

work.  

Editing the research, in 

general, without using 

authentic examples. 

Editing the research according to 

the standards.  

Writing long, complex 

sentences. 

Writing brief, structured sentences. 

Copying the articles' text.  Writing the text in their own 

words. 

Focusing on some 

objectives.  

Having difficulty 

differentiating between 

main and sub objectives.  

Having difficulty 

formulating the 

assumptions. 

Focusing on the main objectives 

and assumptions.  

Mixing results and 

discussion. 

Differentiating between results and 

discussion, 

Summarizing briefly each table 

showing the results. Then 

concentrating on the discussion,   

Analyzing the results according to  

theory.  

All the MA students succeeded in their studies, while their 

pupils achieved high scores in the post-intervention tests, 

relatively to those in the pre-intervention tests. This 

improvement was clearly observed in the pupils' class scores.   
The students' reports relating their pupils' improvement 

strengthen the three cases stated in this paper. 

We may highlight the progress noted among the students by 

demonstrating each one of the projects that they performed.  

 

Case Presentations (Post-intervention) 

The data displayed in graphs no. 1, 2, 3 show an improvement 

in the trained software. 

 

Case No. 1: Loya’s case (27).  

The pupil's academic level improved at the end of learning. 

Even the attention and performing attractive math activities led 

the pupil to invest time and effort and to do his best and have 

positive experiences through the virtual manipulations. 
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Following this, we meet near the computer to practice Tetris 

after trying it, of course, not a few times at home after 

encountering it in the computer room at the College. At the 

beginning, there seems to be no connection between the number 

of lines and the points accumulated. During the game he says: 

“Look at all the points, now I am going to do better,” “it’s 

beginning to be a cinch,” “it’s a bit hard, this game,” “today I’m 

going to break the record,” “I broke the record. I’m going to 

write it down.”   

At one of the meetings we experienced a problem with the 

computer, and until we succeeded in clearing it up, there was 

little time to play. He then surprised himself that he had reached 

Level 2 so quickly and jumped with joy when he broke the 

record and reached Level 3, doing 31 lines and scoring 2132 

points in four minutes and 57 seconds. At one of the meetings, 

he waited until I came back from a competition. He did not give 

up the chance to practice the game, even though there was very 

little time left. Following many practice sessions with the Tetris 

game, I again administered to him the matching of shapes test 

and found that he had made a lot of progress, as it can be in the 

table below. He also improved in the basketball test – the motor 

skills test. 

The meetings went on a few more times after the project had 

ended and were gradually reduced to once a week. 

" I enjoyed this process very much. As teacher of children with 

issues in attention and focus,"  

 

Graph no.1: 

 
 

Table No. 3: Child’s activity with ball before and after the 

intervention 

The activity Pre-

intervention 

Post-intervention 

 Dribbling 20 meters 

in straight line with 

right hand. 

Ball fell twice. Ball did not fall. 

Dribbling 20 meters  

in straight line with 

left hand..  

 Ball fell  3 

times 

Ball fell once. 

Dribbling around 

conuses. 

Ball fell  3 times Ball fell once. 

Dribbling 20 meters 

with right and left 

hand      alternating 

The ball fell 4 

times. 

Ball did not fall. 

The activity Pre-

intervention 

Post-intervention 

Dribbling around 

conuses with right 

hand. 

The ball did not 

fall. 

Ball did not fall. 

Dribbling around 

conuses with left 

hand. 

Ball fell  3 

times. 

Ball fell twice. 

The findings show an improvement in the student’s attention 

span and focus, an improvement in computer skills, and an 

improvement in motor ability. 

 

Case No. 2:     Zelkar' case (28) 
The pupil acts as counselor for other pupils learning with the 

teacher how to navigate in the game with the correct control of 

directions. 

The pupil focused throughout the lesson on physical education 

together with his teacher. She claims he makes a big effort 

doing this so as to avoid being suspended from school because 

of his behavior problems and so as to be able to come to her 

individual instruction lesson to play the Tetris game. It must be 

stressed that thanks to the pupil's improvement at school and in 

his ability to focus his attention, the school administration 

decided that every child who turns violent following an attack 

of ADHD would be sent to this particular teacher to calm down 

by playing with the computer instead of being suspended again 

and again 

 
Graph No. 2 

 

 

Table No. 4: Child’s activity with ball before and after the 

intervention 

The activity Pre-

intervention 

Post-

intervention 

 Dribbling 20 meters in 

straight line with right 

hand. 

Ball fell 4 

times. 

Ball did not fall. 

Dribbling 20 meters  in 

straight line with left 

hand..  

Ball fell 6 

times. 

Ball fell once. 

Dribbling around 

conuses. 
  10Ball fell  

times. 

Ball fell 3 times. 

Dribbling 20 meters 

with right and left hand 

     alternating 

Ball fell 8 

times 

Ball fell twice. 

Dribbling around 

conuses with right 

hand. 

Ball fell 4 

times. 
Ball did not fall. 

Dribbling around 

conuses with left hand. 
 Ball fell 8 

times 
Ball fell twice. 

 

Case No. 3:   Moyal's case (29) 

The child did the matrix test showing good behavior, but the 

results of the test were lower than the first test (a finding for 

which I found no explanation). He did finish, however, all the 

questions (60) whereas in his first test he had finished only 30. 

There was a significant improvement in the child’s flexibility: 

he was able to stretch his hands beyond his feet by 6 cm. His 

mastery of the computer game is the most conspicuous 

achievement, expressed by his strategic thinking (stopping the 

game to check for possibilities), fine motor control, control of 

impulsive behavior, enthusiastic reaction at scoring every point, 

self-reinforcement and enjoyment at playing the game. 

 

Graph No. 3: 

The average scores in the Tetris game at every meeting 

 
 

As we can observe, the first two hypotheses were borne out 

quite clearly. The boy improved his score in the game, and his 

willingness to sit for a lengthy stretch of time and complete the 

test shows an improvement in his ability to concentrate. In 
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addition, his cognitive capabilities have also improved. This is 

expressed in his analysis of the game, in his paying attention to 

the details, in his planning of the game and in his motor control. 

The improvement in all these skills contributed in achieving his 

high score. 

The third hypothesis concerns the possibility that playing with 

the computer would improve the flexibility of the boy’s back. 

The MA student emphasized: "I must admit that regarding this 

possibility I was skeptical and so I postulated that there would 

not be any improvement in the boy’s back,  

but my experience in this study shows that other research and 

my own research show identical results, and so my hypothesis 

was disproved.".  

 

Changes in the MA students 

· The action research developed the MA students' awareness 

of the pupils' capability to improve their computer physical 

and concentration skills. 

· The MA students learned to diagnose the pupils objectively. 

· The MA students self-confidence in using the computer, 

designing and manipulating simulations was enhanced. 

· The MA students improved their academic writing. 

 

The Progress of the Pupils in their Learning Process 

· The pupils learned to manipulate virtual simulations.  

· The use of computers changed their learning gradually 

from mechanical to meaningful and relevant to the pupils' 

everyday environments.  

· The spatial intelligence achievements, body movement 

and concentration skills were improved. 

 

5.  DISCUSSION 

The question raised in this article is whether training in virtual 

reality and controlling virtual simulations will affect MA 

students’ awareness of the connection between manipulating 

virtual reality and physical activities, and improve concentration 

skills. In spite of the short time of training and the absence of 

experience in using computers before training, a significant 

improvement of the participants’ PowerPoint presentations was 

recorded, as a result of the different mode of training.  

Learners (students and pupils) can do things that they cannot do 

with physical manipulations. (30). 

Advantages of Computer Manipulations for Teaching and 

Learning 

Certain computer manipulations may be more beneficial than 

any physical manipulations, and allow students to save 

configurations and sequences of actions; dynamically link 

different representations and maintain a close connection 

between pictured objects and symbols;  allow students and 

teachers to pose and solve their own problems;  

Ysseldyke et al. (31) focused on selecting computer 

manipulations that encourage easy alterations of scale and 

arrangement, going beyond what can be done with physical 

manipulations, and demanding increasingly complete and 

precise specifications. 

 

Virtual Reality and Active Learning 

According to Bagley and Hunter (32), students become 

empowered and spend more time in active construction of 

knowledge when using technology. Since our knowledge is 

constantly increasing, and there is now too much information to 

memorize, students should learn how to access information. 

 

The research exemplifies the effects of the manipulation of 

forms moving rapidly on the computer’s screen. Besides the 

challenge of the computerized activities, it helps to build 

physical competence.  

Some methods that focus on manipulations allow and even 

encourage students to choose their own representations material. 

They can also be used to assess whether students understand the 

idea or just have learned to use material in a rote manner. 

Certain computer manipulations encourage easy alterations of 

scale and arrangement, thus they go beyond what can be done 

with physical manipulations and demand increasingly complex 

and precise specifications. Computer manipulating guides 

students to reflect on their actions and alter them by predicting 

and explaining (33). The students succeeded in applying 

physical education theory in their teaching work through the 

unique software, initiated by their need to understand the 

meaning of the movements, the relationships between them and 

how to perform them successfully. 

 

The Connection between Computer Games and Physical 

Activities  

Generally, all or most computer games exercise spatial 

orientation and visualization, as the player has to orient 

himself/herself within a rapidly changing environment. Players 

of the computer game Tetris may elect to preview each 

upcoming shape in order to plan the next step in playing the 

game, while manipulating the fast-changing environment over 

the computer screen. The same skill is needed for performing 

physical skills. Success in the game, that is to say “gaining  

points” has its motivating effect on the participants and thus 

enhances the effect of the training. 

  

The Contribution of Virtual Reality Environment to 

Thinking 

Computer-assisted design, manipulations and control guided the 

MA students to alter and reflect upon their actions, always 

predicting and explaining. The virtual reality environment is 

unique in its dynamic representation. Success in designing, 

manipulating and controlling simulations of the real world has 

its motivating effect on the participants and thus enhances the 

effect of the training. In this research, the impact of the 

computer simulations on body movement and concentration 

skills was clearly shown. 

Moreover, regarding the MA student research works, the 

findings indicated that the students could integrate theory and 

teaching work. Such research works enable the MA students to:  

· Translate theoretical concepts into practical language,  

· Apply them during the teaching work in a variety of 

educational contexts, and 

· Interpret the results of the experiences by looking at them 

through the perspective of the theoretical approaches 

he/she has applied. Such courses usually focus on the 

basics of the use of computers only.  

 

6.  SUMMARY AND CONCLUSIONS 

 
The scientific importance of the research lies in the MA 

students' increased ability to carry out action research and write 

high-level theoretical reports (34). The research contribution is 

also observed in the students’ awareness of their ability to 

advance their pupils' body movement and concentration skills 

by designing, manipulating and controlling virtual learning 

environments,  while technologies are merely tools/or vehicles 

for delivering instruction (35).  

The present study shows that this technology enhanced the 

theoretical and practical teaching work of 55 MA students 

majoring in physical education. The design, manipulation and 

control of computer simulations showed the students that it 

serves as a mediator for developing physical and concentration 

skills. As the MA students became more experienced in 

planning, designing and controlling virtual learning 

environments, they became more convinced regarding its 

impact on physical education programs for their pupils in their 

teaching work, considering the concentration skills too. 
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Consequently, the pupils showed improvement in the trained 

skills.  

According to the MA students’ reports about improving their 

pupils’ physical skills, it seems that the virtual simulations serve 

as a mediator for developing physical skills such as dribbling,  

gymnastic, ground gymnastics, etc. During the computerized 

training process, which facilitated the virtual mode, the students 

learned how to improve their planning physical movements in 

order to perform them in sequence successfully and fluently. 

According to the MA students' reports, these improvements 

were also used to design their teaching programs for their future 

pupils.   

 

7.  REFERENCES 

[1]  J.  Piaget & B. Inhelder, The Psychology of the Child. 

RKP, 1969. 

[2] Y. Yair, R. Mintz & S. Litvak, “3D Virtual Reality in 

Science Education: An Implication for Astronomy 

Teaching”, Journal of Computers in Mathematics and 

Science Education, Vol. 20, No. 3, 2001, pp. 293-301. 

[3] L.A. Nguyen, M. Bualat, L.J. Edwards, L. Flueckiger, C. 

Neveu, K. Schwehr, M.D. Wagner & E. Zbinden, "Virtual 

Reality Interfaces for Visualization and Control of 

Remote Vehicles". Autonomous Robots, Vol. 11, No. 1, 

July, 2001, pp. 59-68. 

[4] N. Ayache, Medical Computer Vision, Virtual Reality 

and Robotics, INRIA — EPIDAURE Project, BP93-

06902, Sophia-Antipolis, 1999.  

[5] U. Yang, “Just follow me: An immersive virtual reality 

based motion training system,” in International 

Conference on Virtual Systems and Multimedia, 1999. 

 [6] A. Pazhitnov, Tetris: There is no Simple Strategy. 

Nintendo Entertainment System, 1985. 

[7] P.G. Kenny, T. D. Parsons & A. A. Rizzo, "Human 

Computer Interaction in Virtual Standardized Patient 

Systems". HCI, pp. 514-523. 

[8] C. Kieran & H. Joel, “Its tough W hen You Have to Make 

the Triangles Angles: Insight Computer Based Geometry 

Environment”. Journal of Mathematical Behavior, Vol. 9 

(October), 1990, pp.99-127. 

[9] H. Sveistrup, "Motor rehabilitation using virtual reality". 

Journal of Neuro Engineering and Rehabilitation, Vol. 

1, No. 1, 2004, article 10.  

[10] P. L. Weiss, D. Rand, N, Katz & R. Kizony, "Video 

capture virtual reality as a flexible and effective 

rehabilitation tool". Journal of Neuroengineering 

Rehabilitation, Vol. 1, No. 1, 2004, p. 12.  

[11] M. Sandlund, S. McDonough & C. Hager-Ross, 

"Interactive computer play in rehabilitation of children with 

sensorimotor disorders: A systematic review". 

Developmental Medicine & Child Neurology, Vol. 51, 

No. 3, 2009, pp. 173-179.  

[12] M.S. Darrow, “Increasing Research and Development of 

VR in Education and Special Education”. VR in the 

School, Vol. 1 No. 3, 1995, pp. 5-8. 

[13] K.M. Osberg, “Virtual Reality and Education: W here 

Imagination and Experience Meet”. VR in the Schools, 

Vol. 1, No. 2, 1995, pp. 1-3. 

 [14] G. Piccoli, R. Ahmad, & B. Ives, “W eb-based virtual 

learning environments: A research framework and a 

preliminary assessment of effectiveness in basic it skills 

training,” MIS Quarterly, Vol. 25, No. 4, pp. 401–426, 

2001. 

[15] M-N. Lamy & R. Goodfellow, “Reflective conversation,” 

Virtual Language Classroom. Language Learning and 

Technology, Vol. 2, No. 2, pp. 43–61, 1999.  

[16] M. Lee, “Presence, explicated,” Communication Theory, 

Vol. 14, 2004  pp.  27–50. 

[17] J. W. Harvey, G. Reid, G. A. Bloom, K. Staples, N. 

Grizenko, V. M. Ter-Stepanian & R.Joober, "Physical 

Activity Experiences of Boys With and Without ADHD". 

Physical Activity Quarterly, Vol. 26, 2009,  pp. 131-

150. 

[18] R.A. Barkley, "ADHD and the nature of self-control". 

New York: Guilford Press, 1997. 

[19] A. Lopez-Williams, A. Chacko, B.T. Wymbs, G.A. 

Fabiano, K.E. Seymour, E.M. Gnagy et al., "Athletic 

performance and social behavior as predictors of peer 

         acceptance in children with attention-deficit/ hyperactivity 

disorder". Journal of Emotional and Behavioral 

Disorders, Vol. 13, 2005,.pp. 173–180. 

[20] D.H. Clements, "'Concrete’ Manipulatives, Concrete 

Ideas”. Contemporary Issues in Early Childhood, Vol. 

1, No. 1, 1999, pp. 45-60. 

[21] L.S. Vigotsky, Mind in Society. Cambridge, MA: Harvard 

University Press, 1978. 

[22] J. W. Wertsch, "A Socio-cultural Approach to Socially 

Shared Cognition". In L. B. Resnick, J. M. Levine & S. D. 

Teasley (Eds.) Perspectives on Socially Shared Cognition 

(pp. 85-100). Washington. DC: American Psychological 

Association, 1991. 

 [23] A. Kezar, "Understanding and Facilitating Organizational 

Change in the 21th Century: Recent Research and 

Conceptualizations [Special Issue]". ASHE-ERIC Higher 

Education Report, Vol. 28, No. 4, 2001, pp. 1-162. 

 [24] Y.-L. Chen, Y.-R. Hong, Y.-T. Sung & K.-E. Chang, 

"Efficacy of Simulation-Based Learning of Electronics 

Using Visualization and Manipulation". Educational 

Technology & Society, Vol. 14, No. 2, 2011, pp. 269–

277. 

[25] O. Hetsrony & U. Shalem, “Alternative Facilitative 

Communication – Using Cards of Symbols for Autistic 

Children”. Topics in Special Education and 

Rehabilitation, Vol. 13, No. 1, 1998, pp. 33-43 (In 

Hebrew). 

[26] J.C. Raven, Progressive Matrices Standard, France: Issy-

Less-Moulineaux, Scientifiques Psychotechniques, 1980. 

[27] D. Loya, Developing concentration and attntion skills 

by body movement and computer simulation. Giv'at 

Washington Academic College of Education, Israel, 2013 

[28] E. Zelkar, Developing concentration and attntion skills 

by body movement and computer simulation. Giv'at 

Washington Academic College of Education, Israel, 2013 

[29] E. Moyal, Developing concentration and attntion skills 

by body movement and computer simulation. Giv'at 

Washington Academic College of Education, Israel, 2013. 

[30] V. Pantelidis, “Reasons to Use VR in Education”. VR in 

the Schools, Vol.1, 1995. 

[31] J. Ysseldyke, R. Spicuzza, S. Kosciolek & C. Boys, "Using 

a curriculum-based instructional management system to 

enhance math achievement in urban schools". Journal of 

Education for Students Placed At Risk, Vol. 8, No. 2, 

2003, pp. 247–265. 

[32] C. Bagley & B. Hunter, "Restructuring, Constructivism, 

and Technology: forging a New Relationship". 

Educational Technology, Vol. 32, 1992, July, pp. 22-27. 

[33] D. H., Clements & S. McMillen, “Rethinking ‘Concrete’ 

Manipulatives”. In D. L. Chambers (Ed.), Putting 

Research into Practice in the Elementary Grades (pp. 

252-263). Reston, VA: National Council of Teachers of 

Mathematics, 2002. 

 [34] E. Zaretsky, "Determining Standards for Licensing and 

Grading Teachers and Advising an Alternative Standards 

System". Research Journal (Hebrew), 2006. 

 [35] R. Campoy, "The Role of Technology in the School 

Reform Movement". Educational Technology, Vol. 32, 

1992, August, pp.17-22. 

311

Proceedings of The 17th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2013)



 

PARADIGM SCIENTIST POSTPOSITIVISM AND THE PRACTICE 

OF ENGINEERING IN THE 21ST CENTURY 

 

P. Romero, K. Rojas, C. Romero 

Universidad de la Costa 

Barranquilla, 50366, Colombia 

promero3@cuc.edu.co, krojas4@cuc.edu.co, cromero11@cuc.edu.co  

 

 

Overview. 

This work corresponds to a cycle of 

discussions of the Chair in qualitative 

research of doctorate in science education 

from the Universidad Dr. Rafael Belloso 

Chacín. It includes an affirmative analysis of 

positivism as the philosophical foundation of 

the engineering method for the undertaking of 

projects, whereas in this vision of the 

engineer in his praxis and the analytic 

explanation of experiences planned, in 

contrast to the potspositivism and its 

relationship with the social sciences. 

 

Development. 

The positivist paradigm refers to the context 

of objectivity to describe a reality that which 

exists and can, part of it, be really observed 

through the senses, our cognitive systems in 

partial or total way, depending on the needs. 

It is important to understand that human 

beings (Homo sapiens) round this planet as a 

species for thirty thousand years; however 

have traces of civilizations just four thousand 

years. 

 

In this sense the society handles formal from 

the era of the Greeks and physics scientific 

and philosophical knowledge as scientific 

discipline is relatively short with respect to 

the known civilizations. In this sense the 

scientific contributions of physics as a 

science have allowed defining the spatial 

reality that surrounds us and instances of 

knowledge that have transformed humanity to 

undertake. The positivist paradigm, in the 
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praxis of the technologist has not changed at 

the dawn of the new Millennium; Although 

the level of new philosophical paradigms that 

were born in the second decade of the last 

century, applications have not gone beyond 

that in dialectic speculations; Nevertheless it 

is the postpositivism as an emerging 

paradigm based on assumptions different and 

opposed to positivism. 

Technology is born and is strengthened 

within the industrial revolution, and is 

scientific when the new discoveries of 

science are applied in it for welfare of 

mankind, in the majority of cases. The control 

and eradication of diseases through new 

methods and medications (antibiotics); the 

construction of large buildings, the advent of 

computers, telecommunications, 

technological convergence and other large 

works have been built and continue building 

allude to the positivist method in the 

technological world. 

Without however it must be emphasized that 

in the field of social and humanistic sciences 

nature of the variables not always can be 

defined through demonstrations and static 

laws or budgets of Supreme objectivity. This 

is how emerges a new paradigmatic view that 

allows you to insert an interaction between 

the Knower and the known object. 

It is important to then address a paradigmatic 

discussion by defining the epistemological 

position that conceptualizes the natural task 

in the technological world; the specific 

practice of life related disciplinary knowledge 

of engineering, i.e. your scholastic training. 

To ensure the budget special epistemic other 

paradigms can rate since the vision of the 

researcher recognizes the application of 

particular alternative models in other sciences 

that can be applied on certain problems of 

their own discipline. 

Assuming that physics is one of the most 

objective and that this has changed his praxis 

and vision epistemic to be able to relate the 

phenomena inherent to the imperceptibility of 

the senses of man is quite daring this 

perception when for example by 

postpositivism philosophers, the 787 

dreamliner was developed under the positivist 

paradigm and flight tests operation and 
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current failures have been developed with 

methods of observation always. In fact 

studies of classical thermodynamics are based 

on the continuon (continuous or uniform 

system) to highlight statistically uniform 

behavior of particles in a given State, 

allowing in this way to conclude specific 

applications on different systems. It is well 

known that the natural phenomena of climate 

science cannot work completely in the 

continuon, but developments of physics and 

mathematics aided by computer have 

improved budgets of knowledge in these 

areas; positivistic assumptions that have 

improved the living conditions of human 

beings. 

That is his praxis and continuous 

measurement for technologists (engineers), 

the application of scientific knowledge is its 

method, how to approach a different 

paradigm, is very simple, noting the 

interdisciplinary environment, managing 

interdisciplinary and linking bridges between 

them for the solution of common problems. 

Not to say that they left tackle the 

epistemological paradigms of each discipline, 

only that interdisciplinary requires the joint 

action of different paradigms. 

In the case of teaching engineers, their 

technological endowment is involved as a 

way to research processes, but when research 

in the teaching of engineering processes 

communication with social sciences ties are 

released to address paradigms appropriate to 

the solution of problems of University 

teaching. In this sense Thorn (2007), 

establishes that the investigation of problems 

of different dimensions requires application 

of oriented trans-disciplinary scientists 

develop links through the dialogue between 

science and society; this is an advent of 

positivism as emerging method. 

Way provided the postpositivism paradigm 

involves the interdisciplinary  as introductory 

of various branches of knowledge to interact 

in their practice allowing a multiplicity as 

introductory of various branches of 

knowledge to interact in their practice 

allowing a multiplicity of voices in the 

solution of the problems achieving consensus 

of validity through intersubjectivity, being the 

replacement of objectivity. 
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Conclusion. 

To conclude it is necessary reconsider that the 

vision of the engineer in the current 

environment of the 20th century will be the 

keep your method and praxis in its 

disciplinary environment, i.e., the positivist 

paradigm and link vessels communicating to 

other disciplines (transdiscipline) when 

required by the solution of a problem. The 

necessary coexistence of epistemologically 

distinct scientific disciplines but mainly with 

a coexistence altogether which is vital for the 

development of humanity that hovers within 

the process of globalization and that is not an 

exception in the growth of a society is this 

then, scientifically strong. 
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ABSTRACT 
 

 Every company with competent leadership is 
focused on growth; a normal method for growing most 

businesses is to provide training for the key individuals 

who are in positions to enhance the growth of the 

company.  The sales function would be a high priority in 

most companies in terms of training program 

investment.  The purpose of this study is to establish an 

ongoing monitoring system.  The research question 

focuses on the impact of a sales department coaching 

program initiated in January, 2013, within the 

researcher’s company.   

 

INTRODUCTION 

 

 The division chosen is the wholesale 

distribution sector, with branches in southeast U.S. The 

major business challenge in this business segment is the 

competitive price pressure in the marketplace.  The 

contractor-based professional industry, which includes 

construction, maintenance and repair-renovation 

activities, has slowly rebounded from the recession 

bottom in 2008.  Contractors purchase a wide variety of 

products in various product groups on a daily basis for 

immediate delivery from various wholesale distribution 
companies.  Wholesale price competition at all levels is 

intense, causing profit margins to decline below 

historical levels.  The net result is gross sales increasing 

and gross profit decreasing simultaneously. 

 

REVIEW OF LITERATURE 

 

 While coaching and on going monitoring are 

not new concepts, the methodologies used to achieve 

and measure organizational goals involve frequent 

change.  One of the things that is in constant flux is 
technology.  Coaching also involves a fresh and new 

outlook from both the trainer and trainee.  A review of 

technology and coaching models then, is relevant to 

establish continuous improvement through coaching.  

Many authors have paved the way for dialog on effective 

coaching methodologies.  From them we will glean and 

derive best practices for adaptation. 
 Stern and Robinson [1] conduct a study that 

extracts coaching methodologies between 2011 and 2012 

from publications around the world.  Of the coaching 

strategies mention, sports coaching was not included in 

the study.  Spanning from manufacturing to education, 

the coaching models seen are part of a very thorough 

summary of current methodologies in use.  Each 

coaching program contained an objective, a design, and 

some method used to build its ongoing assessment.  Of 

the methodologies mentioned, the one that resembled the 

goals of this researcher came from the focus area dealing 
with coaching in organizations.   

 Several coaching designs are worth mentioning. 

Mathieu and Pousa [2] present the opportunistic 

behaviors of sales persons, which attribute to falsified 

sales reports.  The premise for their study comes from 

social exchange theory.   Walker-Frazier [3] present the 

possibilities that exist in the exchange that comes from 

the collaboration between executives and salespersons.  

From it, the author derived a “strategic system of 

coaching-organizational learning.”  Other coaching facets 

mentioned deal with management training, line manager 

involvement in organizational coaching, and the 
psychological behaviors existing in organizational 

coaching. 

 Monitoring has also taken on a new face.  Today, 

the phone can be used by the sales force during pricing 

discussions. In fact, most mobile phones have 

technologies that could track/monitor sales calls.  

Android has an application called monitoring system 

enabling supervision of sales calls while they're begin 

made [4].  From it, organizational coaches can pin point 

the place in the conversation where the discussion shifts 

from a competitive price offering to a price reduction 
strategy. 

   

COACHING OBJECTIVES  
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 The central focus of the company’s coaching 

program is to provide training which improves the 

salesperson’s ability to handle competitive price 

pressure without simply matching or reducing 

competitive price levels. Said another way, the company 

wants to provide training to adopt a new strategy for 

competitive prices.  No one distributor is lowest price 

on every product group, and customers often select their 

sources for various products based only on lowest price, 
effectively splitting orders and diluting market share for 

any one distributor.   

 Well-developed negotiation skills are crucial to 

success for the salesperson.  In an effort to gain 

competitive advantage, our company has significant 

differentiators which enhance the qualitative side of the 

relationship with many customers and the general 

marketplace.  Bringing those qualitative aspects into the 

relationship can enhance the company’s position with 

many customers.   

 

STRATEGIES 

 

According to Levine [5], the general equation 

for continuous improvement will include the following 

constructs:   

THE RIGHT SALES FORCE  

+ PRODUCT MIX + INFRASTRUCTURE  

= MET MARKET DEMAND 
 

While this serves as a generic road map for success in 

many industries involving salespersons, the equation 

contains two fixed constructs and one variable 
construct.  The produce mix and the infrastructure could 

be considered as independent variables in this equation.  

The right sales force, however could have a direct 

correlation to the met market demand in this industry.   

 Each of the variables presented have a variety 

of other components that make them up.  The product 

mix could be altered based on need and availability.  

Further, the infrastructure will be impacted by the day to 

day operations and order fulfillment.   

 The right sales force however, is comprised of 

human performance and decision-making aptitude when 
it comes to making a sale.  Sales performance could be 

impacted by the years of experience on the job.  

Markose, Mathew and Mathew, [6] describe several 

evaluation-based attributes that could affect the future 

performance of salespersons as well as their perception 

of how they're doing. 

 Organizational coaching standards would need 

to take on certain characteristics to be affective.  

According to Levine, [5] some of the major themes that 

come to mind include preparation through simulation; 

creating a vehicle to compete globally for longitudinal 

studies, Time management and database management. 
To achieve your result, certain processes need to be in 

place.  In the positivist view, data is objective & 

independent of the researcher.  Bichler and Loebbecke, 

[7] present the concept of “user modeling and 

personalization of information systems “as important 

components of software engineering and information 

systems development”  

 An example of this positivistic view in 

information systems is seen in an article written by 

Walsham [8].  Here, it shows that information systems 

(IS) evaluation is dominated by positivistic scientific 

paradigm [8]. According to Walsham, [8] information 

systems evaluation is referred to as a complex decision 
making process because of the various social and 

organizational processes it is embedded in.  

As a result of an ongoing coaching program, the 

company seeks to establish a positive correlation between 

a particular salesperson demographic factor and improved 

gross profit margins.  The company's sales force is 

comprised of a wide variety of personalities, educational 

experience and ages.  The sales manager competencies 

play a critical role in the effective application of the 

strategy to operationalize the goals.   

The role of the sales manager was found to be 

pivotal in the success or failure of the management of the 
sales organization [9].    Sales managers can enhance the 

salesperson optimism through individualized support and 

that optimistic salespeople were more likely to be 

productive and more likely to engage in sportsmanship 

organizational citizenship behavior. 

 

INFORMATION SYSTEMS 

REAL TIME COMMUNICATIONS 
 

Effective sales coaches understand that each 

salesperson is unique, and thus establish open, two-way 
channels of communication in order to really learn each 

rep's individual strengths and weaknesses. This level of 

communication creates an environment of trust and 

mutual respect in which the coach and individual 

salesperson work collaboratively toward the 

accomplishment of mutual goals [10].    

Differences such as organization-person value 

fit, quality of communication levels with the manager, 

confidence in the quality of the company products versus 

competition, years of education and age category are 

influencers in terms of the ability of the coaching efforts 
to create preferred behaviors and attitudes in the 

salespersons.  Further, increasing the amount of coaching 

improves attitudes and behaviors; the focus should be on 

younger salespeople, salespersons with lower levels of 

confidence as far as products are concerned, the less 

educated salespersons, and those whose values are not 

fully synchronized with the company [11]. 

 

 

MONITORING COACHING  

AND FINANCIAL SUSTAINABILITY 

 

In January, 2013, the researchers’ company 

began an ongoing coaching program for the sales team 

with a singular focus of improving profit margins in a 

highly competitive marketplace.  Past coaching programs 
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were classroom-based.  The key change in format was 

to switch to a one-on-one coaching platform.   

The ongoing coaching program is based on the 

belief that a properly skilled and motivated salesperson 

will be able to improve the financial results generated 

from her efforts by becoming more efficient and 

effective in generating business for the company, in a 

highly competitive marketplace.  A table to measure the 

demographical breakdown of the salesforce is seen 
below.   

 

APPENDIX B 

       DEMOGRAPHIC VARIABLES OF 

SALESPERSONS 

 Age    Formal education 

Code     Code   

A1 18 to 30   E1 

No high school 

diploma 

A2 31 to 45   E2 High school 

A3 46 to 60   E3 Some college 

A4 Over 60   E4 College graduate 

 
 

CONCLUSION 

In order to facilitate continuous improvement through 

coaching, a company would need to consider several 

aspects.  Levine [5] stated it best when he identified 3 

main areas leading the successful market stimulation 

and penetration.  A specific network would need to be 
adopted in the current infrastructure  This network 

should  include access to  a local area network.   

 System storage is also important for 

longitudinal studies.  Further, virtual or mobile phone 

access may be something to be considered in 

organizational coaching and development [12].  All in 

all, the future looks bright for coaching.  Perhaps the 

development of an application for phones is pending 

approval. 

 

CASE STUDY QUESTIONS 

1. Given the demographic variables of the 

salesforce, construct a monitoring system.  List 

the most important elements that should be 

considered for an ongoing sales and coaching 

monitoring system. 

2. List possible cloud based server applications that 

could monitor local, regional, national, and 

international sales for the company.  Indicate the 

license requirements and policies for security. 

3. The company's president had decided that he 

wants all sales persons to have access to training 

via a mobile application that's internal to the 

company.  Compose a list of features and 
capabilities the app should have, which 

communicate with the training manager, and 

with the organization's database. 

4. What is the competitive advantage of real time 

reports on the company's sales?  Consider the 

following stakeholders in your answer: ceo, 

accounting dept., Sales department, training 

manager, trainee. 

5. What are some of the opportunities that exist in 

communication through the implementation of 

this organizational model?  In light of the new 

technological advances, what are the threats so 
creating a moble application for coaching? 
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ABSTRACT 

This work presents preliminary results of the 

potential of nanoclay fillers to enhance  the 

composites’ mechanical characteristics. Various 

percentages of nanoclay ranging from 0 % to 9.4 %. 

were added to the woven Kevlar composites to 

investigate their effect on the composites’ mechanical 

properties. It is shown that the addition of nanoclay 

to composites resulted in a considerable change in the 

stiffness of the nanoclay reinforced samples.  The 

best percentage was the 2 % which led to a 10% 

increase in the modulus of elasticity and a 265% 

hardness increase.  

Keywords: Reinforced Composites, Nanoclay 

Fillers, Mechanical Characteristics 

 

1. INTRODUCTION 

 

The widespread use of nanocomposites has attracted, 

in recent years, the attention of scientists and 

researchers in many engineering applications due to 

their superior mechanical, thermal, chemical and 

electrical characteristics. The introduction of 

inorganic nanoparticles as additives into polymer 

systems has resulted in polymer nanocomposites 

exhibiting multifunctional, high-performance 

polymer characteristics beyond what traditional filled 

polymeric materials possess. The development of 

these new materials has enabled the circumvention of 

classic material performance trade-offs by accessing 

new properties and exploiting unique synergies 

between materials, that only occur on the nano scale 

level. Through alteration of the additives at the nano 

scale level, one is able to maximize property 

enhancement of selected polymer systems to meet or 

exceed the requirements of current applications. The 

technical approach involves the incorporation of nano 

particles into selected polymer matrix systems [1]. 

 

Woven roving fabric laminates have proved to have 

superior properties compared to those of laminates 

made of unidirectional  prepregs (pre-impregnated) 

[2, 3]. Woven fabrics, which are used in a number of 

engineering applications across various industries, 

consist of yarns woven in the fill and warp directions. 

The yarn is crimped, or curved, as it is woven up and 

down over the cross yarns. The nonlinear mechanical 

behavior of the fabric arises from different sources: 

the nonlinear response of the individual yarns, the 

exchange of crimp between the fill and warp yarns as 

they are stretched, and the contact and friction 

between the yarns in cross directions and between the 

yarns in the same direction. In general, the fabric 

exhibits a significant stiffness only along the yarn 

directions under tension. The tensile response in the 

fill and warp directions may be coupled due to the 

crimp exchange mentioned above. Under in-plane 

shear deformation, the fill and warp direction yarns 

rotate with respect to each other. The resistance 

increases with shear deformation as lateral contact is 

formed between the yarns in each direction. The 

fabrics typically have negligible stiffness in bending 

and in-plane compression [4]. 

 

The main objective of the current study is to 

investigate the application of nanoclay (NC) in 

woven Kevlar laminated composites to enhance their 

mechanical properties. It is shown that the variation 

of NC percentage usually lead to different 

characteristics of the resulting composite. Toward 

that end, different percentages of NCs were utilized 

and the results were compared to control samples 

composed of Kevlar plies only.  A bending and a 

micro hardness tests were utilized, respectively,  to 

investigate the impact of NC fillers on the flexure 

modulus and the effect of the nanoclay fillers on the 

hardness of the lamina.  It should be noted that a 

different test; namely,  the nano indentation test,  is 

recently utilized by the authors to study the effect of 

NC addition on the mechanical behavior of 

composites [5],  and a comparison between the 

obtained results and the findings of this work  is also 

reported [5]. 
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The laminated composites were prepared manually of 

fifteen plies of woven Kevlar49 arranged in 

symmetrical 0/45˚ alternation. Painting the matrix 

mix over each ply using painting brushes, then rolling 

each ply using a metallic roller to insure saturation of 

the resin and complete bonding between layers, after 

that composite hot pressing technique was performed 

to insure plies perfect bonding and unified thickness 

and to expedite the curing process A standard three-

point bending testing apparatus was utilized in order 

to investigate the impact of NC fillers on the flexure 

modulus. Finally, micro and nano hardness tests were 

carried out to further investigate the effect of the 

nano fillers on the hardness and the elastic modules 

of the lamina. 

The organization of the paper is as follows.  The 

sample preparation is discussed in Section 2.  The 

experimental results including the three point 

bending test and the micro hardness test are detailed 

in Section 3.  The conclusions are provided in 

Section 4.  

 

2. SAMPLE PREPERATION 

 

The composite Kevlar 49 was used in preparing the 

samples of this research.  The Nano Clay used as an 

additive in this work  was obtained from Sigma 

Aldrich CAT number and was used without 

modification. 

The control samples were prepared by mounting 

fifteen woven Kevlar 49 layers (17 x 17 cm size, 

0.125 mm thickness) arranged symmetrically in 

0
o
/45

o
 orientations. The Kevlar plies were bonded 

together with vinylester resin. K-12 hardener with 0.5 

wt% was added to insure and accelerate the 

vinylester curing. The percentage of vinylester was 

determined by calculating the minimum amount of 

resin required to insure complete saturation of Kevlar 

layers by resin. The fiber fraction, which was 

calculated after the complete curing of the composite, 

was 27 wt %.  

 

Four steps were used to produce the composite 

laminate fabrication: wetting/ impregnation, lay-up, 

consolidation, and solidification [6]. In the 

impregnation step, fibers and resins were mixed 

together to form a lamina. In the lay-up step the 

desired fiber architecture as dictated by the design 

was achieved. The desired composite thickness was 

built up by placing various layers of the fiber and 

resin mixture. The consolidation step involved 

creating intimate contact between each layer of the 

lamina. This step ensured that all the entrapped air 

was removed between layers during processing [7-9]. 

The solidification step involves placing, the specimen 

inside a hot press machine where the two pressing 

plates were sprayed by mold release agent and heated 

up to 175
o
C. The laminated composite was then 

compressed by a force of 4500 N distributed over 30 

cm x 30 cm area for 15 minutes. The composite 

lamina was prepared so that a resin percentage of 32 

wt % and a Kevlar fibers percentage of 68 wt % is 

produced. Five different percentages of NC Kevlar 

composites were prepared; namely,  0%, 2%, 4.3%, 

7% and 9.4%.   

 

3. EXPERIMENTAL RESULTS 

 

The mechanical characteristics of the NC Kevlar 

composites were investigated using a three point 

bending and micro hardness tests as detailed below.  

Three Point Bending Test 

The objective of this test was to study the effect of 

NC addition on the flexure stiffness of the 

nanocomposite samples. The three point bending 

tests were carried out using an apparatus which is 

built according to the ASTM D790 standard [10].  

Three samples were tested for each group of the 

considered five NC percentages (0%, 2%, 4.3%, 7% 

and 9.4%. ). The load-deflection behavior was 

recorded for all samples, and the elastic modulus was 

then calculated using the flexural modulus formula.  

 

The samples with 0% wt NC represent the control 

sample group which contains vinylester and Kevlar 

fabrics only. The slope of the load-deflection curve of 

this and the other groups was approximated by 

drawing the best fit linear relation.  Other samples 

with different percentages of NC showed similar 

behavior but with different modulus of elasticity as 

summarized in Table 1. The results showed 

considerable changes in the stiffness of the NC 

reinforced samples. While for the group with 2% wt 

NC the modulus of elasticity increased by about 10 

%, the stiffness of the group with 4.3%wt NC 

increased by about 7.5 %. On the other hand, it can 

be noticed that the stiffness does not increase linearly 

with the NC weight percentage. It is observed that the 

modulus of elasticity of the group of samples 

reinforced with 7 % wt NC almost had the same 

flexure modulus of the control samples group, and 

the stiffness of the composites of the group with 

9.4%wt NC was almost reduced by 9 %.  

 

Table 1.  Average Flexure Modulus of      

elasticity of NC composites 

% wt NC 0 2 4.3 7 9.4 

Eavg (GPa) 2.34 2.58 2.44 2.33 2.13 
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Micro Hardness Test 

The term micro hardness test usually refers to static 

indentations made with applied loads in the range 

0.001 to 1 kgf. The indenter is either the Vickers 

diamond pyramid or the Knoop elongated diamond 

pyramid. The procedure for testing is very similar to 

that of the standard Vickers hardness test, except that 

it is done on a microscopic scale [11].  

 

Micro Hardness Tests, using the Vickers micro 

hardness indenter, were performed for the different 

NC composites, where different trials were done for 

every sample. All readings were taken along 

centerlines at the mid width of the sample on both 

faces. The regions of porosities were avoided and the 

average of readings was calculated.  Figure 1 

summarizes all the results where it is shown that 

considerable changes in the hardness of the NC 

reinforced samples occurred.  Specifically, the 

samples with 2 % NC increased the Vickers hardness 

number by 265%. The samples with 4.3 % NC were 

able to increase the hardness of the NC Vinylester 

composite by 6.4 %. The Vickers hardness of the 

samples reinforced with 7 % decreased by 6.5 % 

from 16.34 HV while the hardness of the composites 

with 9.4 % was reduced by 33 %.   It should be noted 

that a different test; namely,  the nano indentation 

test,  is utilized to study the effect of NC addition on 

the mechanical behavior of composites,  and a 

comparison between the obtained results and the 

findings of this work  is also reported [5]. 

 

It should be noted that the Vickers hardness number, 

HV,  is obtained by dividing the force applied to a 

Vickers indenter by the surface area of the permanent 

impression made by the indenter, is calculated 

according to the following equation. 

                                                                                                                                 

Where p is the applied force in N, and   is the length 

of the impression long diagonal in mm. 

4. CONCLUSIONS 

 

The NC addition to the Vinylester resulted in a 

considerable change in the stiffness of the NC 

reinforced composite samples. The best obtained 

percentage was the 2%wt of NC which increased the 

modulus of elasticity by 10 %. The micro hardness 

showed that the 2 % of NC was the best percentage 

and it increased the hardness by 265 %. The results 

obtained from the three point bending and micro 

hardness tests are consistent, and showed that 2% wt 

of NC gives the stiffest and hardest composite.  

 

 

Figure 1. Effect of Nano Clay % on the Micro 

Hardness of NC composites. 
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ABSTRACT 
 
Currently, there are a lot of enterprises around the world 
dedicated to the same business e.g. banking, academy, 
trading, etc. All of those enterprises require specific 
information systems; however, the information systems 
in the same business have several similar or equal 
features. Consequently, it is possible to create one 
information system for one specific business reusing 
components developed previously in another 
information system of the same specific business. In 
this context, Software Product Lines (SPLs) have been 
created in order to offer the capability to reuse software 
components. As a result, one SPL is made up of several 
software components. Due to enterprises are different, 
the information systems are different also, although 
those enterprises belong to the same business; for 
instance, academy. So, in one SPL, it is necessary to 
have some core components and several auxiliary 
components. Based on this set of components, it is 
possible to combine them in order to get an information 
system functional for one specific enterprise in one 
specific business.  
 
Keywords: Software Product Line (SPL), Model 
Driven Engineering (MDE), Eclipse Modeling 
Framework (EMF), Model Transformation Chain 
(MTC). 
 

1. INTRODUCTION 
 
Businesses in the same context usually require 
information systems with several similar features. 
However, if the business is very complex, it requires a 
big quantity of components and the management of this 
big set of components becomes a problem. Software 
Product Lines (SPLs) [1, 2] have been created in order 
to offer the capability to reuse software components. 
The SPL must be created in one platform (e.g. JEE Java 
Enterprise Edition); consequently, all components must 
been developed in that platform and the connections 
between components are usually created when one new 
information system must be built using the SPL; as a 
result, the process of creating a new information system 
becomes complex also. In addition, if we require 
creating several information systems simultaneously, 
due to all enterprises are different, the process of 
creation the final information systems would be dilatory 
and complex.  

 
On another hand, in Model Driven Engineering (MDE), 
one metamodel is used to abstract a specific domain and 
one model, which conforms to the correspondent 
metamodel, is used to represent a specific case in the 
domain [3-5]. Also, metamodels are created by 
metamodelers and models are created by modelers 
based on the conformant metamodel. In addition, one 
Model Transformation Chain (MTC) consists in some 
individual transformations in order to get a specific 
result [6]. Usually, the final result is the source code of 
a final project.  
 
In this paper, we present one MTC to connect 
automatically components that belongs to a specific 
SPL. This MTC has three main elements: the first 
element is the context metamodel with the abstraction 
of the domain of the SPL, the second element is the 
architecture metamodel with the abstraction of the 
architecture of the SPL, and the third element is the 
context model that conforms to the context metamodel 
and has the description of one specific product to be 
built by the SPL. In addition, the MTC has two 
transformations: the first transformation y the one that 
transforms the context model in the architecture model 
and the second transformation is the one that transforms 
the architecture model in the source code required to 
make the needed connections between the components 
required for the final information system that has been 
described by the context model.  
 
Finally, the MTC has been evaluated in one SPL 
created for the construction of information systems in 
the academy domain. In this domain, there are a lot of 
variability points that would be controlled through the 
MTC. The modeler must establish these variability 
points when he/she creates the context model. Some of 
these variability points can be the following: 

1. Creation of faculties and departments. In the first 
case, some universities have several faculties and 
each faculty has several departments. In the 
second case, some other universities have several 
faculties, but each faculty has just one 
department; as a result, this kind of universities 
can work without departments. In the third case, 
some other universities have several faculties, but 
some faculties have several departments and some 
other faculties have just one department; 
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consequently, this kind of universities have a 
combination of the previous two situations. 

2. Grades. In the first case, some universities have 
numerical grades, but they do not approximate the 
grade. In the second case, some universities have 
numerical grades, but they approximate the grade; 
for instance, if the grade is 3.8, this grade in some 
universities is approximate to 4.0. In the third 
case, some universities use alphabetic grades 
where the best grade is A and the worst grade is 
F. In the fourth case, some other universities use 
just two linguistic grades, which are Approved 
and Failed. In the fifth case, some other 
universities uses a combination of some kind of 
grades presented above; for instance, they use 
numerical grades for regular subjects (e.g. 
calculus, physics) and linguistic grades for 
subjects related with final projects (e.g. thesis).   

 
The paper is structured as follows. Section 2 presents 
the context in order to explain the related concepts in 
the paper. Section 3 presents the solution strategy. 
Section 4 presents a case study of the MTC. Finally the 
conclusions are presented in section 5. 
 

2. CONTEXT 
 
2.1 Model Driven Engineering 
 
In Model Driven Engineering there are two main 
artifacts: models and metamodels. A model is a set of 
statements about a system which is under study. These 
statements are relating to the abstraction of an element 
that can be considered true or false. In software 
engineering, a model refers to an artifact developed in a 
modeling language, which describes a system through 
different types of diagrams. One model requires three 
key features [4]: mapping, indicating that a model is 
based on an original concept; reduction, indicating that 
the model reflects only a selection of original and 
pragmatic concept, indicating that the model needs to 
be used taking the specific purpose of the original 
concept. On the other an engineering model must 
contain the following characteristics [5]: abstraction, 
indicating that the model is always a reduced 
representation of a system that it represents; 
understanding, indicating that the model must maintain 
a way that directly appeals to the intuition; precision, 
indicating that the model should provide a true 
representation of the interesting features of the modeled 
system; predictive, indicating that the model is to 
predict the interest but not the obvious properties of the 
modeled system and low expression, indicating that the 
model must be economically significant for the 
construction and analysis. 
 
A copy of the original concept is not a model. A model 
is a description of something. The software engineering 
models are created in the analysis phase and are used to 
describe the problem. Additionally, all models can be 
transformed and not everything is necessarily 
convertible to a model [7]. The modeling is a human 

activity, because every action is preceded by a 
construction of a model [8]. 
 
There are two different kinds of models are: 
 
• Token model. These models capture elements 

with specific and particular aspects of an item. 
• Type model. Capture the universal aspects of the 

original concept. Models can be considered as a 
model and is not appropriate to consider them as 
metamodels. 

 
The relationship between a model and its metamodel 
can be characterized as an instance; however, can be 
expressed best as a model conforms to the metamodel. 
The interpretation of a model can be obtained by 
mapping the model elements with elements from the 
original concept, which can determine the level of 
accuracy in the statements with the elements. 
 
MDE uses models as an input and / or formal output 
computer-based tool implementing specific operations 
[4]. As a consequence, engineering frameworks have 
evolved progressively model MDA (Model Driven 
Architecture) defined by the OMG (Object 
Management Group). 
 
The main use of a metamodel is to facilitate the 
separation of concerns of a domain. When several 
models have been extracted from the same system with 
different metamodels, these models are related [3].  
 
The following figure shows the classical architecture of 
the OMG. In the low level, M0 layer is the actual 
system. The level M1 represents the model. The M1 
level model is conformed to the metamodel defined at 
the M2 and it is conformed to the meta metamodel of 
the level M3. The meta metamodel is conformed to 
itself. 

 
Fig 1. MDE Levels [3] 
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2.2 Model Restrictions 
 
At the time of building a metamodel, the model that 
conforms to this must attend all characteristics defined. 
However, in many cases, the metamodel cannot specify 
certain characteristics as constraints obtained by 
abstraction of original concept that is modeled. 
 
Object Constraint Language (OCL) [9, 10] and Epsilon 
Constraint Language [11] are languages that allow 
setting restrictions on metamodels. The model that tries 
to be consistent with the metamodel that contains such 
restrictions must satisfy these restrictions. Thus, 
applying to the metamodel a few OCL sentences, it is 
possible to define a set of additional features to the 
metamodel. 
 
OCL is a modeling language and not a programming 
language. Cannot write a program with some logic or 
flow control in OCL. As modeling language, all 
implementation issues are out of reach and cannot be 
expressed in OCL. OCL queries defined, on the one 
hand, as a set of elements that satisfy a restrictive 
expression, and secondly, it is possible to apply special 
operators to interact with the relations. 
 
The OCL expressions necessarily must be connected 
with some element of the metamodel. To do this, there 
are two keywords that are “context” that indicates the 
context in which the expression is applied and “self” 
making reference in an expression context. 
 
An OCL expression, which can be invariant, should be 
true for all models conform to the metamodel to which 
is applied the restriction. Likewise, an expression can 
contain preconditions and postconditions in a condition 
associated with a method. In this way, it is necessary to 
satisfy the condition specified in the postcondition if the 
precondition is met.  
 
OCL contains a large set of functions and operators that 
allow setting any restrictions on a metamodel that must 
be satisfied by the model conformed to the metamodel. 
 
2.3 Model Transformation 
 
A model transformation, allows converting a model Ma 
that is conformed to a metamodel MMa to a model Mb 
that is conformed to a metamodel MMb. The 
transformation is defined by a transformation model Mt 
that is conformed to a transformation metamodel MMt. 
MMa and MMb metamodels must have direct 
relationships between concepts to allow the solution to 
the requirements established for a particular project. 
The three metamodels must be conformed to with a 
meta metamodel such us MOF (Meta Object Facility). 
 
To perform transformations between models, it is 
necessary to use a specialized language for this task. 
Two common languages are Atlas Transformation 
Language (ATL) and Query View Transformation 
Operational (QVTO) [6, 12]. 

 

 
 

Fig 2. Model transformation 
 
 
ATL allows transformation by defining modules. A 
module must contain a name, an output metamodel and 
an input metamodel. Furthermore, a module can define 
rules. Each rule must contain a name, the class from the 
input metamodel and one or more classes from the 
output metamodel. Each rule allows assigning the 
attribute information of each class of output metamodel 
[13]. 
 
QVTO allows transformations by creating functions of 
mapping models. It is necessary to include metamodels 
through the keyword “modeltype”. The execution of the 
transformation is initiated through a main function in 
which it can appeal to the mapping functions required 
for transformation [12]. 
 
2.4 Model to Text Transformation 
 
Model to text transformation allows generating source 
code in any language. The transformations generate text 
files with the desired content and desired extension. The 
model to text transformation always has an input model 
and an input metamodel. The output is the set of source 
code files generated in the language selected to deploy 
the final application. 
 
Acceleo is a project that allows this kind of 
transformations. With this tool a transformation 
requires to include the metamodel with which 
generating the text. Acceleo allows to build a set of 
"templates" that are the components where is 
implemented the decisions of the transformation. It also 
has a statement @main indicating which templates will 
be run. If a template does not contain the statement 
@main, it must be called since another template for its 
execution. 
 
2.5 Software Product Line 
 
Software Product Lines are software engineering 
methods, tools and techniques for creating a collection 
of similar software systems from a shared set of 
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software assets using a common means of production 
[2].  
 
 

3. SOLUTION STRATEGY 
 
Te solution strategy consists in two main ideas. The 
first idea is the software product line that allows 
creating software products based on several existing 
assets. The second idea is the component that represents 
the model transformation chain, which serves to 
configure the assets that will be included in the final 
software product. Next figure presents the complete 
strategy. 
 

 
Fig 3. Solution Strategy 

 
 
The strategy used for building a model transformation 
chain is shown with the next figure. 
 

 
Fig 4. Model transformation chain 

 
To build the model transformation chain is necessary to 
create the next artifacts: 
 
• Context metamodel. This metamodel contains all 

elements related with de specific domain. 
• Architecture metamodel. This metamodel 

contains all elements from the context metamodel 
adding some elements related with the 
architecture pattern Model View Controller. 

• Context model. This model has to be conformed 
to the context metamodel. This model models a 
specific project in the domain defined in the 
context metamodel 

• ATL Transformation. This artifact has the context 
metamodel as input and generates the architecture 
model which is conforms to the architecture 
metamodel. This transformation has the necessary 
rules to convert the elements from the context 
model adding the additional characteristics 
defined in the architecture metamodel. 

• Acceleo Transformation. This artifact has the 
architecture model as input. This artifact has a set 
of rules that convert the elements in the 

architecture model to a source code in any 
language. In this specific case, the source code 
corresponds with the necessary java classes and 
configuration files in order to connect the assets 
involved in the final product. 

 
With this propose, the context model and the 
architecture model are platform independent, yet the 
files generated by the acceleo transformation are 
platform dependent. As a consequence, it is necessary 
to create a different acceleo transformation for each 
platform in the case of generates the project in different 
programming languages. 
 

4. CASE STUDY 
 
The MTC has been evaluated in one SPL created for the 
construction of information systems in the academy 
domain. In this domain, there are a lot of variability 
points that would be controlled through the MTC. The 
modeler must establish these variability points when 
he/she creates the context model. The context 
metamodel is presented in the next figure. 
 

 
Fig 5. Context metamodel 

 
The context metamodel includes the following 
concepts: 
• Information System. It is the container of the 

metamodel 
• AdministrativeModule. It allows the creation of 

modules that can be “Faculty” or “Deparment” 
One module may contain other modules 

• UserModule. It allows the creation of modules that 
can be “Dean”, “Professor” or “Student” 

• AcademicModule. It allows the creation of 
modules for academic spaces (e.g. courses, 
lectures) that can be graded as “Numeric”, 
“NumericApproximation” i.e. grades are 
approximated to the closer 0.5 value (e.g. if the 
grade is 3.9, it is approximated to 4.0),  
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“Qualitative” that can have the grades {“A”, “B”, 
“C”, “D”, “E”, “F”} or “Linguistic” that can have 
the grades “Approved” or “Reproved”. 

• Service. It allows the inclusion of the services 
“Insertion”, “Consulting”, “Upgrade” or 
“Elimination” for each module. 

 
Based on this context metamodel, it is possible to 
include the following variability points: 
• Faculties with Departments or Faculties without 

Departments.  
• Numeric grades, Numeric grades with 

approximation, qualitative grades for academic 
spaces such as courses or lectures or Linguistic 
grades for special academic courses such as thesis. 

 
Next figure presents one case in which the Information 
System should have the following features: 
• Each faculty has departments. Faculties and 

departments have the services insertion and 
consulting. 

• There are three kinds of users (dean, professor and 
student) 

• Academic spaces are evaluated with numeric 
grades. 

 

 
Fig 6. Context model case 1 

 
Next figure presents another case in which the 
Information System should have the following features: 
• There are faculties that have the services insertion 

and consulting. 
• There are three kinds of users (dean, professor and 

student) 
• Academic spaces are evaluated with qualitative 

grades. 
 

 
Fig 7. Context model case 2 

 
 

5. CONCLUSIONS 
 
A model transformation chain offers advantages related 
to the development time of software products that are 
part of the same context, allowing the development 
team to concentrate on the analysis and design of the 
product and the particular characteristics that must be 
implemented based on the infrastructure generated by 
the chain. 
 
A model transformation allows adding the project a 
major set of components that make reference not only 
context but also refers to the visualization and control. 
 
The application of a transformation chain allows semi-
automatically generate a final product of software, 
because based on the generated elements it is necessary 
to implement the specific characteristics of each project. 
 
One software product line based on one model 
transformation chain allows easily the configuration of 
assets in order to generate the final software product. 
The model created in the MTC is platform independent 
aggregating another advantage to the project. However, 
the final transformation I platform dependent, as a 
result, it is necessary to create one specific 
transformation for the language used in the SPL. Thus, 
the MTC can be adjusted in order to cover several 
languages for several platforms. 
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ABSTRACT 

The increasing bandwidth demand of the end-users 
makes the need for efficient resource management 
more compelling in next generation communication 
networks. Nowadays, the mobile communications 
scenery is characterized by the continuous growth of 
new services, the provision of which poses the need 
for higher data rates to guarantee satisfactory quality 
of experience for the end-users. The advent of evolved 
mobile communication networks (such as LTE - Long 
Term Evolution) promises to encounter this demand 
by offering increased capacity, high data rates, 
seamless mobility and low latency. Nonetheless, 
during this evolutionary process, the backhaul part of 
mobile networks has received less attention. This 
paper discusses on ways for further evolution of 
mobile networks by rendering backhaul connectivity 
more flexible, robust and self-aware.  

Keywords: mobile networks, long term evolution, 
converged infrastructure, backhaul connectivity, 
cognitive all-IP networks. 

 

1. INTRODUCTION 

As demand for wireless access to the Internet and 
Internet-based services is expanding, competitive 
advantages in the mobile business can be gained by 
offering enhanced user experience through cost-
effective broadband mobile access. A promising, 
twofold approach is to maximise network 
performance (so as to offer enhanced wireless 
access), and additionally enable efficient network 
operation and maintenance (O&M). This paper 
discusses on ways to adopt and realise this approach, 
by innovating and implementing technologies and 
functionalities that shall equip next-generation 
wireless Base Stations (BSs), advancing both their 

degree of performance as well as their ability for self-
organisation and self-management.  

To this end, this paper focuses on the backhaul part 
of Next Generation Mobile Networks (NGMN) [1]-
[2], by proposing a novel and highly flexible backhaul 
solution1. The main motivation stems from the fact 
that the backhaul part [3] is one of the most crucial 
blocks to enable NGMN form the blueprint of an 
innovative platform suited for the competitive 
delivery of wireless broadband services to the benefit 
of users. Without designing, developing and 
deploying cost-effective and bandwidth-efficient 
transport solutions, users will not be able to 
experience high broadband access everywhere, 
anytime, and it will become infeasible to realize the 
vision of Future Internet.  

To this end, this paper proposes a mobile network 
architecture evolution based upon the design, 
specification and implementation of a wireless BS 
equipped with flexible backhaul solutions, as well as 
relevant cognitive and self-organising [4]-[5] 
functionalities targeted for optimal transport load-
balancing. An integral part of the proposed concept is 
the introduction of a new, dual backhaul solution that 
delivers a great degree of flexibility by comprising 
two branches:  

(i) the legacy backhaul branch of the BS;  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1  The backhaul portion of a hierarchical communication 
network comprises the intermediate links between the core 
(or backbone) network and the “edge” nodes (or sub-
networks) of the entire network. Traditionally, a backhaul 
solution is defined as the transport network that allows: (i) in 
evolved networks, the connection of a NGMN Radio Access 
Network (RAN) node (e.g., eNodeB) to the core network 
(e.g., Serving GW); (ii) in legacy mobile networks 
(GSM/UMTS), the connection of the RAN’s base station 
(e.g., NodeB) to the RAN’s controller (e.g., RNC). 
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(ii) a new, wireline broadband access 
branch, either installed and operated by 
the same network operator or, more 
commonly, provided by a third-party 
wireline (fixed network) operator or 
Internet Service Provider (ISP).  

The latter branch can, for instance, be based on 
Digital Subscriber Line (DSL) technology, since this 
is readily available in most urban environments (thus, 
representing a cost-effective approach), or on Passive 
Optical Network (PON) technology, since this 
constitutes a high-capacity solution with many 
reconfiguration capabilities.  

Although this paper focuses its study on 3rd Third 
Generation Partnership Project (3GPP) 
communication technologies (such as GSM/UMTS, 
EPS), the discussion is also of interest to 3GPP2-
standardized technologies (such as CDMA2000).  

 

2. PROPOSED EVOLVED NETWORK 
ARCHITECTURE AND BENEFITS 

The proposed generic concept architecture is 
illustrated in Figure 1. An exemplification of this 
architecture using the Evolved Packet System (EPS) 
[6]-[10] as a reference is provided in Figure 2.  

As might be apparent, this hybrid solution allows for 
the offloading of the mobile Core Network (CN) from 
non-critical Mobile Internet traffic, leading to positive 
repercussions with respect to the provision of critical 
applications (i.e., with strict QoS constraints in terms 
of guaranteed bandwidth, delay, jitter, etc.) through 
the mobile network. Apart from this clear advantage, 
the full potential of the proposed architectural 
evolution can be released by innovating and 
integrating advanced functionalities inside the BS, 
that will allow for optimal traffic-balancing between 
the two branches. This intelligent traffic forwarding 
and balancing mechanism should employ traffic 
measurement and analysis tools, versatile 
scheduling algorithms, as well as learning and 
reasoning functions that will capitalise on the 
accumulated knowledge and experience, towards the 
vision of next-generation BSs infused with cognition 
and self-organisation. Parameters that must be taken 
into account during optimisation include the current 
traffic load on the radio access network, the 
anticipated (predicted) traffic load in near-term, the 
availability of resources in the two branches, the 
number of active and of idle users, the types of 
services that are being transported, the number of 

service data flows and the QoS level associated to 
each service data flow, the accumulated past 
knowledge and experience, and others. 

 
Figure 1. The proposed generic concept architecture 

 

 
Figure 2. Exemplification of the proposed architectural 

model for Evolved Packet System (EPS) 
Moreover but equally importantly, the broadband 
backhaul branch can be shared among many 
neighbouring BSs, raising opportunities for flexible 
and dynamic bandwidth allocation schemes (among 
different neighbouring BSs), which again improve the 
perceived QoS and reduce the operational expenses 
(compared to static schemes). 

Apart from dynamic, optimal and cognitive traffic 
distribution on the user plane, another major 
associated research challenge is the transport of the 
control plane through this evolved architecture. More 

MME Serving GW

Core Network

eNodeB

Inter-operability
 Gateway

ISP Network

Internet
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specifically, in the proposed architecture, the control 
plane now has the option of being transported 
through:  

(i) solely the legacy backhaul branch;  

(ii) both the legacy and the broadband 
backhaul branch, in a balanced manner 
(optimisation functions are again needed, 
as for the case of the user plane); 

(iii) solely the broadband backhaul branch, 
especially in cases of failure (or non-
existence) of the legacy branch.  

As can be derived, particularly the last two options 
represent a nothing but trivial research matter. The 
realisation of the third option mandates seamless 
integration and interoperability of the BS with the 
CN, in a regime of complete absence of the legacy 
backhaul branch. This suggests that appropriate 
entities and functionalities must be placed at the 
boundary between the ISP and the Core networks, 
undertaking the responsibility of mirroring the CN 
signalling functions towards the BS, and vice versa. 
For illustration purposes, in Figure 1 and in Figure 2, 
an Inter-operability Gateway is assumed to 
undertake this role. 

In general, options and approaches on how to 
efficiently achieve this seamless BS-to-CN 
connectivity on the control plane may constitute a 
significant part of future research efforts. Security 
aspects must be taken into careful consideration so as 
to specify relevant solutions. For instance, since 
traffic from the BS can potentially traverse through 
public IP networks, for security reasons Internet 
Protocol Security (IPSec) can be used for encryption. 
Furthermore, a fundamentally breakthrough feature is 
to preserve the proposed solution as agnostic to the 
particular Radio Access Technology (RAT) employed 
by the base station at the radio interface as possible, 
rendering it applicable to a wide range of wireless 
networking systems, both legacy and future. 
Additionally, by being agnostic of the particular RAT 
used at the radio interface, this approach suggests that 
seamless integration can be achieved between any 
type of connected base station and an evolved Core 
Network, such as the Evolved Packet Core (EPC), 
over the broadband backhaul access.  

Of equally primary importance is the second transport 
option (option ii) regarding the control plane, as 
specified above. This actually represents the most 
generic case of all, in which the BS must not only be 
seamlessly interconnected to the CN, but must also 

optimally, continuously and dynamically balance the 
signalling load between the two available backhaul 
branches. This in turn calls for intelligent forwarding 
and balancing functionalities, as in the case of the user 
plane. Signalling functions that will be subject to 
study and investigation include mobility management, 
session and QoS management, and identity and 
security management.  

As can also be deduced, the joint utilisation of the two 
branches, both on the user and the control plane, 
leverages network resilience, rendering the network 
infrastructure more robust and reliable against 
operational failures and load escalations. Balanced 
traffic distribution also allows for efficient 
exploitation of backhaul resources and leads to 
enhanced service provisioning and improved user 
experience, whereas the proposed self-organising 
functionality enables efficient network O&M at the 
BS level. Regarding the enhanced service 
provisioning, the proposed methodology is expected 
to have particularly positive impact to the delivery of 
resource-demanding services to the end-users, such as 
High-Definition (HD) and 3D IPTV. 

The direct expected impact and benefits that the 
proposed architecture introduces can be summarised 
as follows:  

• Improved network and application 
performance: The proposed evolved 
architecture is capable of significantly 
improving the delivery of mobile broadband 
applications to the end-users, thanks to its 
advanced and flexible backhauling 
functionality. This enhanced flexibility also 
provides the basis for efficiently overcoming 
structural limitations of the current 
architectures arising from an increasingly 
larger set of applications, of devices and edge 
networks to be supported. Thus, the proposed 
approach helps support the emergence of 
Future Internet, and also, in particular, 
allows for the provision of resource-intensive 
services and applications, with various and 
diverse QoS requirements, in an optimised 
manner.   

• Sustainable market growth: The proposed 
evolved architecture introduces a cost-
effective solution for expanding the capacity, 
flexibility and performance of the backhaul 
network part. At the BS level, the exploitation 
of existing wireline technologies, that are 
often readily deployed and available in urban 
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areas, is a viable evolution path that requires 
small Capital Expenditures (CAPEX). This 
facilitates not only enhanced QoS support, but 
also the introduction of improved and 
attractive pricing models for the end-users, 
lowering the Digital Exclusion barrier for 
users that are not able to enjoy broadband 
services on mobile, due to economic 
restrictions. This in turn is expected to 
leverage sustainable market growth of mobile 
broadband access and Future Internet. 

• Flexible and efficient network O&M: The 
proposed self-organising functionalities at the 
BS reduce the workload for site survey and 
analysis of network performance, and can 
thus diminish Operational Expenditures 
(OPEX). This is aligned to the Self-
Organising Network (SON) principles in 
vendor roadmaps and the 3GPP 
standardisation process. 

 

3. MOTIVATION AND PATH THAT LED 
TO THE PROPOSED NETWORK 

ARCHITECTURE 

By concentrating on cognitive and cost-efficient BS 
backhauling solutions, this paper’s proposed approach 
can be considered as a significant architectural 
evolutionary step from various points of view. 

The proposed approach as an evolutionary step 
inspired from EPS concepts and needs 

In 3GPP Release 8, the standard does not enforce any 
physical architecture for EPC node implementation. 
For example, it may be possible that the Serving and 
Packet Data Network (PDN) Gateways are supported 
by a single node, or that the Mobility Management 
Entity (MME) and Serving Gateway are implemented 
in one physical node. These two options are described 
in Figure 3. This model shows the interface S1, which 
transports both signalling (the S1-C part) and User 
plane data (the S1-U part) between E-UTRAN and 
EPC. In other words, S1 is the interface at the 
backhaul part of the E-UTRAN.  

Option (a) of the picture (where the MME and the 
Serving Gateway are combined) may be seen as a 
simpler solution to operate a Packet Core network, 
since it does not require implementing and operating 
the S11 signalling interface between the MME and 
Serving GW. However, implementing separate MME 
and User plane functions allows for further flexibility 
in terms of deployment, enabling independent 

scalability between the signalling load on the Control 
plane and traffic handling on the User plane. The 
proposed cognitive, dual backhaul solution intends to 
further expand this scalability potential, by providing 
ground both for S1-C and S1-U traffic optimisation. 

(a) 

 
  

(b) 

 
Figure 3. Different options for merged EPC physical 

node implementation – (a) Merging the two gateways; 
(b) Merging S1 Control and User planes 

Furthermore, the 3GPP standard allows two modes of 
roaming. The default one is the ‘home-routed traffic’, 
a situation in which the home network still provides 
the access to external networks, possibly including 
IMS-based services (Figure 4(a)). The second one 
(‘local breakout’) brings a great enhancement, since 
it allows the possibility of the user traffic to be routed 
via a visited PDN GW, as an optimisation (Figure 
4(b)). This may be very beneficial in the example of 
public Internet access –as routing the traffic to the 
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home network does not add any value to the end-user 
– and even more in the case of an IMS session 
established between a roaming user and a subscriber 
of the visited network. In the latter case, local traffic 
routing avoids a complete round trip of user data 
through the home network packet gateways. The local 
breakout mechanism reveals the need to route the user 
data traffic to the IMS/Internet as directly as possible, 
a concept adopted and further evolved by this paper. 

 

(a) 

 
  

(b) 

 
Figure 4. The EPC roaming architecture – (a) home-

routed traffic; (b) local breakout 
 

In traditional 2G and 3G cellular networks, the 
connectivity between the Core and the Access 
Network was defined as a one-to-multi hierarchical 
relationship: a Core Network node (either the Mobile 
Switching Centre (MSC) on the Circuit domain or the 
Serving GPRS Support Node (SGSN) in the Packet 
domain) serves a set of radio Controllers (the 2G BSC 
or the 3G RNC), and a given controller is only 

assigned to one Core Network node within a domain. 
In other words, each Core Network node is connected 
to its own set of radio Controllers, having no 
intersections with other sets. 

In Release 5 of the 3G/UMTS standard, a new feature 
was introduced, allowing for more flexibility in the 
inter-connection between Access and Core nodes, 
breaking the usual network hierarchy. This feature has 
also been introduced from the beginning in the EPS 
standard and is known as S1 flexibility (Figure 5). 
Among others, S1 flexibility has some advantages as 
regards to capacity upgrade and network load 
management. Opening the possibility for an eNodeB 
to be connected to more than one MME allows 
balancing and possibly redistributing the load, by 
directing incoming terminal connection requests to 
less loaded Core Network nodes. The concept of S1 
flexibility reveals the need for additional robustness 
and load-balancing mechanisms in the backhaul part 
of current and future mobile networks.  

 

(a) 

 

(b) 

 
Figure 5. Traditional Access-Core connectivity and S1-
flexibility – (a) The 1-to-n connectivity; (b) S1-flexibility 

 

The proposed approach as an evolution to IP/MPLS 
and all-IP backhaul solutions 

GSM Base Stations and 3G Node B’s at cell sites have 
traditionally been connected to Base Station 
Controllers and Radio Network Controllers using a 
combination of PDH (Plesiochronous Digital 
Hierarchy) and SDH (Synchronous Digital 
Hierarchy). This has been responsible for 
backhauling network signalling and traffic using 
standard E1 TDM circuits or ATM virtual circuits. 
This approach has served mobile service providers 
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well in the past, but the growth of mobile broadband 
traffic across HSPA networks, and the ever increasing 
requirement for bandwidth in the backhaul is now 
causing problems.  

In the near term, service providers are employing 
hybrid solutions that include a mixture of PDH/SDH 
and IP/MPLS (Multi Protocol Label Switching). This 
means that some traffic, such as speech and signalling, 
is being backhauled using the PDH/SDH network, 
while other traffic such as HSDPA IP traffic is being 
backhauled using the IP/MPLS network. It is also 
worth noting that besides IP traffic, some voice and 
signalling is also being transported using IP/MPLS. 
Over time, a greater proportion of traffic is being 
backhauled using IP/MPLS, as network capacity 
increases and old equipment is being phased out.  

Evolved technologies such as LTE and WiMAX are 
all-IP technologies, with signalling and traffic based 
on native IP. This means that IP extends from the 
eNodeB or WiMAX Base Station to the core network. 
This paper’s proposed approach paves the way for 
further evolution in the backhaul by expanding the all-
IP backhaul to a novel, cognitive, dual backhauling 
solution.  

The proposed approach as an evolutionary step for 
mobile/fixed convergence 

The proposed approach can be regarded as a 
convergence step between mobile/fixed architectures 
at the BS level. Broadband access can be considered 
as the driving enabler for the evolution of 
telecommunication networks. On the one hand, 
mobile broadband access has become a reality through 
the introduction and realisation of the 3G/HSPA 
roadmap, while the evolution towards LTE provides 
the ability to meet the need for even more bandwidth 
demanding applications. On the other hand, the 
introduction of xDSL (e.g., ADSL, VDSL) and xPON 
(e.g., EPON, GPON) have boosted fixed broadband 
access penetration, while the evolution towards Next 
Generation Access (NGA) architectures highlights the 
path towards continuously higher access rates that will 
become available to the user. In the area of services, 
the capability for broadband access enables the 
provision of advanced multimedia services becoming 
a driving force for the evolution of Internet towards 
the Future Internet. 

In this environment, a clear trend is emerging in the 
form of fixed and mobile (telephony) convergence 
(FMC). Hence, it becomes reasonable to investigate 

and pursue the convergence of the two technologies at 
the BS level, on the ground that this joint utilisation 
can leverage network performance, flexibility and 
resilience.  

 

4. CONCLUSIONS 

This paper discussed on a way for further evolution of 
mobile communication networks, following the 
principles of self-organization and increased 
cognition. More specifically, the paper has focused on 
the backhaul part of a next-generation network, which 
has received little research attention so far, proposing 
a dual backhaul solution at the wireless Base Station 
that takes advantage of a legacy backhaul branch (e.g., 
based on microwave technology) and a broadband 
wireline branch (based on xDSL or xPON 
technologies). The benefits of the proposed solution 
have been articulated, and the path and motivation 
leading to this new evolutionary step has been 
presented. The new proposed approach has the 
potential to offer increased robustness, scalability, 
flexibility, enhanced service provisioning, and 
reduced operational and maintenance costs.  
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ABSTRACT 

The systemic view of second-order science emphasizes the 

interaction of observer and observed, but tacitly assumes a 

single observer, or at least a unity of observer perspective. But 

experience in multiple domains, including software engineering, 

decision science, health sciences, co-creation and Living Labs, 

knowledge management, community development and 

government policy has emphasized the multiplicity of goals and 

perspectives across stakeholders. We look at the issues that arise 

when multiple views are incorporated, and propose a toolkit for 

addressing those issues. 

Keywords: systemics, second-order science, requirements, 

communication, knowledge management  

1. INTRODUCTION 

While Second-Order Science is based on the interaction of the 

observer and the observed, there is a tacit picture of a single 

investigator (scientist, practitioner, social scientist, and so on) or 

tight community interacting with an identified if not well-

understood problem (Figure 1a — see last page).  To facilitate 

discussion, we extend this picture (Figure 1b) to indicate that 

Observer A is focused on the interaction between herself and the 

problem B: here Alice (A) is focused on the interaction between 

herself and B, from its initial statement as a problem (?B) to its 

possible solution (!B); the outer box indicates that this focus 

occurs in the environment of Alice’s context.  

However, modern science is collaborative across larger scales, 

and applied science and technology is often undertaken by 

researchers/developers at the behest of clients and for use by 

consumers who typically lack a commonality of perspective, 

knowledge or context with those researchers. 

In Section 2, we look at the traditional view of Second-Order 

Science as presented at IIIS Multi-Conferences and elsewhere, 

and in Section 3 look at the issues introduced by change in 

observer and focus, using the context of software development 

of an innovative product line or service. In Section 4, we survey 

a number of standard tools and approaches that can help resolve 

issues and narrow gaps, and the modifications that might be 

needed to apply these more generally. Finally, in Section 5, we 

briefly present our conclusions.  

2. SECOND-ORDER SCIENCE 

Second-order science has three related but different meanings in 

the literature [34]: (1) Web-mediated, cooperative and open 

collaborative scientific exploration, resulting in a hyperlinked 

resource in “the internet of things” [36]; (2) meta-science, 

combining multiple studies and disciplines to attain deeper 

knowledge [25]; and (3) the expansion of science by means of 

new concepts and theories, especially through the interaction of 

observer and observed [18]. We focus on the third of these, 

which (as its proponents argue) is inescapable in social, decision 

and health sciences, and frequently fruitful in other sciences. 

Second-order science recognizes that science occurs in a context 

that affects interpretation of the problem, and both guides and 

constrains progress toward the solution. And while its primary 

concern is mutual effects from the interaction of observer, 

observed and context, it recognizes that change may also occur 

from changes internal to any of the three (reflection and 

reflexivity), or from external changes.   

However, second order science (in the systemic view) 

concentrates on the interaction of science and the scientist, and 

thus tacitly assumes a single observer, or at least a unity of 

observer perspective. But experience in multiple domains and 

disciplines, including software engineering, decision science, 

health sciences, co-creation and Living Labs [13, 29], 

knowledge management, community development, and 

government policy has underlined the multiplicity of goals and 
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perspectives across stakeholders in the problem, and emphasized 

the need to integrate these perspectives.  
 

3. MULTIPLE OBSERVERS  

AND MULTIPLE PERSPECTIVES 

We consider a paradigmatic situation of multiple observers: 

development of an innovative software product line or service. 

For simplicity and ease of both illustration and understanding, 

we assume a single client, a single experienced team of 

developers, and a single, largely homogeneous user community, 

and no other stakeholders. For convenience, we will think of 

each as a single individual: Carol, the client; Diane, the 

developer, and Ursula, the user. 

Initially, Carol, the client, begins with a problem to which she 

would like a solution to be used, applied, or understood by 

Ursula, the user (Figure 2a). Carol then proposes the problem to 

Diane, the developer (Figure 2b), after which it becomes 

Diane’s problem (Figure 3a). At this point, the real difficulty 

occurs: Diane does not have the same context and background 

as Carol, and may have a different understanding of the 

problem. 

We can see that the problems emerge when context and 

perspective change: handoff (Figure 3a), delivery (Figure 4a) 

and use (Figure 5b). Further problems and complications, with 

even more views and versions, arise in debugging, maintenance 

and evolution, particularly if multiple stakeholders are involved 

in discovering and resolving the error, flaw, or environmental 

change. The fundamental if not fully realizable goal will be to 

involve all stakeholders and unify their perspectives in each step 

of the process. 

Multiple perspectives and multiple stakeholders inherently 

introduce differences in background and expertise, work 

environment, problem languages and glossaries, context, 

knowledge, and expectations, in addition to issues introduced 

by differences in social culture and mother tongue. (There may 

also be complications introduced by standards, statutes and 

regulations, by intellectual property concerns, and by the need 

for trust.) These issues persist even if the multiple observers are 

multiple teams of researchers, multiple developers collaborating 

or otherwise working together, or a service being designed for a 

consortium of clients. Continuing, Diane solves the problem 

(Figure 3b) and delivers the solution (Figure 4a), at which point 

Carol needs to determine if her interpretation (X) of Diane’s 

solution (C) corresponds to Carol’s problem (B) (Figure 4b). 

Finally, the solution/product is deployed for use by Ursula 

(Figure 5a) — and the same problem arises again (Figure 5b). 

4. ADDRESSING THE PROBLEM:  

A TOOLKIT 

The problems identified above can be partially addressed and 

ameliorated via a combination of well-known approaches, with 

two goals, partitioning the approaches by the goal each 

addresses. 

The first group aims primarily at establishing concordance 

between stakeholder views: interoperability (in both narrow and 

broad senses) to establish a common business and technical 

infrastructure and opportunities for shared frameworks, and 

support cooperation and collaboration; requirements elicitation 

and analysis, to identify stakeholders and their interests, as well 

as nature and constraints of the problem; and knowledge 

transfer and knowledge management, to enrich context and 

understanding of the problem, as well as to create shared 

context.  

The second group is more oriented toward assuring a proper 

solution process and better solutions of the original problem: 

verification and validation, to assure both proper translation 

across contexts and correct steps toward solutions; maintenance 

and evolution for both the project and the product, to handle 

changes gracefully while preserving concordance; and a number 

of engineering approaches common in software engineering, 

aimed at optimizing the solution process. 

Each group has some impact on the other goal, and the activities 

overlap and interleave. For example, requirements and 

knowledge management are clearly tightly coupled, and both 

are needed for good risk analysis and management, as is 

interoperability. Likewise, validation has to rely on 

requirements analysis and knowledge management to assist in 

clarifying stakeholder goals and to explicate constraints, as well 

as good communication and interaction; conversely, validation 

or verification failures lead to maintenance problems or 

evolution of the problem, its requirements, or its solution.  

 Interoperability: Interoperability traditionally addresses 

platform and protocol standardization or alignment for IT 

and communication (data, objects, software systems, 

services, communication channels) [27, 35], to assure 

resources and channels for interaction, with standard 

meaning and effect (semantics) for shared functionality.  

It has been extended [8, 15, 20] to  

 

(1) alignment of technical and business processes (rules, 

process, strategy),  

(2) understanding and integrating culture, language and 

glossaries (culture, knowledge),  

(3) providing consistency for problem and solution facets 

(security, risk), especially at interfaces or affecting 

multiple stakeholders; and  

(4) supporting consistent use of shared frameworks 

(social networks, cloud) and a consistent project view 

and understanding of responsibilities (ecosystem), 

 

that is, to provide a common technical, business and 

knowledge environment to support communication, 

coordination and collaboration among stakeholders.  

 

While interoperability is most important with multiple 

autonomous developers, these facets matter even in the 

simple scenario we are considering. 

 

 Requirements: Requirements acquisition, elicitation, and 

analysis are common engineering and business activities 

[7, 12, 16]. Short-circuiting or badly performing these 

processes has been responsible for many engineering and 

software disasters. Acquisition and elicitation seek to 

establish domain context, understandings, expectations and 

constraints; analysis to verify completeness, coherence and 

clarity. The key activity throughout the process is 

questioning: identifying stakeholders, considering goals, 

constraints, difficulties and risks [3]; eliciting stakeholder 

expectations; and assuring high quality, well-documented 

results. A standard list of requirements workshop questions 

can be found in [28]; these may need to be extended to 

deal with collaboration [22], even in the context of co-

creation.   

 

Note that even though agile approaches [1, 21] place less 

emphasis on comprehensive requirements analysis, initial 
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exploration is still required, both to define the problem and 

to reach an agreement among stakeholders to proceed.  

There is also a documentation tradeoff with such 

approaches. On the one hand, documentation co-evolves 

with analysis and design in an iterative-incremental 

process, allowing for and benefitting from improving 

understanding and knowledge accumulation and 

refinement (itself requiring steady interactions and shared 

models of understanding). On the other, there is a risk that 

evolving implicit understandings may not be reflected in 

the final documentation. This may in turn affect 

maintenance and evolution, since solid requirements and 

design documentation is eventually needed to support 

collaboration or changes in the development team in the 

course of long-lived projects [32].  

 

 Knowledge transfer and knowledge management: From the 

second-order science perspective, the main objective is to 

assure faithful translation and transfer of problem and 

context between observers/stakeholders, in tandem with 

validation and verification activities. With this in mind, 

important issues for knowledge management [2, 4, 5, 11] 

will include the following activities and concerns. 

 

Standardize glossaries, process notations, and concept 

maps as far as possible, often together with agreeing on 

infrastructure and tools. (Be careful of overloaded terms 

such as “security” [electronic? physical? personnel?] or 

“usability” [availability? ergonomics? disability access? 

learnability?], and of terms and constructs with social, 

linguistic, domain-dependent or enterprise-specific 

meanings or connotations [22].) Determine, classify and 

articulate knowledge (as far as possible) as explicit, 

implicit, or tacit knowledge, and (critically) identify 

assumed shared knowledge, and to the extent possible the 

kinds of integrated, collaborative or emergent knowledge 

that may arise [19]. In an enterprise setting, don’t forget to 

consider implicit business rules and policy, and to identify 

not only formal but informal or implicit 

advocates/sponsors and flows of information.  

 

 Testing, verification and validation: These three are related 

but not identical. Testing refers to determining correctness 

by interaction with the solution; validation to determining 

functionality with the solution deployed in the client’s or 

users’ environment (platform, user community, context, 

and so on), and verification to formal methods used to 

demonstrate properties of the solution. 

 

From the perspective of multiple observers in second-order 

science, there are two key activities, which may make use 

of any or all of these approaches. The first, affecting every 

instance is to check for consistency between the problem 

and its solution, and fidelity to its specification. The 

second, in the multiple observer/stakeholder scenario, is to 

check, to the extent possible, for consistency between 

understandings of the problem and context at transfer 

points (as illustrated in Section 3). 

 

In addition, particularly in the context of software 

engineering, protocols for interfaces have to be tested, 

validated and verified, as do fulfillment of stakeholder 

objectives and satisfaction of critical constraints. 

Moreover, where appropriate, the solution (or problem 

monitoring) should be instrumented to facilitate testing and 

validation. Such testing should be focused on interfaces 

and points of protected variation (PPV) [17]. These 

comprise locations at which one or more of the following 

occur: structural or semantic change is likely, risks are 

high, there are tricky special cases, critical requirements 

are addressed, or there is a “dependency knot”—many 

other components affect or are affected by actions or tests 

at this location. 

 

 Modern software engineering processes and techniques: 

These basically fall into three groups: (1)  interactions 

between stakeholders to clarify requirements and validate 

translations (focus groups, requirements negotiation, use 

cases and function lists, early prototyping, and ongoing 

stakeholder interaction, including co-design and co-

creation or “Living Labs” [13, 29]); (2) approaches to 

support incremental and iterative convergence on the 

correct problem and solution, as well as debugging, 

maintenance and evolution (including software 

architectures, adaptive and agile methods [1, 21], design 

patterns [10, 17], refactoring [9]); and (3) approaches to 

facilitate collaboration and establish trust and sharing [22].  

 

 Maintenance and evolution as a process: Multiple changes 

in context, problem and perspective, sometimes orthogonal 

and sometimes strongly interacting, must be handled, 

primarily by the developer [30]. In software engineering, 

maintenance includes preventive (security), adaptive 

(environmental changes and portability), corrective (fixing 

faults and bugs) and perfective (evolution) aspects. The 

latter two are the most significant for multi-perspective 

second order science. 

 

The most obvious issues to be addressed are errors in the 

original problem formulation or failure to properly handle 

unanticipated exceptions and corner cases. The solution 

must also evolve to account for changes in client or user 

needs, the underlying platform and infrastructure, or 

external issues such as security threats.  

 

In the knowledge transfer view, this process is both 

simpler and more complex than reconciling viewpoints in 

the development phase. On the one hand, a common 

context and common glossary has been established, 

although there may be problems arising there through 

higher-order contextual or linguistic differences. On the 

other hand, there are new difficulties in identifying and 

addressing discordance between developer solutions and 

client or user expectations, and in interpreting user reports 

of errors or difficulties.  

 

In addition, the process itself needs to evolve [31], using 

feedback from validation, quality assurance and 

maintenance activities plus project retrospectives [6, 14] to 

address perceived shortcomings or opportunities for 

optimization—an echo of the standard second-order 

science view.  

 

Note that these issues have already been examined and partially 

addressed, not only in software engineering, but also in 

traditional engineering ([26]; also compare [23, 33]), and to 

some extent in management/decision science [12], community 

development [24, 29], and even in applied and pure science. But 

note also that the problems are made more complicated and new 

issues introduced by multiple clients, developers, user 

communities, and additional stakeholders, including 

governmental and standards agencies, as well as by intellectual 

property, privacy and security concerns [22].  

5. CONCLUSIONS 
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The plurality of observers, contexts and perspectives common 

in the scientific enterprise calls not so much for a revision of 

second-order science and the systemic approach, as for an 

acknowledgment that the observer+observed view is a 

simplification. A full discussion of the systemic view of second-

order science must take account of the issues of collaboration, 

translation, and interaction much as first-order science is in the 

process of doing.  

In this paper, we have identified critical instants even in a 

simplified project, and suggested a number of tools and 

approaches borrowed from decision science and software 

engineering to partially mitigate the problems. 
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Figure 1: Two Views of Second-Order Science 

 

 

 

 

 

Figure 2. The Client and the Developer: Assignment 
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Abstract:  This paper is constructed on the premise that human belief dependent emotions can be triggered by 

story-telling or narratives. With recent technological advancements to measure neurobiological measurements of 

the brain, such as functional magnetic resonance imaging (fMRI) and non-invasive brain computing interface 

(BCI) equipment, these technologies can allow for visualization and data collection of brain activation patterns 

showing unconsciously controlled responses to narratives or stories. Current game theory application to belief 

networks has been modeled to help explain observed behavior when material payoffs of others matters to the 

individual.  We discuss a method of how game theory, utilizing communication packet theory, can now be 

modeled to belief dependent emotions and intentions measured through a new biometric tool correlating 

neurobiological emotional states and responses. 

 

Index Terms—Neurobiology, Social Informatics, Game Theory, Storytelling, Biometrics, Narratives, Decision 

Making, Marketing, Entertainment, Communication Packet Theory 

 

I. INTRODUCTION 

A new interdisciplinary field called social 

neuroscience has emerged from a union between 

classical cognitive neuroscience and social psychology. 

In general, social neuroscience seeks to understand 

phenomena in terms of the complex interactions 

between social factors and their influence on behavior, 

the cognitive processes underlying behavior, and 

finally the neural and hormonal mechanisms 

subserving cognitive processes. Another important line 

of research focuses on our ability to understand other 

people’s minds – that is, their beliefs, intentions, and 

feelings. Social neuroscientists have used social games 

to investigate the neural underpinnings of social 

exchange and mutual cooperation. In studies 

employing these tasks, people play games for monetary 

payoffs using different playing strategies, some selfish 

and some cooperative, which allows for the 

investigation of social reasoning. Economic decision-

making, for example, frequently takes place in the 

context of social interactions. Game theory, founded 

within economics, has come to provide a very effective 

quantitative framework for studying how different 

pieces of information, incentives, and social 

knowledge influence strategies optimal for social 

interaction. [11]. It is interesting to note that when one 

player knew that the other player was a computer 

rather than a person, any offer given in an Ultimatum 

Game (UG) was accepted more often [6]. 

Stories can alter beliefs, values, and behaviors and 

exhort influence; they have been around since the 

caveman and are handed down from generation to 

generation. However, the listener does not remember 

or internalize the vast majority of “stories” – the stories 

have no lasting impact on the listener. Effective stories 

share a specific core architecture that uniquely defines 

this small subset of all narratives. This paper defines 

story to be synonymous with this small subset of 

“effective story”.  Stories are differentiated from all 

other narrative materials because they adhere to the 

structural mandates of that specific core narrative 

architecture. Stories convey influence which narratives 

somewhat do not. Stories are constructed around an 

architectural framework of the following specific 

design elements: character, character traits, goal, 

motive, conflicts & problems, risk and danger, 

struggles, and sensory details [3]. 

We conjecture that one’s measure of emotional 

responses is correlated to an individual’s belief system 

through stories. Our proposed system processing flow 

diagram as shown below in Figure 1 contains a tuning 

process between the story-teller and reward matrix to 

be performed during a training session which measures 

two responses from a player during the process. One 

response method is the measurement of the internal 

unconscious responses through fMRI or BCI sensor 

equipment. The other response mechanism is obtained 

through an interactive response hand held device 

between the listener and the story teller. A Turing 

machine framework is used to efficiently look at 
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complex response information in order to calculate the 

emotional values for eight different belief driven 

emotions based upon the responses collected. The 

output from the response calculated through the Turing 

machine is a new biometric in the form of a spider 

chart. Game theory analysis can then be performed on 

the biometric to help determine the belief system of the 

player, specifically whether a red or blue player.  

Combined, these capabilities allow for a feasible way 

to correlate emotional states based upon belief 

networks for a multitude of applications. 

 
Figure 1.  System Processing Flow Diagram 

II. NEUROBIOLOGY OF NARRATIVE  

COMPREHENSION AND INFLUENCE 

Agent-based modeling to represent detailed intra- 

and inter-personal interactions, as well as a system 

dynamics model to integrate societal-level influences 

via reciprocating functions has been performed. 

Cognitive Network Model as a method of 

quantitatively characterizing cognitive mechanisms at 

the intra-individual level to capture the rich dynamics 

of interpersonal communication for the propagation of 

beliefs and attitudes has been presented. Socio-

cognitive network models tie strength to regulate how 

agents influence and are influenced by beliefs during 

social interactions [5]. 

In addition to the ability to understand action 

intentions or more abstract mental states such as other 

people’s beliefs or wishes, humans can also empathize 

with others. Current fMRI studies have provided 

evidence for a role of such shared neural networks that 

enable one to feel – by merely perceiving or imagining 

another person feeling pain, touch, or disgust in the 

absence of any stimulation to one’s own body – what it 

feels like for the other person to be in pain, touched, or 

disgusted [11]. 

The Anterior Insula (AI) and Lateral Prefrontal 

Cortex (LPFC) and Visual Cortex (VC) are parts of the 

brain shown in Figure 2 that are involved in human 

decision-making processes.  Signals from the AI and 

LPFC serve as supporting disagreement while the 

signals from the VC serve as supporting agreement.  

 

 

Figure 2.  Emotion Generating Parts of Brain [6] 

 

The AI and LPFC regions are activated when an unfair 

situation occurs [6]. Results from current fMRI studies 

have demonstrated on empathy for taste, disgust, and 

pain suggest that AI cortices play a crucial role in 

empathy, feelings, and automatic feedback [11]. 

III. COMMUNICATION PACKET THEORY  

Previous imaging studies have used content oriented 

boundaries to explore associated brain activity 

[12][13][20]. Interactive storytelling is not 

characterized by a continuous flow of information from 

teller to listener and back from listener to teller rather 

information exchange proceeds in discrete packets. The 

teller conveys a small chunk of the story through 

words, voice, and gesture. The teller pauses—even 

momentarily—in his/her delivery to receive and assess 

listener feedback. The teller uses the visual, auditory or 

kinesthetic feedback as a guide for constructing and 

delivering the next small block of the story. For our 

revolutionary bridging concepts, we call these small 

story blocks, “packets.” Story packets can last from a 

few seconds up to half a minute or more. Packets 

demarcate communicative epochs of brain activity for 

story transmission and comprehension. The teller 

decomposes the delivery of the story into packets on 

the basis of an audience model; the audience 

reintegrates the packets into a story that can be 

influential. The efficacy of the cumulative packets 

(‘story’) depends upon the fidelity of the teller’s 

audience model to the audience [4].  

The construction of story architectures to persuade 

and to influence is based on a well-established skill set 

that has been tested and validated extensively through 

the compilation of anecdotal data from literally 

millions of storytelling performances, modern 

marketing effort, and story publishing experiences. 

Story inputs have been dissected and cataloged in 
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excruciating detail. Outward listener responses to story 

material have been observed carefully and related back 

to story structural elements. This approach has been 

attempted in previous imaging studies that used content 

oriented boundaries to explore associated brain activity 

[13] [20]. The associated functional imaging has been 

triggered by boundaries of event structure perception 

of content features related to story comprehension [19]. 

This approach has yet to yield neural response 

templates that are sufficiently robust to identify 

prospectively key boundaries and comprehension. 

Our approach is fundamentally different from 

existing research. We base our analysis on the more 

fundamental and central concept of communication 

packets. This approach is based upon the observations 

that content features, meaning, and influence are 

embedded in the bi-directional flow of packets 

delivered by a storyteller and by the audience as 

responsive feedback packets to the storyteller. The 

comprehension of the content and influence are 

internal, underlying processes in the audience 

members. The storyteller uses an audience model for 

constructing and organizing content and for dividing 

that content into packets. The success of stories of 

influence depends upon the fidelity of the model to the 

audience member(s) and in the storyteller’s ability to 

recognize and effectively use the response packets 

received from the audience during the telling. The 

packet structure, therefore, becomes the target (or key) 

for detecting associated brain activity. Stated simply, 

packet demarcators are the brain-generated markers of 

engagement, comprehension and influence [4].  

IV. INFLUENCE MODELS  

Understanding influence processes necessarily 

requires viewing the phenomenon at various scales, 

primarily at individual, inter-personal levels and 

societal levels. Modeling these processes traditionally 

follows a single-scaled paradigm such as the use of 

social networks for understanding information 

diffusion and the occurrence of outbreaks. Social 

network analysis primarily attacks these types of 

problems by concentrating on finding the most 

‘influential’ or informative nodes within a network, 

using, for example, linear threshold or cascade models 

to capture specific types of spreading behavior. 

Understanding behavior at the individual level as it 

relates to interpersonal communication is frequently 

represented through the use of agent-based models, where 

‘emergence’ of social phenomena is an important 

component of understanding the larger-scaled results of 

influence. These types of models are often chosen for 

information operations within the military as they allow 

for exploration of cognitive architectures in conjunction 

with inter-personal information transmission to aid in the 

interpretation of message content [2]. 

The influence process can be modeled at multiple 

levels using a comprehensive network approach that is 

able to both take into account the social networks of 

individuals as well as their existing cognitive structure 

to allow for the consideration of the content of the 

message (as composed of packets) at multiple scales - 

within an individual (how a communicated message is 

reconciled with the recipients’ existing beliefs), 

between individuals (how various aspects of the sender 

affect message reception), and at the societal level 

(how emergence and cultural variables interact to 

create top-down effects) – all of which utilize both 

existing and novel social and psychological theory as 

applicable to population structure and message content 

[4]. 

A story packet is a block of story information 

delivered by the teller without pausing to receive and 

assess listener feedback. Hence, in neuroscientific 

terms, a packet is a ballistic or pre-programmed 

communicative act. A story packet engenders verbal 

and/or nonverbal responses in the listener accompanied 

by unconscious and autonomic activity reflecting 

factors that include emotion, intent and arousal. This 

listener response “packet” guides the teller’s formation 

and launching of the next story packet. Thus, story 

packets (rather than plot stages, character, words, or 

seconds) becomes the true meaningful unit of measure 

for marking progress through a story against which the 

dependent variable, listener response can be measured 

and plotted [4]. 

From a neurocognitive perspective, story packets and 

response packets are the discrete, outward 

manifestations of continuous neural processes of story 

transmission and comprehension. The audience makes 

sense of the story lines and meanings during reception 

of the story packets. Intuition and experience suggest 

that responses differ markedly when one is listening to 

new information, as opposed to comparing new 

information to anticipated information from a sense-

making hypothesis or story line [4].  

V. MEASURING PROGRESS THROUGH A STORY 

As a basic unit of measure of the progress through a 

story, packets allow us to bridge between neural, 

neurocognitive, and social sciences as we assess a 

story’s ability to engage and to deliver influence. 

Figure 3 illustrates application of story packet structure 

to a sample story segment (with packets separated by 

“/” marks) [4]: “John shook his fist/ and laugh at the 

burning sun./ Wind swirled as he stretched out a 

trembling hand/, breathed deep,/ and eased open the 

big double doors./ He gulped/ and stepped inside!” 
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Each packet is of equal size in center of the diagram, 

with an expected response at the packet boundary 

illustrated above. The actual response of the listener, 

indicated below, are outward manifestations of 

engagement that mark the processes of sense-making, 

comprehension and influence [4]. 

 

Figure 3.  Application of Story Packet Structure to a Sample Story Segment 

 

We posit that both engagement and influence are 

and can be transmitted via story packets. Our guiding 

suppositions are that: 1) influence through story 

requires engagement, 2) when effectively structured, 

story engages the listener and the teller in a dance of 

rapport, whereby, the story will facilitate the exertion 

of influence on the listener, and 3) that the 

neurological, physiological, and behavioral indicators 

of engagement and influence can be detected by a 

sensor system. Three primary measures for tracing the 

effects of story on engagement and influence: 

Engagement Index (EI), Meme Reception (MR), and 

Sentiment Shift (SS) [5]. 

The Engagement Index (EI) is intended to be a 

quantification of engagement as a mathematical 

function of multiple variables, based on 

neurophysiological signals (EEG, heart rate, 

respiration rate, perspiration, pupillary reactions, etc.) 

and neurocognitive behavioral responses (eye gaze, 

facial expressions, postures, gestures) or brain wave 

patterns as detected and calculated by the sensor 

system. These metrics will provide the means by 

which we will establish a baseline of how the 

listener(s) mentally process information. EI is 

measured according to story packets as the liminal 

units – thus an engagement index is the quantitative 

measure associated with a single story packet, and can 

be plotted to illustrate near real time measure of 

audience engagement in the story as told by the 

narrator. [5]. 

Meme Reception (MR) refers to a quantified 

measure of acceptance or rejection of the influence 

memes (delivered as part of selected packets) resulting 

from the story as presented by the narrator. As noted 

above, the system is capable of detecting and 

classifying listener responses to narrator delivered 

story packets through both external and internal 

triggers. It is possible to use these response signals to 

automatically mark moments of listener recognition of 

core messages, and to quantitatively indicate either a 

positive or negative reception of the influence memes 

associated with selected story packets. This measure 

will be correlated to the mental processing baseline of 

the individual(s). [5] 

Sentiment Shift (SS) can be observed after the 

presentation of the stimulus story, based upon a simple 

pretest and posttest of attitudes towards themes using a 

continuous attitude/sentiment scale between two 

dichotomous endpoints. The SS measure will provide 

both magnitude and direction of sentiment shift for 

specific themes and this too may be correlated to the 

target’s preferred mental processing cognitive pattern 

strategy for processing information.  The SS measure 

is calculated using custom designed measures of 

attitude toward domain-related themes of story, 

collection of self-report of pre and post stimulus 

attitudes, and a numeric value calculation of sentiment 

shift (SS) for themes. Once this measure is acquired, 

the value is then compared to sentiment for theme-

related memes in the story as expressed by the 

narrator, as well as audience expressed sentiment for 

the meme (i.e., meme reception (MR)) [5]. 

VI. NEW BIOMETRIC BEHAVIORAL MODEL 

Emotions are an important belief dependent 

motivation. Anxiety, disappointment, elation, 

frustration, guilt, joy, regret, and shame, among other 
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emotions, can all be conceived of as belief‐dependent 

incentives or motivations and incorporated into models 

of behavior using tools from psychological game 

theory [1].  Given a story and the many responses of 

the brain one method for recording these fMRI or BCI 

responses is through the use of a Turing machine 

framework. This method allows efficient storing of 

data as well as the ability to do pattern recognition. 

The concept of a Turing machine provides a way to 

make a concept of computational complexity precise 

and efficient [9]. The measured and interactive 

responses from the player are recorded in real time and 

utilized to create a new biometric in the form of a 

spider chart which contains the characteristics of 

having each node represent a behavior induced 

emotion.  

A spider chart is a graphical method of displaying 

multivariate data as shown in Figure 4. Each of the 

values of the recorded emotions is represented starting 

from the center of the 2D plot. An example using 

fMRI data is shown in blue and the interactive 

responses are shown in black to create the biometric 

based upon a story. 

 
Figure 4.  Example of Spider Chart of Belief 

Dependent Emotions 

VII. GAME THEORY ANALYSIS 

Game theory considers the effect of a player’s 

decision on other decision makers. Two or more 

decision makers choose an action and that action 

affects the rewards earned by the players [14]. Our 

paper looks at an example of using linear program 

game theory to analyze scores given a reward matrix 

for possible actions. In our case, the story-teller sets up 

an emotional situation and tests the player’s emotional 

response to the story. Therefore, the row of a reward 

matrix is chosen by the story-teller and represents the 

expected emotion to be measured. The player’s 

emotional response then determines the column of the 

reward matrix and the score. This determination of the 

column is done by the player’s interactive responses 

and also by the fMRI responses of the story-teller’s 

asking of binary questions to determine the column of 

the player’s response. Current measuring techniques 

limit the questions to binary responses. The fMRI 

sensing system achieves a 70% accuracy based on 

binary agree/disagree or yes/no questions [6]. 

In many situations, the opponents know the strategy 

that they are following and what actions are available. 

The maximin equilibrium often is the strategy and is 

called the Nash theory application of zero or constant 

sum strategy game. This threshold can be used to 

determine if the player is on the blue or red team.  For 

example, if a reward matrix exists, then the 

equilibrium point is the one where the reward is the 

smallest value in its row and the largest number in its 

column. This equilibrium point is also called a saddle 

point since it is like the center point in a horse’s 

saddle. This equilibrium is also known as the Nash 

Equilibrium [7]. The saddle point is the local 

minimum in one direction (row) and a local maximum 

in another direction (column) [14] such as: 

max all rows (row min) = min all columns (column max)  (1) 

This left half of (1) presents the basic applied theory 

to decision making of our model under uncertainty. 

For a possible action, one consideration is to choose 

the “best” worst outcome [14]. The maximin criterion 

suggests that the decision-maker should choose the 

alternative which maximizes the minimum payoff he 

can get. This pessimistic approach implies that the 

decision-maker should expect the worst to happen. 

The maximin criterion is concerned with making the 

worst possible outcome as pleasant as possible. 

The right half of (1) represents minimax regret 

criterion which uses the concept of opportunity cost to 

arrive at a decision. The regret of an outcome is the 

difference between the value of that outcome and the 

maximum value of all the possible outcomes. For any 

action and state, there is opportunity of loss or regret. 

The decision-maker should choose the alternative that 

minimizes the maximum regret he/she could suffer. 

Although these decision-making criteria discussed 

may seem reasonable, many decisions are made 

without using any analysis [14].   

An emotional couple is a duo of two emotions that 

belong to the same group but contradict each other. 

For example, the two emotions of Joy and Distress 

will make an emotional couple.  The value of an 

emotional couple is a real number that varies between 

-1 and +1 inclusively [10].  In order to compute every 

element aij, we can create a reward matrix which 

collects all emotional states of interest. This reward 
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matrix has the elements aij which will determine the 

weight of how much each constituent affects the 

emotional couple. The choice of the values of aij is a 

very critical issue since it is basically the core of the 

whole emotional paradigm. 

Linear programming is useful for solving game 

theory problems and finding optimal strategies. We 

can define: xi = probability that the player’s emotion is 

one of the eight emotions. Game theory can be used to 

determine a threshold of an average response to 

determine if you are a blue or red player. An example 

reward matrix shown in Table 1 contains values 

similar to [8]. The example matrix may have sparse 

values since some emotions are not expected and 

would not make sense. These emotions with values of 

zero would be considered irrelevant outliers.  

We can solve this linear program using several 

manual techniques such as the simplex method, the dual 

simplex method, or the artificial basis technique. We can 

also use a computer with LINDO software from 

www.lindo.com to solve for the mixed strategies as well 

as the value of the responses. 

 

 

Table 1.  Example Reward Matrix 

Equation (2) is used to determine which expected 

emotions in the story will get the highest score. It turns 

out that the best strategy for the player is to do the dual of 

the story-teller to obtain the highest score. The dual is 

computed in (3). 
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Using the Lindo software, the resulting value of the 

story is 153. We let the vector x correspond to the 

eight emotions in the order listed in Table 1. The 

solution for the story-teller is x = (0.00, 0.05, 0.00, 

0.43, 0.25, 0.26, 0.01, 0.00) meaning the story expects 

a frustration response most often to obtain the highest 

score. The solution for the player is x = (0.08, 0.00, 

0.31, 0.31, 0.00, 0.07, 0.00, 0.23) means the player 

selects elation or frustration most often to get highest 

score for the story. The player’s score is then 

compared with equilibrium value of the responses.  If 

the player’s score is above the threshold, then the 

player is of the blue team’s beliefs. If the score is 

below the threshold, then the player is of the red 

team’s beliefs. 

VIII. REAL WORLD APPLICATIONS 

Today companies are increasingly using emotional 

intelligence (EQ) to evaluate job candidates using self 

report questionnaires. Not only do they buy into the 

value of emotionally intelligent employees, the 

incredibly competitive job market has given them 

large pools of candidates. Being emotionally 

intelligent can help break down stereotypes such as 

entitlement, need for constant encouragement, and 

inflated self-worth. Insight to emotional responses can 

provide information regarding emotional states and 

can help predict what kind of decisions will be made, 

what kind of behavior will occur, and what types of 

relationships will be formed [15]. 

For example, our proposed solution could be used 

as a screening tool for reducing insider threat by 

generating a list of questions where there are known 

red or blue player strategies for a particular situation or 

event based upon a particular set of script responses. 

For example, on 2 September 2012, American special 

operations forces had suspended the training of new 

recruits to an Afghan village militia until the entire 

16,000-member force can be rescreened for possible 

links to the insurgency. The move is the latest 
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repercussion from a series of "insider" shootings 

carried out by members of the Afghan police and army 

against Western troops. Forty-five NATO service 

members have been killed in such attacks this year 

with the U.S. toll in August 2012 alone totaling to 12 

[16]. 

Another example of insider threat occurred on 20 

July 2012 where James Holmes was arrested without 

resistance minutes after police say he unleashed a 

barrage of gunfire inside a packed Colorado Century 

16 movie theater. Twelve people were killed and 58 

were injured. Holmes’ defense has been quoted stating 

Holmes is mentally ill [17]. The suspect had 

threatened a professor before the shooting, leading the 

university to ban him from campus [18]. The school 

could have used a form of EQ to identify early 

possibilities of mental health and initiate counseling. 

IX. CONCLUSION AND FUTURE WORK 

Cognitive neuroscience investigates neuronal 

correlations of the human decision-making processes 

associated with brain responses. Economic behavioral 

research has proven emotional influences on human 

decision making. Decision making theory provides a 

method for measuring desired outcome calculating 

both maximum and minimum scores. A 

neurobiological based foundation of narrative and 

story-telling is a critical enabling technology for 

understanding human responses to narratives or stories 

for many purposes.  

During any narrative or story, a player can be given 

binary interactive choices throughout the story or 

narrative. Players hear same story, but beliefs 

(religious, political, etc.) generate different individual 

emotions with decisions made upon the emotions or 

beliefs experienced by the player. Our premise is that 

sensed brain measurements versus interactive choices 

indicate beliefs of the player and what the player 

would like to believe respectively; these choices can 

be algorithmically scored with elections weighted by a 

reward matrix. Stories which contain neutral emotion 

can be injected between important choices with 

emotional states recorded with Turing machine for 

both sensed and chosen responses. The resulting 

output is a spider chart can be used as a new biometric 

tool to understand human response and decision 

making correlating to narratives or stories. 

We have defined a solution for determining 

strategies based on game theory. We described an 

example using linear programming and resource 

allocation as it applies to influence based upon human 

emotional responses mapping to brain activation 

patterns. Automated game theory is promising for 

automatically solving real world strategies and help 

make decisions based on measurable emotional 

attributes. The Nash Equilibrium value in game theory 

can serve as a threshold between if a player has red or 

blue player beliefs by comparing the average score 

with the equilibrium value. Different cultural beliefs 

can use same reward matrix; however, different scores 

would result for same story. Additionally, different 

stories may require a different reward matrix.  

We have considered a unique and innovative 

approach to enable neurobiological analysis of 

narratives that influence an audience. This approach 

bridges research in the social, computational cognitive 

and neurosciences to provide an integrated, 

quantitative roadmap for experimental analysis. The 

interplay of units of communication provides targets 

for detecting underlying brain activity in both the 

narrator and player. Our method can be used for 

psychological purposes, marketing, entertainment, 

game immersion context, hiring or screening process, 

etc., for use within these narrative domains. 

These considerations are implicit in the audience 

model used by a narrator to translate a story into 

packets; these considerations may be modeled to 

determine an optimal message composition relative to 

the narrator’s goals. Therefore, the behavioral and 

neurobiological correlates of the packet structure 

provide a ‘Rosetta stone’ for unlocking the 

neurobiology of influence. Analysis of the specific 

packet structure selected by a narrator can illuminate 

the evolving audience model and the efficacy of the 

narrative (or story). Conversely, audience responses to 

the story can illuminate the transition from simple 

engagement to recruitment of influence. Emotions 

occur as a result of how people understand a story or 

event of influence based upon their belief structures. 

These emotional responses, both controlled and 

uncontrolled, can be measured through a game theory 

technique. 

Future work in this domain includes, but is not 

limited to, laboratory experimentation of the tool 

utilizing non-invasive methods mapping to individual 

and cultural belief networks, ability to influence and 

propagate messages or stories based upon refined 

models, more challenging models including imperfect 

knowledge, unknown, dominant strategies, non-

rational players, asymmetric, and cooperative models, 

messages at multiple scales to include within a 

individual, between individuals, and at societal levels, 

cultural and anthropological effects, expansion of 

belief dependent emotions with decision making at 

both conscious and unconscious levels, influence 

models, effects of competing elements, decision 

making, neuropsychology and testing within 

longitudinal and real world applications.  
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                            ABSTRACT 

This Invited Paper pertains to subject of my Plenary 

Keynote Speech at the 17
th

  World Multi-Conference 

on Systemics, Cybernetics and Informatics (WMSCI 

2013) held in Orlando, Florida on July 9-12, 2013. 

The title of my Plenary Keynote Speech was: 

“Dimensionalities of Computation: from Global 

Supercomputing to Data, Text and Web Mining” but 

this Invited Paper will focus only on the 

“Computational Dimensionalities of Global 

Supercomputing” and is based upon a summary of 

the contents of several individual articles that have 

been previously written with myself as lead author 

and published in [75], [76], [77], [78], [79], [80] and 

[11]. The topics of these of the Plenary Speech 

included Overview of Current Research in Global 

Supercomputing [75], Open-Source Software Tools 

for Data Mining Analysis of Genomic and Spatial 

Images using High Performance Computing [76], 

Data Mining Supercomputing with SAS™ JMP® 

Genomics ([77], [79], [80]), and Visualization by 

Supercomputing Data Mining [81]. 

 

OVERVIEW OF CURRENT RESEARCH IN 

GLOBAL SUPERCOMPUTING 

The objective of this research is to present the 

concepts of supercomputing, explore its technologies 

and their applications, and develop a broad 

understanding of issues pertaining to the use of 

supercomputing in multidisciplinary fields. It aims to 

highlight the historical and technical background; 

architecture; programming systems; storage, 

visualization, analytics, state of practice in industry, 

universities and government; and numerous 

applications ranging from such areas as 

computational earth and atmospheric sciences to 

computational medicine.  

 

This paper discusses the definition of 

supercomputers, current status of world 

supercomputers, an overview of applications of their 

use in research, contents of a forthcoming co-edited 

book on supercomputing, and references for 

additional research. 

DEFINITION OF SUPERCOMPUTER 

A supercomputer is a computer at the frontlines of 

current processing capacity and speed of calculations. 

Supercomputers were introduced in the 1960s. The 

supercomputers of the 1970s used only few 

processors, and in the 1990s machines with 

thousands of processors began to appear, and by the 

end of the 20th century supercomputers with 

massively parallel computing systems composed of 

tens of thousands of processors. Supercomputers of 

the 21st century can use over 100,000 processors 

including those with graphic capabilities. 

 

Supercomputers are used today for highly-intensive 

calculation tasks for projects ranging from quantum 

physics, weather forecasting, molecular modeling, 

and physical simulations. Supercomputers can be 

used for simulations of airplanes in wind tunnels, 

detonations of nuclear weapons, for splitting 

electrons, and helping researchers study how drugs 

help against the swine flu virus. 

 

Supercomputing can be in the form of grid 

computing in which the processing power of a large 

number of computers is distributed, or in the form of 

computer clusters in which a large number of 

processors are used in close proximity to each other. 

 

CURRENT STATUS OF WORLD 

SUPERCOMPUTERS 

Tianhe-2, a supercomputer developed by China’s 

National University of Defense Technology, is the 

world’s new No. 1 system with a performance of 

33.86 petaflop/s on the Linpack benchmark, 

according to the 41
st
 edition of the twice-yearly 

TOP500  [101] list of the world’s most powerful 

supercomputers. The list was announced June 17 

during the opening session of the 2013 International 

Supercomputing Conference in Leipzig, Germany. 

Figures 1(a) and 1(b) list top 10 supercomputers in 

the world as of June 2013.  
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Figure 1(a): Top Supercomputers in the World as of 

June 2013 – Number 1
st
 to 5

th 

Source: http://www.top500.org/lists/2013/06/
 

 

The Cray XK7 "Titan", completed in 2012 and 

installed at the U.S. Department of Energy Oak 

Ridge National Labs, is currently the 2
nd

 fastest 

supercomputer in the world at 17.59 petaflops, 

consuming 8209 kilowatts of power or 17.5 million 

billion mathematical calculations per second — on 

the Linpack benchmark tests to qualify for the list. 

The Cray machine reportedly has a peak capability of 

more than 27 petaflops.  

Figure 1(b): Top Supercomputers in the World as of 

June 2013: Numbered 6
th

 to 10
th

 

Source: http://www.top500.org/lists/2013/06/ 

 

Read more: 

http://www.wptv.com/dpp/news/science_tech/titan-

cray-xk7-supercomputer-oak-ridge-national-

laboratory-has-worlds-fastest-

computer#ixzz2E7QurrUT 

 

The Indian government has stated that it has 

committed about $940 million to develop what could 

become the world's fastest supercomputer by 2017, 

one that would have a performance of 

1 exaflop, which is about 61 times faster than today's 

fastest computers (Reference: 

http://articles.timesofindia.indiatimes.com/2012-09-

17/hardware/33901529_1_first-supercomputers-

petaflop-fastest-supercomputer).  

 

OBJECTIVE OF THE RESEARCH 

The objective of this research is to present the 

concepts of supercomputing, explore its technologies 

and their applications, and develop a broad 

understanding of issues pertaining to the use of 

supercomputing in multidisciplinary fields. It aims to 

highlight the historical and technical background; 

architecture; programming systems; storage, 

visualization, analytics, state of practice in industry, 
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universities and government; and numerous 

applications ranging from such areas as 

computational earth and atmospheric sciences to 

computational medicine. 

 

This invited paper not only presents an overview of 

global supercomputing but also of topics for future 

research in supercomputing. The study of 

supercomputing not only entails a study of the 

background and applications of supercomputing, but 

also the architecture and peripherals of clouds, 

clusters and grids, programming systems, storage, 

visualization and analytics, and state of practice of 

supercomputing around the world. 

 

RESEARCH AREAS OF GLOBAL 

SUPERCOMPUTING 

Research areas of global supercomputing can be 

focused on the structure, practice, and applications of 

supercomputing such as represented by the following 

research areas. Possible topics for research pertaining 

to supercomputing may include but are not limited to 

the following as discussed in Segall et al. 

((2013)[75]): 

 

Research Area 1: Background of Supercomputing 

History of supercomputing 

Fundamentals of supercomputing 

Supercomputing hardware 

Supercomputing organizations 

Supercomputing centers and clusters 

 

Research Area 2: Supercomputing Architecture 

Processor architecture 

Chip multiprocessors 

Interconnect technologies 

Quality of service 

Network topologies 

Congestion management of supercomputers 

Power-efficient architectures 

Embedded and reconfigurable architectures 

Innovative hardware/software co-design 

Parallel and scalable system architectures 

Performance evaluation of systems architectures 

 

Research Area 3: Clouds, Clusters, and Grids 

Cloud supercomputing 

Grid supercomputing 

Virtualizations and overlays 

Data management and scientific applications 

Storage clouds architectures 

Programming models 

Tools for computing on clouds and grids 

Quality of service  

Tools for Integration of Clouds, Clusters, and Grids 

Management and monitoring  

Security and identity management 

Scheduling, load balancing, and resource 

provisioning 

 

Research Area 4: Programming Systems for 

Supercomputers 

Compiler analysis and optimization 

Libraries 

Parallel application frameworks 

Software engineering for parallel programming 

Solutions for parallel programming challenges 

Parallel programming for large-scale systems 

Performance analysis 

Productivity-oriented programming environments & 

studies 

 

Research Area 5: Storage, Visualization, and 

Analytics for Supercomputers 

Databases for high performance computing 

Data mining for high performance computing 

Visualization for modeling and simulation 

Parallel file, storage, and archival systems 

Storage systems for data intensive computing 

Storage networks 

Visualization and image processing 

Input/output performance tuning 

 

Research Area 6: State of Practice of 

Supercomputing 

Experiences of large-scale infrastructures and 

facilities 

Comparable benchmarks of actual machines 

Facilitation of “big data” associated with 

supercomputing 

Multi-center infrastructure and their management 

Bridging of cloud data centers and their management 

Procurement, technology investments, and 

acquisition of best practices 

Infrastructural policy issues and international 

experiences 

Supercomputing at universities 

Supercomputing in China, India, and around the 

world 

Supercomputing data mining 

 

Research Area 7: Applications of Supercomputing 

Bioinformatics and computational biology 

Computational earth and atmospheric sciences 

Computational materials sciences and engineering 

Computational chemistry, fluid dynamics, physics, 

etc. 

Computational and data-enabled social science 

Computational design optimization for aerospace, 

manufacturing, and industrial applications 

Computational medicine and bioengineering 
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OPEN-SOURCE SOFTWARE TOOLS FOR 

DATA MINING ANALYSIS OF GENOMIC 

AND SPATIAL IMAGES USING HIGH 

PERFORMANCE COMPUTING (HPC) 
High performance computing (HPC) utilizes 

supercomputers for data intensive computing of 

large-scale and distributed databases. This paper 

discusses an overview of open-source software tools 

that are available as free downloadable on the web 

for visualization of data at both the genomic and 

larger image formats.  

 

SAN DIEGO SUPERCOMPUTING CENTER 

(SDSC) 
San Diego Supercomputer Center (SDSC) houses the 

Triton Resource, “Dash”, and Protein Data Bank. The 

Triton Resource is currently under construction but 

when competed will provide as stated on SDSC [73] 

webpage supercomputing capabilities in three key 

areas: a large-scale disk storage facility called Data 

Oasis; a data analysis facility for petascale research; 

and a shared research cluster; all of which will be 

connected by a high-speed 10 gigabit network on the 

UC-San Diego campus.  

 

Some of these open-source software at SDSC for data 

visualization are: (1.) NCL (NCAR Command 

Language) [57] that can also read in binary and 

ASCII files, (2.) ParaView [63] that is a multi-

platform extensible application designed for 

visualizing large data sets, (3.) RasMol for molecular 

graphics visualization, (4.) Tecplot [89] which as a 

single tool allows one to analyze and explore 

complex data sets, arrange multiple XY, create 2-and 

3-dimensional plots with animation, (5.) VAPOR 

(Visualization and Analysis Platform for Ocean, 

Atmosphere, and Solar Researchers) [95], (6.) 

VisIT[96] that allows interactive parallel 

visualization and graphical analysis for viewing 

scientific data, (7.) VISTA [97] that is a multi-

threaded, platform independent, scalable and robust 

volume renderer, and (8.) VTK, which provides 3D 

computer graphics, image processing, and 

visualization. The reader is referred to Segall et al. 

((2010)[76]) for comparisons for some of the open-

source visualization software available at SDSC.  
 

CENTER FOR HIGH PERFORMANCE 

COMPUTING (CHPC) AT  

THE UNIVERSITY OF UTAH 

The Center for High Performance Computing 

(CHPC) at the University of Utah [21.] consists of 

three clusters: Updraft, Arches and Telluride. The 

Arches Clusters contains the TunnelArch that is the 

“data mining cluster” for jobs requiring large 

memory and consists of 48 nodes and  86 processors 

with 4 gigabytes of memory node. This “data mining 

cluster” is smaller than the DelicateArch which 

consist of 256 nodes and 512 processors and is the 

“parallel cluster” for “highly parallel” parallel jobs 

requiring high speed interconnects.  

 

Some of the open-source visualization software that 

is available at CHPC at the University of Utah are 

listed in Segall and Zhang ((2010)[76]). AutoDock 

[1] is a suite of automated docking tools. It is 

designed to predict how small molecules, such as 

substrates or drug candidates, bind to a receptor of 

known 3D structure. BLAST® (Basic Local 

Alignment Search Tool) [4] is a set of similarity 

open-source search programs designed to explore all 

of the available sequence databases regardless of 

whether the query is protein or DNA. The BLAST 

programs have been designed for speed, with a 

minimal sacrifice of sensitivity to distant sequence 

relationships. The scores assigned in a BLAST search 

have a well-defined statistical interpretation, making 

real matches easier to distinguish from random 

background hits. BLAST uses a heuristic algorithm 

that seeks local as opposed to global alignments and 

is therefore able to detect relationships among 

sequences that share only isolated regions of 

similarity.  

 

Dalton [15] is a molecular electronic structure 

program with an extensive functionality for the 

calculation of molecular properties at the micro-

levels of theory. The Dock [18] suite of programs 

addresses the docking of molecules to each other – 

(See Figure 2 below) identifying the low energy 

binding modes of a small molecule within the active 

site of a receptor molecule. This program can be used 

to predict binding modes, search databases of ligands 

for compounds that bind to a particular target 

receptor, and to examine binding orientations. 

 
Figure 2: Molecular structure generated using 

DOCK 6 Software 

[Source: http://dock.compbio.ucsf.edu/ 

DOCK6/tutorials/grid_generation/generating_grid.html ]  
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DATA MINING SUPERCOMPUTING WITH 

SAS™ JMP® GENOMICS 

According to NCBI (2007)[56], the detection, 

treatment, and prediction of outcome for lung cancer 

patients increasingly depend on a molecular 

understanding of tumor development and sensitivity 

of lung cancer to therapeutic drugs.  

 

NCI (2007)[58] states that the application of genomic 

technologies, such as microarray, is widely used to 

monitor global gene expression and has built up 

invaluable information and knowledge that is 

essential to the discovery of new insights into the 

mechanisms common to cancer cells, resulting in the 

identification of unique, identifiable signatures and 

specific characteristics. According to NCBI 

(2007)[56] it is likely that application of microarray 

may revolutionize many aspects of lung cancer being 

diagnosed, classified, and treated in the near future. 

NCBI (2007) used microarrays to detail the global 

gene expression patterns of lung cancer.  

 

The overall design of NCBI (2007)[56] as used in 

this paper consisted of adjacent normal-tumor 

matched lung cancer samples that were selected at 

early and late stages for RNA extraction and 

hybridization on Affymetrix microarrays. A total of 

66 samples were used for microarray analysis in 

NCBI (2007)[56], including pairwise samples from 

27 patients, who underwent surgery for lung cancer at 

the Taipei Veterans General Hospital, two tissue 

mixtures from the Taichung Veterans General 

Hospital, two commercial human normal lung 

tissues, one immortalized, nontumorigenic human 

bronchial epithelial cell line, and 7 lung cancer cell 

lines.  

 
Figure 3: Correlation analysis of principle 

components for lung cancer data 

(Source: Segall et al.(2010)[79]) 

Figure 3 above is computer output using SAS™ 

JMP® Genomis software on a supercomputer. The 

reader is referred to Segall et al. ((2010)[79], 

2010[80]) for other figures and results for data 

mining performed using SAS™ JMP® Genomics for 

Lung Cancer Data.  

 

SAS™ JMP® Genomics has a window called “basic 

expression workflow” that is the process that runs a 

basic workflow for expression data used to select 

variables of interest. The data used for the lung 

cancer and its associated tumors consisted of over 

22,000 rows representing genes and 54 columns 

representing samples. 

BACKGROUND OF SUPERCOMPUTING 

DATA MINING 

According to Wikipedia (2013a)[100], 

supercomputers or HPC (High Performance 

Computing) are used for highly calculation-intensive 

tasks such as problems involving quantum 

mechanical physics, weather forecasting, global 

warming, molecular modeling, physical simulations 

(such as for simulation of airplanes in wind tunnels 

and simulation of detonation of nuclear weapons).  

 

Sanchez (1996)[71] cited the importance of data 

mining using supercomputers by stating “Data 

mining with these big, super-fast computers is a hot 

topic in business, medicine and research because data 

mining means creating new knowledge from vast 

quantities of information, just like searching for tiny 

bits of gold in a stream bed”.  

 

According to Sanchez (1996)[71], The Children’s 

Hospital of Pennsylvania took MRI scans of a child’s 

brain in 17 seconds using supercomputing for that 

which otherwise normally would require 17 minutes 

assuming no movement of the patient. Researchers at 

the University of Pennsylvania received the 

Supercomputing ’95 Data Mining Research Award.   

 

Other applications of supercomputers for data mining 

include that of Davies (2007)[16] using Internet 

distributed supercomputers, Seigle (2002)[81] for 

CIA/FBI, Mesrobian et al. (1995)[50] for real time 

data mining, King (1999)[40] for Texas Medicaid 

fraud case investigation, and Curry et al. (2007) for 

detecting changes in large data sets of payment card 

data.  

 

Grossman (2006)[25] as Director of the National 

Center for Data Mining at the University of Illinois at 

Chicago cited in a report of funding 

acknowledgements several funded proposals by the 

National Science Foundation (NSF) such as a 

proposal entitled “Developing software tools and 
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network services for mining remote and distributed 

data over high performance networks” and another 

proposal entitled “Tera Mining: A test bed for 

distributed data mining over high performance 

SONET and Lambda Networks.” Other contributions 

to the development of data mining supercomputing 

include DMMGS06 (2006)[17] which conducted a 

workshop on data mining and management on the 

grid and supercomputers in Nottingham, UK, 

Grossman (2007)[26] who wrote a survey of high 

performance and distributed data mining, Sekijima 

(2007)[83] on application of HPC to analysis of 

disease related protein, Tekiner et al. (2007)[89] who 

co-edited a special issue on data mining applications 

on supercomputing and grid environments, and a 

entire book on large-scale parallel data mining by 

Zaki (2000)[107]. 

DATA VISUALIZATION USING Avizo® 

Avizo® software is a powerful, multifaceted tool for 

visualizing, manipulating, and understanding 

scientific and industrial data. Wherever three-

dimensional datasets need to be processed, Avizo® 

offers a comprehensive feature set within an intuitive 

workflow and easy-to-use graphical user interface. 

(VSG, 2009)[97]).  

 

Some of the core features of Avizo® include 

advanced 3D visualization by surface and volume 

rendering, scientific visualization of flow data and 

processing very large datasets at interactive speed, 

and 3D data exploration and analysis by displaying 

single or multiple datasets in a single or multiple 

viewer window, and navigate freely or around or 

through these objects. Avizo®  can also perform 3D 

reconstruction  by employing innovative and robust 

algorithms from image processing and computational 

geometry to reconstruct high-resolution 3D images 

generated by CT or MRI scanners, 3D ultrasonic 

devices, or confocal microscopes (VSG, 2009[97]). 

 
Figure 4: 3D visualization generated by Avizo® of a 

human skull with the color map editor window 

[Source: Segall et al. (2009)[78]) 

The reader is referred to Segall et al. (2009)[78] for 

other screen shots of 3D visualizations generated by 

Avizio®. 

CONCLUSIONS AND 

FUTURE DIRECTIONS OF RESEARCH 

The conclusions of the research discussed in the 

plenary keynote address at WMSCI 2013 and 

overviewed in this invited paper indicate the value of 

supercomputing to analyze complex problems with 

very large scale databases of all types of data. An 

example of this is the Human Brain Project 

(www.humanbrainproject.eu) that was started in 2012 

and is currently being conducted using 

supercomputers by over 200 researchers in over 10 

European countries and other countries in the world 

with $1.6 billion in funding. Supercomputers have 

increased the speed of calculations from months to 

seconds for huge data sets such as cancer genome 

analysis (Bowman (2012) [110]).  

 

The future direction of this research is to investigate 

the other areas of supercomputing such as listed in 

the list of areas of proposed areas for the co-edited 

book on Global Supercomputing. This would also 

include the applications of other software for 

supercomputing data mining and to include such 

areas such as image data processing and other 3D 

data exploration and analysis. Also the list of over 

100 References below indicate a starting point for 

additional research on global supercomputing and its 

applications. 
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ABSTRACT 

 

 This paper contains a discussion of curricular 

implications of interdisciplinary education and pedagogical 

strategies. The focus of the literature cited in this work is on 

application activities aimed at developing critical thinking, 

creativity, collaboration and communication to prepare students 

to meet the challenges of the 21st century.  The Know/Do/Be 

conceptual model for interdisciplinary education, the pros and 

cons of interdisciplinary education, and pedagogies that lend 

themselves well to interdisciplinary strategies, such as Inquiry-

Based Learning and Team-based Learning, and instructor 

competencies are examined. 
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INTRODUCTION 

 

 The world for which educators now groom their 

students is dissimilar from the world in which public schools 

were created.  The assembly line mentality of the industrial 

world has morphed into a team-based mindset whereby 

integrated skills and concepts are applied across a wide range of 

courses.  To excel in the professional environment, today’s 

collegiate graduates should be prepared to go beyond the simple 

mastery of content and low level thinking [1].    

 Educators are increasingly coming to the realization 

that teaching skills and vague concepts without connection to 

real-world applications are seen by students as irrelevant and in 

turn, are easily forgotten [2].  If the purpose of teaching is to 

help prepare for adulthood including meaningful careers, then 

one can understand why young adults tend to tune out 

instruction that is focused solely on the acquisition of content.  

Real world problems “rarely arise within orderly disciplinary 

categories, and neither do their solutions” [3, p. vii].  To better 

connect theory and content with application, and better prepare 

students for the real world of the 21st century, universities are 

developing interdisciplinary approaches to degree programs.  

Since knowledge is not acquired in isolation, interdisciplinary 

education is an important tool in creating new ways of thinking 

and helping to connect fragmented knowledge in a coherent 

way.   

 Interdisciplinary approaches are not new to education.  

The concept first began in the 20th century and has been 

commonly associated with the progressive education movement 

[4 & 5].  Interdisciplinary education allows students to see 

different perspectives and work in groups with the synthesis of 

disciplines the ultimate goal.  Encouraging students to reach 

beyond the typical constraints of a single content area and 

engage in interdisciplinary learning fosters critical thinking, 

creativity, collaboration and communication skills.   

“Interdisciplinary learning enables instructors and 

learners to make connections across learning through exploring 

clear and relevant links throughout the curriculum.  It supports 

the use and application of what has been taught and learned in 

new and different ways.  It provides opportunities for deepening 

learning” [6, p.2].  In The Logic of Interdisciplinary Studies, 

Mathison and Freeman affirm that interdisciplinary studies 

develops a framework for instructors that allows more authentic 

relations with students and the ability to teach cognitive skills 

(e.g., cooperation and critical thinking) that connect to 'real life' 

learning scenarios [7].  Laura L. Duerr [8] asserts 

interdisciplinary instruction connects interdisciplinary research 

with real-world problems.  Vacca and Vacca [9] affirm that 

students from interdisciplinary educational settings prevail in the 

application of real-world skills.  In Environmental Education, 

Staples notes that the integration of interdisciplinary studies 

offers students “critical thinking skills that lead to discovery and 

real-world problem solving” [10, p.16].  Moreover, 

interdisciplinary education helps to increase student 

achievement by promoting positive attitudes toward subject 

matter, creating curricular flexibility, and integrating rapidly 

changing information with increased efficiency [7]. 

 

INTERDISCIPLINARY EDUCATION  

 

 “The scholarship on interdisciplinarity generally, 

though not always, stresses the importance of integration: the 

need to critique the insights of different disciplines and to seek 

common ground when these insights disagree” [11, p. 2].  As 

demonstrated through case study, interdisciplinary education 

allows professors to impart personal knowledge about ideas with 

colleagues, develop common learning goals and see their 

discipline from another perspective.  Students enrolled in 

interdisciplinary programs see instructors as they model 

continued learning, have an opportunity to build upon their 

individual strengths and become personally invested in their 

work.  Furthermore, students have more ways to associate 

learning with their interests and relate learning experiences with 

real-world application [12] as “knowledge in the real world is 

not applied in bits and pieces but in an integrated fashion” [13, 

p. 627]. 

 Through the use of interdisciplinary education, critical 

thinking, creativity, collaboration and communication skills are 

disbursed within and across the curriculum.  This increases the 

ability of students to make decisions and synthesize knowledge 

beyond single disciplines, increase the ability to identify, assess, 

and transfer significant information needed for problem solving, 

gain a better overall comprehension of global interdependencies, 

and develop multiple perspectives, points of view, and values.  

From an instructor point of view, interdisciplinary education is a 

way to share pedagogical ideas with colleagues and to be 

energized by seeing one’s own discipline from a fresh new 

perspective [14]. 
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 Interdisciplinary education allows students to become 

proficient in a number of related areas.  Instead of limiting 

instruction to one particular area, a number of disciplines are 

combined to create a thematic approach with instructors from 

various disciplines.  Interdisciplinary education promotes 

knowledge transfer as students learn to use the skills and 

concepts attained in one field and apply it to another.  Since 

students cannot be prepared for every situation, the ability to 

apply existing knowledge in multiple situations is essential to 

function effectively in the real-world environment of constant 

change [15, 16, & 17].   

 The need for interdisciplinary education has developed 

as a result of the growth of knowledge, fragmented scheduling 

and maintenance of curricular relevance [18].  Even with 

technological innovations that have facilitated interdisciplinary 

education, creating degree programs is easier said than done.  

Because of a lack of pedagogy training, instructors rarely have 

the required competencies to implement interdisciplinary 

educational models.  Moreover, there are a number of logistical 

problems that should be addressed including classroom 

scheduling, awarding course credit, sharing resources, teaching 

assignments, and most importantly, creating and maintaining a 

team approach to curriculum, lesson design and instructional 

delivery.  Interdisciplinary programs that are not cognizant of 

logistical issues and do take steps to address those issues are 

rarely successful [19, 20, & 21].  

 The importance of interdisciplinary professional 

training and support for instructors cannot be overstated.  Initial 

professional development sessions should be followed with 

coaching and relevant workshops.  Professional development 

opportunities will help maintain enthusiasm when 

interdisciplinary pedagogical strategies are being employed.  

Administrators should acknowledge the importance of training 

by allocating appropriate time and resources.  Likewise, they 

should provide recognition for those involved and validate the 

time invested in professional development for tenure and 

promotion purposes [22 & 23].  

 

Know/Be/Do Model 

 

 Using a Backward Design approach [15 & 16], Drake 

and Burns [24] developed a concept map for design of 

interdisciplinary programs called the Know/Be/Do framework 

(Figure 1).  This model is based on three primary questions: 

What kind of people do we want students to be? What should 

students be able to do? (What assessments are needed?) What 

should students know? (What content knowledge is required?) 

 

 
 

Figure 1.  Drake & Burns Know/Do/Be Concept Model 

 

 Drake and Burns [25] further delineated their 

conceptual model by detailing several key components (Table 

1).  These components are intended to promote student 

engagement.  Understanding by Design, a methodology that 

connects Backward Design with different levels of learning is 

integrated throughout the framework [15 & 16]. 

 

Table 1.  Drake & Burns Know/Do/Be Instructional Framework 

 

 KNOW  BE  DO 

Concepts and 

essential 

understand-

ings across 

disciplines 

 

 
  

 Democrati

c values 

 Character 

education 

 Habits of 

mind 

 Life skills 

 

 Interdisci-

plinary skills 

as the focal 

point 

 Use 

disciplinary 

skills as a 

foundation 

Assessment  Balance of traditional and authentic 

assessments 

 Culminating activity that integrates 

disciplines taught 

Conception 

of 

Knowledge 

 Disciplines connected by common concepts 

and skills 

 Knowledge considered to be socially 

constructed 

 Many correct answers 

Degree of 

Integration 

Medium/Intense 

Organizing 

Center 

Interdisciplinary skills and concepts 

embedded in disciplinary skills 

Planning 

Process 

 Backward Design 

 Understanding by Design 

 Standards-based 

 Alignment of instruction standards and 

assessments 

Role of 

Disciplines 

Interdisciplinary skills and concepts stressed 

Role of 

Instructor 
 Facilitator 

 Specialist/generalist 

 Coach 

Starting 

Place 
 Interdisciplinary bridge 

 

Preparation for the 21st Century Workplace 

 

 Interdisciplinary education improves the ability of 

students to think critically, and improves their creativity, 

collaboration (ability to work in teams) and communication 

skills [26].  In a report of over 400 employers across the United 

States, the most important skills cited were critical thinking, 

creativity, collaboration, oral and written communication.  

Employers cited these skills as more important than basic 

knowledge [27].  The need for improvement is documented by 

the data from the report presented in Table 2.  
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Table 2.  College Board Ratings of high school graduates by 

   employers 

 

High 

School 

Graduates 

Applied 

Skills 

1 

Def. 
2 

Adeq. 
3 

Exc. 

Critical 

Thinking 

69.6% 30.1% .3% 

Creativity 54.2% 43.8% 2% 

Collaboration  34.6% 60.9% 4.5% 

Communicati

on (Oral) 

52.7% 45.9% 1.4% 

Communicati

on (Written) 

80.9% 18.9% .3% 

Two-Year 

College 

Graduates 

Critical 

Thinking 

47.3% 73.5% 3.7% 

Creativity 21.3% 68.4% 4% 

Collaboration  12.1% 76.9% 11% 

Communicati

on (Oral) 

52.7% 75.4% 3.4% 

Communicati

on (Written) 

47.3% 50.7% 2% 

Four-Year 

College 

Graduates 

Critical 

Thinking 

9% 63.4% 27.6% 

Creativity 16.5% 62% 21.5% 

Collaboration  8.1% 67.3% 24.6% 

Communicati

on (Oral) 

9.8% 65.4% 28.4% 

Communicati

on (Written) 

27.8% 56.4% 15% 

1 = Deficient   2 = Adequate   3 = Excellent 

 

 Of the critical thinking, creativity, collaboration and 

communication skills measured by employers for high school 

graduates, only .3% - 4.5% were rated excellent; of the same 

skills measured by employers for 2-year college graduates, only 

2% - 11% were rated excellent; and of the same skills for 4-year 

graduates, only 15% - 28.4% were rated excellent.  The skills of 

4-year college graduates were higher, but most, 71.6% - 85% 

were still rated deficient or adequate.  Additionally, only 2.7% 

of employers hired applicants with deficiencies [27]. 

 

PEDAGOGIES  

 

 “One of the greatest advantages of interdisciplinary 

learning is that the activities and discussions combine and 

overlap different subject’s approaches to the same theme of 

materials and opens the door to using different teaching 

techniques that appeal to various student intelligences” [22,  p. 

40].  Two teaching techniques, or strategies, that appeal to 

various intelligences and present a structure conducive to 

interdisciplinary education are Team-Based and Inquiry-Based 

Learning.  These strategies foster critical thinking, creativity, 

collaboration and communication skills. Both utilize group 

learning.   

 Some interdisciplinary scholars debate whether the 

interdisciplinary technique of “team-teaching” is the best 

approach for student progress in the classroom [28, p. 76].  But 

in many cases, instructors do not realize common concerns and 

instead, become bogged down in petty differences [28].  "Team-

taught courses often fail to achieve their objectives precisely 

because the individual members of the instructional team never 

really begin to understand their common concerns in a fashion 

that may be properly called interdisciplinary" [29, p. 16].  Team 

teaching can also be associated with problems such as "lack of 

'sufficient' time for collaborative work, lack of training in group 

dynamics, overlapping roles, territorial and status conflicts, and 

inadequate funding [30, p.18].  Although it has disadvantages, 

interdisciplinary team teaching still remains a popular 

instructional strategy. 

 

Team-Based Learning 

 

 Team-Based Learning, a form of active learning, is 

rooted in collaborative learning.  Team-Based Learning utilizes 

very specific instructional strategies including intentional 

selection and permanence of student teams, a readiness 

assurance process, and an empowering procedure for students to 

challenge answers determined by the instructor and peer 

evaluation.  Application activities, based on real-world 

problems, scenarios, or cases, are constructed around what 

Michaelsen refers to as the 4 S’s.  They are Significant 

problems, the Same problem, students make a Specific choice in 

terms of solutions, and each team reports their choice 

Simultaneously [31, 32, & 33]. 

 

Inquiry-Based Learning    
 

 Another form of active learning, Inquiry-Based 

Learning, “is a student-centered and instructor-guided 

instructional approach that engages students in investigating real 

world questions that they choose within a broad thematic 

framework.  Inquiry-Based instruction complements traditional 

instruction by providing a vehicle for extending and applying 

the learning of students in a way that connects with their 

interests within a broader thematic framework.  Students acquire 

and analyze information, develop and support propositions, 

provide solutions, and design technology and art products that 

demonstrate their thinking, and make their learning visible” [34, 

p. 1].  Inquiry-Based Learning engages students in the learning 

process and changes the traditional role of instructor from 

lecturer to learning facilitator, coach, and model [35].  Inquiry-

Based Learning is predicated on building knowledge as opposed 

to passive learning which follows the more traditional collegiate 

instructional model based primarily on lecture.  Constructivism 

constitutes the foundation of Inquiry-Based Learning as it 

fosters the development of thinking skills and collaboration 

through the use of questions, scenarios, or problems with 

authentic forms of assessment [36].  Problem-Based Learning 

(students are presented a problem with only one solution but 

many methods for determining that solution), and Project-Based 

Learning (students are presented a problem but there are many 

possible solutions) are two types of Inquiry-Based Learning. 
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 INSTRUCTOR COMPETENCIES  

 

 In a report of a study conducted by the 

Interprofessional Education Collaborative, an Expert Panel [37] 

identified 4 core competencies of professional practice for 

instructors who utilize interdisciplinary pedagogical approaches.  

These competencies were grouped into 4 domains including 

Value/Ethics, Roles/Responsibilities, Communication and 

Collaboration.  They are integrated into a framework of 

teamwork and collaboration among instructors that creates an 

awareness of each participating members’ roles and 

responsibilities [37 & 38]. 

 As with excellence in any field, for instructors to excel 

at interdisciplinary education there must first be the desire to do 

so.  Desire represents the foundation for all effective instruction, 

whether it pertains to interdisciplinary education or not.  Beyond 

desire, instructors should challenge students by presenting them 

with questions addressing skills and concepts slightly above 

their existing level of competence.  When students reach a new 

level, an entirely new set of challenges should be presented, 

once again slightly above their existing level of competence.  

This scaffolding strategy helps keep students from becoming 

bored or complacent, and provides them with the support they 

need to build their confidence [39].  In addition, instructors 

should have a positive attitude toward what they are doing. 

Involvement in decision making is the best way to ensure 

positive attitudes.  The “buy-in” achieved through involvement 

provides them with ownership of solutions to problems they 

may experience.  Students are very perceptive and no matter 

how instructors try to mask it, if they do not approach pedagogy 

with genuine desire and a positive attitude, students will pick up 

on it and become skeptical of the learning process (or lack 

thereof) [40].   

 Orlando [41] identified 9 traits of great college 

instructors that apply to interdisciplinary settings.  They include 

instructors who 1) respect students because each person’s ideas 

and opinions are valued which makes students feel safe to 

express their feelings and learn to respect and listen to others; 2) 

create a sense of community and belonging in the classroom 

through mutual respect by developing a supportive, 

collaborative environment; 3) are warm, accessible, enthusiastic 

and caring, possess good listening skills, and never mind taking 

time out of their busy schedules for anyone who needs them; 4) 

set high expectation for all students through a realization 

students perform up or down to their expectations; 5) love 

learning and are willing to share what he has learned with 

colleagues; 6) are skilled leaders who focus on shared decision-

making and teamwork, as well as on community building; 7) can 

“shift-gears” by constantly checking for understanding and 

delivering instruction in new ways to make sure every student 

understands; 8) collaborate with colleagues on an ongoing basis 

and do not view collaboration as a sign of weakness but as a 

way to learn from fellow professionals; and 9) maintain 

professionalism in all areas from personal appearance to 

organizational skills and preparedness for each day [42]. 

 Additionally, instructors participating in 

interdisciplinary education should have excellent 

communication skills and high levels of creativity.  They should 

believe in team-teaching and active learning, have confidence in 

their abilities, and not be afraid to take a risk.  Instructors who 

do not possess all of the competencies described in this 

document based on natural ability should feel comforted by the 

fact that these behaviors can be learned through professional 

development and life experiences [41 & 42]. 

CONCLUSIONS 

 

 Opponents of interdisciplinary education assert it 

creates “jack-of-all-trades, but master of none graduates.  They 

also claim stand-alone departments have a better chance of 

generating more substantial research projects [12].  Proponents 

of interdisciplinary education feel it mirrors real-world events 

because such events are not typically solitary; rather they 

contain multiple interrelated issues that should be addressed 

simultaneously to arrive at a solution.  Interdisciplinary teaching 

promotes real-world learning, not isolated educational 

experiences [10].  As such, the knowledge base for the treatment 

of complex problems should be expanded, so that it will match 

the entirety of the aspects of the issues at hand [43].  For 

example, to resolve problems such as global warming, natural 

resource management, or poverty alleviation, “many disciplines 

are needed with inputs that should preferably be balanced and 

integrated” [44, p. 446]. 

 Involvement in the development of an 

interdisciplinary model by instructors and students is crucial to 

reduce resistance and help realize the full potential of the 

strategy.  The College Board suggests the simplest way to 

support the process of interdisciplinary education is to let 

students know it’s an option and involve them in decision 

making.  Interdisciplinary education not only allows students the 

opportunity for greater ownership of their learning, but also 

personal, pertinent, and memorable learning experiences through 

the use of authentic projects [12].    

 Implementing interdisciplinary education requires the 

command of an integrated set of instructor competencies.  The 

inclusion of interdisciplinary pedagogical strategies requires a 

substantial commitment to professional development, coaching 

and support by both instructors and administrators.  This 

includes training sessions aimed at supporting pedagogical 

approaches, such as Team-Based Learning, Inquiry-Based 

Learning, etc., addressing topics such as student and professorial 

teamwork, curriculum integration, authentic assessment, 

reflective questioning, creating application activities using real 

world scenarios and development of student learning outcomes.   

 Interdisciplinary education promotes a focus on big 

ideas and thinking beyond the constraints of a single content 

area through the acquisition of critical thinking, creativity, 

collaboration and communication skills.  As a result, it may be 

best suited to prepare students for real-world challenges as 

today’s problems are not contained within discrete skills and 

concepts, but across a broad spectrum of skills and concepts best 

addressed through integrated competencies.   
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ABSTRACT 

 
The Fuzzy Payback Period (FPP) is an 

extension for fuzzy cash flows of the concept 

of payback period for real cash flows but this 

criterion is not consistent with the criterion of 

fuzzy net present value. This paper defines a 

variant of FPP, the generalized fuzzy payback 

period (GFPP), that allows establishing a 

criterion of selection for independent projects 

with fuzzy cash flows, consistent with the 

criterion of the fuzzy net present value 

 

Keywords: fuzzy cash flows, fuzzy payback 

period, fuzzy net present value 

 

1. INTRODUCTION 

 

The construction of the investment project 

cash flow implies the estimation of the future 

income and outcome, which depends on other 

parameters like inflation or interest rates. 

These variables are generally uncertain and if 

it isn’t exist reliable probabilistic information, 

the statistical methods are not appropriate. 

When the uncertainty is reflected of the lack 

of information, it is generally feasible to 

establish a rank of values possible, that it can 

be represented by means of trapezoidal or 

triangular fuzzy numbers, which can be 

interpreted like families of intervals with 

different levels from possibility (Bodjanova, 

2002). On the other hand, the Fuzzy 

Arithmetic is conceptually simple and easy to 

interpret (Buckley, 1987), although lacks 

fundamental properties like the distributive 

property or the existence of inverse elements 

(Ríos, 1999). However, the operations with 

trapezoidal numbers can be transferred of 

natural way to a spreadsheet, for this reason 

the apparent complexity of the calculations is 

eliminated. 
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2. FUZZY PAYBACK PERIOD 

 

The Fuzzy Payback Period (FPP) is an 

extension for fuzzy cash flows of the 

concept of payback period for real cash 

flows. It is defined as the first period in 

which the accumulated balance of the 

cash flow, for a rate reinvestment, takes 

positive value. When the fuzzy cash flow 

is conventional then this number exists, 

but with non-conventional flows it cannot 

exist. In this case, average fuzzy payback 

period (AVPP) can be defined like the 

first period in which the value average of 

the accumulated balance of the fuzzy cash 

flow changes of sign. In both cases, the 

payback period can be compared against 

an acceptable maximum payback period 

like selection criterion. Nevertheless, as 

the real case, this criterion is not 

consistent with the criterion of fuzzy 

present value net (Chiu y Park, 1994), 

because this one is a yield measurement, 

whereas the payback period is a liquidity 

measurement (Ertugrul, 1998). 

 

 Definition 2.1  

If S = [ S1, S2, S3, S4 ] is the trapezoidal rate 

of reinvestment for a trapezoidal cash flow  Fj 

= [ Fj1, Fj2, Fj3,Fj4 ] with j = 0,1,....., n, then 

Gj is the accumulated balance in period j, 

when Gj+1 = Gj * (1+S) ⊕ Fj+1 with Go = Fo. 

If m exists so that Gm > 0 and Gm-1 < 0  then 

the payback period of Fj is m. If it does not 

exist, average payback period  can be defined. 

In both cases, payback period can be 

compared against a period maximum 

acceptable for effects of acceptation or 

rejection 

 

Generalized Fuzzy Payback Period 

The generalized fuzzy payback period 

(GFPP) is the absolute value of the initial 

cash flow, multiplied by the inverse one of 

the fuzzy equivalent annual value of the fuzzy 

flow from the first period to the last one. This 

index allows to establish a criterion of 

selection for independent projects with fuzzy 

cash flows, consistent with the criterion of the 

fuzzy net present value (FNPV).  

 

Definition 2.2  

If Fj is a trapezoidal cash flow in period j, Fj 

= [ Fj1, Fj2, Fj3, Fj4 ]  j= 0,1....n, and K is a 

rate of discount per period, K = [ K1, K2, K3, 

K4 ],  K1 > 0  then  FPV = [P1 , P2 , P3 , P4] 

with Pi= Σj=1..n Fji*(1+Ki)-j , i = 1,2,3,4  is the 

fuzzy present value of the cash flow Fj. 

The fuzzy equivalent annual value is 

FEAV = FPV*Π-1   

and the fuzzy equivalent annual factor is 

 Π = [Π4, Π3, Π2, Π1 ] , Πi =(1-(1+Ki)-n) / Ki,   

The generalized fuzzy payback period GFPP 

is defined as the trapezoidal number  

GFPP = -F0* FEAV -1    

with   FEAV > 0 and F0 < 0. 
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Properties 

If Fj is a fuzzy cash flow with F0 < 0  and  

fuzzy equivalent annual value FEAV > 0, 

then generalized fuzzy payback period GFPP 

< Π  implies that the fuzzy net preset value 

FNPV > 0  and GFPP > Π implies that the 

fuzzy net preset value FNPV < 0. 

Proof 

If FPV = [P1 , P2 , P3 , P4]  then FEAV is   

FEAV = [P1 Π1-1, P2 Π2
-1, P3 Π3-1, P4 Π4-1]  

and GFPP = [ -F04 P4
−1Π4 , -F03 P3

−1Π3 , -F02 

P2
−1Π2 , -F01 P1

−1Π1 ] 

If GFPP < Π  then -F01 P1−1Π1 < Π4   hence  

-F01 < P1 Π1
−1 Π4 < P1, that is, F01 + P1 > 0  

therefore  FNPV = F0 + FPV > 0 

If  GFPP > Π  then   -F04 P4
−1Π4 > Π1  hence 

-F04 > P4 Π4
−1 Π1 > P4, that is, F04 + P4 < 0  

therefore  FNPV = F0 + FPV < 0. 

 

There is a graphic example in the appendix 

that helps interpret the concepts of 

generalized fuzzy payback period 

 

Since these models use fuzzy information, the 

obtained result is a trapezoidal number 

(Chalco, 2009). The level of possibility 

allows to restrict the result and can be used 

like optimism level (Kim y Park, 1990) and, 

in addition, numerous methods of ranking 

fuzzy numbers can be applied (Chen, 1985; 

Liou, 1992). 

 

3. CONCLUSIONS 

 

The fuzzy payback period (FPP) and the 

average fuzzy payback period (AFPP) are 

alternative indices when a fuzzy liquidity 

measurement is desired. Nevertheless, 

these indices are not consistent with the 

fuzzy present value net. On the contrary, 

the generalized fuzzy payback period 

(GFPP) is a consistent variant with the 

criterion of the fuzzy net present value 

(FNPV) that allows establishing a 

criterion of selection for independent 

projects with fuzzy cash flows. 
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Appendix 

 

Generalized Fuzzy Payback Period 

 

 

K1 K2 K3 K4
4,8% 6,5% 7,2% 8,2%

j Fj1 Fj2 Fj3 Fj4 FPVj1 FPVj2 FPVj3 FPVj4
0 -1020 -1000 -990 -970 -1020 -1000 -990 -970
1 213 256 266 271 197 238 250 259
2 349 386 391 393 298 336 340 342
3 302 308 331 370 238 250 269 300
4 210 257 257 307 153 195 195 233
5 302 353 379 395 203 249 267 279
6 152 202 202 239 95 133 133 157
7 91 131 151 202 52 80 93 124
8 111 115 140 163 59 66 80 93
9 58 116 144 159 28 62 77 85

10 37 88 116 156 17 44 58 78
Π1 Π2 Π3 Π4 FPV 1340 1654 1761 1950

7,807 7,1958 6,9577 6,6354 FEAV 172 230 253 294
GFPP 3,3 3,9108 4,3507 5,944  
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