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Abstract 
Analyzing world’s scientific literature it is possible to find the main problem in the definition of 
sustainability - the concept is indistinct. The goal of the research is to offer innovative sensor system 
case study integration in students training program for sustainable education process.   

Introduction 
Education outcome is very important for practical work in industry, design, research as well for 
lifelong education and theoretical work [15]. 

As it is mentioned in [1], sustainable development cannot be achieved by technological solutions, 
political regulation or financial instruments alone. We need to change the way we think and act. This 
requires quality education and learning for sustainable development at all levels and in all social 
contexts. 
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For example, it is concluded in [2], that the proportion of theoretical and practical training for master 
level students is recommended from 1/3 to 2/3 – the number of hours for laboratory/practical training 
must exceed the number of lectures at least by 30 %.  Measures will require systematic changes in the 
approach to the teaching process of master students. It is required to go from the “mere lectures” way 
of training to a more balanced approach involving both practical and theoretical training of master 
students. 

One simplified approach of evaluation - a flexible approach to course testing for the improvement of 
its effectiveness in engineering education, has been offered and described in [3]. It was also concluded 
there, that all traditionally applied approaches to teaching in technical higher education can be 
determined in accordance with this taxonomy and can be also divided into sub-activities that also have 
own objectives to be achieved. 

The goal of the research is to offer innovative sensor system case study integration in students training 
program for sustainable education process.  
Sustainability of education process, as well as, motivation of teaching and learning will be discussed at 
current article.  

How to measure sustainability 
Evaluation of sustainability is very actual question and adequate quantification of qualitative 
information also is crucially significant for different fields of research. It is also actual question for the 
sustainability of education process. 

Classical point of view 

The most classical point of view is that sustainability is not measurable, because it is indistinct 
concept. But it is very inconvenient in cases, when it is needed to evaluate sustainability in adequate 
manner. It is the reason why it is significant to find possibilities to evaluate sustainability. Two 
possible approaches will be offered below. 

Innovative look, choosing from existing approaches 

Here it is offered to look for the solution, selecting from existed, but used in other fields. 

The most important question how to make educational and research process more sustainable and how 
to quantify qualitative information. It is offered to use Quality Function Deployment (QFD). 

Quality Function Deployment (QFD) is a method developed in Japan beginning in 1966 to help 
transform the voice of the customer (VOC) into engineering characteristics for a product [4]. Yoji 
Akao, the original developer, described QFD as a "method to transform qualitative user demands into 
quantitative parameters, to deploy the functions forming quality, and to deploy methods for achieving 
the design quality into subsystems and component parts, and ultimately to specific elements of the 
manufacturing process [4]. The author combined his work in quality assurance and quality control 
points with function deployment used in value engineering. 

Quality Function Deployment can be used for quantifying of qualitative information to evaluate 
sustainability of educational process in an adequate way. But there are a lot of previous work must be 
done to find all the criteria which must be evaluated using this approach. Normalization of scales also 
could be significant step, which will take a huge amount of time and resources. That is why the new 
concept for evaluation of sustainability of educational process will be offered below. 

Totally innovative concept 

If we talk about classical view to the concept of sustainability – it consist from four domains - 
economics, politics, ecology and culture.  In the meaning of sustainability of education, they talk about 
three main domains - institution, industry and government. In this case let’s add one more domain - it 
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is motivation, which is connected with all other domains and must be clearly understandable for each 
domain. Then, it is possible to formalize the sustainability of education process as: 

SoE(ΔT) = <U, I, G>M (ΔT)  (1)

Where: 
SoE – sustainability of education process; 
U – University (with institutions); 
I – Industry; 
G – Governance; 
M – Influence of motivation to all other domains; 
(ΔT) – Time period. 

Each group (or domain) will consist from huge amount of criteria and each criterion can be evaluated 
in different scale, so it is very difficult to make adequate normalization and evaluate the sustainability 
of education process. Current concept also asks for the formulation of all the criteria of sustainability 
to perform the adequate evaluation, but in this case evaluation process will be much easier.  

Let’s look to sustainability as (sustain + ability), as it is offered in [7]. Let’s also describe the 
definition of survivability as (survive + ability).  

Let’s assume the survivability as a minimal possible level of sustainability, and then it is possible to 
write: 

S= Sv + F (2) 

Where: 
S- Sustainability; 
Sv- Survivability; 
F- Additional Features which can make Survivability more Sustainable. 

For this case it is offered to evaluate each of criteria in 3 levels. Where:  
0 – not sustainable;  
1 – Survivable (first level of sustainability);  
2 – Sustainable (second level of sustainability). 

At this case, if we still talk about four domains as: university (with institutions), industry, governance and 
Influence of motivation to all other domains, then it is possible to formalize sustainability of education 
process as: 

SoE = U* I*G*M  (3)

Where: 
SoE – sustainability of education process; 
U – University (with institutions); 
I – Industry; 
G – Governance; 
M – Influence of motivation to all other domains; 

It is clear, that in this case if one of the domains is unsustainable, then the value of that domain will be 
zero and all the system will be evaluated as unsustainable. In the frame of each domain the evaluation 
of each criterion will be done in similar scale and each domain can become unsustainable if one of 
significant criteria is unsustainable. At such way it would be possible to make sustainability and 
sustainable development measurable in easiest possible way. Using this kind of formalization it will be 
possible also monitor all the system and correct system parameters in cases of unsustainable 
conditions. 
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To begin the way of evaluation it is significant to understand all the domains of sustainable education 
process. If all the domains will be known it will be possible start to collect and describe all the needed 
criteria of each domain to perform evaluation. Next part of the article will give a look to main domains 
of sustainable education.  

Practical experiment 
The involvement of 30% of students in research work, through development of new ideas is a 
challenge for all higher education institutions in Latvian, due to the application of new national 
legislation norms in education. The long term aim of this approach is creation of innovative SMEs, by 
creative people. The generation ideas for innovative products will be introduced for all students on 
undergraduate level. The prototyping of commercial product is challenge for master and PhD level, 
but for undergraduates the main challenge is to continue innovative high school approach, and to 
create simple innovations, to understand team creation and management, to develop transversal skills, 
including project management. Moreover this will be a first step for those, who want to seriously be 
involved in the industry – oriented research in future. The first success stories are giving motivation 
for developing future innovations and allow apply this methodology for groups of students. 
The case of Ainars: he is working on the extremely innovative idea three years, up to now the re is 
developed respiratory diagnostic algorithms. It explains the choice of technical solutions, as well as 
describes the study of the data obtained from the records of breathing and heartbeat of the Riga 
Children's Clinical University Hospital department for the care of newborns. The 2 nd technical 
prototype for developed solution, and calculations of main technical parameters is done. The project 
the development of principal electrical scheme and description of the developed electrical, electronic 
and functional schemes are completed for apnea syndrome control. 
The case of Gatis: he is working in industry, and he decided to develop one of practical issues in the 
power supply network development. There sensor network technologies application solution 
development was offered, as solution for technical problem. The modernisation of remotely 
controlled equipment for power supply was proposed. The theoretical part of the engineering project 
discusses the possibility of connecting the smart meter to the GIS DMS system, and the possible 
notifications that can be obtained from an intelligent meter and which we can send to the smart meter. 
The case of Veronika: she was developing optimal pseido - autonomus power supply solution for 
sensor network node power supply from alternative electrical energy. The various schematics of power 
supply unit (PSU) solutions and a structural diagram of the created universal portable PSU prototype 
and a basic electric circuit where tested, finally the new approach for the power supply unit's control 
printed circuit board was proposed. The developed prototype of the power supply was tested to feed 
the sensor network node system of the bee gardens, although, such PSU can also be used to charge 
portable low power device batteries. 
All three cases was extremely successful from technical point of view, but the future development for 
on market deployment of those solutions is needed.  

Four-circle approach for sustainable education 
Four-circle approach is based on Triple Helix concept with the idea of inclusion of all the 3 parts in 
evaluation of sustainability. In additional it is significant to understand, that motivation is also domain 
of sustainability and it should be connected with all other domains. 

The Triple Helix concept has been well described and analyzed at Stanford University [5]. As they 
say, the Triple Helix thesis is that the potential for innovation and economic development in a 
Knowledge Society lies in a more prominent role for the university and the hybridization of elements 
from University, industry and Government to generate new institutional and social formats for the 
production, transfer and application of knowledge. This vision encompasses not only the creative 
destruction that appears as a natural innovation dynamics [6], but also the creative renewal that arises 
within each of the three institutional spheres of University, Industry and Government, as well as at 
their intersections. The Triple Helix concept relies thus on three main ideas:  

P.4



(1) a more prominent role for the University in innovation, on a par with Industry and Government in 
the Knowledge Society;  

(2) a movement toward collaborative relationships among the three major institutional spheres, in 
which  innovation policy is increasingly  an outcome of interaction rather than a prescription from 
Government;  

(3) in addition to fulfilling their traditional functions, each institutional sphere also “takes the role  of 
the other” performing new roles as well as their traditional function. Institutions taking non-traditional 
roles are viewed as a major potential source of innovation in innovation. 

In four-circle approach it is significant to underline, that motivation has influence to all the 
participants of education process and it is necessary to understand it, talking about sustainability of 
education. If at least one link of the chain will not be motivated enough - the educational process will 
become unsustainable very fast. 

Fig. 1: Four-circle approach for sustainable education 

Fig. 1 graphically shows the main principle of four-circle approach for sustainable education. 

At this stage, it is possible to conclude, that education without motivation is not sustainable and 
sustainability of educational process also depends on motivation. 

It means, that educational process can be sustainable only if all three main parts of educational 
process: university (with institutions), industry and governance are motivated enough.  

Next problem to solve could be the combination of all the parts together. It is significant to understand 
if all the participants are motivated enough. Main monitoring system solution must include feedback 
from all the participants to be able to react as soon as possible to hold all the education process in 
sustainable condition. 

So, after that, the next step will be logical combination of all the information together, to offer 
common functional scheme for possible monitoring of sustainability of all the education process. 

Motivation of all participants of the system simultaneously, together with deep analysis of all the 
process and regular feedback from all domains, can make possible to react with adequate corrections 
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and perform controls in better possible way. Such kind of organizing of educational process can bring 
positive effect to all the system of education and also to ensure economical growth in perspective. 

Fig. 2 shows an example of the functional scheme of education system control performance for its 
sustainability.  

It means that if system returns any unsustainable condition of any criterion using feedback, it would be 
possible to react as soon as possible to correct each unsustainable parameter. 

Such kind of control can allow planning sustainable working of education system more competently, 
of course, corresponding methods of management must be used and then system must work more 
effectively. 

Fig. 2: An example of the functional scheme of education system control performance for its 
sustainability 

The significant block in current scheme is, of course, motivation. Everyone knows what this term 
means in regular life, but let`s describe what it means if we talk about education. 

Good practice of motivation on the way of sustainable education 
As it was shown at [14], in order to develop successful carrier of students, and get optimal market 
uptake of new engineers in frame of professional branch of study program „Computer control of 
electrical technologies” student practice is foreseen and is very popular among students [8]. The 
relevant practice during the studies gives possibilities to students to find appropriate job in Latvia, but 
for study program administration gives feedback from employers. In last 10 years the structure of 
industrial practice has been strictly defined and standardized in frame of study program. Besides that 9 
projects financed by European Social Fund were implemented in IEEI for improvement of practice for 
professional bachelor and study program Computerized Control of Electrical Technology. 

For the further improvement of the studies in this field and taking into account all the growing 
requirements in safety and energy efficiency improvement the Institute of Industrial Electronics and 
Electrical Engineering organized a new Bachelor professional program of Engineering Sciences in 
Adaptronics. This is realized since 2015. 
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The students are taught the underlying principles of how circuits work, learn how to develop and test 
system prototypes, the calibration of instruments or the preparation of systems reports. 

This study program provides a blend of knowledge from electrical technologies and computer sciences 
focusing on state-of-the-art electrical technological equipment, including how to apply the latest 
automation devices in traditional electro-technical systems and microprocessor control systems. 

The basis of the program is the progressive research based learning with a permanent use of flexible 
testing system [9]. The students are encouraged to be involved in the activities under the control of 
Doctoral Researchers, with a belief that their minds will bring new dimensions to the research 
activities in the field and add to their experience prior to entering the workforce.  

Students completing the Bachelor in Adaptronics are expected to get a fundamental working 
knowledge of the theoretical and practical issues related to the implementation of the various electrical 
technologies in differing economic sectors, modern automation principles, adaptive systems of 
different purposes and expected implementation. 

Studies in electrical engineering require many different laboratory exercises, traditionally carried out 
within the premises of university, where students can practice only several hours per week or even 
less. Such limited possibilities stipulate longer course durations and reduce knowledge creation 
quality. Possibility to gain some practical skills before carrying out laboratory assignments in real 
laboratory can become an essential part of the studies, facilitating much deeper understanding of the 
subject [16]. Possibility to gain some practical skills out of the real workshop becomes advanced part 
of the studies [17]. 

Employers, which were involved into the implementation of the projects, provided practice places for 
students. Therefore each student was provided with a mentor – a head of the practice from the 
enterprise – who performed the teaching of the students and provided everything necessary for the 
successful process of the practice realization. Among industrial partners where famous Latvian 
companies: „ABB”, Power supply company A/S Latvenergo Highvoltage networks Latvenergo sub 
branch TEC-2, SIA „ETM”, SIA „Beijer Electronics”, SIA „OMS”, SIA „Amerilat-MD”, SIA „BST”, 
Concern “ Latvian railways”. 

The specialists from enterprises provided the students with some additional teaching of information 
technologies and software used for control of electrical technologies. 

The close contact with enterprises and other employers from Latvia allows developing study programs 
according to the industry requirements for baccalaureate and master level students. Often PhD students 
are working directly to improve existing technology in order to increase efficiency of a company, or 
its operations. For example U. Sirmelis has practical results achieved during PhD for improving of 
public transport vehicles parameters. Installation of energy storage devices in public electrical 
transport system allows recovering the braking energy of vehicles, thus increasing system efficiency. 
Energy storage devices have obvious advantages, for example: saving the braking energy decreases 
operating expenditures and shortens payback period, flattens the power peaks from substation, etc. 

Latvian power industry and industry association’s requirement related to managerial, social skill and 
ability of problem situation resolving are taking into account by IEEI. Therefore project – based 
learning [10] principles (PBL) become an inherent part of student’s education. According to [11] 
cognitive skills via PBL is associated with increased capability on the part of students for applying 
those learning’s in novel, problem-solving contexts. A systematic bachelor, master and particular 
doctoral course students’ involvement into collaborative projects appears as a more effective 
approach. Firstly a student participates in a project as an assistant or sometimes as a young researcher 
among more experienced researchers. At the next step the students develop their skills in student 
project team headed by experienced senior researcher. Finally the most advanced students could be 
authorized to independently manage a project team. Therefore student step by step moves forward 
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starting from the projects, in which he or she acts as an assistant, by the state when the student is 
authorized to manage an entire project [12]. 

In 2003, the European Council called for a strengthening of the European research and innovation area 
by creating European technology platforms bringing together technological know-how, industry, 
regulators and financial institutions to develop a strategic agenda for leading technologies. Since that 
time European Energy Technology Platform for the Electricity Networks of the Future – Smart Grids 
has developed Vision Document – April 2006. Strategic Research Agenda – February 2007, and 
Strategic Deployment Document – April 2009. Those documents are helpful for development study 
topics for baccalaureate and master students, since industrial platforms actively take part in up-taking 
of industry interest in European research programs [14]. 

Fig. 3 graphically shows the technological platforms impact in education process development. 

Fig. 3: Technological platforms impact in education process development [14] 

Nowadays life and economic activity are not imaginable without electricity, thermal energy, and 
transport fuel, and, respectively, power supply [13]. 

The economic development, growing population, and urbanization pose even greater challenges for 
power supply systems. Besides, being aware of the fact that the amount of non-renewable energy 
sources (oil, coal, natural gas etc.) is gradually decreasing, sustainable power supply has become one 
of the main challenges. 

Within research platform «Energy and environment», researchers of Riga Technical University 
develop technologies and solutions related to the following issues: 

• Electric power supply, heat supply, assurance of stable, qualitative, and optimal power supply
of transport systems and their elements. 

• Renewable energy sources, transformation and accumulation technologies for usage in electric
power supply, heat supply, and transport. 

• Power supply chains, i.e., energy efficiency of production, delivery, and consumption sector;
• Decrease of the environmental impact of climate technology energy supply.
• Energy system analysis and planning taking into consideration technical, environmental, and

socio-economic aspects.
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RTU researchers study and develop control, diagnostics, management, analysis and forecasting 
technologies and instruments for stable, qualitative, and optimal energy supply system performance. 

The diagnostics methods for power networks, transformers, and electric engines are being developed, 
as well as semi-conductor transformers for electric drive and combustion process control technologies 
in thermal energy production equipment [14]. 

Conclusion 
Sustainability of modern educational process is complicated question, which must be studied from 
different points of view. 

Talking about sustainability of education and sustainability of research, it is reasonable to include into 
the "circles of sustainability" - the circle of motivation. Next step should be - quantification of 
information and results. Sustainability of education, learning and research should be adequate 
evaluated using real quantified information. Sustainability of research and education is mostly 
qualitative and it is significant to quantify it correctly.  

One of the true methods, how to quantify qualitative information is quality function deployment 
(QFD) or advanced one – fuzzy quality function deployment (FQFD). 

Education without motivation is not sustainable and sustainability of educational process also depends 
on motivation. 

Four-circle approach give the possibility for better understanding of whole the system of education 
and can help to evaluate its sustainability. 

The modern university must take a pro-active stance in putting knowledge to use and in broadening 
the input into the creation of academic knowledge. Thus it operates according to an interactive rather 
than a linear model of innovation. As firms raise their technological level, universities must engage in 
higher levels of training and in sharing of knowledge, making students adapted to modern market 
needs. 

Governance, universities with institutions and industry must be also motivated enough to be able to 
hold education process in stable, safe and sustainable position.   

This research can help to begin to find better ways to make education system more sustainable and 
evaluate it in adequate manner.  

Further researches are needed for identifying of criteria at each domain for evaluation of sustainable 
education process and sustainable education system.  
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