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Abstract. Measuring the efficiency of organizations relates not only to economic parameters but also to non-economic ones at present, for 

example in organizations providing education. However, in the case of educational institutions in the form of public universities, we cannot 

consider profit as the main goal, but the quality of education. We do not find a lot of work on this issue in domestic and foreign literature 

from the point of view of universities. Universities report only data that are set by current legislation, and for this reason, measuring 

efficiency is a relatively challenging matter with ambiguous quantification. Measuring the efficiency of an educational institution cannot be 

carried out as unambiguously as in the case of companies whose mission is to produce products and services for the purpose of selling 

them.  The aim of the presented study is to clarify the optimal way of evaluating and measuring the efficiency of higher education 

institutions through DEA analysis. To achieve this goal, we used the methods of descriptive statistics, mathematical-statistical calculations, 

DEA analysis of indicators and the method of comparison, induction, deduction and synthesis. The result is a model that will allow the 

comparison and evaluation of universities.   
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1. Introduction 

 

According to Jablonský and Dlouhy (2004), economic theory defines efficiency as a state where it is not possible 

to produce one unit more for a given resource without the need to limit the production of another good. Tumpach 

(2008) considers efficiency to be one of the key criteria for evaluating the company's results, it expresses the 

extent to which the set goals are being met and the conditions are being created for their fulfillment in the future. 
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According to Lisý (2007), an economy, company or production unit is efficient if it operates at the limit of 

production possibilities. Heyne (1991) understands efficiency as the virtue that is most valued among economists. 

He and other authors understand the term efficiency as the ratio of specific inputs and outputs of the observed 

transformation process. What we can identify with in the case of evaluating the non-economic efficiency of the 

educational institution, in this case the added value is the achieved education of the individual.  

  

The authors focused mainly on measuring financial indicators in measuring and evaluating efficiency in the 

previous period. In accordance with the development of modern methods of efficiency evaluation, methods such 

as Balance score card, Corporate Performance management, DEA models, or others are beginning to be used. In 

our study, we focused on evaluation through the DEA model, which was originally developed to measure the 

efficiency of non-profit organizations such as schools, hospitals, government and public administration. Later, its 

use was extended to various enterprises, services, the banking sector, as well as to measuring the performance of 

national economies. As stated by Malega and Bialková (2011), the level of efficiency expresses the quantitative 

and qualitative degree of compliance of the objectives (determined on the basis of knowledge and use of objective 

socio-economic laws) and the means needed to meet them. 

 
  

2. Theoretical background        

    
Figure 1 shows the conversion of inputs to outputs. If we want to measure efficiency, it is necessary to correctly 

identify and quantify inputs and outputs. Inputs are considered to be factors of production that were invested or 

consumed in the enterprise. In our case, we considered pedagogical, researchers and students to be inputs. 

 

Outputs represent performances created over a period of time, in the first place it should be successful graduates 

whose institution has educated, but we also considered the outputs to be the number of implemented scientific 

projects, the number of publications. Another factor in terms of outputs is the success of graduates in the labour 

market. 
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projects, 
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publications, 
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Time

 
Figure 1. Transformation process of inputs to outputs in educational institutions 

Source: Own processing 

 

It is necessary to distinguish the concept of performance from the concept of efficiency. According to Wagner 

(2009, p.12), performance is defined as “a characteristic that describes the manner or course in which an object 

performs an activity, based on similarity to the reference method of performing that activity. Interpretation of this 

characteristic presupposes the ability to compare the investigated and the reference phenomenon in terms of a set 

range of criteria.“ According to Fibírová and Šoljaková (2005), the term performance is used in connection with 

the definition of the very essence of the company's existence in the market environment, its success and ability to 

survive in the future. Sedláček, Suchánek and Špalek (2012) add that this concept is associated with performance, 
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ie with the realized output of the company and performance can be relatively easily quantified and then further 

analyzed. Šulák, Vacík (2003) define performance as the ability of a company to make the best use of the funds 

invested in business activities. And it may not be the case that a high-performing company must have good 

economic results. It is necessary to realize that the performance of an organization is evaluated by different 

entities from different perspectives. These entities can be internal or external.  

 

One of the methods of measuring efficiency are DEA models, which belong to the non-parametric methods of 

efficiency evaluation. Their application is possible in different areas, because they also make it possible to 

compare the efficiency of non-profit-oriented entities, such as the efficiency of primary schools, the efficiency of 

hospital facilities and the like. The DEA method has been used to evaluate the relative efficiency of higher 

education published in a number of scientific studies. The first mention of this issue was in an article from 1992 

by Johnes. Some articles focused on the teaching and production of students (Archibald, Feldman, 2008; Agasisti, 

Dal Bianco, 2009), others on publishing activities (Abramo, D'Angelo, 2009), or for research the output of which 

is patents (Thursby, Kemp, 2002). Other authors have focused on faculties or universities (McMillan, Datta 1998; 

Abbott, Doucouliagos 2003; Kao, Pao 2009). The validity of the use of DEA as an assessment tool has been 

addressed by Bougnol and Dula (2006) (Jeck, T., Sudzina, F., 2009). 

 

 

3. Research objective and methodology 

 

The aim of study was to clarify the optimal methods of evaluating and measuring the efficiency of higher 

education institutions through DEA analysis.Measuring the efficiency of education is a very complicated problem, 

as the output of education is taken away by the individual as his social competence, for this reason it is relatively 

difficult to measure. For the needs of our study, we decided to use the DEA model, which we used to assess the 

level of efficiency of education in the period under review, taking as inputs the total number of pedagogical, 

research staff and the number of students enrolled in a given year. We chose the number of successful graduates, 

the number of solved scientific projects, the total number of publications, the number of publications in peer-

reviewed journals, based on valid quality standards for universities in the Slovak Republic. Models can be input 

or output oriented. In input-oriented models, DMUs (HEIs) have an efficiency rate of less than or equal to one. 

The degree of efficiency of an inefficient DMU in an input-oriented model expresses how much inputs need to be 

reduced in order for a DMU to become effective. The lower the DMU value from 1, the further away the DMU is 

from the data envelopment.  

            

We determined the basic statistical characteristics of the data set before analyzing the data. Quantitative methods 

of descriptive statistics include procedures for determining the parameters of a set. The basic characteristics of the 

position are the arithmetic mean and the median. The methods of descriptive statistics will be applied to selected 

indicators characterizing the inputs and outputs of public universities. We analyzed 20 public universities based 

on available data. The analysis was focused on individual indicators that are necessary in the transformation 

process of the university environment. 

 

 

4. Results and discussion 

 

The first monitored indicator is the number of all pedagogical and research employees in the Slovak Republic. 

This indicator includes the numbers of professors, associate professors, assistant professors, assistants, lecturers 

and researchers. The number in each year is given in Table 1. 
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Table 1. The total number of pedagogical and research employees in the Slovak Republic in the years 2011-2019 

 

  
 

Source: The Ministry of Education, Science, Research and Sport of the Slovak Republic 

 

Based on Table 1, it is possible to observe a slight decrease in the total number of employees since 2015. In 

absolute terms, this decrease represents 549.3 employees, while the percentage decrease in 2019 is 4.05% 

compared to 2011. We consider it necessary to note that in absolute terms In some numbers, some employees are 

counted multiple times because they could work part-time at several universities in the Slovak Republic. In 

Slovakia, was recorded in 2019 compared to 2011 in the category professors decrease of 0.55%, while associate 

professors when we recorded an increase of 14.92%.  The increase in the number of associate professors was 

caused by the professional growth of the assistant professor category. It is clear from the above table that despite a 

slight decrease in professors as well as the total number of teaching and research staff, the qualification structure 

of employees at public universities did not change significantly in the period under review, on the contrary, there 

was an improvement in the number of associate professors. To confirm this conclusion, we recalculated the 

number of employees through the index as a share of the weighted sum in the total number of teaching staff, and 

the weights were assigned as follows: professor - 3, associate professor - 2, assistant professor and researcher - 1, 

lecturer and assistant 0. By determining these weights we tried to approximate the IKA coefficient, which was 

used in evaluating the quality of universities in the system of comprehensive accreditation. In determining, we 

proceeded from the assumption that lecturers and assistants have not completed the third level of higher 

education. The development of this indicator is shown in Figure 2. 
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Figure 2. Development of the quality of the qualification structure of employees (IKA index) 

Source: The Ministry of Education, Science, Research and Sport of the Slovak Republic, own calculations 

 

In the case of 11 public universities, the growing trend in the quality of the structure of pedagogical and scientific 

researchers was confirmed to us.  

 

Another monitored indicator on the input side, which we will use to evaluate the efficiency of the university is the 

number of students. We monitor the total number of university students in all levels and forms of higher 

education. This indicator recorded the most significant change compared to the beginning and end of the period 

under review. The demographic development of weak population grades, the possibility of studying abroad, 

caused a significant drop in the number of students at all public universities. The decrease in the number of 

students at all public schools in 2019 compared to 2011 was by 33.31%. In 2011, a total of 172,993 students 

studied, in 2019 it was 115,366 students. The development of the number of students and graduates of public 

universities is shown in Figure 3. 

 

 
Figure 3. The development of the number of students and graduates of public universities in Slovak republic (2011-2019) 

Source: The Ministry of Education, Science, Research and Sport of the Slovak Republic 
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An important indicator of quality in education is the number of students per teaching staff. The above findings 

show that if the number of students decreased, while the decrease in the number of teaching staff was not so 

significant, then this indicator records a positive development trend at public universities in the Slovak Republic. 

The average number of students at a public university per one pedagogical employee is shown in Figure 4. We 

can observe the decline during the entire researched period. In 2019, we record a slight increase to 12.2 students 

per employee. This increase is due to an increase in the number of students in 2019 compared to 2018. Based on 

demographic developments, it can be expected that this growth will continue in the future. 

 

 
Figure 4. The average number of students at a public university per one pedagogical employee in Slovak republic (2011 – 2019). 

Source: The Ministry of Education, Science, Research and Sport of the Slovak Republic 

 

Based on the development of the number of students and graduates of public universities, we compiled a graph in 

which a polynomial development trend is added, which confirms the declining trend in the following period of 

five. The reliability of this statement is given by the value of R2, which in the case of students and graduates 

reaches almost 100 percent reliability, in the case of the development of the number of students it is at the level of 

0.990 and in the number of graduates it is 0.998.  

 

 
Figure 5. Polynomial trend in the number of students and graduates of public universities and its prediction for the next 5 years. 

Source: The Ministry of Education, Science, Research and Sport of the Slovak Republic, own calculations 

 

Scientific research projects are one of the main activities for any university, which is one of the important sources 

of funding for the operation of the university. Within the Slovak Republic, universities have the opportunity to 

participate mainly in research projects VEGA, KEGA and APPV. Universities are solvers of scientific research 
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projects at the international level within the framework of operational programs announced in the European 

Union, projects resulting from bilateral agreements between states, resp. their groupings such projects Visegrad 

Fund. We focused on projects of a scientific nature, which are provided within the Slovak Republic through the 

agencies of the Ministry of Education. Project activity is one of the main indicators of the efficiency of the 

university on the output side for the needs of our study. The following table shows the share of employees in 

solved projects in individual years at public universities in the Slovak Republic. 

 
Table 2. Share of projects per pedagogical and scientific researchers (2011-2019) 

 
Source: The Ministry of Education, Science, Research and Sport of the Slovak Republic, own calculations 

 

 

 

The development of the number of projects per employee shows that the field of scientific research is stable at 

most universities. The trend is set by public universities, which have been operating on the Slovak education 

market for many years. The progress in the number of projects per employee is obvious in the case of UCM 

Trnava and TUAD Trenčín. Universities are marked in green, which in a given year reached a higher number than 

the average in the Slovak Republic. We stated amount of funds per employee in Table 3. These conversions do 

not take into account funds raised in international EU projects and so on. 
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Table 3. Funds received from VEGA, KEGA, APVV projects per employee in the years 2011-2019 

 
Source: The Ministry of Education, Science, Research and Sport of the Slovak Republic, own calculations 

 

The share of funds received per employee has a growing trend in the monitored period at all public universities in 

the Slovak Republic. The growing trend in the average value in Slovakia is caused mainly by the growth of funds 

from projects for faculties that have highly demanding material security (technology, healthcare), which is also 

confirmed by the values of this indicator. Low values at VŠMU Bratislava, VŠVU Bratislava and AU Banská 

Bystrica are given by their specific focus, although in the case of VŠVU it is possible to observe a growing trend. 

The next monitored output is an index expressing the ratio of the number of solved projects and the number of 

submitted projects. The development of this indicator is shown in Table 4. 

 
 

Table 4. The ratio of the number of solved projects and the number of submitted projects 

 
Source: The Ministry of Education, Science, Research and Sport of the Slovak Republic, own calculations 
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Even in this indicator, universities maintain a stable development trend in individual years, while the highest 

increase compared to the beginning of the observed period was recorded by TUAD Trenčín. Based on the above-

mentioned developments of indicators in project activity, we can state that public universities are constantly 

improving results in this area. Younger and smaller universities in the observed period have a higher year-on-year 

growth rate, especially in the last two monitored years. 

 

The last monitored indicator on the output side is publishing activity. For our needs, we used an indicator of the 

number of publications per employee as well as the number of outputs per employee in scientific journals. Data 

on publishing activities were available only from 2013, so we will examine this part in a shorter period 2013-

2019. Figure 6 shows the percentage change in 2019 compared to 2013. There was a decrease in the number of 

publications per employee at all public universities, except UVLF Košice and TVU Trnava. This decrease was 

accompanied by an increase in the share of outputs in current journals per employee. We also see an increase in 

the share of outputs in current journals in the total number of university outputs.  

 

 
Figure 6. Percentage change in the publishing activities of universities in 2019 compared to 2013 

Source: The Ministry of Education, Science, Research and Sport of the Slovak Republic 

 

To verify our assumption of specified inputs and outputs, we performed a correlation analysis of the following 

indicators: number of employees, number of implemented projects and the total number of publication results. 

The results of the correlation analysis are as follows (Table 5): 

 
Table 5. Correlation analysis 

Employees Projects Publications

Employees 1

Projects 0,98394415 1

Publications 0,971183146 0,950358645 1  
Source: own calculations 

 

As we expected, our strong dependence of the number of projects (0.98) as well as the number of publications 

(0.97) on the number of employees was confirmed. The assumption that projects are a prerequisite for publishing 

activities was also confirmed, while the dependence is at the level of 0.95. The 140 values for each correlation 

indicator were used, with the following statistical values within the data set. In the case of the number of 

employees, the median level was 444.35, the maximum value was 2511 employees (UK Bratislava year 2019) and 

the minimum value was 96.7 employees (UJS Komárno year 2013). Modus stood at 523.9, standard deviation 
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535.19. In the case of the number of solved projects, the median was 85.5, modus was 7 and the standard 

deviation was 124.56. The maximum number of solved projects in the monitored period was 561 (UK Bratislava 

in 2019). In the case of the number of publications, the median was 1962 publications, with a minimum number 

of publications of 82 and a maximum of 10450.  

 

We used DEA analysis to evaluate the efficiency of public universities, using a model for constant returns to 

scale. In the case of inputs in the form of the number of employees and in monitoring outputs as the number of 

publications, projects, it is not possible to consider increasing revenues from scale. First, we evaluated public 

universities according to the number of employees and the total number of publications. The results of the DEA 

analysis are shown in Table 6. 

 
Table 6. Efficiency of universities according to the CCR DEA model (staff and publications) 

 
Source: own calculations 

 

Based on this analysis, TvU Trnava appears to be the most effective in this area in 2019, which was in 6th place at 

the beginning of the monitored period. Overall, it can be stated that the differences in the efficiency of individual 

universities in 2019 were to a lesser extent than in 2013. Universities that significantly exceeded other universities 

in the absolute number of published outputs in this comparison reached a median level of 0.65. Even in the case 

of DEA analysis, the lowest efficiency was achieved by AU Banská Bystrica, VŠMU Bratislava and VŠVU 

Bratislava.  

 

In the case of the analysis of the number of employees per the number of solved projects, the results of the 

efficiency of public universities are shown in Table 7. Evaluation according to outputs in the form of solved 

projects in a given year, TU Zvolen is the most effective. The least effective in this area are UJS Komárno, 

VŠMU Bratislava and AU Banská Bystrica. The median in 2019 increased to 0.624 compared to 2011, when it 

reached the level of 0.439. The average value of efficiency increased from 0.421 in 2011 to 0.539 in 2019. Based 

on these facts, we can state that the efficiency of public universities in this category is increasing and the 

differences between individual universities are decreasing. 
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Table 7. Efficiency of universities according to the CCR DEA model (employees and number of solved projects) 

 
Source: own calculations 

 

In the following table we present the efficiency of public universities according to the obtained funds for solved 

scientific research projects. Even in this case, the growing trend of efficiency in the given numbers of pedagogical 

and scientific researchers was confirmed in most public universities. The average value of efficiency increased 

from 0.29 in 2011 to 0.41 in 2019. The median value reached 0.36 in 2019 compared to 0.20 in 2011. The results 

and ranking of public universities for this output are shown in Table 8. 

 

 
Table 8. Efficiency of universities according to the CCR DEA model (employees and volume of obtained funds) 

 
Source: own calculations 
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Also in this case, TU Zvolen took first place in 2019, while in 2011 it reached only the level of 0.532 efficiency 

compared to the first UVLF Košice in that year. UVLF reached an efficiency level of 0.539 in 2019 and ranked 

8th in the efficiency ranking. As AU Banská Bystrica did not implement any scientific research project in 2019, it 

shows an efficiency of 0 in this case. The least effective include KU Ružomberok, VŠMU Bratislava and UJS 

Komárno. 

 

When comparing the efficiency of public universities in the field of project activities, despite the fact that some 

universities show high performance in the number of solved projects, when comparing with the efficiency of the 

obtained funds, they are on lower serial numbers. SPU Nitra in the number of solved projects is on the 3rd place 

in efficiency, but in the monetary expression of the projects it fell to the 7th place. TVU Trnava from 4th place to 

9th place and UMB Banská Bystrica from 5th place to 13th place. Other changes in the order are not significant.  

The last DEA model, which we used to evaluate the efficiency of public universities, was based on measuring the 

efficiency of the university based on the input, which represented the number of teaching and research staff, and 

on the output side we used the following indicators: number of projects implemented in a given year, funds 

obtained for projects, the number of publications published in a given year, the number of publications in peer-

reviewed journals and the number of graduates. The results of the multiplied DEA model at constant range returns 

are shown in Table 9. 

 

 
Table 9. Evaluating the efficiency of public universities with a multiplied DEA model 

 
Source: own calculations 

 

7 universities were effective in 2013, while in 2019 this number dropped to 5 universities. Two universities, 

TUAD Trenčín and UPJŠ Košice, maintained the highest level of efficiency in both years. As part of changes in 

the basic indicators of descriptive statistics, we observe a decrease in medians from 0.955 in 2013 to 0.941 in 

2019. At the same time, in the case of specific universities AU Banská Bystrica, VŠVU Bratislava and VŠMU 

Bratislava we can observe a slight increase in efficiency despite previous evaluations of partial indicators. The 

average efficiency value in 2013 was 0.848, which means that there was a slight decrease to 0.840 in 2019.  
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Conclusions 

 

Universities have a specific position in terms of evaluating efficiency as well as performance. The evaluation of 

efficiency using the DEA model that we proposed eliminates inaccuracies in the case of evaluations based on 

absolute values. It is necessary to realize that individual universities differ in size, number of students, number of 

employees as well as different length of existence. The efficiency evaluation proposed by us is based on the 

evaluation of the efficiency of higher education institutions on the basis of share indicators. The evaluation 

compiled in this way can be used to evaluate not only universities. Universities can use this assessment to 

compare their individual faculties. This method of evaluation is the basis for evaluation for the purposes of 

accreditation. The results can also be used in the field of university promotion in the higher education market at 

the international level. Each school can choose other indicators for its needs, which will enter the model. One of 

the important outputs could be data on the employability of graduates in the labour market. We did not use this 

indicator as data is not currently available to the extent necessary. The total number of university graduates was 

35,017 in 2019. 46% found employment, the unemployed accounted for 4% and 37% continued their studies. In 

case of using these data for a longer monitored period at individual universities, we will include them in the 

models of efficiency evaluation. However, even without the use of this indicator, it has been confirmed that most 

universities achieve high efficiency and differences in evaluation using DEA models are minimal. The trend of 

maintaining quality and performance is positive. Young universities achieve the same and in some cases better 

results than schools with a long tradition. The issue of university evaluation requires further research, which we 

will address in further research activities.                       

 

 

 

 

References 
 

Abbott, M. & Doucouliagos, C. (2003). The efficiency of Australian universities: a data envelopment analysis. In: Economics of Education 

Review, 22(1), 89–97, ISSN: 0272-7757 

 

Abramo, G. & D'angelo, C. A. (2009). Assessing technical and cost efficiency of research activities: a case study of the Italian university 

system. In: Research Evaluation, 18(1), 61-70. ISSN 0958-2029 

 

Agasisti, T. & Dal Bianco, A. (2009). Reforming the university sector: effects on teaching efficiency-evidence from Italy. In: Higher 

Education, 57(4), 477-498. ISSN 0018-1560 

 

Archibald, R. B. & Feldman, D. H. (2008). Graduation rates and accountability: Regressions versus production frontiers. In: Research in 

Higher Education, 49(1), 80-100. ISSN 0361-0365 

 

Cooper, W.W., Seiford, M.L. & Tone, K. (2006). Introduction to Data Envelopment Analysis and Its Uses. Boston: Springer. ISBN-10:0-

387-45281-8. 

 

DvořákovÁ, Z. et al.  (2012). Řízení lidských zdrojů (Human resources management). 1. Vydanie Praha: C. H. Beck. ISBN 978-80-7400-

347-9 

 

Fibírová, J. & Šoljaková, L. (2005). Hodnotové nástroje řízení a měření výkonnosti podniku (Value tools for managing and measuring 

business performance). 1. vyd. Praha: Wolters Kluwer. ISBN 978-80-7357-084-2 

 

Grmanová, E. (2010). Hodnotenie efektívnosti komerčných poisťovní a bánk modelmi analýzy obalu dát (Evaluation of the efficiency of 

commercial insurance companies and banks by data packaging analysis models). Trenčín: FSEV, TnUAD. ISBN 978-80-8075-463-1 

 

Heyne, P. (1991). Ekonomický styl myšlení. Praha: VŠE. ISBN 80-7079-781-9 

 

Jablonský, J. & Dlouhý, M. (2004). Modely hodnocení efektívnosti produkčních jednotek (Models for evaluating the efficiency of 

production units). Praha: Professional publishing. ISBN 8086419495 

 

http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2021.9.1(21)


 ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES 

ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 

                   2021 Volume 9 Number 1 (September) 

   http://doi.org/10.9770/jesi.2021.9.1(21) 
 

361 

 

Jeck, T. & Sudzina, F. (2009). Relatívna efektívnosť producentov znalostí na Slovensku v regionálnom kontexte (Relative efficiency of 

knowledge producers in Slovakia in a regional context) In: Trendy regionálnych disparít Slovenska. Bratislava: Ekonomický ústav SAV, 

p.105-118. ISBN 978-80-7144-176-2 

 

Kao, C. & Pao, H. L. (2009). An evaluation of research performance in management of 168 Taiwan universities. In: Scientometrics, 78(2), 

261-277. ISSN 0138-9130 

 

Koróny, S. & Hronec, Š. (2012). Analýza efektívnosti vysokých škôl na Slovensku (Analysis of the effectiveness of universities in Slovakia). 

Banská Bystrica, Univerzita Mateja Bela v Banskej Bystrici, ISBN 978-80-557-0481-4 

 

Lisý, J. et al. (2007). Ekonómia v novej ekonomike (Economy in the new economy). 2. vyd. Bratislava: IURA EDITON, spol. s r. o. ISBN 

808-07-81644 

 

Malaga, P. & Bialková, D. (2011). Riadenie ekonomickej efektívnosti podnikov (Management of economic efficiency of companies) In 

Trends and Innovative Approaches Business Proceses. ISBN 97-880-530742-8. 

 

Mcmillan, M. L. & Datta, D. (1998). The relative efficiencies of Canadian universities: a DEA perspective. In: Canadian Public Policy-

Analyse De Politiques,  24(4), 485-511. ISSN 0317-0861 

 

Sedláček, M., Suchánek, P. & Špalek, J. (2012). Kvalita a výkonnost průmyslových podniků (Quality and performance of industrial 

enterprises). Brno: Masarykova univerzita. ISBN 978-80-210-6075-3. 

 

Šulák, M. & Vacík, E. (2003). Měření výkonnosti firem (Measuring the performance of companies). 1. vyd.  Plzeň: Západočeská univerzita. 

ISBN 80-86754-33-2 

 

Thursby, J. G. & Kemp, S. (2002). Growth and productive efficiency of university intellectual property licensing. In: Research Policy, 

31(1), 109-124. ISSN 0048-7333 

 

Tumpach, M. (2008). Manažérske a nákladové účtovníctvo (Management and cost accounting). Bratislava: Iura Edition. ISBN 80-80781-

68-2 

 

Wagner, J. (2009). Měření výkonnosti (Performance measurement). Praha: Grada Publishing. ISBN: 978-80-247-2924-4   

 

 

 

 

 

 

Acknowledgements 

 
This paper was supported by the Slovak Ministry of Education’s Scientific grant agency VEGA: “Digitálna ekonomika a 

zmeny v systéme vzdelávania ako reflexia na požiadavky trhu práce”. Project registration number: [Reg. No.: 1/0689/20].  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2021.9.1(21)


 ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES 

ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 

                   2021 Volume 9 Number 1 (September) 

   http://doi.org/10.9770/jesi.2021.9.1(21) 
 

362 

 

Valentinas NAVICKAS, Prof., Ing., Dr. is the Professor at Faculty of Social and Economic Relations at Alexander Dubcek University of 

Trencin, Slovakia. Author of more than 370 scientific publications (including monographs published in the Czech Republic 2013 and 

Slovak Republic 2016, 2018) and scientific articles. Prepared 7 doctors of social (economics) science; now he is a research adviser of 2 

persons maintaining a doctor’s thesis. Fields of scientific interest: international economics, clusterization, competitiveness. 

ORCID ID:  0000-0002-7210-4410       

 

Adriana GRENČÍKOVÁ, Assoc. prof., Ing., PhD. Is the Associate professor at the Department of Personnel management and Human 

resources management, Faculty of Social and Economic Relations at Alexander Dubcek University of Trencin, Slovakia. Her scientific 

interests: human resource management, labour market. 

ORCID ID:  0000-0003-1077-1127 

 

Karol KRAJČO is the researcher at the Faculty of Social and Economic Relations at Alexander Dubcek University of Trencin, Slovakia; 

the author of more than 50 scientific papers and publications published domestically and abroad. Fields of scientific interest: international 

economics, SMEs, economics and economic policy. 

ORCID ID: 0000-0002-7698-6078 

 

 

 

 

 

 

 
Make your research more visible, join the Twitter account of ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES: 

@Entrepr69728810  

 

Copyright © 2021 by author(s) and VsI Entrepreneurship and Sustainability Center 

This work is licensed under the Creative Commons Attribution International License (CC BY). 

http://creativecommons.org/licenses/by/4.0/ 

  
 

http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2021.9.1(21)
http://creativecommons.org/licenses/by/4.0/

