
 

 

 
Abstract—The strategy of innovative development of 

Russia requires the formation of national research 

universities of the international level. Twenty-nine Russian 

universities have already been awarded this status. They 

are faced with a difficult task - to become the movers of 

priority areas for the development of science, technology, 

economic sectors, and the social sphere. The paper 

discusses the issue of assessing the quality of the activities 

of universities in the category "National Research 

University" (NRU). The disadvantages of existing 

approaches to assessing the activities of universities are 

highlighted. It is proposed to use self-assessment with the 

involvement of independent experts as a tool for assessing 

the activities of the NRU and its improvement. A process 

model and criteria for assessing the quality of the activities 

of a national research university have been developed. A 

mathematical model of the preferences of a decision-maker 

(DM) for a comprehensive assessment of the quality of 

NRU activities has been built. The model takes into 

account the individual and rational preferences of decision 

makers, as well as the balance of approaches and results to 

ensure the quality of NRU activities. Estimates of the 

numerical values of the parameters of the developed 

mathematical model are determined. For this, an 

experiment was planned and a D-optimal supersaturated 

design was built. The quality indicators of the developed 

model are calculated, which allow us to conclude that the 

developed model better describes the results of the 

experiment than the existing models. 

 

Keywords—Criteria model, Decision making, Process 

model, Quality management. 

 
 

I. INTRODUCTION 
OR a long time, Russian universities did not pay due 
attention to management issues, and only with the 

transition to market relations, most universities began to 
realize that effective university management is a key factor in 
the effective work of a university. Reduced budget funding and 
increased competition forced universities to change their 
strategy of activities. Non-profit organizations in Russia have 
ceased to consider themselves as closed systems that realize 
their statutory goals with the help of public funds. Quality 
orientation, anticipation of consumer needs has become one of 
the main strategies of their activities [1, 2]. Universities turned 
to the study of the desires and needs of customers, work with 
various groups of consumers, diversification of activities, 
active promotion of services, formation of pricing policy, 
attraction of additional sources of funding. The strategy of 
innovative development of Russia required the formation of 
national research universities of the international level [3]. 
Twenty-nine Russian universities have already been awarded 
this status on a competitive basis. They are faced with a 
difficult task - to become the drivers of priority areas for the 
development of science, technology, economic sectors, and the 
social sphere. 

In order for a national research university to provide 
products / services that are perfect in all respects, more 
effective management methods are first of all needed. But the 
more effective they are, the wider horizons they provide for 
improving performance, the more serious is the issue of 
tracking the dynamics of changes in work results, the list of 
criteria for assessing the activities of a national research 
university becomes more voluminous and diverse. 

The criteria for evaluating the activities of the university 
form the basis of the system for ensuring the quality assurance 
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of education. The provision of guarantees of the quality of 
education is understood as a set of auxiliary methods and 
means of assessing the quality of the higher education system, 
individual universities and programs [4]. In modern 
conditions, the following guarantees of the quality of 
education can be distinguished: rating, accreditation, 
assessment of the effectiveness of the intra-university quality 
management system (QMS). 
The Ministry of Education and Science of the Russian 
Federation is pursuing a targeted policy of improving the 
quality of training specialists, increasing the competitiveness 
of the domestic education system, using modern management 
methods. In order to initiate a systematic approach to solving 
the problems of improving the quality of education, the 
Ministry of Education and Science of the Russian Federation 
in 2000 organized a competition "Quality Systems for 
Graduate Training" (CQS). During the entire period of the 
CQS, all universities of the category of the national research 
university took part in it. Most of the universities that 
participated in the CQS, despite the abundance of information 
they collect, need to create decision support systems to 
manage the quality of their activities. 

II. METHODS 
The decision-making process is central at all levels of 

management of the activities of a national research university 
(NRU). One of the key stages of the decision-making process 
is information preparation of the decision. At this stage, we 
must assess the state of the system in order to determine the 
degree to which the system has achieved the goal of the 
decision maker (DM). The goal of the decision maker is a 
comprehensive continuous improvement of the university's 
activities. This goal is dictated by decision makers by the 
modern paradigm of management of any organization, 
including a university - any organization should strive for 
system optimization [5, 6]. Systemic optimization is 
understood as meeting the long-term needs of all social groups 
associated with a community of interests with the organization. 
Thus, the construction of NRU management should be based 
not only on even the most objective numerical indicators, but 
on the basis of an understanding of the processes of achieving 
results, both quantitative and qualitative results. Relying only 
on the quantitative results of the decision maker, he will not 
see the system as a whole, due to the presence of emergent 
properties in it, which are not fundamentally deduced from 
quantitative indicators. Quantitative management stimulates 
short-term thinking and diverts energy from long-term 
improvement. Quantitative indicators are the main model for 
accreditation of Russian universities. Currently, most Russian 
universities use accreditation and rating indicators as criteria 
for assessing their performance [7]. 

The Ministry of Education and Science of the Russian 
Federation has established an annual reporting system for 
subordinate universities, which contains the accreditation 
indicators of the educational institution's activities achieved in 

the reporting year. Accreditation indicators are used for 
information and analytical support for decision-making on 
state accreditation of the Federal Service for Supervision in 
Education and Science. 

Using data received from universities for the corresponding 
year, the National Accreditation Agency for Education sets 
thresholds for accreditation indicators of higher education 
institutions in the comparison group. Each university, using 
data on accreditation indicators, can assess its compliance with 
the accreditation criteria as a whole, using a special index. 

At the request of the university, the National Accreditation 
Agency for Education prepares an analytical report for it. It 
helps to determine the degree of its readiness for state 
accreditation, compliance with the declared state accreditation 
status, as well as to conduct a comparative assessment of the 
results of its activities against the background of other single-
profile higher educational institutions in Russia. 

In addition to the values of accreditation indicators, the 
report contains their graphical interpretation, namely a radial 
chart and a chart of ranking universities by accreditation 
indicator with the median and quartiles plotted on it. The 
report also presents the results of a discriminant analysis of 
accreditation indicators: the probability of a particular 
educational institution belonging to this type, the position of 
an educational institution on the plane of discriminant 
functions. 

It is important to note that accreditation indicators are 
presented partly in a qualitative form (expert assessment with 
two levels of gradation), partly in quantitative form. Expert 
opinions are used to determine the accreditation status of an 
educational institution of the "higher education institution" 
type. The thresholds for accreditation indicators are based on 
average values. Most universities in the existing system of 
state accreditation in Russia intensify their activities once 
every five years in accordance with the terms of accreditation. 
This dramatically reduces the efficiency of decision-making at 
NRU. It is necessary to create a regular system of information 
preparation of managerial decisions at NRU. As information 
preparation of management decisions, it is proposed to use a 
conceptual model: 
1) Every year the NRU prepares a report on its activities and 

sends it to independent experts. Experts prepare a 
response report, where they note the strengths and areas 
for improving the activities of the NRU, give marks 
according to the criteria. 

2) Once every 5 years, the university, taking into account the 
annual self-assessments and on their basis, sends a 
summary report (with dynamics over the years) for 
examination. In this case, the expert opinion is drawn up 
after analyzing the reports for five years and the field 
examination of the university. 

Existing approaches to assessing the quality of the activities 
of universities operate with characteristics [8, 9], reflecting 
mainly the results of their activities. At the same time, when 
conducting accreditation, the main focus is on the operating 
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conditions of an educational institution, and such components 
as the process and results of educational activities are taken 
into account to a lesser extent. 

In search of the optimal methodology for a comprehensive 
assessment of the activities of a national research university, it 
is proposed to take a systems approach as a basis, when 
decisions are made not only on the basis of quantitative or 
qualitative indicators (results), but also taking into account the 
analysis of the approaches used to achieve them (processes). 

As a basis for developing criteria, it is advisable to use 
excellence models in the field of quality [10, 11]. All models, 
without exception, are based on the “processes - result” 
concept. 

III. RESULTS 
A criterion model has been developed for a comprehensive 

assessment of the activities of the NRU, which consists of 
twelve criteria. When developing the criteria, the models of 
business excellence were taken into account [12, 13], criteria 
for programs for the creation and development of NRUs, as 
well as Russian and international experience in accreditation 
and rating of universities [14, 15]. 

The criteria of the developed model consist of two groups: 
1) Criteria characterizing the capabilities of NRU to ensure 

the required quality of training of specialists ( 1z  - 
organizational structure; 2z  - leadership; 3z  - strategy; 4z  
- potential; 5z  - resources; 6z  - process management). 

2) Criteria characterizing the results achieved by the NRU 
( 7z  - knowledge; 8z  - sustainability; 9z  - environment; 

10z  - society; 11z  - science; 12z  - innovation). 
The first group of criteria shows the resource potential of a 

NRU, its support and improvement on the part of the 
university. The second group of criteria shows how effectively 
the potential of NRUs is used in educational, scientific and 
other fields of activity. 

The degree of achievement of the decision maker's goal is 
reflected in the quantitative assessment of his preferences for a 
comprehensive assessment of the quality of the NRU's 
activities according to the developed criteria. If the decision 
maker had a table that would contain all possible estimates of 
NRU and the corresponding preference estimates, then there 
would be no need to build a mathematical model of decision 
makers' preferences for a comprehensive assessment of the 
quality of NRU activities. The decision maker would simply 
choose the value of preference that corresponds to the multi-
criteria assessments of the NRU according to the criteria 
obtained as a result of the examination. But in our case, to 
build such a table, we need to consider a very large number of 
different options for assessing NRU, this is due to the 
dimension of the five-point scale used to evaluate NRU 
according to twelve criteria. 

Another possibility is to select a number of multicriteria 
NRU assessments and determine preferences in them, in the 
hope that these assessments will cover the most frequently 

encountered states of NRU. This is possibly less time-
consuming task for the decision maker; nevertheless, the 
psychophysiological limitations of the decision maker remain 
in force. It is important to note that the decision-maker's 
system of preferences formalized in this way does not have any 
predictive power, since is built only according to those 
estimates that were directly considered by the decision maker. 

The third possibility is to build a mathematical model in 
order to use it to predict the values of the decision maker's 
preferences in those states of the NRU that have not been 
studied directly by the decision maker. Thus, if it is not 
possible to measure the preference of the decision maker in 
each state, then it is possible at least to predict it. Moreover, 
with any multi-criteria assessment of the NRU. 

It is necessary to make assumptions about the properties of 
the unknown to us mathematical model of the system of 
preferences of decision makers for a comprehensive 
assessment of the activities of NRU a priori, i.e. determine the 
structure of the mathematical model. 

There are many different ready-made structures of 
mathematical models of decision makers' preferences for a 
comprehensive assessment of complex socio-economic 
systems. Various ways of generalizing all criteria into one, 
using the mathematical model of decision makers' preferences 
[16, 17]. 

The existing mathematical models of decision makers' 
preferences in relation to the problem of determining a 
comprehensive assessment of a university are the most popular 
linear convolution [18] - the principle of absolute concession, 
which gives an inadequate comprehensive assessment of a 
university that has extreme indicators in terms of criteria. 

The existing approaches to the construction of a 
mathematical model of the decision maker's preferences are 
based on the fact that the decision maker in the dialogue 
chooses the postulated optimality principle that reflects the 
system of his preferences [19]. However, the decision maker 
may not possess the toolkit of the postulated optimality 
principles. Many of the principles require additional 
information from the decision maker, which is usually difficult 
for him to provide a priori. At the same time, the more a priori 
information is used to define a mathematical model, the more 
chances to get an adequate model. 

The noted factors determine the feasibility of building a 
flexible mathematical model of decision makers' preferences, 
taking into account: 
1) Rationality of decision makers' preferences - a multi-

criteria assessment of the quality of a NRU activity should 
be as close as possible to the maximum possible 
assessment and as far as possible from the minimum 
assessment. 

2) Balance of approaches and results, in which the 
assessments according to the criteria should have a 
symmetric distribution. The balance is based on the results 
of the study of the assessments of the participants in the 
CQS. The study showed that the distribution of the 
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assessments of the CQS laureates obeys a uniform 
distribution law, while for the rest of the participants there 
is no such distribution. 

3) Individual preferences of decision makers towards a 
comprehensive assessment of the NRU. 

The formalization of the rationality of decision makers' 
preferences was carried out using the TOPSIS method [20]; it 
is proposed to modify it by introducing various norms. 

Balance formalization was carried out using variance. Since 
the analytical expression of balance should take a value equal 
to zero for the same criterion evaluations, and in the case of 
the maximum difference in the criterion evaluations, take the 
maximum value. One of the functions that meets these 
requirements is variance SD . The individual preferences of 
the decision maker are taken into account by parametrizing the 
mathematical model of the decision maker's preferences. 

The structure of the proposed mathematical model, taking 
into account the properties described above, has the following 
form (1). 

 
max
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where 
1( )I

p pi ia z   is the multi-criteria assessment of the 

NRU based on the results of the p th examination; 

piz  – assessment of the NRU according to the results of the 

p th examination according to the i th criterion; 

222
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multicriteria assessments of the NRU according to the results 
of the p th examination from the anti-ideal point; 
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  – the distance of the 

multicriteria assessments of the NRU according to the results 
of the p th examination from the ideal point; 

SD  – variance of multi-criteria assessments of NRUs based on 
the results of the p th examination; 

SD  – the maximum value of the variance; 
1k , 2k  – indicator of the norm; 

i  – the importance of the i th criterion; 

1(max )
pi i

I P

i pi p
z Z
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

  – ideal point; 

1(min )
pi i

AI P

i pi p
z Z

z z 


  – anti-ideal point; 

  – model parameter, (0,1) . 
 
The experiment should be planned and evaluated to 

determine the numerical values of the parameters 1k , 2k  and 

  of the mathematical model (1). And to do it with maximum 
efficiency, i.e. with a minimum number of questions to the 
decision maker, obtain maximum information about the 

influence of the varied values of the criteria on the parameters 
of the model (1) in order to evaluate them with maximum 
accuracy. To estimate the parameters of the model, the number 
of experiments is 29, and to assess the predictive properties of 
the model, another 29 experiments were used. The experiment 
design size is 58.  

In order to obtain the maximum information about the 
influence of the varied values of the criteria on the parameters 
of the model, the experimental design was constructed as D-
optimal [21], such a design allows the most efficient use of the 
volume of the criterion (factor) space to obtain the most 
accurate estimates of the parameters of the model (1). The D-
optimal design maximizes the determinant of the information 
matrix (2). 
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 

 is the design of the experiment; 

1 2( , , )k k   – parameters of the model (1). 
 

For D-optimal designs, the determinant of the information 
matrix does not depend on the parameters included in the 
model linearly [22, 23]; in our case, the parameter   is set 
equal to 0. However, the determinant of the information matrix 
depends on the values of the parameters 1k  and 2k , which are 
estimated. To overcome this contradiction, there are several 
standard approaches [24]: locally optimal, Bayesian and 
maximin. The maximin approach max min ( , )M

 
 



 was 

used, since it is optimal if there is no a priori information 
about the parameters of the model, namely the approximate 
value   from previous experiments or the probability 
distribution  . 

The problem min ( , )M


 


 was solved using the graphic-

analytical method. 

The problem *max ( , )M


  , where 

* arg min ( , )M


  


 , was solved using the approach of 

evolutionary computations - a genetic algorithm, this approach 
is optimal due to the large dimension of the space of variables 
and the nonlinearity of the objective function. 

At each point in the design * *max ( , )M


    an 

assessment was made ( )pf a , *
pa  . It is quite obvious 

that it is rather dangerous to be guided by the opinion of a 
single decision maker, and it is desirable to take into account 
the opinions of several specialists. Three experts from decision 
makers took part in the assessment. The importance of the 
model criteria was assessed ( 1z  – 0,086; 2z  – 0,081; 3z  – 
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0,084; 4z  – 0,079; 5z  – 0,083; 6z  – 0,072; 7z  – 0,087; 8z  – 
0,076; 9z  – 0,089; 10z  – 0,086; 11z  – 0,096; 12z  – 0,081). 

The assessment ( )pf a  was carried out directly using a 

verbal-numerical scale. The empirical system of relations was 
a scale of order, consisting of five gradations. Metrized system 
of relations - the numerical part of the scale was built. A model 
example was developed that describes various states of NRU 
in the empirical system of relations, each decision maker 
expressed his opinion on the correspondence of a particular 
state to scores from 0 to 100. The Delphi method was used to 
calculate the generalized estimates. Normalized values of 
estimates from 0 to 1 were used to calculate the estimates of 
parameters  , 1k  and 2k  of the mathematical model (1). To 
estimate the parameters of the mathematical model (1), the 
least squares method was chosen. The grid search was used by 
the parameters of the mathematical model. The optimum was 

found for the values of the parameters ˆ 0.245  , 1̂ 2k   

and 2̂ 2k  . 

IV. DISCUSSIONS 
The most important indicator of the quality of the object 

model is its adequacy [25, 26]. The model was tested using 
Fisher's test [27, 28]. The hypothesis about the adequacy of the 
model (1) based on the design points used for its construction 
is not rejected 1 1.283 1.64ТF F    at 0.05  . For 
the design points used to evaluate the predictive properties of 
the model, the hypothesis is also not rejected 

2 1.374 1.64ТF F   . Thus, the constructed model is 
adequate for all experiments in the constructed experimental 
design. 

A comparative analysis of the explanatory and predictive 
properties of existing mathematical models for a 
comprehensive assessment of the activities of complex socio-
economic systems has been carried out [29, 30]. The 
explanatory property of the model is understood as the 
coefficient of determination 1R  calculated on the basis of the 
first group of design points, and the predictive property is 
understood as the coefficient of determination 2R  calculated 
on the basis of the second group of design points. In two 
respects, the developed model is more accurate than the 
existing ones: 

The developed model 2
1 0.84R  , 2

2 0.82R  . 

The principle of absolute assignment 2
1 0.73R  , 

2
2 0.75R  . 

Harrington's desirability function 2
1 0.37R  , 2

2 0.41R  . 

Ideal point principle (Euclidean norm) 2
1 0.79R  , 

2
2 0.76R  . 

Anti-ideal point principle (Euclidean norm) 2
1 0.52R  , 

2
2 0.57R  . 
As the conducted research has shown, the level lines of the 

developed model for high and low scores according to the 
criteria represent the level lines of the ideal and anti-ideal 
point principle, respectively. The decision maker's preference 
for a comprehensive assessment for average estimates by 
criteria corresponds to the level lines of the principle of 
absolute concession, and for extreme estimates by criteria it 
corresponds to the level lines of the ideal point principle, and 
this is due to the inclusion of variance in the mathematical 
model, which affects the steepness of the level lines in this 
area of the criterion space 

V. CONCLUSION 
The process of developing scientific and methodological 

approaches to assessing complex systems consists of the 
following main stages: facts - assumptions (empirical 
knowledge) - building a model - forecast (prediction) and its 
verification. To assess the NRU, all the indicated stages were 
passed. The quality indicators of the developed model allow us 
to conclude that the developed model describes the 
experimental results very well. At the same time, the 
coincidence of the most popular mathematical models with 
experimental data can hardly be considered satisfactory. NRU 
is not characterized only by a set of any criteria. In order to 
fully describe the educational and scientific activities of a 
NRU, an infinite number of criteria are needed. But for the 
effective management of the quality of the activities of a 
higher educational institution of the category "National 
Research University", not all possible, but the most important 
criteria are needed. Obviously, in addition to the criteria that 
are not important for us, there will always be criteria 
(indicators) that we do not know and / or do not know how to 
measure – evaluate [31, 32]. Moreover, the classification of 
the constituent criteria, like any other, is very conditional, and 
there is no sharp line between the different components of the 
proposed system of criteria. The developed mathematical 
model, together with the implementation of the conceptual 
model for assessing the activities of NRUs, will provide a 
mechanism for demonstrating the level of excellence of the 
activities of NRUs to stakeholders and, accordingly, increase 
the degree of trust on the part of all stakeholders and, reduce 
the volume of inspections conducted within the framework of 
state accreditation of NRUs in Russia. 
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