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INFORMATION-ANALYTICAL SYSTEM FOR EVALUATING 
THE SCIENTIFIC pErFOrMANCE OF STrUCTUrAL UNITS OF 
UNIVErSITIES AND rESEArCH INSTITUTES bASED ON THE 

ApprOACH OF CONSTrUCTING COMpLEX INTEGrAL EVALUATION

Abstract: The article discusses the creation of an information-analytical system for 
evaluating the scientific performance of structural units of universities and research institutes 
based on the approach of constructing complex integral evaluation. A model of information 
technology for evaluating the results of scientific activity is proposed, consisting of four 
modules: an information collection module, an information storage module, an analytical 
module, and a module for user interaction and data visualization. The modular structure of 
the technology will allow expanding and modifying the capabilities of each of the modules 
independently of the others, as well as increasing the stability and flexibility of the technology. 
The implementation of this system is performed using microservices technology. A conceptual 
model of the information system and a structural model of the functioning of the information 
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collection module, as well as a structural model of the information system database, are 
proposed.

It is shown that most of the well-known indices for evaluating the performance of subjects 
of scientific activity, for example, h-index, g-index, e-index, I-10 index, etc., do not fully take 
into account information about citation. Therefore, the method for calculating the evaluation 
of scientific research activities of scientists was proposed, which does not lose information 
about any citation of the author and publication. This method determines the scalar evaluation 
of the results of scientific activity, and it is based on determining a few coefficients. The 
coefficients define one scientist’s citation in the publications of other scientists. As a result, 
assessment is obtained by solving a system of linear algebraic equations that are constructed 
based on calculated coefficients. Most of the known evaluation approaches have their own 
calculation features and disadvantages, which are associated with the loss of some information. 
Therefore, it is not recommended to give preference to one of them. For the purposes of a 
comprehensive assessment of the productivity of research activities of scientists, the authors 
proposed a method of vector evaluation of the results and the construction of the integral 
assessment. This method is based on the construction of vectors and scalar estimates for each 
scientist in a multidimensional metric space. The dimensionality of the space is determined 
by the number of calculated scalar estimates. The method is also based on the construction 
of an ideal point, which consists of scalar estimates that are the best in terms of achieving 
maximum performance. The assessment of each subject of scientific activity is calculated as 
the metric distance from the ideal point to the vector of scalar estimates of this subject of 
scientific activity.

Keywords: information-analytical systems, microservices, ratings of scientists, rating of 
scientific departments, integrated performance assessment, site parser.

Introduction
The dynamic development of each state’s information-educational scientific system is the 

main factor that contributes to the rise of its prestige, as well as economic development and 
the appearance of new technologies in various spheres of human activity. The main goal that 
the researchers have been dealing with is the creation of mechanisms for effectively managing 
educational and scientific systems. This can be realized by attracting private organizations, 
financial support from government authorities at various levels, and expanding international 
cooperation within certain scientific and educational projects (Horizon 2020, Erasmus +). 
Therefore, the main task for private companies which are interested in the development of high 
technologies, and the task for foreign partners is the creation of effective criteria for evaluating 
the performance of research activities of scientists, higher educational institutions, as well as 
structural divisions of these educational institutions: departments, faculties, institutes. 

Evaluation of the productiveness of scientific research activity allows checking the 
compliance of the research progress with the goals specified at the planning stage and, if 
necessary, adjusting the progress of those studies.

One of the components of rating scientific research work is the evaluation of the main 
results of this work: scientific publications. The results of these publications in other scientific 
studies can be used as a criterion for the significance of the publication. That is why the 
assessment of results of scientific research work can be implemented by finding different 
bibliographic indexes of citing publications.

The assessment of scientific research work can be based on the personal assessments of the 
scientists working on it. Generally accepted criteria for evaluating the results of the scientific 
research work of scientists are the indexes of citing publications published by these scientists.  
These characteristics are usually scalar values. This approach to the construction of such 
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quantities has a few advantages, but at the same time, there are disadvantages. These failures 
include the loss of part of incoming dates and the existence of such borderline cases when the 
parameter does not change its value at the rising of a few citing and publications. That is why 
it is relevant to create new or modificative present methods of rating of results of scientific 
research activity of scientists who do not have these shortcomings. For instance, the scientist 
made a publication that later became fundamental in a certain line of research, and ended his 
career. If di > n’ then traditional bibliometric indexes will be equal to n’, then the result of the 
research work of this scientist is not very saucerful and important, but such the assessment 
is not adequate. Therefore, new methods must avoid these cases when the scientific research 
work is carried out, and the evaluation of the scientific-research work results does not change.

Overview of the industry 
The task of assessment of the performance of scientific-research work is traditional under 

the task of managing educational and scientific-research institutions. The work [1] proposes a 
project-vector approach to the management of higher education institutions.

The functioning of higher educational institutions is considered as a set of projects, each 
of which is represented by a vector in the space of scientific, educational, and administrative 
activities. To determine the coordinates of these vectors, it is necessary to evaluate the results 
of the corresponding type of activity. The paper [2] describes an approach to assessing the 
quality of functioning of a higher education institution by constructing a parametric model. 
This model requires tracking changes in the results of various activities, including scientific, as 
well as forecasting for the next period. The paper [3] describes an approach to managing an 
educational institution based on predicting the transition between states, which is represented 
by a Markov chain. Determining the probability of transitions requires a comprehensive 
assessment of the results of the research and teaching activities of the institution and 
forecasting its values for the next period. The paper [4] considers the indicators necessary 
for a comprehensive assessment of the performance of higher educational institutions and 
provides an analysis of these indicators. The work [5] provides an overview of the features of 
methods for evaluating the results of activities, in particular scientific ones, of higher education 
institutions of the Republic of Kazakhstan.

The performance of scientific-research activities of scientists or scientific subjects can 
be assessed based on citation rates of publications published by these subjects of scientific 
activity. In work [6], a review of scientometric bases and methods for obtaining the main 
citation indicators was made. The most common bibliometric indicator, now, is the Hirsch 
index. The principle of its construction is described in the paper [7]. The Hirsch index is 
calculated as follows: a scientist receives an index h if the scientist has published at least h 
articles, each of which is cited at least h times. It is proposed to use the so-called g-index. 
This index is the largest number g that corresponds to the number of articles cited at least 
g2 times. In paper [8], the fundamental shortcomings of h- and g-indices are indicated, which 
consist in the loss of information about the citation of the most popular publications of the 
author, and the use of the e-index is proposed to eliminate these shortcomings. In the paper 
[9], several modifications of the h-index calculation are proposed, including those considering 
self-quoting.

The task of assessment of the results of searching for information has a number of common 
characteristics with the task of evaluating the results of scientific-research activities of 
scientists. These common characteristics are that between pages on the Internet, there is 
a connection through hyperlinks, and between scientific publications - through citation. For 
the task of evaluating the results of information search on the Internet, the so-called PR 
index is used, which is described in paper [10]. The work [11] describes the application of the 
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Monte Carlo method to speed up the calculation of the PR index. The paper [12] considers a 
modification of the Monte Carlo method for finding the PR index in a dynamic network whose 
structure is constantly changing.

When constructing methods in this study, the approach of finding proximity between 
multidimensional vectors is used. The work [13] describes formulas for finding metric distances 
in various ways, as well as a method for indexing vectors based on K-nearest neighbors.

The aim of the study is to construct methods for assessing the productivity of research 
activities of scientists based on the analysis of citations of publications that are published by 
scientists.

To ensure the effective functioning of organizations of the educational sector in modern 
conditions, it is necessary, first, to improve a system of managing these organizations. These 
improvements relate to using modern management methodologies to implement all types of 
activities: scientific, educational, organizational, etc.

Most scientists believe that the higher education system must be self-managing and self-
regulating. Self-managing of the higher education system is to minimize all types of centralized 
administrative influence of the state on the activities of universities, the development of 
competitive bases in the field of higher education, that is, the transition to selective priority 
funding of the university, depending on the rating.

Well-known methods for assessing the performance of subjects of scientific activity have 
several disadvantages. In particular, the convolution method requires the correct selection of 
weight coefficients, which can be a difficult task. After all, each subject of scientific activity a 
priori understands the areas in which there are positive results and will insist on taking these 
areas into account in the convolution with the maximum coefficient. That is, to choose such 
an assessment system, it is necessary to reach a consensus of all subjects of scientific activity 
on the choice of weight coefficients. The ideal point method requires constant refinement of 
the ideal point and the use of expert assessment, which is associated with the manifestation 
of the subjective factor in a comprehensive assessment.

 Relevant is the development of a new comprehensive method for assessing the performance 
of subjects of scientific activity, which can serve as an effective tool for managing higher 
education institutions and their structural divisions: departments, faculties, and institutes. 
An important feature of this method should be the possibility of automation for use in the 
management systems of higher education institutions. 

Well-known performance evaluation methods of subjects of scientific-research activity 
require constant intervention in calculating the subjective factor, agreeing on expert opinions, 
and changing the system of coefficients when changing assessment priorities, which is difficult 
to automate. The advantage of the study is the development of a method for assessing the 
performance of subjects of scientific activity, which is easily automated, does not require the 
involvement of experts, the selection of weight coefficients, the ideal point and the solution 
of additional tasks when constructing a comprehensive assessment.

Let’s consider methods for assessing the performance of subjects of scientific activity as 
organizations. There are several global methods for evaluating the performance of higher 
education institutions. The most popular among them are the World University Rankings, 
described in the paper [14]. This rating is generated by Quacquarelli Symonds (also known as 
QS rating). However, the QS methodology may well be applied within the same country. QS 
rating provides a diverse assessment of the results of various activities of higher education 
institutions. Most of the indicators considered when calculating the rating are objective and 
can be obtained from open sources. Some of the indicators are subjective the reputation index. 
To obtain indicators, it is necessary to conduct a survey of a sufficient number of qualified 
experts, which is a difficult task. 
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Another ranking is the Academic Ranking of World Universities or Shanghai Ranking, which 
is described in [15], and published by Shanghai Jiao Tong University. The Shanghai ranking 
focuses primarily on the results of scientific activities of higher education institutions. The 
Shanghai ranking only includes institutions of higher education whose graduates are Nobel or 
Fields Prize winners. There are a limited number of such educational institutions, which makes 
it impossible to use the Shanghai ranking methodology for a comprehensive assessment of 
all higher educational institutions. However, the method can be effectively used to evaluate 
research institutions.

The aspect of representation of higher education institutions in the WEB space is evaluated 
using the Ranking WEB of Universities methodology [16]. Each technique takes into account the 
calculation of the rating indicators that are characteristic only for it. For example, when compiling 
the QS rating, the academic reputation of higher education institutions and the reputation of 
university graduates among employers are considered. The indicators considered when determining 
the respective rating and their relative importance are shown in Tables 1 and 2.

Ranking Web or Webometrics has the widest coverage of universities. The goal is to 
construct a ranking for all universities in the world, and not just for hundreds or thousands of 
the most developed. The rating has been compiled by the Cybermetrics Lab (Spanish National 
Research Council, CSIC) since 2004 twice a year. The ranking is based on the web presence 
and influence of the university [4]. The ranking does not just evaluate the university website, 
its design or user-friendliness, but also the number of visits or unique visitors. Web metrics are 
considered as a proxy for assessing the global performance of the university and their impact. 
The Webometrics assessment methodology is constantly evolving and improving. This rating 
differs significantly from other ratings focused on the assessment of bibliometric indicators 
and giving preference to the scientific component of the university’s activities. Webometrics 
focuses on the economic value of technology transfer to industry, community involvement 
(social, cultural, and environmental components of the university), and even its political impact.

Table 1. QS rating indicators

Type of Activity Indicators Relative Weight, %
Academic community - academic reputation

- H index
- faculty quotation
- academic staff with scientific degrees

40

Employers - employer reputation
- presence of employers on campus
- employment rate of graduates
- results of graduates

20

Learning - the number of scientific and pedagogical workers 
relative to the number of students
- student exchange

30

International activities the percentage of tutors from other countries 10

Webometrics believes that link analysis for quality evaluation allows for a wide coverage 
of university activities than citation analysis or expert surveys. This rating motivates scientists 
and universities to increase and improve their presence on the Internet. This contributes to 
the dissemination of knowledge and a more objective assessment of the results of activities 
through their public discussion. Webometrics uses an a priori model to find the overall score. 
This methodology considers the power law distribution of the data. All indicators are divided 
into two groups: activity/presence and visibility/impact. Each of these groups is equivalent 
and, as a result, gives half of the overall assessment of the university.
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Table 2. Indicators on the Shanghai rating

Type of Activity Indicators Relative Weight, %
Quality of instruction - graduates of the institution who received Nobel and 

Fields Prizes
10

Quality of faculty - graduates of the institution who received Nobel and 
Fields Prizes
- citing publications of faculty members

20

20
Result of researching - Scientific publications, which are published in 

Nature and scientific journals indexed in Science
- Citation Index-Expanded and Social Science Citation 
Index

20

20

Effectiveness - Learning outcomes per unit of students 10

The insignificant representation of the university of the Republic of Kazakhstan in 
international rankings shows the need to develop its own methods for evaluating the university, 
which would be based on the same indicators. Such methods encourage the university to 
develop and improve the relevant indicators.

The paper [17] shows that the above methodologies have in common the determination of 
the performance results of subjects of scientific activity and, in particular, higher educational 
institutions based on several groups of indicators. Notably, each of reviewed ratings considers 
such groups of indicators as:

• the number of scientific publications of employees of higher educational institutions 
indexed in scientometric databases (Scopus, Nature, Science, etc.);

• citation indicators (SCIE – Science Citation Index-Expanded, SSCI-Social Science Citation 
Index, etc.);

• the qualitative composition of employees of higher educational institutions, in particular 
the number of professors, and prize winners, attracted foreign tutors and scientists.

This paper [18] describes a combined forecasting methods that take into account selective 
comparisons with a sample, that is, a fixed position of the time series. In contrast to the 
method described in this work [19], this method is less sensitive to the choice of parameters, 
but it needs to be adapted to the mechanism that generates a time series of potentials for 
the development of scientific areas. The paper [20] proposes adaptive combined forecasting 
models for time series, considering the results of identifying similarities in the retrospection 
of these time series. In this paper [21], a method for constructing unclear expert assessments 
is considered, which can be used to predict the potential for the development of scientific 
areas. However, a separate challenge in this method is the selection of experts. The paper [22] 
proposes a method for identifying areas of scientific research by scientists based on a cluster 
analysis of scientific publications, which is a preparatory stage for the task.

Also, to evaluate the efficiency of scientific-research activity can apply of forecasting 
methods of performance indicators. The paper [18] describes combined forecasting method 
considering the selective comparisons with a sample that is a fixed position of the time series. 
In contrast to the method described in this paper [19], this method is less sensitive to the 
choice of parameters, but it needs to be adapted to the mechanism that generates a time 
series of potentials for the development of scientific areas. The paper [20] proposes adaptive 
combined forecasting models for time series are proposed, taking into account the results of 
identifying similarities in the retrospection of these time series. In this paper [21], a method 
for constructing unclear expert assessments is considered, which can be used to predict the 
potential for the development of scientific areas. However, a separate challenge in this method 
is the selection of experts. The paper [22] proposes a method for identifying areas of scientific 
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research by scientists based on cluster analysis of scientific publications, which is a preparatory 
stage for the problem of predicting the development of the potential of scientific areas.

The main disadvantage of traditional methods for assessing the performance of subjects 
of scientific activity and, in particular, institutions of higher education is the burden of a large 
number of questionnaires, formulas, rating lists, and etc. In particular, [1] it is indicated that the 
traditional methods of evaluating higher education institutions are a separate cumbersome 
activity. In addition, the methods discussed above are primarily aimed at evaluating the 
results of scientific activity, but it is no less important to take into account the complex other 
characteristics of the activities of higher educational institutions: educational, organizational, 
international, and the like. It is important that these characteristics can be assessed on the 
basis of data that is objective and, where possible, can be obtained from open sources. This 
will automate the evaluation of higher education institutions and reduce the need to involve 
experts.

The purpose of this study is to develop an efficient and flexible method for the comprehensive 
assessment of the performance of higher education institutions.

To achieve the goal, the following tasks have been formulated:
– to develop a method for a comprehensive assessment of the performance of higher 

education institutions based on the calculation of the volume of m-simplexes, using selected 
indicators that reflect the main aspects of the activities of higher education institutions.

– to study the developed method for sensitivity to changes in the overall assessments of 
the categories of indicators and the evolution of integrated assessment.

Basic material 
Let K0,K1,…Km be categories that reflect various aspects of the activities of subjects of 

scientific activity S, in particular, institutions of higher education. Each category of indicators 
determines the defined criterion for evaluating results of the activities of the subjects of 
scientific activity. 

Let us denote by P1, P2, …, Pk1 – the indicators belonging to the , where (m+1) 
is the number of categories, and ki – the number of indicators belonging to the category Ki .

The stages of building a comprehensive assessment of the performance of subjects if 
scientific activity. 

1. Identifying indicators P1, P2, …, Pk1, belonging to the corresponding category . 
This information is determined from open sources that are represented on the Internet.

2. Finding the productivity of the subject of scientific activity S for the period of time 
T=[t0, t1), where t0 is the initial moment of time, t1 is the final moment of time. To do this, we 
will find the numerical values of the subject’s indicators for the corresponding period.

Denoted by  – the numerical value of the indicator Пj of the subject S for the period T.
Indicators  can be both absolute and relative. Which of the indicators, in particular the 

number of faculty awards, should be normalized in accordance with the number of all full-time 
teachers of an institution of higher education. Some of the indicators should be normalised 
according to the number of students in higher educational institutions. In general, it is a 
separate research problem and is not considered in this paper.

3. Construction of performance estimates of the subject S according to the criteria Ki, 
over a period of time T=[t0, t1). Denote їх by  – performance evaluation of the subject’s 
scientific activity S, according to the criteria , for a period of time T. The value of 
the assessments of the results of the activity of the subject S according to the criteria Ki are 
calculated in different ways, depending on the method that is taken as the basis. For instance,  
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in the method of weighted estimation, weighting factors are considered  , such 
that  – the set of real numbers. 

Coefficients  reflect the importance of the indicator Pj in assessing the 

performance of subjects of scientific activity for which the condition is fulfilled . The 
assessment of performance of subject of scientific activity is founded by formula [23]:

(1)

where  – The assessment of performance of subject of scientific activity S, founded by 
criteria , for a period of time T=[t0, t1).

In the ideal point method based on indicators  construct a point 
 – measurable space, the number of dimensions of which is determined by 

the number of indicators,  
It will be an ideal point 

(ki+1)– measurable space for which for any subject S from the totality of all assessed 
subjects and an arbitrary period of time T, the following condition is satisfied:

To evaluate the performance of the subjects of scientific activity S, it is necessary to find the 
distance between the point FT and the ideal point F*. The degree of proximity between two 
points is determined based on some metric distance:

where  – Euclidean distance, Minkowski distance, etc.
4. Calculation of a comprehensive assessment of the performance of subjects of scientific 

activity S for the period T=[t0, t1). In the method of weighted assessment and the ideal point, a 
comprehensive assessment of the performance of subjects of scientific activity S is determined 
by the formula:

where  – a comprehensive assessment of the results of the activity of the subject S 
for the period T=[t0, t1), 

 – cofficients of the importance of the category  

The difficulty in applying the methods of weighted estimation and the ideal point lies 
in the need to involve experts to determine the coefficients , as well 
as choosing an ideal point and choosing a formula for finding the distance. In this study, a 
method is constructed that does not have these shortcomings and does not depend on the 
subjective opinion of the persons conducting the assessment.

5. Analysis and use of performance estimates.
To assess the performance of subjects of scientific activity, the assessment for each category 

can be considered as a point in the (m+1) – measurable space. Consider the points  
which are vertices of some m-simplex.
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m-simplex with vertices at points  is some m-measurable polytope that is the 
convex hull of its m+1 vertices. That is, the m-simplex is the set of points  , for which 
the condition is satisfied:

where  – some real numbers,  .
Namely Δ0 (0-симплекс) – this is a point in R, Δ1 (1- simplex) – this is a segment in R2, 

Δ2 (2- simplex) – this is a triangle in R3, Δ3 (3- simplex) – this is a tetrahedron in R4, Δ4 (4- 
simplex) – this is pentachloro in R5 and etc.

Each m-simplex can be assigned a numerical characteristic that determines the capacity of 
the part of the space that is limited by this m-simplex. This characteristic will be called the 
generalized volume of the m-simplex and denoted by V(Δm). For example, the generalized 
volume of a 0-simplex is zero, V(Δm) = 0 , the generalized volume of the 1-simplex is equal 

to the length of the segment . The generalized volume of the 
2-simplex is the area of the triangle with vertices at the points v0, v1, v2 у R3 , which can be 
found by Heron’s formula.

To find the generalized volume of an m-simplex for an arbitrary number of points m, one 
can use the Cayley-Menger formula. Details about the Kelly-Menger formula are described in 
paper [24].

Consider the value of performance estimates of the subjects of scientific activity at the 
moment of time Т. in each category  is assigned a point in (m+1) – measurable 
space vi according to the rule:

where  – assessment of the performance of the subjects of scientific activity S, found 
by the criterion , for a period of time T=[t0, t1).

According to the method of constructing the points, it is obvious that the system of vectors 
that start at the origin and end at vi, є orthogonal and linearly independent. Such a system 
will define a Euclidean space.

If the category in which the performance assessment of the subjects of scientific activity is 
set is one, then as a result we will have a 0-simplex in the form of a point on the coordinate 
axis (Fig. 1). If there are two categories, then a 1-simplex is constructed as a segment between 
two points; the 1-simplex is shown in Fig. 2. If there are three categories, then a 2-simplex 
is constructed (Fig. 3); if there are four categories, then a 3-simplex (Fig. 4); if there are five, 
then a 4-simplex (Fig. 5); the volumes of these m-simplices: for 1-simplex – this will be the 
length of the segment, for 2-simplex – the area of the triangle, for 3-simplex – the volume of 
the tetrahedron, for > 3 – some hypervolume [23].

Figure 1. Image Δ0 or 0-simplex (point b R)
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Figure 2. Image Δ1 or 1-simplex (point b R2 )

Figure 3. Image Δ2 or 2-simplex (triangle R3 )

Construct an m-simplex with vertices at the points  and find its generalized 
volume using the Cayley-Menger formula. And let 
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Figure 4. Image Δ3 or 3-simplex (tetrahedron R4 )

Figure 5. Image Δ4 or 4-simplex  (pentachlor in R5 ) then 
the generalized volume of the m-simplex is:

(2)

where dij – distance between  – matrix determinant Ψ.

Comprehensive assessment  activity of the subject S for a period of time T can find 
by the formula:

where  – the generalized volume of the m-simplex.

We study the dynamics of changes in the comprehensive assessment of the performance of 
the subjects of scientific activity. To do this, we find the derivative of the generalized volume 
of the m-simplex with respect to time:
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where  , 

are known and characterize the rate of change in performance estimates of the subjects of 
scientific activity of the corresponding category Ki.

then over time, a comprehensive assessment  grows, and the larger the value of the 
derivative, the faster the growth occurs. This means that the performance of the subject of 
scientific activity S has a positive development trend. 

then the complex estimate declines  , and the smaller the value of the derivative, the 
faster the decrease. In this case, the productivity of the subjects of scientific activity S requires 
adjustment, since it is determined by the negative development trend.

T Ψ is inherently definite, hence non-degenerate, i.e. , which means that the inverse matrix 
in the formula exists.

The matrix Ψ Ψ is inherently definite, hence non-degenerate, i.e. , which means that 
the inverse matrix  in the formula exists.

Let us estimate the sensitivity of the method of complex evaluation of the performance of 
subjects of scientific activity based on the calculation of the volumes of m-simplexes to a change 
in the performance estimates of the subject S according to the criterion   
To do this, consider the change of the estimate  category Ki by some infinitesimal 
amount ε>0: 

where  – modified estimates by magnitude ε>0.
Evaluation  corresponds to the point

 
Let us find the distance between the points vi and vj , and consider the point vi taking into 

account the change in the estimate  by the formula [23]:
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As long as , namely  we can 
replace and denote the left side of the equality through the infinitesimal , then:

where  – distance, taking into account changes in performance estimates of the subject 
of scientific activity S.

Accordingly, the modulus of the difference of the squared distances  and dij define as: 

Let us find the determinant of the matrix Ψ, taking into account the change in the estimates 
of the performance of the subject of scientific activity S. Denote the matrix :

where  – matrix determinant  .
Let’s find the layout of this determinant over the elements of the i-th row:
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The determinant in each of the terms of the resulting sum is expanded in the i-th column:
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Similarly, we expand the determinant  and find the difference of the determinants 
. To do this, we group similar terms, and take into account equality (2), then: 
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Considering that all determinants do not contain  , i.e. they are constant. Therefore, in our 
case, all terms in square brackets are O(ε) quantities. Since the number of terms in brackets is 
finite, the sum is also an O(ε) quantity. Namely, the difference  contains 2m+3 terms, 
of which m+2 are O(ε) values, and m+1 are O(ε2) values. Accordingly, the entire sum is the 
quantity O(ε). This means that small changes in the assessments of individual categories 
correspond to proportional changes in the complex assessment.

Consider numerical methods for calculating the generalized volume of an m-simplex. To 
calculate the determinant  numerically, you can choose the Gauss method with the 
choice of the main element, since zeros are placed on the diagonal of the matrix. Since the 
matrix is symmetric and inherently defined, one can use the Cholesky LDL decomposition for 
m>1 to calculate the determinant D. In this case, it will be necessary to spend 2 times less 
calculations than in the case of applying the Gauss method (Gauss).

If 

then the determinant of the matrix Ψ will be calculated by the formulas:
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where  – a lower triangular matrix with positive elements on the diagonal,
δij – matrix coefficients Ψ.
If the estimates of the performance of the subject of scientific activity related to different 

categories are equal, then to find the volume of the m-simplex  , you can use the 
formula described in [23, 25]:

(3)

where a – are the values of exponents that are equal to each other or the distance from the 
vertices of the m-simplex to the origin, dij are the distances between the vertices νi and νj of 
the m-simplex.

The development of Architecture and software selection for information system development
The information system for evaluating scientific work of scientists, universities and scientific 

institutions was developed based on this method.
The functional-modular approach to the design of information technologies is generally 

accepted and has shown its effectiveness in practice. A model of information technology for 
evaluating the results of scientific activity is proposed and consists of four modules:

− information collection module;
− information storage module;
− analytical module;
− module for user interaction and data visualization.
The modular structure of the technology will allow expanding and modifying the capabilities 

of each of the modules regardless of the others, as well as increasing the stability and flexibility 
of the technology.

The structural model of the functioning of the information collection module (Figure 6) is 
responsible for receiving input data and their primary processing. Two sources for obtaining 
information are considered: manual user input and automatic collection of open information.
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Figure 6. Structural model of the functioning of the information collection module

Open information is information obtained from open sources.
Open-source information is a source that the majority of citizens can access without any 

restrictions by legislative or other norms. Particularly, it can be printed and electronic media, 
television, radio, etc. In addition, open primary information includes information that is not 
intended for wide distribution («grey literature» – materials of various conferences, reference 
books, lists of addresses of enterprises). Scientometric databases are the best open sources of 
information which is necessary for evaluating the results of scientific work.

The scientometric database is a bibliographic and abstract database with tools for tracking 
the citation of articles published in scientific publications. The most important properties of 
information that are necessary for the correct functioning of the technology are reliability and 
completeness. Assessing the reliability of information is a difficult task. One of the principles 
is that information is considered reliable until a contradiction is revealed. Another principle 
states that any information that has not been verified cannot be reliable.

Contradictory information is information about the state of an object or phenomenon at a 
certain point in time, obtained from different sources that differ significantly. Verification is the 
process of confirming its authenticity. The main verification method is to obtain information 
from a reliable source.

Structured information is information about a certain object or phenomenon presented as 
a set of pairs (feature, value).

Structuring is the process of converting unstructured information into structured information. 
Open information is mostly available in an unstructured form. For storage and subsequent 
processing, information must be structured. Structured and reliable information is transmitted 
to the storage module.

The main task of the storage module is to store the information received by the information 
collection module. It also provides data sampling according to the requests of the analytical 
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module. The data collection module contains a database that is located locally relative to 
other modules.

The analytical module solves the main tasks of information technology for evaluating the 
results of scientific activity: determining the assessments of scientific activity and forecasting 
the prospects for the development of scientific and pedagogical workers, institutions of higher 
education and their structural units, as well as establishing the directions of scientific activity. 
If we consider the structural subdivision of the university as a set of individual subjects of 
scientific activity, then the assessment of its scientific activity can be obtained as a vector or 
scalar convolution of estimates of the results of scientific activity of its employees.

The key concept in the implementation of the system for evaluating the productivity 
of scientific activity was to ensure maximum openness and accessibility for the academic 
community. Another important regulation was the use of only reliable, verified sources of 
information that do not include subjective assessments, but only fixed on the results of the 
real work of the subjects of scientific activity. To ensure these regulations, a system architecture 
was created in which the system interacts with users via the Internet.

The conceptual model of the information system for evaluating the productivity of scientific 
activity (Fig. 7) includes an information collection module, an information processing module, 
a database, and a web server. The target audience of users of the system are responsible 
individuals of the Ministry of Education and Science of the Republic of Kazakhstan, the 
management staff of institutions of higher education and individual scientists.

The architecture of the information system should be represented by blocks that include 
separate microservices for the implementation of such tasks:

- a complex for collecting, processing, storing information about the productivity of subjects 
of scientific activity;

- methods of formation of subject scientific spaces;
- methods of evaluating the productivity of subjects of scientific activity;
- methods of formation of organizational and functional structure of subjects of scientific 

activity.
The functional model of the information system for assessing the productivity of the subjects 

of scientific activity of the Republic of Kazakhstan consists of five main modules:
1. A manager that is intended to perform tasks and interact between other services of the 

system.
2. An information collection service that ensures the receipt of data from open sources and 

their preliminary study.
3. A data storage service that includes a database and methods of working with data.
4. Data analysis service, which includes methods for the formation of subject scientific 

spaces, methods for evaluating the performance of subjects of scientific activity; generating 
reports.

5. Visualization service, provides interaction with users through the WEB interface.
The info-communication system for evaluating the productivity of scientific activity is a 

combination of:
- web applications that search, store and process significant amounts of information on the 

publication activity of scientists from the Internet;
- methods of information processing (clustering methods for dividing scientists with relevant 

scientific directions, methods for constructing scalar and vector estimates of the results of 
research activities, methods for predicting the potential of directions, etc.);

- sources of information (information about quoting scientists from scientometric databases);
- consumers of information (institutions of higher education, research institutes, private 

companies, authorities responsible for scientific policy).

DOI: 10.37943/XTPK5061
© A. Biloshchytskyi, A. Kuchansky, S. Biloshchytska, 
    Y. Andrashko, S. Toxanov, A. Faizullin



108 Scientific Journal of Astana IT University
ISSN (P): 2707-9031   ISSN (E): 2707-904X

VolUmE 11, SEPTEmBER 2022

The peculiarity of the implementation of services is that each of them is executed on a 
separate virtual server, and the interaction between the services is implemented using the 
corresponding APIs. The exchange of information and requests between the services takes 
place via local networks, as well as via the Internet. Data transmission is carried out over the 
https protocol, by sending POST requests in the appropriate format.

Open data about scientists and their scientific publications are mostly available in 
unstructured or weakly structured forms. In order to store and use them, it is necessary to 
perform structuring and primary processing. Further, after structuring, the information is 
placed in the database.

The system can work both on one server and be divided into several different ones to 
optimize the load. If the system components are located on different servers, it is necessary 
to provide communication between them using a local network or the global Internet. Each 
component has its own API for exchanging tasks between services and the results of their 
execution, regardless of their physical location.

The visualization module provides user interaction. Its architecture is typical for modern web 
applications: it consists of several applications created in Python using the Django framework, 
which functions on the Nginx web server. Eventually, in response to his request, the user 
receives an HTML document from the server. Bootstrap, jQuery and Highcharts frameworks are 
used to stylize the display of elements.

The virtual environment is used to isolate packages on the server and avoid version conflicts. 
The Supervisord program monitors the functioning of the modules. It is automatically restarted 
in case of an emergency termination of any of the processes.

Figure 7. Conceptual model of the information system

All information is stored in a relational database. This database has a physical implementation 
in the Postgres DBMS, but the database is managed by interacting with ORM Django. 

ORM is a programming technology that connects databases with the concepts of object-
oriented programming languages, creating a «virtual object database».

This approach makes it possible to abstract from the physical implementation of the 
database and easily transfer it to another server.

The main models in the database are:
1. User (contains information such as username, password, email address of the user and 

his rights);
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2. Scientist (contains information about the employee: surname, first name, patronymic in 
Russian and English, academic title and academic degree, information about the place of work 
by linking with the corresponding models, implements links with the user’s publications and 
assessments of his scientific activity);

3. Publication (contains information about the publication: title, source, link to the file, 
communication with the authors and other publications for citation);

4. Citation (implementation of the link between publications, also contains additional 
information about the source from which information about the citation was obtained, 
bibliographic reference, etc.);

5. Higher education institution (information about universities: name, type, contact 
information, information about structural divisions, and also implements communication with 
users to identify responsible persons (administrators);

6. Structural unit (department or institute, implements cascade communication between 
universities and a researcher);

7. Evaluation of the results of scientific activity (the evaluation contains scientometric 
indicators found for the corresponding object and the date of their location).

The peculiarity of the database is that each time an assessment of the results of scientific 
activity is found, these results are stored in the database. In the system, the user sees the score 
value that was found last.

At the same time, if more than a certain period of time has passed after finding the values 
of the estimates (for example, 1 day), a request is formed to update them and can also view 
the history of finding the estimates.

A significant part of the functions that require a large amount of calculations and access 
to the database is placed in the calculation module. In particular, such functions include: 
calculating estimates of research results, searching the database and adding new information 
about citations and publications, determining research directions and sending emails. The 
Celery server is used to manage background computing tasks. Two task queues with different 
priorities are implemented on the server. Using two queues allows you to reduce delays in 
responding to user requests. Moreover, to reduce the computational load on the server, the 
management of the calculation results is used. For example, if less than a day has passed 
since the calculation of the results of the user’s research activity, the last result found will be 
returned to the user and no new calculations will be performed.

This module consists of spiders for scraping information from the international scientometric 
databases Scopus and Google Scholar, as well as the EBSCO website and the websites of 
scientific periodicals of the Republic of Kazakhstan. The spiders are written using the Scrapy 
framework and function on the Scrapyd virtual server. The module’s capabilities can be 
easily expanded by writing new spiders. Standard Scrapyd capabilities are used to manage 
information collection tasks. To save the results, the system’s API is used to add new objects.

Let us consider in detail the principles of organization and interaction of the constituent 
systems of the subjective information environment on the example of the developed system. 
Only registered users (created by the system administrator) have access to the system, login 
or email can be used to log in (if the user entered the email address in the profile settings).

One of the components of the evaluation of the activities of universities around the world 
is the determination of a generalized indicator of the quality and results of scientific research 
of an individual scientist, department, faculty and university in general. In the modern world 
of information technology, a lot of publications that are available in the web space, allows 
you to assess the scientific level of research. For the developed system, the following open 
sources were identified for collecting information about the scientific and research activities 
of scientists, universities and research institutes, namely:
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- international scientometric databases: Scopus and Web of Science;
- Database of Committee for Quality Assurance in the Sphere of Education and Science of 

the Ministry of Education and Science of the Republic of Kazakhstan;
- National Educational Database of the Ministry of Education and Science of the Republic 

of Kazakhstan;
- database of the National Center for State Scientific and Technical Expertise.
Modules for collecting information about scientists’ publications in Google Scholar, Scopus 

and Publons have been developed in the information system for evaluating the scientific 
activities of universities, research institutions and their departments.

By development of the information system (Figure 8), the Python programming language, 
the Laravel framework were used, as well as for the frontend – the HTML markup language, 
the Javascript programming language, the framework for jQuery Javascript, the CSS framework 
MaterializeCSS, the Twig template engine.

Figure 8. The welcome page of the information portal

The Laravel framework is designed for the development and the use of the MVC architectural 
model (Model – View – Controller) (Figure 9).

The main advantages of MVC are code reuse and task separation. The «Model» module 
based on a database (DBMS) implements an information model of the data that are located on 
the portal. The functions of the user interface are performed by the «View» module, and this 
module also provides the user with the database in the mode of viewing and displaying data.

The process of interaction of the above modules is executed by the Controller module, and 
also forms the final data structure for the user.
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Figure 9. MVC architectural model

Authorization is registered in the file authcontroller.php . The postLogin function has been 
developed, which is responsible for logging in. If the login and password are entered correctly, 
the login occurs, and if the password or login does not match, an error message appears.

Based on the proposed architectural model, the architecture of the information system 
database is developed and classes and properties for the implementation of this model are 
defined.

The developed portal uses MySQL 8.0.23 as a DBMS, and the database that is stored in it 
contains 10 tables. Figure 10 shows a structural model of the data relationship scheme of 
tables by means of which during the selection of certain information, a rating of a university 
and a scientist is formed by means of queries using the python language.

Figure 10. Structural model of the information system database

A module for automated collection of scientific publications of scientists of Kazakhstan 
from the database of journals included in the list of the Committee for Quality Assurance in 
Education and Science of the Ministry of Education and Science of the Republic of Kazakhstan 
was developed.

The program for collecting and systematizing information - the parser is written in Python, 
the “requests” library is used for queries (Figure 11), the SQLAlchemy library is used to work 
with the database.
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Figure 11. requests library

In the first stage, data is parsed from the official websites of universities, information about 
faculties, departments, departments and scientists of the current university is accumulated.

At the second stage, data is parsed from the EBSCO research database, information about 
scientists’ publications is accumulated in scientometric databases (Scopus, Web of Science).

The received data is written to the database using SQLAlchemy (Figure 12).

Figure 12. Writing to the database via a parser
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In total, more than 15,000 articles from 44 journals were added to the database to determine 
the citation rating and popularity of Kazakhstani authors (Figure 13-14).

The obtained results allow us to apply the above methodology to evaluate the research 
work of universities.

Figure 13. Database of scientific publications in world publications

Figure 14. Database of scientific publications in Kazakhstan

This developed system is organized in the form of a web application, so all the program 
code of the system and the database are on the server, the client part is a website that initiates 
requests to the server and displays the results of its work (because the «thin client» scheme 
is used).

Such a scheme has two key advantages:
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- low requirements for the client’s hardware and the ability to access the system using a 
wide range of devices – PCs, tablets, smartphones;

- significantly simplified the deployment of the system for users and its subsequent update. 
All changes to the program code occur on the server, so the client part of the system (the site) 
always works with the newest, up-to-date version of the system.

During the development of the portal, the principles of web design of the user interface 
were observed, such as:

- study of users to create a website UI design;
- compliance with the visual hierarchy, that is, placing each element in a certain way to 

simplify understanding;
- providing feedback and protecting the user from accidental actions;
- using the F-pattern.
Login to User accounts is carried out using a login and password from the database.
The postReg function is responsible for user registration, Google captcha is used during 

registration. After entering the data and clicking the registration button, an email for account 
activation arrives at the specified email address.

The request to change the password is processed by the ‘getpasswordchar’ function, if the 
mail entered in the field matches the mail in the database, then an email with instructions on 
password recovery is sent to this mail.

The password change itself is handled by the following functions: ‘get Password Change’, 
‘post Password Change’.

This system is developed on the principles of modularity, single entry of information and 
differentiation of rights and responsibilities.

Based on the integral method of evaluating the results of scientists’ activities, the university 
rating was calculated (Figure 15).

Figure 15. University ranking page

Conclusions and prospects for further studies
The article discusses the creation of the information-analytical system for evaluating the 

scientific performance of structural units of universities and research institutes based on the 
approach of constructing complex integral evaluation. A model of information technology 
for evaluating the results of scientific activity is proposed, consisting of four modules: an 
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information collection module; an information storage module; an analytical module; a module 
for user interaction and data visualization. The modular structure of the technology will allow 
expanding and modifying the capabilities of each of the modules independently of the others, 
as well as increasing the stability and flexibility of the technology. The implementation of this 
system is performed using microservices technology. A conceptual model of the information 
system and a structural model of the functioning of the information collection module, as well 
as a structural model of the information system database, are proposed.

The application of this method makes it possible to find the generalized volume of the 
m-simplex in O(m2) arithmetic operations, while the Cholesky method has a computational 
complexity of O(m3). With m=1000, the complexity of calculating the generalized volume of 
the m-simplex is 109 arithmetic operations, which are processed by modern computers in less 
than a second. The clock speed of modern processors is more than 1 GHz, which corresponds to 
109 arithmetic operations that are performed by the processor per second. Since the number 
of categories m for calculating a comprehensive assessment of the performance of a subject 
of scientific activity, as a rule, does not exceed 10, the computational problem of finding the 
generalized volume of the m-simplex can be considered simple [23].

Most of the well-known indices for assessing the performance of scientific subjects, for 
example, h-index, g-index, e-index, I-10 index, etc., do not fully take into account citation 
information. Therefore, a method was proposed for calculating the evaluation of the research 
activity of scientists, which does not lose information about any citation of the author and about 
any publication. This method determines a scalar assessment of the results of scientific activity 
and is based on the determination of a number of coefficients. The coefficients determine the 
citation of one scientist in the publications of other scientists. As a result, estimates are found 
by solving a system of linear algebraic equations, which are built on the basis of the calculated 
coefficients.

There are a number of well-known indices for scalar evaluation of the performance of 
subjects of scientific activity. These indices generally give an answer to the question: how 
many citations of a particular author by other scientists took place over a fixed period. This 
allows you to determine the effectiveness of the activity of this author. However, most of the 
known evaluation approaches have their own calculation features and disadvantages, which 
are associated with the loss of part of the information. Therefore, it is not recommended 
to give preference to one of them. For the purposes of a comprehensive assessment of the 
productivity of research activities of scientists, a method of vector evaluation of the results 
and the construction of the so-called integral assessment was proposed. This method is based 
on the construction of vectors and scalar estimates for each scientist in a multidimensional 
metric space. The dimensionality of the space is determined by the number of calculated scalar 
estimates. Also, the method is based on the construction of an ideal point, which consists of 
scalar estimates, the best in terms of achieving maximum performance. The assessment of 
each subject of scientific activity is calculated as a metric distance from the ideal point to the 
vector of scalar estimates of this subject of scientific activity.

A method is presented for the comprehensive evaluation of the performance of the subject 
of scientific activity in the subject scientific space, including institutions of higher education, 
based on the calculation of the volume of the m-simplex using the Kylie-Menger formula. This 
method is a self-sufficient tool for a comprehensive assessment of the performance of the 
subject of scientific activity, because:

- in contrast to the ideal point method, the developed method does not need to select a 
point, the coordinates of which are the productivity of the subject of scientific activity, the best 
in terms of achieving maximum efficiency according to some criteria. If the coordinates of the 
point are chosen to be very small, then as a result of the estimation, a point with coordinates 
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greater than that of the ideal point may appear. And this will contradict the definition of an ideal 
point. And if the coordinates of the ideal point are determined too large, then the distances 
between the points, which are estimates of the performance of the subject of scientific activity, 
will differ by an insignificant amount, which makes comparison difficult.

- in contrast to the method of weighted coefficients, it does not require the selection of 
these weight coefficients. The authors of Webometrics criticize other ratings for using the 
method of weighted coefficients [26]. Often there are situations when certain indicators are 
different from zero for only a few universities. This situation causes a distortion of the results 
of the final assessment of the university. It also opens up opportunities for speculation and 
tweaking of results. This problem is especially relevant for countries that do not yet have a 
strong academic tradition. It is shown that proportional changes in the complex assessment 
correspond to small changes in the estimates of individual categories. A method for establishing 
a trend in the development of the performance of the subject of scientific activity is given, 
by calculating the derivative of a comprehensive assessment with respect to time. Positive 
values of the time derivative correspond to positive development trends, and negative values 
correspond to negative ones.
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