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Abstract
The modern education system development is characterized by many uncertain, dynamically changing factors. The purpose and 

originality of the study presented in the article is to develop an automated system for building an effective educational trajectory in the 
conditions of external factors’ uncertainty. The developed system is a tool for assessment and dynamic adjustment of the educational 
process in accordance with the ongoing and possible future changes in external factors.

The university industrial partners get a real opportunity to participate directly in the creation of a valuation criteria set and in the 
selection of educational trajectories. The developed automatized system integrates decision support methods, namely analytic hierarchy 
process, payoff matrix method, to consider the viewpoint of experts, and k-means clustering method for analyzing the students’ opinion.

The experimental study of the system involved more than 100 master’s students: sixty 1st year students and forty six 2nd year 
students. The analysis showed that the application of the developed decision support system allowed to increase class attendance by 
24 % and academic performance, while the proportion of students receiving excellent grades increased by 9 %.

The system application enables the experts (Universities administration and teachers as well as industrial program partners) to 
modernize the educational trajectory promptly. Lecturers can prepare in advance for a potential reorganization of the educational 
process in the event of changes in external conditions.

The novelty of the proposed approach is to integrate into a single learning management system a variety of modern and traditional 
methods: interviewing, clustering, decision support, forecasting changes in external factors, building an educational trajectory 
considering the opinions of all participants in the educational process.
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Аннотация
Развитие современной системы образования характеризуется множеством неопределенных, динамично меняющихся фак-

торов. Целью и новизной представленного в данной статье исследования является разработка автоматизированной системы по-
строения эффективной образовательной траектории в условиях неопределенности внешних факторов. Разработанная система 
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1. Introduction

The improvement of education quality is one of the 
most important tasks. Quality refers to various param-
eters, namely academic performance, professional com-
petencies, and practical skills, and graduates’ adapta-
tion in a professional environment. It is also important 
to influence the motivation and students’ involvement 
in the learning process [1,2], maintaining students’ 
interest in successfully completing their studies and 
considering exposure risk [3].

Researchers offer many approaches to solving these 
problems along with classical forms of learning, both 
through the introduction of new learning technologies, 
new management techniques, and through predicting 
student behavior. Different researchers are trying to 
build a learning trajectory based either on analyses of 
some current state of the educational environment, on 
the students’ opinion, or on prediction of student per-
formance to improve the educational quality. Forecasts 
can be built based on:

•	 lesson plans clustering (comparable to learning 
trajectories) and a selection of technologies com-
bination types used in the classes [4];

•	 decision-making by students in accordance with 
to the theory of planned behavior and self-regu-
lated learning model [5];

•	 the exploration of instructors' trajectories and 
student diversity in higher education [6];

•	 and predictive modeling as a means of early de-
tection of students at risk based on the analysis 
of academic performance or other characteristics 
[3, 7].

Adaptive models [8], experimental trial and error 
methods [9] and other methods for determining person-
alized educational trajectories can also be used to create 
an educational trajectory [10, 11]. The effectiveness of 
the adopted educational trajectory largely depends on 
its compliance with environmental conditions.

However, the current post-pandemic stage of soci-
ety’s development is characterized by dynamic changes 
affecting the organization of education for students, es-
pecially master students. Therefore, we need a method 
of generating, evaluating and choosing an educational 
trajectory, considering possible changes in external 
conditions. The masters’ education is more sensitive to 
changing conditions for some reasons. Masters usually 
are already working actively in specialized companies. 
They confidently apply modern information technolo-
gies. Masters have a certain social status. The masters’ 
training period is quite short: one or two years. There-
fore, the actual task is to develop quick search methods 
for a  reasonable compromise between the students’ 
wishes, teachers’ opinion and University staff position 
in the conditions of predicted changes of external envi-
ronment. That demands modernizing the educational 
process in advance. Such environmental conditions 
include degree implementation of new information and 
educational technologies [12], artificial intelligence 
systems development speed [13], demand for on-line 
education [14], the average age of undergraduates1, 
the number of international students from developing 
countries, ability to access high-quality broadband, 
number of applicants with a specialized diploma and 
others. Changes affecting the educational process 
can occur both at the University level and at the level 
of countries and the world. Earlier we touched upon 
the topic of choosing an educational trajectory and 
proved the effectiveness of its construction based on 
students’ assessment [15]. The solution to this problem 
was considered under determined external conditions. 
Meanwhile, the solution to this problem in conditions 
of variability or uncertainty of the external factors re-
quires another approaches and methods application. For 

1	 Mironova M. Portrait of an online graduate student. The 
results of the research (In Russian.). Forbes Education. 
https://education.forbes.ru/authors/portret-studenta-
online-magistratury

является инструментом оценки и динамической корректировки образовательного процесса в соответствии с текущими и воз-
можными в будущем изменениями внешних факторов.

Индустриальные партнеры университета получают реальную возможность непосредственного участия в процессах формиро-
вания набора критериев оценки и выбора образовательных траекторий. Разработанная автоматизированная система объединяет 
методы поддержки принятия решений, а именно метод аналитических иерархий, метод платежной матрицы для учета мнения 
экспертов и метод кластеризации k-means для анализа мнения студентов.

В экспериментальном исследовании системы приняли участие более 100 магистрантов: 60 студентов 1-го курса и 46 студен-
тов 2-го курса. Анализ показал, что применение разработанной системы поддержки принятия решений позволило увеличить 
посещаемость занятий на 24  % и  академическую успеваемость студентов, при этом доля студентов, получающих отличные 
оценки, увеличивается на 9 %.

Применение системы позволяет экспертам (администрации и преподавателям университетов, индустриальным партнерам 
образовательной программы) оперативно модернизировать образовательную траекторию. Лекторы могут заранее подготовиться 
к возможной реорганизации учебного процесса в случае изменения внешних условий.

Новизна предложенного подхода заключается в интегрировании в единую систему управления образовательным процессом 
множества современных и классических методов: интервьюирования, кластеризации, поддержки принятия решений, прогно-
зирования изменения внешних факторов, построения образовательной траектории с учетом мнения всех участников образова-
тельного процесса.

Ключевые слова: эффективная образовательная траектория, обучение магистров, автоматизированная система, методы 
принятия решений, неопределенность внешних факторов.
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example, the emphasis is shifted to the online learning 
format with the possible number of working students 
increasing. If the share of foreign students increases, 
joint forms of classes should be used more often for 
their integration.

This study offers a  comprehensive automated 
system for the formation, assessment, and selection 
of the most preferred educational trajectories in the 
conditions of uncertainty of the external factors. The 
use of the system is advisable if we can indicate only 
a probable set of factors that may change in the nearest 
future. These factors changing may affect the organiza-
tion of the educational process. At the same time, we 
consider the opinions of four parties involved in the 
learning process: teachers, students, the University 
administration represented by the head of the educa-
tional program and potential employers. The system 
allows for setting the criteria for evaluating the edu-
cational trajectories effectiveness and possible future 
environmental conditions.

The educational trajectory (masters’ learning 
trajectory) is understood as a  list of educational ele-
ments formed by university staff) and the alternatives 
for the most preferred types of their implementation 
[15]. Implementation options for educational elements 
can be, for example: number of students in the study 
group, course materials reception method, types of 
classes, teaching technology, additional training types, 
feedback, the sequence of different types of classes… 
This list can be changed by means of the system at the 
request of the user, depending on the requirements of 
the university.

The developed system is based on a Decision-making 
method of comprehensive assessment and selection of 
possible alternatives in the conditions of uncertainty 
[16]. Our research additionally uses the following tech-
nologies and methods of organizing the educational 
process:

•	 students’ feedback consideration [2, 17];
•	 the implementation of learning management 

systems [18];
•	 data science for analyzing and improving educa-

tional processes [19];
•	 clustering procedure [7].

2. Materials and methods

2.1. Participants
This study was conducted at the 1st and 2nd year 

master’s program in 2023/2024 at Higher School of 
Economics University (HSE), Russia1. The participants 
for this study were sixty 1st year students and forty six 
2nd year students from three majors, tracks, the Head 
of the master’s program, company representative/
employer, lecturers and programmers. The number 
of working students was 80%. The survey of 1st-year 
students was conducted during the admission campaign 

1	 Website of Higher School of Economics University. https://
www.hse.ru/

and 2nd-year students — at the end of the first year 
of study.

2.2. Tools and procedures
The multi-stage procedure for choosing the main 

educational trajectory involves the participation of the 
Head of the master’s program and experts (teachers, 
university administration and representatives of indus-
try enterprises) at all stages. All experts can contribute 
to the creation of a comprehensive set of educational 
elements and options for their implementation.

First stage of the study.
A survey of students was conducted regarding their 

preferences for the implementation of educational ele-
ments’ options. This procedure can be done by means of 
an online questionnaire (using University LMS, using 
third-party survey systems such as Google forms, and 
specially developed software). We conducted a survey 
through the Online Test Pad System on the educational 
master’s program website (see Figure 2, stage 1). It also 
was necessary to survey applicants (who had no access to 
the University LMS) along with the master’s students 
already enrolled in the program. Every student had set 
the degree of preference on a 10-point scale for each 
implementation option of each educational element. As 
a result of the first stage, two data sets were obtained 
for applicants and students.

Second stage of the study.
The analysis of survey results by clustering method 

was conducted. Clustering methods are quite popular 
among other researchers [7], because they allow them 
to form patterns of behavior. The main steps of the 
clustering procedure are:

•	 Uploading a file with survey dataset results (see 
Figure 2, stage 2a).

•	 Launching the clustering procedure in the sys-
tem.

•	 Forming a set of educational trajectories in accor-
dance with the number and characteristics of the 
clusters obtained, including a list of educational 
elements’ options corresponding to each trajec-
tory (see Figure 2, stage 2b).

We have investigated the specifics of the task con-
text and various variants of clustering algorithms and 
their requirements:

•	 The absence of an algorithm operation time limits 
due to the small number of respondents (100-
200).

•	 No need to scale data before clustering because 
the system offers to evaluate the preference of 
all educational elements on a scale of 0 to 10.

•	 The ability to obtain the coordinates of cluster 
centers that characterize the desired trajectories.

•	 The algorithm’s ability to set a  limit on the 
number of clusters to avoid analyzing too many 
educational trajectories.

•	 The algorithm usability.
The final choice was the k-means method [20] that 

best meets the above requirements for the decision 
support system being developed. K-means requires 



2025;40(6):39–48 Вишнеков А. В., Иванова Е. М., Журсунова Н. Автоматизированная система оценки и выбора…

ISSN 0234-0453 • ИНФОРМАТИКА И ОБРАЗОВАНИЕ • 2025 • Том 40 № 6

42

a pre-known number of clusters. Therefore, we have 
implemented two approaches in the system:

1)	Automatic selection of number k clusters 
implemented by sequentially iterating through 
k in a certain metric segment.

2)	The Head of the program had set the number 
of clusters convenient to select from a  certain 
number of trajectories if the automatic selection 
produced an undesirable result.

Let us show how the metrics for selecting the k value 
were calculated in the first case (Figure 1). The number 
of clusters k was postponed on the abscissa axis. Our 
system recommended the most suitable k.

The first metric Cluster silhouette index [21] is used 
to calculate the goodness of a clustering technique and 
provides a succinct graphical representation of how well 
each object has been classified (Figure 1, top chart). 
The second metric CH Calinski-Harabasz Index [22] 
is a measure used to evaluate the quality of clustering 
in a dataset by considering both the inter-cluster and 
intra-cluster variations, with higher values indicat-
ing better-defined clusters (Figure 1, bottom chart). 
The final value of k is calculated as the average value 
between the values of k, at which both metrics take the 
maximum values.

Third stage of the study.
It is necessary to form a set of possible in the future 

external factors for the next academic year. A variety of 
options for possible external factors can be considered. 
An example of external factors may include:

1.	Quarantine measure’s introduction (restrictions 
on face-to-face classes or on the students’ number 
in a classroom).

2.	Difficulties/restrictions on movement between 
countries or between regions in the country.

3.	Changes in the students’ economic status (the 
number of working students and the average age 
of undergraduates increasing).

4.	Large-scale introduction of the artificial intel-
ligence systems in society and education and 
general reduction of students’ knowledge level.

5.	Changes in the number of students who are fluent 
in the language used at the university.

The issue of forecasting changes in the external 
environment is not the subject of this article. To solve 
the problem, one can use the following data processing 
methods from various sources, including internal docu-
ments of the University, documents of the Government 
of the country, and other data from open sources:

•	 web crawlers [23];
•	 prediction systems based on artificial neural 

networks [24];
•	 data analysis systems [25];
•	 intelligent open-source systems [26].
When performing the calculations, we selected two 

external factors (see in Figure 2, stage 3).
Fourth stage of the study.
Experts (teachers, university administration and 

representatives of potential employers — industrial 
program partners) performed a comparative analysis 
of alternative trajectories by calculating their value/
effectiveness for each possible state of the external 
factors according to the selected quality criteria. They 
suggest the set of criteria, for example:

•	 C1 — education quality (academic performance, 
professionalism);

•	 C2 — accessibility of educational program ele-
ments;

•	 C3 — the trajectory implementation costs for 
teachers;

•	 C4 — the trajectory implementation costs for the 
university;

•	 C5 — the trajectory implementation complexity/
costs for students.

The experts can change the list of criteria by means 
of the system, depending on the specifics of the task 

Fig. 1. Graph of metric values for k clusters
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being solved (Figure 2, stage 4a). Any of the experts 
can use the developed system if desired. As a rule, the 
head of the educational program performs on behalf 
of the experts. He/she acts as a user of the system and 
operates in close contact with all experts.

The method of analytical hierarchies is used — AHP 
(analytic hierarchy process) [27] is used to calculate the 
trajectory effectiveness. AHP is easy to understand 
for an unprepared user. The method allows us to make 
decisions with qualitative and quantitative values of the 
criteria and does not require large computational proce-
dures. Based on the AHP, the following are calculated:

•	 Weights of criteria for evaluating the effec-
tiveness of educational trajectories (Figure 2, 
stage 4b).

•	 Value/effectiveness of each educational trajec-
tory for each criterion for each possible state of 
the external environment (Figure 2, stage 4c).

•	 The total value/effectiveness in the implemen-
tation of each educational trajectory according 
to a set of criteria for each possible state of the 
external environment.

Fifth stage of the study.
The system marks the most preferred educational 

trajectory for the next academic period based on the 
payoff matrix method [16]. First, our software system 
obtains the value/effectiveness of each educational 
trajectory from the previous stage (as the elements’ 
decision matrix elements) and calculates several char-
acteristic estimates:

•	 the maximum indicator of each i-th trajectory 
effectiveness/usefulness Hi

max,
•	 the minimum indicator of each i-th trajectory 

effectiveness/usefulness Hi
min ,

•	 the arithmetic mean value of each i-th trajectory 
effectiveness/usefulness Hi

mid,
•	 the maximum risk value when implementing the 

i-th trajectory Rmax.
Then, the system computes several criteria (see 

Table) according to the payoff matrix method [28–32].
The Head of the educational program or an expert 

makes a decision on values of λ, λi and the final choice 
of the most rational educational trajectory based on 

the analysis of the specified criteria (Cr1÷Cr5). Also, 
if necessary, trajectories can be ranked according to 
the degree of preference. We can see an example of the 
system operation sequence in Figure 2.

2.3. System architecture
The developed system has the following archi-

tecture (Figure  3). The software was developed as 
a client-server application. The system has a modular 
structure.

The client part includes a graphical user interface 
module, and the server part includes a clustering mod-
ule and modules that implement the decision-making 
methods, i.  e., AHP and payoff matrix. The system 
works interactively. Users can change parameters and 
track intermediate and final calculation results. The 
interface of interaction with the system is shown in 
Figure 2. One can interact with the system by a web 
interface in any modern web browser. The server 
receives data with the results of the student survey 
and the necessary input parameters, such as the maxi-
mum number of educational trajectories, external 
factors, and the criteria for evaluating educational 
trajectories (Figure 2, stage 4, 5). The data obtained 
from the survey is processed on the server side by the 
clustering module, sending in response a description 
of the selected clusters, which represent the analyzed 
educational trajectories (Figure 2, stage 2b). Next, the 
system evaluates the obtained trajectories based on the 
specified environmental factors and evaluation criteria 
in a dialog with the user (Figure 2, stage 1–5).

The trajectory comparison data is sent to the server, 
where the trajectory evaluation and selection module, 
using the sequential execution of the AHP and payoff 
matrix method, selects the final trajectories according 
to various decision-making criteria (Figure 2, stage 5). 
The result is displayed in the user interface. The system 
offers a list of trajectories, each of which is recognized 
as the best according to one of the criteria. Users choose 
a single trajectory based on their understanding of the 
situation. The program manager chose trajectory  2 
using the recommendations of the system based on 
a generalized criterion.

Table

Criteria according to the payoff matrix method 

No Name Value Comment

1 Wald criteria Cr Hi1 = min[ ]max Maximum pessimism in the unfavorable state of the external 
factors

2 Laplace criteria Cr Hi2 = max[ ]mid Maximum optimism under equally probable conditions of 
the external environment

3 Savage criteria Cr Ri3 = min[ ]max The minimum of the greatest risks

4 Hurwitz criteria Cr H Hi i4 4 41� � �� �max min( ) Linear combination of minimum and maximum values of 
educational trajectories effectiveness 

5 Generalized criteria Cr Cri i i
i

5
1

4

�
�
�� �  Weighted sums of characteristic estimates
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Fig. 2. An example of the system operation sequence

Fig. 3. The developed system architecture
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3. Results

The research was conducted in 2023/2024. We in-
terviewed sixty applicants entering the HSE Computer 
Systems Master’s program and forty-six students en-
tering the second year of the program. An educational 
trajectory like the 1st course of the master’s degree in 
the 2022/2023 academic year was offered for evaluation 
to the applicants. The full list of educational elements 
submitted for discussion can be found in [15]. The three 
most preferred educational trajectories were identified 
based on the survey results and clustering of students’ 
opinions (see Figure 2, stage 2b). A comprehensive as-
sessment of the identified educational trajectories was 
carried out for the following possible external condi-
tions in the 2023/2024 academic year:

1.	The focus shift tendency from face-to-face educa-
tion to online

2.	A rise in the number of applicants with a special-
ized diploma and working by the profession

3.	Increasing the number of students from develop-
ing countries

Comparative evaluation of educational trajectories 
was carried out according to the following criteria:

•	 C1 — quality of education (the best academic 
performance);

•	 C2 — accessibility of the elements of the educa-
tional program;

•	 C3 — complexity/cost of trajectory implement-
ing for the teacher;

•	 C4 — complexity/cost of trajectory implement-
ing for the university;

•	 C5 — complexity/cost of trajectory implement-
ing from the student's point of view.

The result of the developed system interactive 
analysis was chosen as the most preferred educational 
trajectory definition (see Figure 2, trajectory 1).

The implementation of this educational trajectory 
has provided the following results:

•	 academic performance rise that continued a year 
later (Figure 4);

•	 students’ satisfaction increase, which is partly 
due to online learning introduction; one can 
see that satisfaction has decreased with the 
transition to a blended learning format in post-
pandemic period (Figure 5);

•	 class attendance growth (Figure 6).
The companies’ representatives — educational 

program’s partners participated in shaping the trajec-
tory in the 2024/2025 academic year, and suggested 
the following.

•	 To limit the implementation options for the 
“Number of students in the study group” element 
in the chosen specialization by 20–25 members.

•	 To give preference to the online implementation of 
the “Lectures” and “Practical exercises” elements.

•	 To add such options for the implementation of 
the element “Number of students participating 
in the project” as 4 and 5 developers (previously 
there was a limit of 3 developers).

Fig. 4. Academic performance changing

Fig. 5. Students’ satisfaction changing Fig. 6. Class attendance changing
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•	 To limit the options for implementing the ele-
ment “Online platform of the special course” by 
using the educational platform of the enterprise.

•	 To use the only option for implementing the 
“Project” element — full-time participation in 
the company's departments activity.

These suggestions were adopted when forming the 
initial set of educational elements.

4. Discussion

One can note that the obtained results are very 
interesting while comparing our system with other 
solutions. Researchers are concerned with the issue 
of educational trajectory design. The topic of the 
work seems relevant as many articles explore some 
aspects of this problem. Various studies offer short-
term forecasts for improving the quality of education, 
which are based on the analysis of specific learning 
environment parameters or the students’ opinion. We 
propose to analyze educational trajectories accord-
ing to longer-term assessments of the entire range 
of possible external factors in the future combined 
with the opinion of students/teachers and university 
requirements.

There are also studies devoted to the construction 
of educational trajectories [8–11] but most often they 
are talking about individual trajectories. The adaptive 
model [8] implements the construction of multiple in-
dividual learning trajectories to influence the external 
and internal causes of student motivation. As our sys-
tem, it uses questionnaire technology but determines 
the way to implement only some educational elements 
(the space of educational materials, perception fea-
tures). The article [9] proposes an automated trial and 
error method for individual educational trajectories 
formation as a composition of pedagogical experiments. 
It is suitable only for small groups but seems laborious 
for a big one. The recommendation service [10] builds 
an individual educational trajectory for studying online 
courses based on a mathematical model using Boolean 
programming according to the student’s preferences. 
Meanwhile, the elements of each studied discipline 
remain unchanged. Even though «trajectory» implies 
a  slightly different concept, this method is close to 
our study in terms of meeting the specified criteria 
(prerequisites, pace and schedule of training). Article 
[11] presents a  model for adapting educational con-
tent, which contains an algorithm for constructing an 
individual educational trajectory based on a modified 
ant algorithm. It provides a personalized selection of 
the sequence of educational materials/elements as in 
our study. However, the authors point out that this 
model is effective in passing academic disciplines with 
a significant duration, whereas our system can be used 
for any courses.

Some modern authors also use automated systems 
in the educational process. The areas of their applica-
tion are predicting student academic performance [7]; 
detecting at-risk students [3, 33]; automated feedback 

systems [34]. However, their research is mostly focused 
on internal instructional conditions only.

Other studies concern certain aspects of external 
conditions: for example [35] investigate time spent at 
work; [36] estimate the students’ contingent (number 
of geographically remote students); [34] analyzes the 
availability and legitimacy of the software and com-
puter online learning environments, video conferenc-
ing systems, online testing systems, and automated 
feedback systems.

The author of another study [6] analyzes the in-
fluence of external factors on the settings of a single 
type of training, i. e., blended. In addition, the author 
uses quite labor-intensive research methods: oral in-
terviewing of the instructors, primary and repeated 
coding by multiply rereading transcripts and analyzing 
transcript data and compiling matrices for reviewing 
the participants’ opinions. On the contrary, our system 
also involves collecting students’ opinions, but the sur-
vey method is realized via Online Test Pad System1 or 
Google-forms2, which greatly simplifies data analysis.

Our method is quite simple to understand and apply. 
It allows one to consider a variety of interesting new 
practices when choosing an educational trajectory. It 
is easy to adjust according to the individual student’s 
characteristics and allows researchers to dynamically 
consider the teacher’s opinion or requests of the head 
of the educational program. This is provided by:

•	 expanding or narrowing of the set of educational 
elements or their implementation options;

•	 the possibility of changing the relative importance 
of both criteria for evaluating the effectiveness 
of the educational trajectory and options for 
implementing educational elements;

•	 the justification of using a clustering algorithm, 
which allows one to choose an educational 
trajectory in advance, analyzing the preference 
patterns of each cluster. Clustering methods 
are quite popular among other researchers [7], 
because they allow them to form patterns of 
behavior.

5. Conclusions

1.	The conducted research shows that development 
of system for assessing and selecting effective 
masters’ learning trajectory can be based on 
integration of decision theory methods.

2.	The developed method makes it possible to 
consider the opinion of all educational process 
participants: students — in generating possible 
educational trajectories, teachers — in generat-
ing the composition of educational elements and 
the University administration — in the final ex-
pert selection of the most preferred educational 
trajectory.

1	 Free multifunctional service for testing and training. 
https://onlinetestpad.com/

2	 Google Forms. https://www.google.com.co/intl/ru/forms/
about/



Vishnekov A. V., Ivanova E. M., Zhursunova N. Computer-aided system for assessing and selecting… 2025;40(6):39–48

ISSN 0234-0453 • INFORMATICS AND EDUCATION • 2025 • Volume 40 No 6

47

3.	The proposed approach makes it possible to ana-
lyze in one system several different variants for 
possible changes in external conditions when 
choosing the most rational educational trajectory 
for the next academic period.

4.	The application of the proposed approach in 
practice has shown its application expediency 
to improve student academic performance, at-
tendance and students’ satisfaction with the 
training organization.

5.	The proposed approach can be developed in the di-
rection of creating an integrated decision theory 
methods of and machine learning methods.

Acknowledgements
The authors would like to thank the graduates of the master’s 

program “Computer Systems and Networks” of the National 
Research University Higher School of Economics V. A. Khlobo
shchina and A. V. Shabalina, who took part in the development 
of the system’s software.

References
1. Wong J. T., Hughes B. S. Leveraging learning experience 

design: Digital media approaches to influence motivational 
traits that support student learning behaviors in undergradu-
ate online courses. Journal of Computing in Higher Education. 
2023;35:595–632. DOI: 10.1007/s12528-022-09342-1.

2. Zou  D., Xie  H., Wang  F. Effects of technology en-
hanced peer, teacher and self-feedback on students’ collab-
orative writing, critical thinking tendency and engagement 
in learning. Journal of Computing in Higher Education. 
2023;35:166–185. DOI: 10.1007/s12528-022-09337-y.

3. Phan  M., De Caigny  A., Coussement  K. A  decision 
support framework to incorporate textual data for early 
student dropout prediction in higher education. Decision Sup-
port Systems. 2023;(168): Article 113940. DOI: 10.1016/j.
dss.2023.113940.

4. Zha  Sh., Jin  Y., Wheeler  R., Bosarge  E. A  mixed-
method cluster analysis of physical computing and robotics 
integration in middle-grade math lesson plans. Computers 
& Education. 2022;190:Article 104623. DOI: 10.1016/j.
compedu.2022.104623.

5. Lung-Guang  N. Decision-making determinants of 
students participating in MOOCs: Merging the theory of 
planned behavior and self-regulated learning model. Com-
puters & Education. 2019;134:50–62. DOI: 10.1016/j.
compedu.2019.02.004.

6. Boelens R., Voet M., De Wever B. The design of blended 
learning in response to student diversity in higher education: 
Instructors’ views and use of differentiated instruction in 
blended learning. Computers & Education. 2018;120:197–
212. DOI: 10.1016/j.compedu.2018.02.009.

7. Riestra-González  M., Paule-Ruíz  M. del  P., Ortin F. 
Massive LMS log data analysis for the early prediction of 
course-agnostic student performance. Computers & Edu-
cation. 2021;163:Article 104108. DOI: 10.1016/j.compe-
du.2020.104108.

8. Vainshtein Yu. V., Esin R. V., Tsibul’skii G. M. Adaptive 
model of developing individual educational trajectories for 
blended learning. Informatics and Education. 2017;(2):83–
86. (In Russian.) EDN: YRUKSF.

9. Diachenko M. S., Leonov A. G. Solving the problem of 
automating the learning process through experimental search 
for an individual educational trajectory. Informatics and 
Education. 2024;39(4):14–26. (In Russian.) EDN: BMEVBI. 
DOI: 10.32517/0234-0453-2024-39-4-14-26.

10. Aldunin D. A. A model of recommendation service ar-
chitecture for the formation of an individual educational tra-
jectory for self-paced massive open online courses studying. 

Informatics and Education. 2024;39(1):74–83. (In Russian.) 
EDN: IBBOLE. DOI: 10.32517/0234-0453-2024-39-1-74-83.

11. Zakharchenkov  K.V., Mrochek  T.V., Kutuzov  V.V. 
Formation of individual educational trajectory of university 
student based on modified ant colony optimization algorithm. 
Informatics and Education. 2024;39(3):53–65. (In Russian.) 
EDN: XMLIRH. DOI: 10.32517/0234-0453-2024-39-3-53-65.

12. Aljawarneh S. A. Reviewing and exploring innova-
tive ubiquitous learning tools in higher education. Journal 
of Computing in Higher Education. 2020;32:57–73. DOI: 
10.1007/s12528-019-09207-0.

13. Vishnekov  A.  V., Erokhina  E.  A., Ivanova  E.  M., 
Trubochkina  N.  K. Features of the educational process 
of training IT-specialists in the conditions of increasing 
capabilities of generative AI. Engineering Education. 
2023;(34):123–135. (In Russian.) EDN:  ZNKWCN. DOI: 
10.54835/18102883_2023_34_11.

14. Maatuk  A.  M., Elberkawi  E.  K., Aljawarneh  S., 
Rashaideh  H., Alharbi  H. The COVID-19 pandemic and E-
learning: challenges and opportunities from the perspective of 
students and instructors. Journal of Computing in Higher Ed-
ucation. 2022;34:21–38. DOI: 10.1007/s12528-021-09274-2.

15. Ivanova E. M., Vishnekov A. V. A computer design 
method of an effective educational trajectory in blended 
learning based on students’ assessment. Education and Infor-
mation Technologies. 2020;25(2):1439–1458. DOI: 10.1007/
s10639-020-10109-3.

16. Eddowes  M., Stansfield  R. Decision Making Tech-
niques (ACCA). Sweet & Maxwell ltd; 1992. 688 p.

17. Tabares M. S., Vallejo P., Montoya A., Correa D. A feed-
back model applied in a ubiquitous microlearning environment 
using SECA rules. Journal of Computing in Higher Education. 
2022;34:462–488. DOI: 10.1007/s12528-021-09306-x.

18. Abuhassna H., Al-Rahmi W. M., Yahya N. et al. De-
velopment of a  new model on utilizing online learning 
platforms to improve students’ academic achievements and 
satisfaction. International Journal of Educational Technol-
ogy in Higher Education. 2020;17:Article 38. DOI: 10.1186/
s41239-020-00216-z.

19. Aljawarneh S., Lara J. A. Data science for analyzing 
and improving educational processes. Journal of Comput-
ing in Higher Education. 2021;33:545–550. DOI: 10.1007/
s12528-021-09299-7.

20. Agarwal P. K., Mustafa N. H. k-means projective clus-
tering. Proc. of the Twenty-Third ACM SIGMOD-SIGACT-SI-
GART Symposium on Principles of Database Systems (PODS 
‘04). Association for Computing Machinery, New York, NY, 
USA; 2004:155–165. DOI: 10.1145/1055558.1055581.

21. Rousseeuw P. J. Silhouettes: A graphical aid to the 
interpretation and validation of cluster analysis. Compu-
tational and Applied Mathematics. 1987;20:53–65. DOI: 
10.1016/0377-0427(87)90125-7.

22. Caliński T., Harabasz J. A dendrite method for clus-
ter analysis. Communications in Statistics — Theory and 
Methods. 1974;3:1–27. DOI: 10.1080/03610927408827101.

23. Weng  Y., Wang  X., Hua  J., Wang  H., Kang  M., 
Wang  F.-Y. Forecasting horticultural products price using 
ARIMA model and neural network based on a large-scale data 
set collected by web crawler. IEEE Transactions on Compu-
tational Social Systems. 2019;6(3):547–553. DOI: 10.1109/
TCSS.2019.2914499.

24. Wu M. Neural network algorithm in regional mac-
roeconomic forecast. 2022 IEEE 2nd Int. Conf. on Mobile 
Networks and Wireless Communications (ICMNWC). 
Tumkur, Karnataka, India; 2022:1–4. DOI: 10.1109/IC-
MNWC56175.2022.10031670.

25. Cuzzocrea  A. Multidimensional big data analytics 
over big web knowledge bases: Models, issues, research trends, 
and a reference architecture. 2022 IEEE Eighth Int. Conf. on 
Multimedia Big Data (BigMM). Naples, Italy; 2022:1–6. 
DOI: 10.1109/BigMM55396.2022.00008.



2025;40(6):39–48 Вишнеков А. В., Иванова Е. М., Журсунова Н. Автоматизированная система оценки и выбора…

ISSN 0234-0453 • ИНФОРМАТИКА И ОБРАЗОВАНИЕ • 2025 • Том 40 № 6

48

26. Zhao  Y., Shen  Y., Qi  Y. A  security analysis of the 
Chinese robot supply chain based on open-source intelligence. 
2021 IEEE 1st Int. Conf. on Digital Twins and Parallel 
Intelligence (DTPI). Beijing, China; 2021:219–222. DOI: 
10.1109/DTPI52967.2021.9540101.

27. Saaty T. L. Decision making for leaders: The analytic 
hierarchy process for decisions in a  complex world. Pitts-
burgh, RWS Publications; 1980. 291 p.

28. Bell  D.  E. Regret in decision making under uncer-
tainty. Operations Research. 1982;30(5):961–981. DOI: 
10.1287/opre.30.5.961.

29. Wald A. Statistical decision functions. N.Y., Wiley; 
L., Chapman & Hall; 1961. 179 p.

30. Savage L. J. The theory of statistical decision. Jour-
nal of the American Statistical Association. 1951;46(1):55–
67. DOI: 10.2307/2280094.

31. Arrow K. J., Hurwicz L. Appendix: An optimality cri-
terion for decision-making under ignorance. In: Arrow K. J., 
Hurwicz L. (eds) Studies in Resource Allocation Processes. 
Cambridge University Press; 1977:461–472. DOI: 10.1017/
CBO9780511752940.015.

32. Miyata Y. Laplace approximations and Bayesian infor-
mation criteria in possibly misspecified models. Communica-
tions in Statistics — Theory and Methods. 2017;46(24):12240–
12258. DOI: 10.1080/03610926.2017.1295079.

33. Olivé D. M., Huynh D. Q., Reynolds M., Dougiamas M., 
Wiese  D. A  supervised learning framework: Using assess-
ment to identify students at risk of dropping out of a MOOC. 
Journal of Computing in Higher Education. 2020;32(1):9–26. 
DOI: 10.1007/s12528-019-09230-1.

34. Deeva  G., Bogdanova  D., Serral  E., Snoeck  M., 
De Weerdt J. A review of automated feedback systems for 
learners: Classification framework, challenges and opportuni-
ties. Computers & Education. 2021;162:Article 104094. DOI: 
10.1016/j.compedu.2020.104094.

35. Okogbaa J., Allen R. E., Sarpong D. F. Time spent at 
work and its impact on the academic performance of phar-
macy students. International Journal of Environmental 
Research and Public Health. 2020;17(2):496. DOI: 10.3390/
ijerph17020496.

36. Buckner E., Zhang Y., Gerardo L. B. The impact of 
COVID-19 on international student enrolments in North 
America: Comparing Canada and the United States. Higher 

Education Quarterly. 2021;76(2):328–342. DOI: 10.1111/
hequ.12365.

Information about the authors
Andrey V. Vishnekov, Doctor of Sciences (Engineering), 

Professor, Professor at School of Computer Engineering, HSE 
Tikhonov Moscow Institute of Electronics and Mathematics, Na-
tional Research University Higher School of Economics, Moscow, 
Russia; ORCID: https://orcid.org/0000-0003-4362-1221; e-mail: 
avishnekov@hse.ru

Elena M. Ivanova, Candidate of Sciences  (Engineering), 
Docent, Associate Professor at School of Computer Engineering, 
HSE Tikhonov Moscow Institute of Electronics and Mathematics, 
National Research University Higher School of Economics, Mos-
cow, Russia; ORCID: https://orcid.org/0000-0002-0063-9758; 
e-mail: emivanova@hse.ru

Zhursunova Nayla, a master's student at School of Computer 
Engineering, HSE Tikhonov Moscow Institute of Electronics and 
Mathematics, National Research University Higher School of 
Economics, Moscow, Russia; ORCID: https://orcid.org/ 0009-
0004-0556-7097; e-mail: nzhursunova@edu.hse.ru

Информация об авторах
Вишнеков Андрей Владленович, доктор тех. наук, профес-

сор, профессор департамента компьютерной инженерии, Мо-
сковский институт электроники и математики, Национальный 
исследовательский университет «Высшая школа экономики», 
г. Москва, Россия; ORCID: https://orcid.org/0000-0003-4362-
1221; e-mail: avishnekov@hse.ru

Иванова Елена Михайловна, канд. тех. наук, доцент, до-
цент департамента компьютерной инженерии, Московский 
институт электроники и математики, Национальный исследо-
вательский университет «Высшая школа экономики», г. Мо-
сква, Россия; ORCID: https://orcid.org/0000-0002-0063-9758; 
e-mail: emivanova@hse.ru

Журсунова Найля, магистрант департамента компьютер-
ной инженерии, Московский институт электроники и матема-
тики, Национальный исследовательский университет «Высшая 
школа экономики», г. Москва, Россия; ORCID: https://orcid.
org/0009-0004-0556-7097; e-mail: nzhursunova@edu.hse.ru

Поступила в редакцию / Received: 12.06.25.
Поступила после рецензирования / Revised: 18.08.25.
Принята к печати / Accepted: 19.08.25.




