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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.

Keywords: effective educational trajectory, master’s learning, computer-aided system, decision making methods, uncertainty
of external factors.
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Annomayusn

PasBuTne coBpeMeHHOII ccTeMbI 00pa30BaHUA XapaKTePU3YeTCA MHOKECTBOM HEOIIPEJeJIeHHBIX , AUHAMUYHO MEHAIUXCA (hak-
TOPOB. Iles1bI0 1 HOBU3HOI IPEICTABIEHHOTO B JaHHOU CTAThe UCCJIeNOBAHUA ABJIAETCA padpaboTKa aBTOMAaTU3UPOBAHHO CUCTEMBI I10-
cTpoeHud 3 PeKTUBHON 06pa30BaTEIFHON TPAEKTOPUY B YCIOBUAX HEOIIPEAeJIeHHOCTH BHEITHUX (haKTOpoB. PaspaboTranHasa cucrema
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ABJIAETCA MHCTPYMEHTOM OIl€HKU "1 AUHAMHUYECKOH KOPPEKTUPOBKN OﬁpaBOBaTeJIBHOI‘O IIpoiecca B COOTBETCTBUU C TEKYIITUMU U BO3-

MOKXHBIMU B 6y/:[ymeM N3MEHEHUAMU BHEIITHUX q)aKTOpOB.

WHugycTpraJbHbIe IaPTHEPHI YHUBEPCUTETA IIOJIYyUAlOT PeabHYI0 BO3MOYKHOCTh HEITOCPEACTBEHHOI'0 YUaCTHUA B IIpoIleccax (DOPMUPO-
BaHMs Hab0pa KPUTEPUEB OIEHK Y U BEIOOpa 06pa3oBaTeIbHBIX TpaeKTopuii. PagpaboraHHas aBTOMAaTH3UPOBAHHAS CUCTEMA 00'beJUHAET
METOABI MOAAEP/KKN MIPUHATHASA PEIIeHN, & UMEHHO MeTO/] aHAJIUTUYECKUX NePaPX Ui, METO/ ILJIATeKHON MaTPUIIBI AJId yUeTa MHEHUS
9KCIIEPTOB U METOJ KJIACTEPU3AIUY k-means JJIsi aHaJIN3a MHEHUS CTY/LeHTOB.

B sKcniepuMeHTaIbHOM UCCJIEOBAHUY CUCTEMBI IPUHAIH yuacTue 6osiee 100 maructpanTos: 60 cryzenTos 1-ro Kypca u 46 crygeH-
TOB 2-T0 Kypca. AHAJIN3 IIOKA3aJ, YTO IIPUMeHeHre pa3paboTaHHON CUCTEMBI ITOAEPIKKY IPUHATHAS PEIIeHNH IT03BOJIIIO YBEJINYUTh
moceraemMocTsb 3aHATHN Ha 24 % ¥ akaJeMUUecKyI0 yCIIeBA€MOCTb CTYLEHTOB, IIPU 9TOM JOJIsI CTY[AEHTOB, IOJYUYaIOIUX OTINYHBIE

OIleHKU, yBeauuuBaercsa Ha 9 % .

IIpuMeHeHVe CUCTEMBI ITO3BOJIAET dKCIIepTaM (aAMUHUCTPAIIUY U IIPENofaBaTe/IAM YHUBEPCUTETOB, NHAYCTPUAIbHBIM IapTHEPAM
06pa3oBaTeIbHON MPOrPAMMBI) OIIEPATHBHO MOJEPHU3UPOBATH 00PA30BATEIbHYIO TPAEKTOPHUIO. JIEKTODPHI MOTYT 3apaHee MOATOTOBUTHCS
K BO3MOYKHOU PEOPTaHu3aIuy yueOHOTO IPoIecca B CIyuae N3MEHEeHU A BHEIITHUX YCJIOBUM.

HoBusHa IpeIoKeHHOTO MOAX0/a 3aKJII0YaeTCs B UHTETPUPOBAHNY B e IUHYIO CUCTEMY YIIPABIEHUA 00Pa30BaTEIbHBIM IIPOI[ECCOM
MHOKeCTBa COBPEMEHHBIX 1 KJIACCUUECKUX METOJ0B: NHTEePBbIOMPOBAHNSA, KJIACTEPU3AIUN, IOAAEPKKY IPUHATHA PEIlleHni, IPOrHO-
3UPOBAHUA NU3MEHEHUSA BHEITHUX (DAKTOPOB, TOCTPOEHUsT 06Pa30BaATEIbHON TPAEKTOPUY C YUETOM MHEHUA BCEX YUYACTHUKOB 06pasoBa-

TeJIBHOTO IIpoIfecca.

Knrwuesvte cnosa: sbdhekTrBHAS 00pa3oBaTeIbHAA TPAEKTOPUA, 00yUeHre MAaruCTPOB, aBTOMATU3UPOBAHHAS CUCTEMA, METOIbI

IPUHATHUA PellleHnl, HeOIpeeJIeHHOCTh BHEITHUX (haKTOPOB.
Hna yumuposeanua:

Buwnerxos A. B., Heanosa E. M., JKypcynosea H. ABromaTn3upoBaHHASA CUCTEMA OIEHKU U BbIOOPA 9(P(PeKTUBHOI TPAaeKTOPUU
00y4YeHUSA MarUCTPOB B YCIOBUAX M3MEHUNBOCTH BHEIIHUX (DAKTOPOB C yYETOM MHEHUSA MHAYCTPUAJBHBIX IAaPTHEPOB YHUBEPCUTETA.
Hugpopmamura u oopazosarnue. 2025;40(6):39—-48. (Ha aurs.) DOI: 10.32517/0234-0453-2025-40-6-39-48.

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
toinfluence 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 toimprove the educational quality. Forecasts
can be built based on:

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

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

e the exploration of instructors’ trajectories and
student diversity in higher education [6];

e 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.

40

However, the current post-pandemic stage of soci-
ety’sdevelopment 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 undergraduates!,
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

L' 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
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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:
o students’ feedback consideration [2, 17];
e the implementation of learning management
systems [18];

e datascience for analyzing and improving educa-
tional processes [19];

e 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), Russia!. The participants
for this study were sixty 15t year students and forty six
2" 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

! 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:

e Uploading a file with survey dataset results (see

Figure 2, stage 2a).

e Launching the clustering procedure in the sys-
tem.

e Forming aset of educational trajectoriesin 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:

e Theabsence of an algorithm operation time limits

due to the small number of respondents (100-
200).

e 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.

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

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

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

1) Automatic selection of number % 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 & 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 &.

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 & is calculated as the average value
between the values of &, at which both metrics take the
maximum values.

Third stage of the study.

Itis 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:

e web crawlers [23];

e prediction systems based on artificial neural

networks [24];

e data analysis systems [25];

e 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:

e C1 — education quality (academic performance,

professionalism);

e C2 — accessibility of educational program ele-
ments;

e C3 — the trajectory implementation costs for
teachers;

e C4 — thetrajectory implementation costs for the
university;

e CbH—thetrajectory implementation complexity/
costs for students.

The experts can change thelist of criteria by means

of the system, depending on the specifics of the task
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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:

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

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

e 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:

e the maximum indicator of each i-th trajectory

effectiveness/usefulness H™*,

e the minimum indicator of each i-th trajectory
effectiveness/usefulness H™",

e thearithmetic mean value of each i-th trajectory
effectiveness/usefulness H™4,

e the maximum risk value when implementing the
i-th trajectory R, ,.

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 A, A; and the final choice
of the most rational educational trajectory based on

Criteria according to the payoff matrix method

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 thebest 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

No Name Value

Comment

1 | Wald criteria Cry = min[ H ]

Maximum pessimism in the unfavorable state of the external
factors

2 | Laplace criteria Cr, = max[ HMd]

Maximum optimism under equally probable conditions of
the external environment

3 | Savage criteria Cr; = min[ R ]

The minimum of the greatest risks

4 | Hurwitz criteria Cry = M HP™ +(1— L )H M

Linear combination of minimum and maximum values of
educational trajectories effectiveness

5 | Generalized criteria Cry =4, i)L_Cr.

i=1

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

e Cl1 — quality of education (the best academic

performance);

e C2 — accessibility of the elements of the educa-

tional program;

e C3 — complexity/cost of trajectory implement-

ing for the teacher;

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

e 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:

e academic performance rise that continued a year

later (Figure 4);

e 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);

e 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.

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

e Togive preference tothe online implementation of
the “Lectures” and “Practical exercises” elements.

e 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).

Before

After

One year later

= Satisfactory grades ratio

® Good grades ratio

u Excellent grades ratio

Fig. 4. Academic performance changing
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e — il

o —— T

Before After One year later
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Fig. 5. Students’ satisfaction changing

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

e 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
asignificant 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
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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 System! or
Google-forms?, 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:

e expanding or narrowing of the set of educational

elements or their implementation options;

e thepossibility of changing therelativeimportance
of both criteria for evaluating the effectiveness
of the educational trajectory and options for
implementing educational elements;

e thejustification 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.

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

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... @APEFII(RiEz2]
ISSN 0234-0453 « INFORMATICS AND EDUCATION « 2025 - Volume 40 No 6

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.
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