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AUTOMATION OF BUILDING AN INDIVIDUAL EDUCATIONAL TRAJECTORY 
FOR A HIGHER EDUCATION STUDENT

Purpose. To highlight the aspects of designing and implementing an automated system for building an individual educational 
trajectory for higher education students.

Methodology. To develop an automated system for building an individual educational trajectory of a higher education appli­
cant, such general research methods were used as analysis and comparison to substantiate the requirements for the system; synthe­
sis to form the components of the system and develop a structural diagram of a set of hardware and software in accordance with the 
state standard for the design of automated systems; a generalisation method for formulating recommendations for the implementa­
tion of the developed system.

Findings. The concept of an automated system for selecting elective courses by higher education students is formulated; the 
main stages of designing an automated system using modern information technologies are substantiated. The requirements for 
hardware and software are determined and a structural diagram of the basic hardware and software complex is developed to imple­
ment the main functions of the automated system. The social and economic effect of the introduction of an automated system for 
building an individual educational trajectory is determined and further prospects and directions of development are outlined.

Originality. A methodology is developed for building an individual educational trajectory based on modern information tech­
nologies and systems, which contributes to the intensification of cognitive activity of higher education students and ensures trans­
parency and speed of the procedure for selecting elective courses.

Practical value. The developed system allows for the automated selection of elective courses by higher education students. The 
system also has the ability to record the chosen disciplines by students on the basis of electronic applications, which will reduce the 
complexity of the choice and the workload of the dean’s office and other structural units of the university.
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Introduction. Nowadays, information technology is de­
veloping very rapidly, so only through continuous improve­
ment can a specialist remain competent and in demand. In 
this regard, the development of independent learning skills 
and the ability to build individual educational trajectories is 
of particular relevance and value [1, 2]. The skills and abilities 
acquired in this way allow students to acquire new knowledge 
on their own, improve their skills as needed, and after gradu­
ation, in the course of professional activities and various life 
situations [3, 4].

The possibility of choosing educational components while 
studying at a higher education institution allows students to 
expand the list of general and deepen professional competen­
cies, contributing to the quality of training. At the same time, 
the use of automation tools in the process of building an indi­
vidual educational trajectory ensures the speed and transpar­
ency of the choice.

The development and implementation of the system based 
on information and communication technologies will auto­
mate the entire range of procedures for the selection of disci­
plines by higher education applicants, including the formation 
of a database of applicants and their identification in the sys­
tem; setting up the selection procedure; familiarising appli­
cants with the syllabi of elective disciplines; fixing the selected 
disciplines and forming groups, etc.

In connection with the above, it can be noted that automa­
tion of building an individual educational trajectory for higher 
education students is a relevant and important area for im­
proving the quality of education.

Literature review. Today, digital transformation is becom­
ing a priority for the development of many industries, includ­
ing education. In this regard, automation tools are gaining 

special importance to improve the quality of educational ser­
vices, including the construction of individual educational tra­
jectories [5, 6].

The peculiarities of individualisation of learning, as well as 
the formation and implementation of individual educational 
trajectories in the educational process have been studied by 
such scholars as Alekseeva S. [7], Baranovska O. [8], Godova­
niuk T. [9], Horbatiuk R. [4], Kankovskyi I. [2], Korostia­
nets T. [1], Krasnoshchek I. [10], Pinchuk O. [6], Strelets S. 
[5], Sharov S. [11], Shevchuk H. [12], and others.

Thus, in particular, O. Baranovska considers “individuali­
sation of learning as a principle of implementing an individual 
approach to students in the learning process; as a form of or­
ganisation of student learning activities; as an educational 
technology based on the principle of individualisation. Indi­
vidualised learning is a type of learning that is carried out on 
the basis of individualisation with the use of appropriate tech­
nologies, the purpose of which is to develop an individual ac­
cording to his or her abilities and at a pace appropriate for him 
or her” [8].

Korostianets T. believes that “one of the most popular 
ways to individualise the educational process is to provide each 
individual student with the opportunity to build an individual 
educational trajectory.

These processes are dictated by the realities of our time, 
and the need for individualisation of the educational process is 
enshrined in the law on education and is also reflected in edu­
cational standards” [11].

Shevchuk H. notes that “the search for conditions and 
ways to implement individual educational trajectories of stu­
dents is becoming an important area of activity for Ukrainian 
universities. Choosing, building and implementing an indi­
vidual educational trajectory allows the student to develop ex­
actly those universal and professional competences that are in 
demand in modern society” [12].
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Thus, the research conducted confirms the importance 
and relevance of the chosen topic and the need for its further 
development.

Unsolved aspects of the problem. It should be noted that 
individualisation of learning requires active participation of 
both the student to form a request to study certain courses and 
the educational institution to ensure comfortable conditions, 
transparency and speed of selecting elective courses [7, 9].

In this regard, only through mutual intensification of ac­
tivities based on modern interactive information and commu­
nication technologies it is possible to achieve effective con­
struction of an individual educational trajectory of a higher 
education student [15].

Purpose of the article. The purpose of the research is to 
highlight the aspects of designing and implementing an auto­
mated system for building an individual educational trajectory 
for higher education students, which will allow one: to provide 
the possibility of remote acquaintance with the list of elective 
courses and their content to improve the selection process; to 
select elective courses and form an application for their study 
in an automated mode; in general, to increase motivation and 
interest in learning through new forms of organisation and the 
possibility of individualising the educational process.

In line with the goal, a number of tasks are set:
- to define the requirements and formulate a set of tasks 

that the system should implement;
- to describe the design of an automated system for build­

ing an individual educational trajectory of a higher education 
student;

- to implement the structural scheme of the system’s hard­
ware and software;

- to develop recommendations for implementing the auto­
mated system in the educational process.

Methods. In the process of preparing the materials of the 
article, general research methods were used [13], which in­
clude: observation, analysis and synthesis in the formation of 
requirements and a set of tasks to be implemented by the sys­
tem; synthesis, algorithmisation and modelling in the design 
of an automated system; generalisation for the formation of 
instructional materials and recommendations for the imple­
mentation of an automated system for the selection of disci­
plines by higher education students.

Presentation of the main research and scientific results. 
Given all of the above, the need to introduce an automated 
system for selecting elective courses in the educational process 
is confirmed, which will contribute to digital transformation 
and transparency of education.

Let us consider the main stages of designing an automated 
system for choosing disciplines by higher education students 
based on a personal e-cabinet.

In accordance with GOST 24.601-86 and GOST 24.602-
86 [14], which regulate the creation of automated systems, we 
present the stages of system design in the form of the Table.

Thus, in accordance with the stages shown in the table, it 
is first necessary to formulate the requirements that the system 
must meet, to study the development problems, ways to solve 
them, the cost and timing of development, the possibilities of 
modern digital technologies for the development of automated 
systems in education, etc.

The entire set of requirements that an automated system 
must meet can be divided into the following groups:

1. Functionality requirements:
- the ability to uniquely identify each student in the system 

based on authorised access;
- automated setting of parameters for the election procedure;
- the opportunity to get acquainted with the list and con­

tent of elective courses;
- the ability to choose disciplines from an available list;
- recording the elections and generating electronic appli­

cations from applicants;
- automated formation of groups for studying disciplines.

Table
The main stages of automated system development

Stages of automated 
system development Content of the stages

Formation of 
requirements for an 
automated system

- justification of the need to develop the 
system;
- formulation of user requirements and 
tasks to be performed by the system;
- researching development problems and 
ways to solve them with the help of modern 
technologies;
- development time and estimated cost, etc.

Development of the 
system concept

- study of system components;
- conducting research and development 
activities;
- development of possible concept options;
- drawing up research results

Development of 
technical 
specifications

- development and approval of the terms of 
reference (TOR), which is the basis for the 
system development

Development of a 
preliminary design

- development of preliminary design 
solutions based on the formation of input 
and output documentation; array structures, 
basic functioning algorithms, etc.
- development of documentation

Development of a 
technical project

- development of detailed design solutions 
for the organisational structure and 
functions of the system’s personnel;
- preparation of documentation for the 
system;
- development of documentation for the 
supply of components for the system or 
tasks for their development;
- designing related parts of the system – 
hardware and software

Development of 
working 
documentation

- creation of operational documentation for 
system users;
- system adaptation 

Commissioning and 
maintenance of the 
system

- preparing the system for commissioning;
- training of personnel to operate the 
system;
- system configuration;
- commissioning and adjustment works;
- system maintenance

2. Requirements for the content of the interface:
- accessibility and clarity of the system interface for select­

ing disciplines;
- an administrator panel for setting up and adjusting the 

parameters of the selection procedure.
3. System requirements:
- compatibility with modern operating and application 

systems and browsers;
- integration with other university programmes and data­

bases;
- data security and distributed access to information at the 

user and administrator levels.
4. Feedback:
- the ability to exchange messages between higher educa­

tion students and system administrators regarding the correct­
ness of the election procedure and its results;

- the ability to conduct surveys on the operation of the au­
tomated system.

5. Analysis of system performance:
- the ability to analyse the results of students’ choices and 

generate reports on elective subjects and their popularity;
- availability of tools to analyse the efficiency of the system 

as a whole, including time and energy resources, as well as user 
satisfaction.
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6. Scalability:
- the ability to increase modules and functionality depend­

ing on the needs;
- the ability to work efficiently with increasing data vol­

umes and the number of users, contributing to the system’s 
scalability.

At the same time, in the process of implementing the above 
requirements, problems may arise related to the coherence of 
the work of various subsystems, in particular, when moving 
from a personal electronic account to the programme for select­
ing elective disciplines. Problems may also arise due to incor­
rect interaction between individual modules of the programme, 
as well as issues with up-to-date data updates during the selec­
tion process and other aspects related to the development of a 
heterogeneous system. In addition, the development process 
may be complicated by the involvement of insufficiently quali­
fied personnel who are not able to implement all the tasks.

Therefore, to address all these issues, it is necessary to 
carefully plan and design the system in accordance with cur­
rent standards, as well as involve highly qualified specialists 
and use modern development tools and software.

Accordingly, the duration and cost of development de­
pends on the qualifications of specialists and the toolkit used.

The tasks that the system should perform include the fol­
lowing:

- providing remote access to the system for selecting elec­
tive courses;

- familiarisation with the list and content of elective cycle 
disciplines in the system environment;

- conducting the procedure for selecting the disciplines to 
be studied, if necessary, in several rounds, if necessary, form­
ing groups of a certain number of applicants;

- execution of an electronic application to record the 
choice made;

- saving selected elective courses in electronic individual 
student plans;

- forming lists of group participants in selected disciplines.
After formulating the requirements and a set of tasks to be 

implemented by the automated system, the system concept is 
developed. It involves the creation of information support and 
the definition of system components to automate the selection 
of elective courses, which will allow for the rapid and transpar­
ent construction of an individual educational trajectory of a 
higher education student.

The main components of the automated system include: a 
student’s personal electronic account, which is used to log in 
to the system of elective disciplines; a module with syllabi of 
disciplines to enable students to familiarise themselves with 
the topics, the number of hours, and evaluation criteria for 
each elective discipline; the automated system for selecting 
disciplines, which includes a module for setting up and imple­
menting elective tours and a single database containing data 
on applicants, elective disciplines, timing of tours, elected dis­
cipline recorded in electronic applications; server part for stor­
ing and processing information.

Thus, the development of the concept serves as a prerequi­
site for the practical implementation of the automated system.

The development of the terms of reference generally in­
volves a detailed description of the following components of 
the system design and implementation:

- general requirements;
- technical and software requirements for the system;
- requirements for system equipment;
- guarantees and additional conditions.
Thus, among the main requirements and tasks that the au­

tomated system should solve are: easy access to the programme 
for selecting elective subjects; speed of the procedure for se­
lecting elective disciplines due to a clear and user-friendly in­
terface; transparency of the selection procedure.

To implement the stages of automated system develop­
ment and their testing, the following hardware is required: 

server, PC, laptops, and network equipment. In the future, it is 
possible to add other hardware to set up the automated system.

It is advisable to develop the software part of the automated 
system for selecting elective disciplines in the form of web-ori­
ented software application based on such modern environ­
ments as Visual Studio Code, PhpStorm, NetBeans, PyCharm, 
Joomla, Drupal [17], which will provide a choice of a wide 
range of tools and support for libraries.

To develop a layout, the most popular tools at present are 
editors for creating raster and vector graphics such as Adobe 
Photoshop, Figma, Picasa, Photo-Paint, Adobe Fireworks, 
Microsoft Photo Editor, Adobe Illustrator, CorelDRAW, Ado­
be FreeHand [18], which will ensure the creation of a high-
quality graphical interface of the system.

It is advisable to implement the front-end part of a web-
oriented software application using modern hypertext markup 
languages and libraries such as HTML5, CSS, JavaScript, VB­
Script, jQuery, AJAX, Perl [19], which provide a wide range of 
functionality for creating a web-oriented application.

To facilitate the development, you can also use Django, 
Zend, Express.js, Backbone + Marionette, Angular, Ember.js, 
Vue.js, etc. frameworks [20].

To develop the server side, it is effective to use such soft­
ware tools as ASP, PHP, JSP, MySQL, PostgreSQL [21], 
which will allow storing masses of information about elective 
subjects, higher education students, their chosen subjects for 
study, electronic applications, etc.

Thus, the reflection of a set of general, technical, and soft­
ware requirements, as well as tools for implementing the future 
system in the terms of reference, allows for its detailed and 
high-quality design.

The next stage is the development of a preliminary design, 
which involves, among other things, determining the input 
and output information, the structure of data arrays, algo­
rithms for the functioning of the system being designed, etc.

The input information for the automated system for select­
ing elective courses should include data on the number and 
content of syllabi of elective courses; arrays with information 
on the number and composition of groups of higher education 
students who will make the choice, as well as information on 
the number of courses they will choose in accordance with 
their individual curricula; information on the number of 
rounds of selective courses and the dates of their conduct, etc.

The output information includes information on the disci­
plines chosen by higher education applicants in each round; 
data on the groups formed in the chosen disciplines, arrays 
with electronic applications for studying disciplines, etc.

An important stage of design is the development of the sys­
tem’s functioning algorithm, which involves determining a 
clear and logical sequence of the automated selection process 
for elective subjects.

When developing complex programs, it is advisable to use 
a flowchart representation of the algorithm in accordance with 
the standards DSTU ISO 5807:2016. Information processing. 
Symbols and conventions for documentation of data, pro­
grams and system flowcharts, network program diagrams and 
system resource diagrams [22], ISO 5807:1985. “Information 
processing – Documentation symbols and conventions for 
data, programme and system flowcharts, programme network 
charts and system resources charts” [23].

The flowchart of the algorithm, which reflects the sche­
matic sequence of the procedure for selecting elective disci­
plines, taking into account the designations in accordance 
with the above standards, is presented in Fig. 1.

In accordance with the above flowchart, the development 
of software code for the implementation of a web-based sys­
tem for building an individual educational trajectory using 
modern development environments is carried out.

The implementation of a technical project includes the 
construction of a set of hardware and software tools. In gen­
eral, they may include [24]:
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1. Database servers that process and store data and execute 
the main application logic.

2. Client devices that provide access to the automated sys­
tem functionality for end users.

3. Network devices that provide communication between 
different components of the system via the network.

4. Data management systems designed to store and man­
age large amounts of information. These can include cloud 
storage, file servers and databases.

A formalised diagram of the system containing the compo­
nents for selecting elective subjects by higher education stu­
dents is shown in Fig. 2.

According to the scheme, the process of building an indi­
vidual educational trajectory requires authorisation in a per­
sonal e-cabinet containing a personal data module (authorisa­
tion, personal information, digital footprints, etc.); an indi­
vidual plan module (list of compulsory and elective subjects, 
the amount of credits, assessment results of the subjects stud­
ied, etc.); a learning progress module (current and final grades 
in the subjects studied). Later, in the process of choosing dis­
ciplines, these modules interact with the system of building an 
individual educational trajectory.

At the beginning of the system, introductory materials are 
displayed on the screen, which describe in detail how to select 
the required number of disciplines in accordance with the in­
dividual curriculum of the higher education student. The main 
stages of the selection process are also explained.

It is advisable to select disciplines in several rounds in or­
der to recruit the maximum number of students into groups, 
using the appropriate module for setting up rounds (Fig. 2). 
The selection process should begin with the first round.

It is advisable to divide the interface window of the au­
tomated system into several parts, in one of which to dis­
play, for example, service information on the dates of each 
round and the time remaining until its completion; the 
number of elective courses to be selected by semester in ac­
cordance with the module of the individual plan; the num­
ber of already selected courses and formed groups, etc. In 
another part of the system interface, you can place a gen­
eral list of elective courses; syllabi to get acquainted with 
their content using the appropriate module; information on 
the current number of students who have chosen a given 
elective course, etc.

For better visualisation of the status of group formation in 
selected disciplines by applicants, it is advisable to use colour 
coding (green – group will be formed (sufficient number of 
applicants); orange – group may be formed (not yet reached a 
sufficient level for group formation); red – low probability of 
group formation, etc.

Before making the choice, the student will have to familia­
rise themselves with the syllabus by clicking on the appropriate 
icon next to the name of the course. Once you are familiar 
with the syllabus, fields will become available next to the 
courses to select them in the first or second semester. Once 
you tick the box next to a particular semester, the choice of 
discipline will be recorded in the window with the service in­
formation next to the corresponding semester.

During the first round, it is advisable to allow the student 
to adjust the choice at his/her request, removing some disci­
plines and replacing them with others, as well as to change the 
choice by semester. The completion of the selection of disci­
plines should be recorded, for example, by pressing the Save 
Selection button (Fig. 3).

After the end of the first round, if each of the disciplines 
chosen by the applicant is chosen by a sufficient number of 
other applicants to form a group, the process of selecting elec­
tive disciplines must be completed and recorded in the module 

Fig. 1. Flowchart of the procedure for selecting elective subjects

Fig. 2. Scheme of components of elective discipline systems

Fig. 3. Interface of the automated system
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of registration of the choice and the module of the individual 
curriculum of the applicant. It will also be possible to create an 
electronic application for studying elective courses and send it 
to the relevant department.

Otherwise, you will need to continue choosing disciplines, 
joining in the next round the groups that have already been 
formed (green mark) or may be formed (orange mark). Or, in 
the last round, only to those groups that have already been 
formed (orange mark). Similarly, after completing and saving 
the selection of the required number of disciplines, an elec­
tronic application will also be generated, which will need to be 
printed and submitted to the dean’s office.

All procedures for identification in the system determining 
the number of elective courses, familiarisation with their list 
and content, fixing the choice and transferring it to individual 
plans of higher education students are carried out by means of 
a database management system, which in combination allows 
recording, processing, and transmitting information on the 
choice of courses by higher education students.

Thus, based on the above structural diagram and the ori­
ented interface of the automated system for building a stu­
dent’s individual educational trajectory, it is possible to iden­
tify a number of its advantages over the traditional paper pro­
cedure for selecting elective courses, namely:

- the possibility of automated selection of elective subjects 
in full-time and distance learning;

- individualisation and improvement of the quality of edu­
cation, as students can choose the disciplines they want to study;

- equal accessibility through the use of an electronic stu­
dent account;

- no operational and time costs for dean’s office staff to 
conduct the election procedure.

At the next stage of developing the working documenta­
tion, instructional materials are created for its further use.

Staff from various structural units are also trained to en­
sure correct operation and administration of the system.

The final stage of the automated system development is 
its implementation and support by trained personnel, which 
involves preliminary testing of the system on control groups 
of higher education students; checking the relevance of the 
test results; adjusting and adapting to the wishes of all stake­
holders, etc.

Support involves monitoring the correctness of the system; 
assistance in case of failures and errors when students choose 
their disciplines; checking the relevance of information on up­
dating the data on the selected disciplines registered in the sys­
tem, etc.

It is also important to be able to generate a variety of re­
ports on the results of the choice of disciplines, which reflect 
information on the number of groups formed in different dis­
ciplines; the composition of group members; statistics on the 
choice of disciplines in different departments, faculties, etc. 
An example of a report on the composition of a group in a 
chosen discipline is shown in Fig. 4.

After the full implementation of the automated system and 
staff training, it will be possible for higher education students 
to use it to build their individual educational trajectories.

Conclusions and recommendations for further research in 
this area. Thus, based on the requirements and description of 
the main stages of development, an automated system for se­
lecting elective disciplines was designed, which is an effective 
means of building individual educational trajectories for higher 
education students and an effective tool for improving the 
transparency and quality of training.

At the same time, all the processes of registering, process­
ing, and analysing data on the choice of disciplines are per­
formed by an automated system, and administrators only con­
figure its operation correctly.

In general, the development and implementation of a sys­
tem for building an individual educational trajectory will help 
to achieve better motivation to study disciplines due to the per­
sonal interest of higher education students. Also, the use of 
modern information and communication technologies for the 
procedure of selecting elective courses will contribute to im­
proving the quality of education.

In addition, automation makes it possible to reduce the 
time and labour costs of the dean’s office and academic de­
partment staff for conducting and processing documents on 
the procedure for selecting elective courses for students of 
higher education institutions.

In general, the conducted research on the development 
and implementation of automated systems for selecting elec­
tive subjects in the educational environment allows us to for­
mulate the following recommendations for the development of 
such systems in the future:

- automated systems for building an individual educational 
trajectory should be user-friendly and have the ability to adapt 
and integrate with other systems and platforms used in the 
educational process;

- automated selection systems should have tools for direct 
participation of students in the process of forming groups in 
elective disciplines and have the ability to dynamically change 
the selection parameters, adjusting to student preferences, 
which opens up prospects for the intellectualisation of auto­
mated systems in the educational sector.
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Мета. Висвітлення аспектів проєктування та впрова­
дження автоматизованої системи для побудови індивіду­
альної освітньої траєкторії здобувачів вищої освіти.

Методика. Для розробки автоматизованої системи 
побудови індивідуальної освітньої траєкторії здобувача 
вищої освіти використовувались такі загальні методи до­
сліджень, як: аналіз і порівняння для обґрунтування ви­
мог до системи; синтез для формування компонентів 
системи й розробки структурної схеми комплексу апа­
ратно-програмних засобів відповідно до державного 
стандарту на проєктування автоматизованих систем; ме­
тод узагальнення при формуванні рекомендацій щодо 
впровадження розробленої системи.

Результати. Сформульована концепція автоматизо­
ваної системи для обрання вибіркових дисциплін здобу­
вачами вищої освіти; обґрунтовані основні етапи проєк­
тування автоматизованої системи з використанням засо­
бів сучасних інформаційних технологій. Визначені вимо­
ги до апаратного та програмного забезпечення, розро­
блена структурна схема базових апаратно-програмного 
комплексу для реалізації основних функцій автоматизо­
ваної системи. Визначені соціальний та економічний 
ефект від упровадження автоматизованої системи для 
побудови індивідуальної освітньої траєкторії та окресле­
ні подальші перспективи й напрями розвитку.

Наукова новизна. Полягає в розвитку методології по­
будови індивідуальної освітньої траєкторії на основі су­
часних інформаційних технологій і систем, що сприяє 
активізації пізнавальної діяльності здобувачів вищої 
освіти й забезпечує прозорість і швидкість проведення 
процедури обрання вибіркових дисциплін.

Практична значимість. Розроблена система дозволяє в 
автоматизованому режимі здійснити обрання вибіркових 
дисциплін здобувачами вищої освіти. Також у системі є 
можливість фіксування обраних дисциплін студентами 
на основі електронних заяв, що сприятиме зниженню 
трудомісткості вибору й навантаження на фахівців дека­
нату та інших структурних підрозділів закладів вищої 
освіти.

Ключові слова: вища освіта, індивідуальна освітня 
траєкторія, проєктування, концепція системи, процедура 
вибору
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