
Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 5/3 ( 125 ) 2023

6

CONTROL PROCESSES

Copyright © 2023, Authors. This is an open access article under the Creative Commons CC BY license

1. Introduction

The analysis of the methodological competence of univer-
sity teachers, the formation of methodological competence, 
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The paper develops a structural 
model for building a system for deve
loping methodological competence. 
The structural model is built based 
on a serviceoriented approach to 
developing large software complexes  
and includes six subsystems. Each sub
system is implemented as a separate 
microservice, which allows system 
scaling. The paper describes a tech
nique that allows you to build a tea
cher’s competency map and evaluate 
its eight components: cognitive, didac
tic, project, informational, communi
cation, reflective, monitoring, and per
sonalmotivational. A fourlevel scale 
is proposed for assessing the level of 
competencies. A methodology for eva
luating the effectiveness of the metho
dical competence development system 
based on the hierarchical expert me 
thod has been developed. The sys
tem was verified and implemented.  
According to the results of the sys
tem implementation, the intensifica
tion of the educational process and the 
improvement of the training quality of 
students were recorded. Students’ suc
cess in studying subjects has increased 
significantly. Namely, the number of 
bad students has decreased by 15 %, 
the number of «excellent» students has 
increased by 10 %, and the number of 
«good» students has increased by 18 %.

The paper touches upon creating 
information technologies adequate for 
improving the higher education sys
tem. The goal is the targeted deve
lopment and implementation of infor
mation technologies in educational 
institutions and the creation and ope
ration of integrated, flexible software 
to support a mixed system for organiz
ing the educational process, as well as 
increasing the efficiency of implement
ing a mixed system for organizing the 
educational process
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and the professional readiness of the teacher are the key 
topics of research in recent years in the field of education 
and teacher training. Various researchers have carried out 
research in these areas, and views on these issues may vary 
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depending on the context, the specific objectives of the study, 
and the scope of application of the research results.

According to empirical research, using a model for the 
development of methodological competence built on a single  
content, consistent with certain types of activities and 
strategies of pedagogical intervention, contributes to the 
improvement of methodological competencies among novice 
teachers. The paper [1] notes significant differences in the 
developed model’s impact on the development of metho-
dological competencies among novice teachers, depending on 
experience and professional environment. In the study [1], 
the author used a psychological and pedagogical experi-
ment to identify the influence of the developed model on 
the development of methodological competencies of novice 
teachers, during which the level of methodological compe-
tence of novice teachers was previously tested and verified. 
Beginning teachers were asked to fill out the assessment tool 
twice, before and after participating in the experimental pro-
gram based on the operating model (OP) application, from  
June 2010 to July 2011.

Descriptive analysis of these assessments before the 
experiment and after indicates significant differences in the 
level of development of methodological competencies. The 
results of the author’s research were the following conclu-
sions: novice teachers have severe changes at the level of all 
categories of subject areas in relation to the development 
of methodological competencies under the influence of the 
experimental program. The second conclusion of the study 
is related to the influence of some variables of the expe-
rimental program on the development of methodological 
competencies among novice teachers. One of the important 
variables is the professional experience of novice teachers in 
the sense that those who have 2 and 3 years of experience 
have registered more significant changes than those who 
have taught for only one year in terms of compliance with the 
requirements of didactic principles. An important variable is 
the environment in which novice teachers teach. Thus, the 
long-term experimental work of the authors of the paper 
allows us to conclude the design of educational materials: 
novice teachers from an urban environment received higher 
scores than those from a rural environment, and at the level 
of developing a lesson plan, novice teachers from a rural 
environment received higher scores than from an urban envi-
ronment. The study’s conclusions allow us to trace better the 
changes that we can achieve in developing methodological 
competencies of novice teachers with the help of the model 
developed by the authors.

The study [1] shows the relationship between metho-
dological competence and the pedagogical skills of a teacher. 
Accordingly, it can be argued that the development of me-
thodological competence is an important aspect of improving 
the quality of teaching at the university.

In general, the research in analyzing university teachers’ 
methodological competence in forming methodological com-
petence needs to be more relevant and described. In addition, 
the creation of new approaches for assessing and developing 
methodological competence helps form the methodological 
competence of university teachers in various environments. 
For example, the formation of methodological competence 
of teachers in the Republic of Kazakhstan, Ukraine, or other 
countries may have some peculiarities concerning cultural 
characteristics, peculiarities of the legislative field, strategic 
goals in the respective country’s world, etc. This must be 
considered to ensure the adequacy of teachers’ methodologi-

cal competence formation primarily because the correctness 
of this process affects the functioning of the state’s entire 
educational system and may have long-term consequences.

Therefore, the development of a structural model for 
building a system for the development of methodological 
competence and methods for evaluating its effectiveness is 
an essential task since it allows you to systematize, forma-
lize, and direct efforts to develop competencies in a single 
direction, which entails an increase in the efficiency of the 
country’s education system.

2. Literature review and problem statement

A separate area being studied in the pedagogical, scien-
tific environment is the formation of methodological com-
petence of inclusive education teachers. The work [2] shows 
that higher educational institutions play a significant role, 
providing conditions for the full-fledged social integration 
of a large category of people with limited educational needs 
and personal and professional self-determination. To form 
an optimal inclusive model, a teacher with a high level of 
professionalism, including methodological competence in 
the field of designing educational space and educational pro-
ducts, ready for dynamic changes in the educational process, 
is needed. The process of formation of methodological com-
petence is a model that can function successfully under the 
following pedagogical conditions: the active involvement of 
teachers in the implementation of the network interaction of 
an inclusive educational environment, the development of an 
educational and methodological complex that provides step-
by-step methodological support for the teacher through the 
developed individual development program.

The paper [3] investigates the formation of methodolo-
gical competence among student-teachers. In the work [3], 
various methods and approaches to developing this com-
petence in the educational environment are proposed, and 
the need to create conditions for providing practical expe-
rience for students in forming their methodological skills is 
highlighted. Although competence is considered a critical 
educational goal in [3], there needs to be a consensus on its 
exact definition, which leads to the ambiguity of educational 
goals. Adopting competence-based approaches in higher edu-
cation has shifted the focus toward assessing and developing 
students’ competencies through a combination of various pe-
dagogical technologies. These technologies include practical 
and seminar training, problem-solving, scientific writing, and 
participation in conferences and projects. The effectiveness 
of these pedagogical technologies largely depends on the 
methodological activities of the university’s teaching staff.

Descriptive analysis of these assessments before the 
experiment and after indicates significant differences in the 
level of development of methodological competencies. The 
results of the author’s research were the following conclu-
sions: novice teachers have severe changes at the level of all 
categories of subject areas in relation to the development 
of methodological competencies under the influence of the 
experimental program. The second conclusion of the study is 
related to the influence of some variables of the experimental 
program on the development of methodological competen-
cies among novice teachers. One of the important variables 
is the professional experience of novice teachers in the sense 
that those who have 2 and 3 years of experience have regis-
tered more significant changes than those who have taught  
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for only one year in terms of compliance with the requirements 
of didactic principles. An important variable is the environ-
ment in which novice teachers teach. Thus, the long-term 
experimental work of the authors of the paper allows us to 
conclude the design of educational materials: novice teach-
ers from an urban environment received higher scores than 
those from a rural environment, and at the level of developing  
a lesson plan, novice teachers from a rural environment received 
higher scores than from an urban environment. The study’s 
conclusions allow us to trace better the changes that we can 
achieve in developing methodological competencies of novice 
teachers with the help of the model developed by the authors.

The main achievement of the authors of this study, who 
were engaged in the development of methodological com-
petence of university teachers and professional readiness 
for teaching, can be considered that there is a relationship 
between methodological competence and pedagogical skills 
of the teacher, and they come to the conclusion that the 
development of methodological competence is an essential 
aspect in improving the quality of teaching at the university.

Despite the impressive list of papers devoted to methodo-
logical competence, some researchers note that the methodo-
logical competence of university teachers still needs to be fully 
disclosed, and further research and development on this topic 
is relevant. It is noted that various approaches to assessing and 
developing methodological competence can be helpful in form-
ing an effective system of training university teachers. In addi-
tion, it is essential to consider the peculiarities of educational 
programs and working conditions of teachers for the successful 
development and application of methodological competence.

For example, the formation and development of metho-
dological competence of inclusive education teachers de-
serves close attention. In [4], this idea is particularly clearly 
traced. Inclusive education is currently one of the strategi-
cally important directions of developing domestic education. 
A significant role in its implementation is played by higher 
educational institutions that provide conditions for the full-
fledged social integration of a large category of people with 
limited educational needs and their personal and professio-
nal self-determination. To form an optimal inclusive model,  
a teacher with a high level of professionalism, including me-
thodological competence in designing educational space and 
educational products, is needed, ready for dynamic changes 
in the educational process. The training of teachers to work in 
inclusive education is very much in demand in the domestic 
higher school. The process of formation of methodological 
competence is a model that can function successfully under 
the following pedagogical conditions: the active involvement 
of teachers in the implementation of the network interaction 
of an inclusive educational environment, the development 
of an educational and methodological complex that provides 
step-by-step methodological support for the teacher through 
the developed individual development program.

The study conducted by the authors [4] not only sheds 
light on the importance of methodological competence in 
educational reform but also provides valuable information on 
the development of practical tools for assessing and monitor-
ing the competencies of future teachers. 

The Ukrainian pedagogical community is actively discuss-
ing the competence approach in the context of modernization 
of educational processes in vocational schools in the country. 
The paper [5] aims to explore the integration of Ukrainian 
pedagogical traditions with foreign experience to encourage 
active independent activity of students, thereby creating a dy-

namic, mobile, and competitive model of vocational training in 
various industries and services.

The paper [5] is devoted to innovative processes in the 
Ukrainian vocational education system. The authors em-
phasize the crucial relationship between the growth of the 
innovative competence of a teacher and the effectiveness of 
the disclosure of his creative potential in the development 
and implementation of modern educational practices. The 
study covers various aspects of the development of method-
ological competence of vocational education teachers, paying 
particular attention to innovative elements. Through a com-
prehensive analysis, the paper [5] identifies the key factors af-
fecting the methodological competence of vocational education  
teachers. It emphasizes the importance of innovative ap-
proaches in forming teacher competence, reflecting the chang-
ing demands and requirements of the educational landscape.

The conclusions presented in such works offer valuable 
information for politicians, educators and stakeholders in-
volved in shaping the future of vocational education in the 
global educational space. The emphasis on innovation and 
methodological competence contributes to the formation of 
a qualified and capable workforce, effectively meeting the 
needs of various industries, making the domestic vocational 
education system more competitive and responsive to the 
needs of the labor market.

In the work [6], the division of methodological compe-
tence into subject-oriented and professionally oriented is 
proposed, and the functional components of pedagogical 
activity for its measurement are highlighted. However, the 
work [6] does not describe the methodological competence 
development system or indicate how it can be evaluated.

For a more complete understanding of the methodologi-
cal competence of university teachers, researchers also turn 
to the concept of professional readiness of teachers. Profes-
sional readiness development is associated with identifying 
key components, including knowledge, skills, and personal 
qualities necessary for successful pedagogical activity.

The professional readiness of teachers concerns not only 
the ability to transfer knowledge effectively, but also the abi-
lity to adapt to various situations in the educational environ-
ment, effectively use various teaching methods, and evaluate 
student performance.

To establish a link between methodological competence 
and professional readiness of university teachers, resear chers 
analyze practical experiences and best practices that are 
considered successful in the field of teaching. The use of inno-
vative approaches and advanced teaching methods can con-
tribute to the development of methodological competence 
and increase the level of professional readiness of teachers.

However, despite the studies already conducted, the 
problem of developing the methodological competence of 
university teachers remains relevant and requires further 
research. To do this, it is important to continue working 
on defining criteria and levels of formation of methodolo-
gical competence, as well as to develop effective educational 
programs that ensure the development of this competence 
among future and current university teachers. Such efforts 
will help to improve the quality of education and the effec-
tiveness of training at universities.

Many studies turn to various approaches and strategies 
that contribute to the development of methodological com-
petence among teachers. Some researchers focus on the role 
of pedagogical practice and internships in improving metho-
dological competence, while other studies assess the impact of 
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professional development programs and courses on the level of 
methodological training of teachers. Mentoring support and 
partnership with experienced teachers are also studied as the 
key factors in the development of methodological competence.

The paper [7] identified specific skills and competencies 
that form the methodological competence of university 
teachers, such as the ability to effectively apply active teach-
ing methods, develop and adapt teaching materials, use inno-
vative technologies in the educational process and effectively 
evaluate students’ academic achievements.

An important area of research is also the analysis of factors 
that may hinder the formation of methodological competence 
among teachers, such as limited access to educational re-
sources, insufficient time to prepare educational materials, or 
insufficient support from the administration of universities.

In general, the analysis of scientific literature suggests 
that the development of the methodological competence of 
university teachers is a complex and multifaceted process 
that requires an integrated approach and consideration of 
various factors. Further research in this area will contribute 
to a deeper understanding of the mechanisms of formation 
of methodological competence and will help to develop 
effective strategies and techniques to improve the level of 
methodological readiness of university teachers.

Undoubtedly, the development of methodological com-
petence of university teachers is a crucial factor in improving 
the quality of education and ensuring successful student 
learning. Outstanding scientists in pedagogy and higher edu-
cation have conducted many studies on this topic.

One of the critical studies on the methodological compe-
tence of university teachers was conducted in [8]. The author 
identifies several essential skills and competencies for tea-
chers to effectively apply active teaching methods and create 
a stimulating learning environment. He also highlights the 
importance of developing educational materials and using in-
novative technologies to make the educational process more 
exciting and understandable for students.

Another critical study is the work [9]. The author ex-
plores the theoretical foundations of forming methodological 
competence among university teachers in this study. It offers 
an integrated approach to the assessment and development 
of methodological readiness of teachers and emphasizes the 
importance of supporting and assisting the university admi-
nistration in this process.

It is also worth noting the work [10], where the authors 
consider factors that may limit the formation of methodolo-
gical competence among teachers, such as limited access to 
educational resources and insufficient time to prepare edu-
cational materials. They offer several recommendations to 
improve the support of university teachers and increase their 
methodological readiness.

In conclusion, the analysis of scientific literature on the 
topic of methodological competence of university teachers 
shows that this is a complex and multifaceted process that 
requires a systematic and integrated approach. Further re-
search and development in this area will contribute to the de-
velopment of effective strategies and techniques to increase 
the level of methodological readiness of teachers and ensure 
quality education in universities.

In addition, an important aspect that should be con-
sidered when studying university teachers’ methodological 
competence is their professional readiness. The work [11] is 
devoted to the study of the professional readiness of teachers 
and its relationship with methodological competence. The 

authors emphasize the importance of the formation of pro-
fessional readiness of teachers, as this is the primary basis for 
developing their methodological competence.

In the study [12], the author examines innovative aspects 
of the development of teachers’ methodological competence 
in modern education. She highlights the pedagogical uni-
versity’s role in forming the methodological competence of 
future teachers. She offers some innovative methods and 
approaches for the development of this competence.

An important aspect is the choice of professional teachers. 
For this, there are different approaches. One of them is 
discussed in the papers of the collective of authors [13, 14], 
where it is proposed to assess the competence level through 
the teaching staff’s publication activity. The authors propose 
methods for ranking the level of professionalism of scientists, 
which allows the selection of the most appropriate teachers 
with the right competencies. This approach will make it pos-
sible to form an adequate teaching staff.

The paper [15] emphasizes the critical relationship bet-
ween the quality of education and the quality of teaching, 
especially in terms of methodological and didactic compe-
tencies. The main argument is that the quality of education, 
in particular the development of digital literacy of the popu-
lation, is inextricably linked with the quality of teaching. 
This, in turn, depends on the development of methodological 
competence of teachers of IT disciplines.

The research presented in this paper is devoted to assessing 
the methodological competence of teachers of IT disciplines. 
This is an important question, given the rapidly deve loping 
field of information technology and the critical role that 
teachers play in forming students’ digital skills and literacy.

The main points highlighted in the paper include:
Quality of education: The paper emphasizes that the 

quality of education is a direct by-product of the quality of 
teaching. Effective teaching methods and pedagogical strate-
gies are crucial for achieving high educational standards.

Digital literacy. The development of digital literacy 
is becoming increasingly important in the modern world. 
Teachers of IT disciplines play a crucial role in transferring 
these skills to students, prioritizing improving their metho-
dological competence.

Methodological competence: The paper argues that teach-
ing effectively, especially in information technology, requires 
a high level of methodological competence. This competence 
includes the ability of the teacher to use pedagogical strate-
gies, teaching design, and assessment methods adapted to the 
dynamic field of information technology.

Assessment of methodological competence: The research 
discussed in the paper is aimed at assessing the extent to 
which teachers of IT disciplines possess methodological 
competence. This assessment is essential for understanding 
teachers’ readiness in this field.

In general, the paper emphasizes the crucial role of the 
methodological competence of IT teachers in ensuring the 
quality of education and the development of digital literacy. 
This highlights the need for continuous assessment and de-
velopment of these competencies to keep up with the evolv-
ing information technology and education environment.

The paper [16] explores the concept of skills management 
or competence management as a means of effectively using 
employees’ skills in the workplace. The study highlights the 
importance of aligning HR management processes with job 
requirements and organizational strategy to increase employee 
productivity.
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The authors emphasize the relevance of defining compe-
tencies in approaches to knowledge management since this 
can contribute to setting goals and evaluating and distribut-
ing teams in knowledge-based organizations. Competencies 
are considered personal characteristics, including knowledge, 
skills, and abilities that allow people to act competently in 
various situations.

In general, the papers pay little attention to the construc-
tion of a structural model of the system of methodological 
competence development, as well as methods for evaluating 
its effectiveness. The works only indicate specific facts and 
provide recommendations, but there is a lack of a straightfor-
ward, systematic approach to building a system for develop-
ing methodological competence.

3. The aim and objectives of the study

The aim of the study is to build a structural model of the 
system of methodological competence development. Solving 
this problem will improve the quality of educational services, 
stimulate the development of digital literacy, and systematize 
and formalize the development of competency-based methods 
in education to increase the effectiveness of the country’s 
education system.

To achieve the aim, the following objectives were set:
– to build microservices for the development of methodo-

logical competence and describe them;
– to describe the components of methodological com-

petence;
– to describe methods for evaluating the effectiveness of 

the system being created for the development of methodolo-
gical competence.

4. Materials and methods 

The paper examines the construction of a structural model 
of the information system for the development of methodi-
cal competencies, taking into account the service-oriented 
approach and the method of evaluating the effectiveness of 
the created system. With the introduction of the system, the 
intensification of the educational process and the improve-
ment of the training quality of specialists are expected. The 
development of the system will contribute to the teacher’s 
self-diagnosis to determine the level of mastery of competen-
cies and increase digital literacy.

The system analysis method was applied to build a struc-
tural model of methodological competence development in 
the research. This made it possible to determine the main 
elements of the system and the functional connections bet-
ween them. The studied system analysis became the basis 
for formulating requirements, technical documentation and 
software development based on microservices. The universi-
ty employees, specialists in the relevant disciplines, took part 
in filling the system.

Expert and hierarchical decision-making methods were 
used in the research to study the system’s effectiveness. Also, the 
research is based on a competence-based approach to learning.

After implementing the «Assessment of methodological 
competencies of teachers of IT disciplines» information sys-
tem, an experimental method was used to verify the positive 
impact of implementing the research proposals in the educa-
tional process.

5. Results of the development of a structural model  
of the system of methodological competence development

5. 1. Miscroservices and their representation in the 
system of methodological competence development

In the conditions of adaptation of the educational pro-
cess of the university to the basics of supporting a mixed 
system of organization of the educational process, the task 
of solving the problem of complex automation of the educa-
tional process is urgent.

The main goal of creating information technologies ade-
quate to the task of improving the system of higher education 
is the purposeful development and implementation of informa-
tion technologies in educational institutions and the creation 
and operation of integrated, flexible software tools to support  
a mixed system of organizing the educational process, as well as 
improving the efficiency [17] of the introduction of a mixed sys-
tem of organizing the educational process based on the use of the 
latest technical training tools and document management, en-
suring free access of students to educational and methodological 
resources (including electronic ones), the content and criteria 
for assessing knowledge in disciplines and modules, data regis-
tration, partial compensation for the increase in the workload 
of teachers and staff by automating the processes of knowledge 
assessment, registration and analysis of academic performance.

A structural model is the most general and abstract model 
of a system that reflects objects and relationships between them.

Modern methods of creating large software complexes 
use a service-oriented approach, that is, using microservices 
technologies, the main idea of which is to represent a soft-
ware system through a set of independent entities (services) 
interacting with each other. Each entity itself is responsible 
for preserving the information necessary for its life, and, in 
addition, implements its own behavior. The main idea of 
a service-oriented approach is the ability to decompose a sys-
tem into many separate entities, each of which can be multi-
plied into any number of instances (services) with their own 
characteristics. Services connected by connections through 
data exchange APIs describe the system’s structure.

For the implementation of the developed software tools, 
a prerequisite is the possibility of using Internet technologies 
and services.

Fig. 1 shows the structural model of the microservice archi-
tecture of the information system «Assessment of methodolog-
ical competencies of teachers of IT disciplines», which is based 
on the principle of microservice architecture and consists of  
6 main modules and has a multi-level distributed structure, the 
main components of which are remote database servers, appli-
cation servers, specialized automated workstations of teachers, 
students, employees of deans and departments (clients), web 
servers and web applications, and auxiliary – software services 
for designing and interpreting computer tests, regulating ac-
cess and performing other special functions.

The first microservice is the Competence Bank mo-
dule, which determines teachers’ methodological competen-
cies (Fig. 2).

Administrators of the information system, through their 
personal accounts, add questionnaires to determine the level 
of methodological competencies of teachers of IT disciplines. 
All competencies are divided into components, which allows 
you to more accurately determine the level of ownership  
of a particular competence (Fig. 3).

The structural model of the micro-service architecture 
of an information system, including a graphical user inter-
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Fig.	1.	Structural	model	of	the	microservice	architecture	of	the	information	system	«Assessment	of	methodological	

competencies	of	teachers	of	IT	disciplines»

 
Fig.	2.	Module	«Competence	Bank»

face and interaction with databases, is usually viewed from 
the perspective of several levels: two-, three- or multi-level.  
For object-oriented systems, it is recommended to use a clas-
sical three-level structural model, which, after decomposing 
the application logic level into several smaller levels, will  
turn into a multi-level structural model without pronounced 
level boundaries.

To implement the conceptual model under consideration, 
taking into account the formulated requirements, a structu-
ral model of the software package is proposed based on the 
use of the «Model-View Separation» design pattern (separa-
tion of model objects from graphical user interface objects) 
and provides interaction with the database, models and pro-
jects (the level of stored data).
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The levels are represented by corresponding packages 
in the graphical notation of the Unified Modeling Lan-
guage (UML): domain objects and service objects (services). 
The former belongs to classes that directly describe the 
concepts and models (artifacts) of the subject area and 
most fully reflect the specialization of the information 
system. Service objects are designed to perform auxi-
liary functions, for example, various transformations 
of domain objects (high-level services), providing 
interaction with the database, generating reports, etc.

5. 2. Other microservices of the methodological 
competence development system

The second microservice, the «Teacher Profile» 
module, contains the teacher’s data, a competency map 
with the exact level of knowledge for each component, 
a calendar with upcoming courses, as well as progress 
in the current course, information about completed 
courses and completed tasks (Fig. 4).

Personal data can only be changed by the account user. 
The data of the competence card is stored in the database and 
is changed when the teacher passes the questionnaire (Fig. 5).

 
Fig.	3.	Competence	Bank

 

Fig.	4.	Personal	data	of	the	teacher

 
Fig.	5.	Teacher’s	personal	account
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The third microservice is the Competence Assessment 
module, which is used to calculate the level of proficiency in 
components based on the survey results. 

All the results obtained during the survey of teachers are 
recorded in the database, and the system, based on the points 
received, forms the teacher’s level of knowledge for a specific 
component.

An example of determining the level of the personal-mo-
tivational component:

– 5–60 points: Low level of personal motivation com-
ponent. The teacher may not be motivated to improve his 
teaching methods continuously, is not always ready to adapt 
classes to the needs of students, and is inclined to respond to 
the challenges and difficulties students face rarely.

– 61–70 points: Acceptable level of personal motivation 
component. The teacher is interested in his development and 
high-quality teaching, but sometimes, he may need help in 
creating an inspiring atmosphere and motivating students.

– 71–80 points: Average level of personal motivation 
component. The teacher has certain motivations for self-de-
velopment and creating interesting classes. He/she is ready 
to learn and respond to challenges, but there is room for 
improvement in creating a positive atmosphere.

– 81–90 points: High level of personal motivation com-
ponent. The teacher has a strong motivation for self-develop-
ment and quality teaching. He/she actively creates an inspir-
ing atmosphere in the classroom and successfully responds to 
students’ difficulties by supporting them.

– 91–100 points: Advanced level of personal motivation 
component. The teacher is a natural leader in the field of per-
sonal motivation component. He/she not only constantly de-
velops and motivates students but also contributes to creating 
a unique atmosphere, inspiring both students and colleagues.

The fourth microservice – the module «Courses for 
Teachers» – is used for online training of teachers on the de-
velopment of levels of proficiency in methodological compe-
tencies. Administrators in their accounts can create courses, 
assign a trainer to the course, create a schedule for the start 
and end of the course, fill in the data of the certificate of 
successful course completion. Throughout the course, he can 
view the teachers’ current results, monitor the course’s orga-
nization and conduct, and make adjustments. The teacher, in 
turn, can contribute course materials, add course sections, 
presentations, and practical and test tasks (Fig. 6). 

The fifth microservice is the «Reports» module, which 
stores information about the total number of users and their 
activity, the levels of proficiency of teachers, and created 
courses and statistics on their completion (Fig. 7). 

The sixth microservice is the «Post-course support» 
module, which organizes teacher training in informal educa-
tion, including recorded video tutorials, seminars, trainings, 
etc. (Fig. 8).

This module is required for managing courses, creating 
and adding video lectures, tests, open tasks to the course.

The knowledge component of a teacher’s methodolo-
gical competence is a knowledge base and understanding of 
important concepts, methods, and principles related to the 
learning and teaching process.

The possession of a component of methodological com-
petence provides teachers with the theoretical knowledge 
and understanding necessary for the development and imple-
mentation of effective teaching methods and for maintaining  
a high level of educational practice.

The didactic component of a teacher’s methodological 
competence is one of the key elements of his professional 
competence. It covers knowledge, skills, and abilities related 
to the design, organization, and conduct of the educational 
process. Didactic competence allows teachers to effectively 
transfer knowledge and develop students’ skills. 

This component allows you to create a stimulating edu-
cational environment and contributes to achieving educa-
tional goals.

The design component of a teacher’s methodological 
competence plays a key role in preparing and organizing the 
educational process. This component includes the know-
ledge, skills, and abilities necessary to develop courses, les-
sons, training materials, and methodological strategies. 

The information component of a teacher’s methodolo-
gical competence plays an important role in the educational 
process. This component includes knowledge of current edu-
cational theories, scientific research, teaching methods and 
teaching materials.

The information component of methodological com-
petence enriches teachers with the knowledge and in-
formation necessary for developing and implementing 
effective educational strategies. This component allows  
teachers to be competent and professional in their educa-
tional practice.

 
Fig.	6.	Course	page
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The communicative component of a teacher’s metho-
dological competence plays an important role in an effective 
educational process. 

This component covers skills and abilities in the field of 
communication, interaction and creation of a favorable edu-
cational environment. 

 
 

 
 

 

a

b

c

Fig.	7.	The	main	signature:	a –	report	information	about	students,	b	–	report	information	about	competences,		
с	–	report	information	about	users
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The communicative component of methodological com-
petence contributes to the successful transfer of knowledge 
and skills to students and creates a supportive and motivat-
ing educational environment. It helps teachers to interact 
effectively with diverse students and promotes their aca-
demic progress.

The reflexive component of a teacher’s methodolo-
gical competence is the ability to introspect and self-re-
flect, as well as the ability to make informed decisions 
based on this analysis. This component allows the tea-
cher to constantly improve his teaching methodology 
and adapt it to students’ changing conditions and needs. 

The reflexive component of methodological compe-
tence allows the teacher not only to be more effective 
in his work but also to remain relevant and adapt his 
methods to the changing requirements of the educa-
tional environment and the needs of students. This is an 
important component of successful teaching.

The monitoring component of a teacher’s metho-
dological competence plays an important role in pro-
viding quality education. This component is related to 
the teacher’s ability to monitor and evaluate the learn-
ing process systematically, students’ learning outcomes, 
and the effectiveness of their teaching methods. 

The monitoring component of methodological com-
petence allows the teacher to maintain a high quality of 
education, adapt his approach to learning, and ensure 
the achievement of students’ learning goals. This is an 
important component of successful teaching.

The personal-motivational component of the teacher’s 
methodological competence plays an important role in the 
formation of quality education and the impact on the success 
of students’ learning. This component is associated with the 
teacher’s personality traits, motivation, and psychological 
characteristics, allowing him to perform his educational du-
ties effectively. 

The personal-motivational component is vital for the 
teacher to be not only competent in his field of knowledge 
but also able to inspire, motivate, and support students on 
the way to their educational success. This component helps 
to create a positive and productive educational environment.

The initial questionnaire of the teacher, created by the 
administrator and stored in the Competence Bank, is used to 
determine the level of competence of the teacher and display 
the initial figures on the competence map. After completing 
the initial questionnaire, the teacher’s answers are stored in 
the database, and the level of his competencies is recorded 
and displayed on the competence map in his profile (Fig. 9).

According to the questionnaire results, the teacher is as-
signed a certain level based on the points he scored.

In total, four levels of proficiency in the skills of under-
standing curricula and standards have been identified:

1. Entry level: The teacher needs a more comprehen-
sive understanding of curricula and standards at this level.  
He may need to become more familiar with the basic con-
cepts and principles underlying them. He may have difficul-
ties in interpreting and applying programs and standards in 
educational practice.

2. Intermediate level: A teacher at this level has a basic 
understanding of curricula and standards. He is familiar with 

 
Fig.	8.	«Post-course	support»	module

 
Fig.	9.	Teacher	competence	map
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their fundamental principles and content but may need help 
with applying them in practical work. A teacher may require 
support and additional training to make more effective use of 
programs and standards.

3. Advanced level: At this level, the teacher deeply under-
stands curricula and standards. He can link various elements of 
the program and standards, their goals and content, and success-
fully apply them in educational practice. The teacher demon-
strates a creative approach to the use of programs and standards, 
adapting them to students’ specific needs and abilities.

4. Expert level: At this level, the teacher is an expert in 
understanding curricula and standards. He is not only fully 
aware of their content and goals but can also analyze them 
critically and offer innovative approaches and modifications. 
The teacher successfully adapts programs and standards for 
different groups of students and ensures a high level of edu-
cational results.

5. 3. Methods of evaluating the effectiveness of the 
created system in the development of methodological 
competence

The information system «Assessment of methodological 
competencies of teachers of IT disciplines», created within 
the framework of a scientific project, inherently belongs to 
the class of complex systems. Therefore, one of its funda-
mental features is also the difficulty of determining a single 
criterion for the effectiveness of functioning and the presence 
of usually several more or less equivalent criteria depending 
on external conditions and states of the system. However, to 
determine a single generalized efficiency criterion specialized 
for this complex system, the following basic requirements can 
be formulated. The criterion should:

– characterize numerically and in the most general form 
the degree of fulfillment of its main objective function;

– identify and evaluate the degree of influence of various 
factors and parameters, including the costs of various types of 
its implementation, on the effectiveness of the system;

– be simple and have a small variance, i.e. weakly depend 
on uncontrolled random factors.

Information technologies bring with them significant im-
provements only if they are based on the position of correctly 
defined goals, objectives, incentives and ideas – all that is 
commonly called «corporate philosophy». Suppose such a ba-
sis is present and develops during the implementation of soft-
ware solutions. In that case, the expected positive economic 
effect is achieved, and not just the development of funds 
allocated for the purchase of equipment and software. At the 
same time, the increase in the efficiency of the enterprise as 
a result of complex automation of management can manifest 
itself in different ways. Among the main factors determining 
the cumulative effect of automation are qualitative improve-
ment of the processes of preparation and decision-making, 
optimization of working actions, and the ability to see not 
only the real state of affairs but also to predict the situation 
in the future reasonably.

Due to the huge variety of institutions, enterprises, the 
conditions in which they work, and variants of automated 
information systems, it is impossible to define standards and 
benchmarks to determine the effectiveness of their imple-
mentation. Each company solves this issue independently, 
comparing it with analogs.

The very concept of efficiency has stayed the same: this 
is a comparison of the useful results obtained and the corre-
sponding costs of all types of resources.

The possibility of implementing a system that meets cer-
tain quality criteria is naturally associated with the provision 
of resources and technical means. The high cost of complex 
systems and the long terms of their design are associated with 
obtaining a given system efficiency and estimating the costs 
at which one or another efficiency is achieved.

To evaluate complex systems, economic criteria are ap-
plied in various forms, almost always taking into account the 
capital costs of development, acquisition of technical means, 
and training and operation of the system. In addition, several 
criteria are proposed to take into account losses due to in-
terference, the degree of completeness of the use of incoming 
information, the increase in the economic efficiency of the sys-
tem, and other factors. Incomplete certainty in the efficiency 
criteria and the possibility of a significant change in the costs 
of implementing the system while maintaining efficiency 
within acceptable limits make it necessary to pay special 
attention to assessing a possible increase in efficiency with  
a certain cost increase. For complex systems, their feasibility 
in terms of reliability of operation and probability of results 
is also important. Interruptions and partial failures of system 
components can be assessed by their impact on the main 
quality criterion. The implementation can be enhanced by 
the use of extensive control and methods of protection against 
interruptions and partial failures of a complex system, that is, 
by introducing various types of redundancy into the technical 
support and algorithms of programs. Thus, realizability in 
terms of reliability is one of the most important character-
istics that determine the system’s effectiveness as a whole.

Together with the above criteria, it is necessary to mention 
the problem of choosing an efficiency criterion, which is an in-
dicator of the advantages of the solution, as well as determin-
ing the functional relationship between the values of efficiency 
and the costs at which it is achieved. The choice of this con-
nection depends on the purpose of the system and is made by 
logical and mathematical analysis, as a rule, under conditions 
of considerable uncertainty. Many types of different functions 
have been proposed to link efficiency and costs, the simplest 
of which is reduced to drawing up relations or differences bet-
ween efficiency and costs, presented on the same scale.

A common criterion for the quality of systems is the ratio 
of efficiency, i.e. the results achieved, to costs. However, it 
needs to consider the absolute magnitude of the effect and 
costs, which can lead to fundamental errors in assessing the 
quality of systems in which the absolute effect of using the 
system is primarily important.

Economic indicators are known, such as cost savings, 
information processing, payback ratio and efficiency coeffi-
cient, annual profit growth from the introduction of a com-
prehensive information and educational system in practice 
is often impossible to calculate. The problem is to assess the 
beneficial effect of introducing an integrated information 
and educational system. Clearly, the source data’s main part 
must be somewhat accurate. In some situations, the economic 
efficiency of automation work in general cannot be calculated 
with the desired accuracy and persuasiveness.

The problem of obtaining initial data for calculation can 
be solved using various methods [18]:

– based on the results of the company’s activities over the 
past years, economic methods predict the results for the year 
of interest and compare them with the actual ones under un-
changed working conditions, which is practically impossible.

– normative methods for assessing the expected economic 
efficiency of an integrated information and educational sys-
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tem are possible if there are any standards, but there are none 
due to the diversity of enterprises, conditions, and systems.

– expert methods; however, the results of such an assessment 
may depend on the competence of experts, the clarity of the 
problem statement, the information provided to experts, etc.;

– simulation methods consist of computer modeling of 
the control object itself, the control system, the main dis-
turbances acting on the object, and based on mathematical 
models, that is, a rather complex mathematical device.

If the efficiency of the system can be estimated by real in-
come, which is typical for production-economic type systems, 
then the efficiency criterion can be written in general form:

D = Eo–Cs, (1)

where D – real income from using the system; Eo – the ef-
fectiveness of the system’s solution of the main target task 
or the marginal income that could be obtained under ideal 
conditions of its functioning without taking into account ob-
stacles and various costs for the development and operation 
of the system. This efficiency is potential, corresponds to the 
maximum possible revenue from the system per unit of time, 
and is called ideal efficiency; Cs – average cumulative losses 
and costs that reduce the marginal efficiency of the system 
per unit of time. The costs of processing information using 
automation tools are reduced by automating cumbersome 
routine calculations, automatic formation of initial forms, 
and reducing the time for searching for information, and 
preparing documents.

The useful effect of the system (1) is called the absolute 
value of real income per unit of time.

Evaluation of the values of the ideal efficiency Eo of the 
system, in general, is hardly possible as a result of the huge 
variety of tasks and difficulties of their typing. Therefore, 
here is an analysis of the total costs and losses Cs that ensure 
the solution of the target problem with a fixed efficiency Eo 
and the components Cs that should be minimized:

Cs = C0–C1–C2, (2)

where C0 – unit costs for implementing the materialization of 
the system, that is, the cost of the technical means necessary 
for the normal functioning of the system; C1, C2 – expenses 
caused by various factors. 

For real computing complexes, the ideal efficiency per 
unit of time is reduced by the amount of losses C1, which is  
a function of the current set of control objects Y, the task  
flow Z, the performance characteristics of technical means B  
and memory R, the method of organizing the computing 
process S and time t:

C1 = C1(Y, Z, B, R, S, t). (3)

The parameters allow you to change the losses by apply-
ing different options for constructing algorithms and process 
control methods. Thus, C1 can be considered in the first 
approximation as an indicator of the quality of the operating 
system and the efficiency of the use of technical resources.

The loss of system efficiency due to external and internal 
C2 interference can be significantly reduced by introducing 
algorithms for monitoring and protecting equipment in-
terruptions and failures. Losses C2, which characterize the 
reliability of the functioning of the software package with 
various kinds of interference, depend on the parameters of 

the flow of tasks and control objects, the probability of re-
ceiving false or distorted information piij, and the probability 
of failure or malfunction of the equipment pij when solving 
the i-th problem on the j-th object. As a source of internal 
interruptions and interference, it is necessary to consider 
undetected errors in programs that lead to distortion of the 
results when solving the i-th problem on the j-th object with 
probability Pij:

C2 = C2(Y, Z, piij, pij, Pij, t). (4)

The design costs are decomposed into N-samples of ap-
plications, which significantly reduces their specific weight 
in the cost formula.

Thus, the total income is equal to:

D = Eo–C1–C2–C3/N, (5)

C3 is cost reduction due to automation of software develop-
ment and database design using the latest technologies.

At the same time, a positive income D from the imple-
mentation should be provided, taking into account all losses 
and expenses. Additional requirements may also be put for-
ward, consisting in the mandatory solution of all tasks with  
a given set Z, in the management of all objects with a given 
set, and in limiting the total costs and losses C0. These cir-
cumstances must be taken into account when assessing the 
real income from using the system.

Analysis and optimization of software design by the cri-
terion of average income are quite difficult to implement in  
a general way, especially since not all functional relationships 
and dependencies on the main parameters are sufficiently 
known. On the other hand, the variables in this expression 
can be considered as independent components reflecting par-
ticular criteria for the effectiveness of the software.

The accuracy and completeness of the solution of the 
task are increased without taking into account the relative 
increase in the costs of their implementation. In some cases, 
with high costs, a relatively small increase in the efficiency 
of the system implementation is obtained. In addition, an in-
crease in ideal efficiency in most cases is associated with a si-
multaneous increase in the probability Pij of errors as a result 
of an increase in their complexity. Errors, in turn, increase 
the losses C2, so that the increase in real efficiency can be 
offset by an increase in losses due to incomplete debugging. 
Therefore, when developing and improving software tools, it 
is necessary to analyze not only the absolute values of effi-
ciency and its components, but also their correlation, which 
in the first approximation can be represented by the amount 
of increase in average income per unit of costs:

A = ΔD/ΔC0. (6)

This allows us to take into account that efficiency, as it 
grows, requires a significant increase in the costs of imple-
menting the system, and the value of the derivative A in the 
limit tends to zero with an increase in costs. From here, it 
is possible to estimate the boundary beyond which the im-
provement of algorithms and programs is unprofitable, i.e.  
A becomes small. 

The above approach is only sometimes possible to imple-
ment quantitatively and correctly, to determine what bene-
fits (in monetary terms) are expected from creating new soft-
ware. It is possible to calculate how many human resources  
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will be released or how many hours of working time will be 
saved after the introduction of new software.

However, automation often does not just speed up  
a certain process, but allows you to get a result that was only 
possible with using the system. When developing a data-
base, it processes large amounts of information and receives 
reports, which needed to be carried out manually due to the 
great complexity.

Most of the authors [18] who have researched this topic 
agree that it is impossible to express the full effect of the in-
troduction of an automation system in money. It is proposed 
to identify indirect performance indicators that are reflected 
in the results of activities not directly but by increasing the 
level of management, efficiency, and effectiveness of decisions 
taken, improving the entire information system of the faci-
lity, i.e. it is virtually impossible to evaluate these indirect 
cha racteristics in monetary units. When calculating the eco-
nomic efficiency of a complex information and educational 
system, the problem arises of turning this effect into econo-
mic indicators, which requires special methods.

These indicators include:
– increasing the efficiency and relevance of information;
– shortening the time for solving individual tasks and 

making management decisions;
– improving the quality of information, its accuracy, de-

tail, and objectivity, including by reducing errors. At the same 
time, labor productivity and quality of service are increased;

– deepening the analysis, improving the quality of analytical 
reports, obtaining fundamentally new analytical capabilities;

– reduction of the total amount of time spent on the prepa-
ration of documents, the speed of issuance of source documents;

– improving the quality of work by reducing routine 
operations;

– professional development of employees with the intro-
duction of new technologies;

– improvement of the operation of the control unit;
– improvement of the organization of production.
When evaluating the effectiveness of automated infor-

mation systems, it is also possible to use Balanced Scorecard,  
a balanced scorecard system developed in 1992 by Kaplan 
and Norton. This theory is mainly used to assess the effec-
tiveness of enterprise management. The use of a system of 
balanced indicators to assess the effectiveness of automated 
information systems that directly affect management effec-
tiveness is of interest. However, theorists or practitioners 
still need to develop this topic.

To solve such multi-criteria problems as the evaluation of 
uncertain models of complex systems, where the formaliza-
tion of qualitative values of physical quantities on quantita-
tive scales is required, the analytic hierarchy process (AHP) 
is especially effective. It has the ability to process input in-
formation of heterogeneous quality, generally increasing the 
probability of describing the behavior of an object, in other 
words, reflecting the total degree of blurriness, incomplete-
ness and inaccuracy of input data at the output, but offering 
the only solution for this particular situation.

The main idea of the analytic hierarchy process pro-
posed in [19] is based on paired comparisons of alternatives 
according to different criteria and subsequent ranking of  
a set of alternatives according to all criteria and goals. The 
relationships between the criteria are taken into account by 
constructing a hierarchy of criteria and using paired compa-
risons to identify the importance of criteria and sub-criteria. 
The method is simple and gives satisfactory correspondence 

to intuitive ideas, does not require simplifying the structure 
of the problem, and, more effectively than other analytical 
tools, allows you to consider the influence of all sorts of fac-
tors on the choice of a solution [19].

From the point of view of mathematical foundations, 
hierarchy can be considered as a special case of a graph (used 
as an illustration) or as a special type of ordered sets (used as 
the basis of a formal definition) with a binary relation that sa-
tisfies the laws of reflexivity, asymmetry and transitivity, i.e.:

– reflexivity, x ≤ x for all x;
– asymmetric, if x ≤ y and y ≤ x, then x = y;
– transitivity, if x ≤ y and y ≤ z, then x ≤ z.
For any relation x ≤ y (read: x precedes y) of this type, you 

can define x < y, which means x ≤ y and x ≠ y.
There are many ways to define a hierarchy. In this paper, 

the following is used: let H be a finite partially ordered set with 
the largest element b. Note though x- and x+ such definitions:

– x- = {y | x covers y};
– x+ = {y | y covers x}for any element x in an ordered set.
– H there is a hierarchy if the following conditions are met:
1. There is a breakdown of H on a subset: Lk, k = 1, 2, …, h,  

Lk = {b}.
2. From x ∈Lk it follows that x– ⊂ Lk+1, k = 1, 2, …, h. 
3. From x ∈Lk it follows that x+ ⊂ Lk–1, k = 2, …, h.
For each x ∈H, there is a weight function (its essence 

depends on the phenomenon for which the hierarchy is con-
structed):

wx: x–→[0,1], where w yx
y x

( ) =
∈ −
∑ 1. (7)

The sets Lk are hierarchy levels, and the function wx 
is a function of the priority of one level for the goal x.  
If x– ≠ Lk+1 (for some level Lk), then w_x can be defined for 
all Lk if it is equal to zero for all elements in Lk+1 that do not 
belong to x–. The hierarchy is called complete if for all x ∈Lk 
the set x+ = Lk–1, k = 2, …, h. 

We define for any given element x ∈Lα and a subset S ⊂ Lβ, 
(α < β) the function wx,S: S→[0,1] so that it reflects the pro-
perties of the priority functions wx, at levels Lk, k = α, …, β–1, 
as wb,Lh: Lh→[0,1].

If we imagine an economic system whose main goal is b, 
and the set of main types of actions Lh as a hierarchy with  
a maximum element b and a lower level Lh, then it is neces-
sary to determine the priorities of the elements of level Lh in 
relation to b. For the solution, assume that:

Y y y Lmk k= { } ⊂1,..., , X x x Lmk k= { } ⊂+ +1 1 1,..., . (8)

Let there also be an element z Lk∈ −1, such that y z∈ −1. 
Priority functions:

w Yz : , ,→ [ ]0 1  w X j ny j k: , , ,...,→ [ ] =0 1 1  (9)

Denoting by w w X, : , ,→ [ ]0 1  the priority function of ele-
ments with X relative to z, we set it as follows:

w x w x w y i ni j

n

y i z j k
k

j
( ) = ( )⋅ ( ) =

= +∑ 1 11, ,..., . (10)

It is obvious from formula (10) that this is the process 
of weighing the indicator of the impact of element yi on the 
priority of element xi by multiplying this indicator by the 
importance of element yi relative to z. The algorithm can 
be simplified if we form a matrix B with w xy ij

( ) by putting 
b w xij y ij

= ( ), and then mark:
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W w xi i= ( ), W w yj z i
/ ,= ( )  (11)

then the formula (11) will take the form:

W b W i ni j

n

ij j k= ⋅ =
= +∑ 1 11/ , ,..., . (12)

As a result, the final formula:

W B W= ⋅ / . (13)

For a complete hierarchy, the following statement is true: 
the priority of an element of any level is equal to the sum of its 
priorities in each subset of comparisons to which it belongs. 

The resulting set of priorities of elements of this level is 
then normalized by distributing the sum of the priorities of 
the elements. The priority of a subset at the first level is equal 
to the priority of the dominant element at the next level.

With the help of the described mathemati-
cal method, it is possible to evaluate the effec-
tiveness of the implementation of the software 
package developed and presented in the work.

Let the hierarchy graph for evaluating the 
effectiveness of implementing the developed 
integrated information and educational sys-
tem «Smart University» in comparison with 
possible other solutions to the issue of im-
proving the educational process look as shown 
in Fig. 10.

Criteria 1, 2, ..., and N are the criteria by 
which any of the considered solutions can be 
characterized. Let’s assume that these will be 
the following characteristics:

– criterion 1 – cost of software develop-
ment (k_1);

– criterion 2 – automation of obtaining up-to-date sum-
mary data on the educational process, creation of schedules, 
curricula, lists of disciplines, and other information accompa-
nying the educational process (k_2);

– criterion 3 – providing a credit-modular and credit-rat-
ing system for the organization of the educational process, 
improving the quality and reliability of all forms of know-
ledge control (k_3);

– criterion 4 – improving the productivity of teachers (k_4). 
A larger number of criteria can be considered. However, 

according to psychologists, it is found that it is difficult for 
an ordinary person to make a rational choice if the number of 

objects of choice exceeds 7 ± 2. To overcome this limitation, 
it is necessary to divide a large decision-making task into 
several small tasks (to conduct an analysis) and, presenting 
in an understandable form a scheme of interaction of fac-
tors influencing the formation of priorities of decisions and 
the decisions themselves, to synthesize, that is, to draw up  
a scheme of the decision-making task.

As comparative options for evaluating the effectiveness 
of methods for improving the organization of the educational 
process, we choose the following:

– local software tools (C_1);
– developed system «Assessment of methodological com-

petencies of teachers of IT disciplines» (C_2);
– lack of automation in the educational process (C_3).
To achieve the goal of the analysis, each criterion of 

alternatives is compared in pairs. In [19], a scale of relative 
importance of criteria was proposed, presented in Table 1.

In the analytic hierarchy process, the task elements are 
compared in pairs concerning their influence («weight» or 
«intensity») on their common characteristic. The resulting 
paired comparisons make up an array of numbers arranged in 
a matrix. Comparing the set of components with each other, 
we get a square inversely symmetric matrix a aji ij= 1 . When 
filling out the matrix, you must use the following rules:

1. If a ji = α, then aij = 1 α , α ≠ 0. 
2. If the proposition C is such that Ci has the same relative 

importance as C j, then a aij ji= =1 1, ; in particular, aii = 1 for all i.
3. All matrix cells are filled with the values of the same 

parameters.

Table	1
Relative	importance	of	criteria	proposed

Importance Definition Comment

1 Equal importance Equal contribution of two activities to the goal

3 Moderate advantage of one over the other
Experience and judgment give an easy advantage of one type of 
activity over another

5 Significant or strong advantage
Experience and judgment give a strong advantage to one type of 
activity over another

7 Significant advantage
Such a strong advantage of one type of activity is given that it 
becomes significant

9 Very strong advantage The evidence of the advantage is confirmed very strongly

2, 4, 6, 8
Intermediate decisions between two neigh-
boring judgments

Used in a compromise case

Inverse values of the above 
numbers

If, when comparing one type with another, one of the above numbers is obtained, then when comparing the 
second type of activity with the first, we get the inverse value

System efficiency 

Criterion 1 Criterion 2 … Criterion N 

Local software 
tools

The developed 
system

Lack of automation
in the educational 

process

Fig.	10.	Hierarchy	graph	for	evaluating	the	effectiveness	of	the	
implementation	of	the	information	system	«Assessment	of	methodological	

competencies	of	teachers	of	IT	disciplines»
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Let us fill in the square matrices of paired comparisons 
regarding the dominance of one element over another, 
where the judgments obtained are expressed in integers, 
taking into account a nine-point scale. To obtain each 
matrix, the expert makes n(n–1)/2 judgments (here, n is 
the order of the matrix of paired comparisons). The results 
of the evaluation are presented in Tables 2–7, and the re-
sults of the comparative characteristics of the systems are  
given in Table 8. 

Table	2
Relative	weights	of	criteria

Pairwise 
comparison

K_1 K_2 K_3 K_4
Produc-

tion
W

K_1 1 7 1/8 1/5 2.275 0.08684

K_2 1/7 1 8 4 4.576 0.17464

K_3 8 1/8 1 9 9.0 0.18753

K_4 5 1/4 1/9 1 0.13875 0.04298

Sum 14.143 8.375 9.236 14.2 15.97975 0.49199

Table	3
System	data

Pairwise 
comparison

K_1 K_2 K_3 K_4

С_1 3,000 c.u. 0.5 0.01 0.2

С_2 1,500 c.u. 0.9 1.0 0.7

С_3 100 c.u. 0 0.1 0.1

Table	4

Comparative	evaluation	of	systems	according	to	Criterion	1

Pairwise 
comparison

С_1 С_2 С_3 K_1

С_1 1 5 9 2.7097

С_2 1/5 1 5 0.1613

С_3 1/9 1/5 1 0.0188

Table	5

Comparative	assessments	of	systems	according		
to	Criteria	2,	3

Pairwise 
comparison

С_1 С_2 С_3 K_2 K_3

С_1 1 1/7 5 0.1090 0.1090

С_2 7 1 9 3.1688 3.1688

С_3 1/5 1/9 1 0.0187 0.0187

Table	6

Comparative	assessments	of	systems	according		
to	Criterion	4

Pairwise 
comparison

С_1 С_2 С_3 K_4

С_1 1 1/5 5 0.1613

С_2 5 1 9 2.7095

С_3 1/5 1/9 1 0.0187

Table	7

Standardized	assessments	of	systems	by	all	criteria

Pairwise 
comparison

K_1 K_2 K_3 K_4

С_1 2.7097 0.1090 0.1090 3.1613

С_2 0.1613 3.1688 3.1688 2.7095

С_3 0.0188 0.0187 0.0187 0.0187

To obtain the results, each considered system must sum 
up the normalized criteria multiplied by their weights W. 
As a result, we get that the C_2 system has a three-fold ad-
vantage over the C_1 system and more than a hundredfold 
advantage over the C_3 system.

Table	8
Comparison	results

Criteria Result

С_1
2.7097*0.08684+0.109*0.17464+0.109*0.18753+ 

+3.1613*0.04298 = 0.41065955

С_2
0.1613*0.08684+3.1688*0.17464+3.1688*0.18753+ 

+2.7095*0.04298 = 1.2781058

С_3
0.0188*0.08684+0.0187*0.17464+0.0187*0.18753+ 

+0.0187*0.04298 = 0.0092089

Of course, these criteria are optional on the one hand 
and inexhaustible on the other. In addition, another expert 
can determine other values of the pairwise coefficients of the 
criteria comparison or give preference to other properties of 
the systems, but in any case, the analytic hierarchy process 
makes it possible to accurately select a solution from some 
alternatives that meet the requirements.

6. Discussion of the effectiveness of the implementation 
of the information system «Assessment of methodological 

competencies of teachers of IT disciplines»

A short-term experience in the operation of the Smart Uni-
versity system developed and presented in the work based on 
the data obtained (using the example of data from the Sanitary 
and technical faculty in the specialty «Heat and Gas Supply 
and Ventilation») allowed us to draw the following conclusions:

1. The educational process has been intensified, and the 
training quality of specialists has been improved.

2. According to statistics, the number of students (1, 2 cour-
ses) who have debts after the first attempt in the session has 
decreased by 15 %.

3. The number of students studying for «excellent» has 
decreased by 10 %, but the number of students studying for 
«good» and «excellent» has increased by 18–20 %. In contrast, 
the number of students with «satisfactory» has decreased.

4. The industrial discipline of both students and teachers 
has increased.

5. The objectivity of assessing students’ training levels 
and the accuracy in grading have increased.

6. The systematic work of students has been achieved to 
a certain extent, both independently and during classroom 
classes during the quarter and semester.

7. A positive trend of healthy competition among stu-
dents has emerged.
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8. During the academic quarter and semester, the Dean’s 
office systematically receives detailed information about the 
student’s curriculum implementation, making it possible to 
influence and correct the real situation in education.

9. Regular feedback between student and teacher, stu-
dent and Dean’s office, and teacher and Dean’s office has 
become important.

The obtained results can be explained by the successfully 
constructed structural model of the microservice architec-
ture of the information system «Assessment of methodolo-
gical competencies of teachers of IT disciplines» (Fig. 1). 
The developed microservices (Fig. 2–7) successfully com-
plement the educational process and partially automate 
routine tasks.

The proposed method is a fairly high-quality proce-
dure for finding the weighting coefficients of influencing 
factors when analyzing systems. However, the criterion for 
selecting experts that is part of it, at the very least, needs 
to include additional procedures with corresponding algo-
rithms that require special study. Existing methods, such 
as the analytic hierarchy process, have their drawbacks, 
such as the use of transitivity for qualitative indicators. 
The transitivity relation works well when all the charac-
teristics of the system under study can be represented by 
numerical values. But as soon as this becomes impossible, 
the requirement for transitivity often conflicts with the 
logic of the researcher. The proposed method does not have 
such disadvantages.

The main limitation of our research is that the develop-
ment of the structural model of the microservice architecture 
of the information system «Assessment of methodological 
competencies of teachers of IT disciplines» was significantly 
influenced by the features and structure of the educational 
process in the Republic of Kazakhstan. The results obtained 
may not be as effective, or even incompatible with education-
al systems in other countries. Also, a significant limitation 
is the human factor, which has a significant impact both on 
filling the system with methodological materials and on eva-
luating the effectiveness of the system in the development of 
methodological competence.

The disadvantages of this study are that the testing was 
carried out within the educational process of the Republic of 
Kazakhstan and one pilot university, Astana IT University. 
Perhaps the results at other universities will differ from the 
experiment conducted at this university.

The development of this research is expected within 
the framework of the research project «Creation of a sys-
tem for the development of methodical competence of 
teachers of IT disciplines based on continuous education». 
Where it is assumed that a system will be created with 
the ability to develop pedagogical competencies among 
teachers of IT disciplines and public administration [20].  
This will be achievable through the creation of an as-
sessment methodology and the formation of professional  
pedagogical competencies with scaling into other profes-
sional areas.

7. Conclusions

1. Taking into account the service-oriented approach to 
the development of large software complexes, a structural 
model of the information system was built, which reflects 
six main subsystems. Each of the subsystems is implemented 
as a separate microservice, and the connections between the 
subsystems became the basis for defining the interaction pro-
tocols of microservices. The proposed structure is much more 
flexible than a monolithic one. Each of the microservices can 
be improved separately. The distributed structure facilitates 
the scaling of the system according to the number of specia-
lized automated workplaces of teachers, students, employees 
of deans’ offices and departments (clients).

2. The proposed method makes it possible to build a tea-
cher’s competence map and evaluate its eight components: 
knowledge, didactic, design, information, communication, 
reflexive, monitoring and personal-motivational.

A four-level scale is proposed to determine the level of 
mastery of skills in understanding curricula and standards. 
This scale helps the teacher in self-diagnosis and setting pri-
orities for self-development.

3. The developed method of evaluating the effectiveness 
of the created system in the development of methodological 
competence based on the hierarchical expert method made it 
possible to evaluate the effectiveness of the implementation 
of the information system. It was found that the implemen-
tation contributed to the intensification of the educational 
process and improved the quality of specialist training. The 
success of students in studying subjects has increased signifi-
cantly, namely, the number of students in debt has decreased 
by 15 %, the number of «excellent» grades has increased by 
10 %, and the number of «good» grades by 18 %.
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