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ABSTRACT 

This research is carried out in the course of the project implementation "Capacity Building for the 
internationalization of a technical university by means of digital learning technologies".  

(1) The article considers the issue of digitalization of the main internationalization processes of a 
technical university, describes the developed software application aimed at ensuring the implementation of 
internationalization strategies through digital interaction and the proposed models for assessing key 
competencies of the educational program in a synchronous and asynchronous way and the use of the hierarchy 
analysis method to select the optimal analysis procedure within the framework of the section of the 
information system "Expertise of competencies: an international base by industry", intended for the formation 
of an international base of competencies in conjunction with international experts. 

Keywords: Information System, Competence Base, Internationalization, Hierarchy Analysis Method, 
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1. INTRODUCTION 

The internationalization of education creates 
new opportunities for higher education institutions, 
contributes to increasing accessibility and the 
introduction of innovative methods in higher 
education systems [1]. In recent years, the topic of 
the international activities of Kazakhstani 
universities remains one of the most important for 
the professional society [2], and the obligatory 
participation of universities in international rankings 
has added new accents to the discussion. 
Internationalization serves the purpose of raising the 
world ranking of an educational institution and 
contributes to improving the quality of education as 
a whole. 

The present research is carried out in the 
course of the project implementation "Capacity 
Building for the internationalization of a technical 
university be means of digital learning technologies" 

on grant funding for young scientists for 2020-
2022.The project studies the process of University 
internationalization, curriculum and learning 
outcomes affecting the indicators of academic 
mobility, educational technologies and integration of 
foreign students, implementation of joint degree 
programs, possibility to improve the level of English 
Proficiency and use of digital technologies which 
activate the international activity at the university. 

The objective of the project is to develop and 
implement a framework of capacity building for 
internationalization of technical university by means 
of digital learning technologies to implement 
sustainable and feasible strategies for 
internationalizing the educational process of training 
specialists in technical fields, taking into account the 
national and international context. There is 
assessment of internationalization capacity needs, 
formulating and implementation of capacity building 
response for internationalization of educational 
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programs on technical specialties based on the 
development of specialized competencies that 
enhance the qualifications and abilities of students 
and teachers at the international level.  

The main directions of the 
internationalization development within the 
international experience have been considered, 
including on the example of operating foreign 
organizations in Kazakhstan involved in the 
development of the education sector, in particular the 
construction of a framework for conceptualizing the 
internationalization development. A detailed 
analysis of the learned researches on the 
internationalization of higher education showed the 
presence of problems in the results of the 
international activities of domestic and international 
science and practice and the lack of work to build the 
capacity for the internationalization of technical 
universities. Research on globalization and 
internationalization of higher education through the 
prism of digital technologies, which turned out to be 
a limited number, aroused great interest. 

Internationalization is one of the main factors 
in the competitiveness of a technical university in the 
modern world. The internationalization of the 
university consists in teaching foreign citizens, 
attracting international teachers, in international 
internships, student exchanges, international 
research, conferences, grants and representing the 
university on digital world platforms [3]. 

The development of an information system 
clearly shows the capacity for building partnerships 
based on reciprocity, social responsibility and 
sustainability of relationships, since 
internationalization makes it possible to establish 
joint partnerships, contributing to the mutual 
improvement of educational research and practices. 
Internationalization has the capacity to enable 
participants to understand critically local and global 
relationships, expanding the frame of reference and 
providing opportunities for rethinking relationships. 

The analysis, emphasizes that leading 
international universities have tested and are actively 
using new technologies, forms and teaching 
methods, which are a combination of various 
approaches united by a very special paradigm of 
education. And it should be admitted that in most 
cases international experience is far superior to 
domestic practice in the use of digital teaching aids 
in terms of the internal philosophy of its use. 
Consequently, the development of a methodology 
for the application of digital technologies and their 
introduction into domestic practice can give real 

results in the internationalization of Kazakhstani 
universities. 

The study was based on the research of 
foreign practices in the field of university education 
internationalization. As a result of solving the first 
task of the research, the research group benchmarked 
the process of internationalization of a technical 
university. Interest was aroused by the international 
experience of benchmarking in higher education, 
carried out on the basis of three key indicators: 
human resource management, financial management 
and information management. A feature of this 
research is the use of digital technologies in 
conducting comparative analysis, including the 
definition of system indicators for IT services, as 
well as the presentation of new tools for the work of 
universities: a "dashboard" diagram monitors and 
summarizes important indicators work immediately; 
creating relevant, useful data has become an integral 
part of management decision making and evaluation. 
Moreover, benchmarking of learning management 
systems was carried out as part of this study. The 
objective of the analysis was to identify accessible 
learning management systems and how the systems 
work to determine their position and the 
implementation process of the new system [4]. 

A distinctive result of the benchmarking 
analysis according to the international experience on 
the example of the Stratford University was the 
developed separate program "IT Benchmarking 
Certificate" on the basis of this university. IT is an 
assessment and benchmarking program designed to 
provide an introduction to benchmarking and to 
teach how to use benchmarking for IT organizations, 
as well as how to perform valuation, benchmarking 
and how to manage a portfolio in an IT organization. 
The program consists of five modules and a project 
available online; upon successful completion, the 
program provides a certificate [5]. This experience 
can become one of foundational point for the 
development and application of a specialized IT 
system to build the internationalization capacity of a 
technical university. 

On the basis of the foregoing, it can be argued 
that the internationalization of higher education 
institutions through digital learning is one of the key 
areas aimed at promoting academic diversity and 
cultural practices. International practitioners argue 
that digital technologies in internationalization are 
able to solve the main problem in the education 
system, namely, compliance with the quota of 
serious national shortcomings in the field of people's 
competence in international relations. A number of 
studies reveal the views of students on their own 
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process of change improving language skills, since 
the concept of global views is based on ideology, it 
is very difficult to understand and accurately 
measure change [6]. 

 

However, according to some researchers, 
internationalization is not dependent on the 
implementation of digital technologies. There is a 
problem requiring a revision of the approaches to 
organizing work with the teaching staff. 
International educational and research activities 
range from personal and professional experience, 
participation in international conferences and 
networks, short- and long-term appointments as 
visiting scientists or teachers. In research of P. 
Dewey and S. Duff [7] we observe in practice quite 
a lot of obstacles to the internationalization of the 
teaching staff, such as: lack of coordination and 
information on available international opportunities, 
limited funding, administrative policies and 
procedures, difficulties in appointing teachers for 
temporary replacement, inability to secure 
employment on return, conflicting academic 
schedules with the host institution, lack of support 
staff. Despite the contradiction that has arisen,  this 
study, will attempt to solve some of these problems 
using digital technologies.  

Therefore, there is agreement with foreign 
colleagues in the statement that the educational 
institution is gaining an international scale due to 
digital technologies and an integrated global 
economy that promote internationalization [8].   

As part of the study, a hypothesis was put 
forward - digitalization of key internationalization 
processes will maximize the existing potential of a 
technical university internationalization and will 
provide a solution to a number of problems existing 
in Kazakhstan in this area. 

Here are the examples of some of them. The 
use of digital technologies as a component of a 
framework for the capacity building for 
internationalization of a technical university and the 
development of a philosophy of their use will 
contribute to the practice of internationalization of 
education by creating an opportunity for the joint 
production of knowledge and the impact of different 
contexts and worldviews, conducting more complex 
and detailed analyzes, as well as increasing the 
ability to respond to changes and variety. The 
methodology of language training for university 
staff and students as a condition for the development 
of key methodological competencies for teaching 
and learning in English will build the capacity for 

integrating learning into all curricula of a technical 
university, since a deeper understanding and 
improved pedagogy will help to improve the quality 
of national curricula in an international context [9].  
In order to identify the most effective way to form 
the competence base, together with international 
experts, the research group considered two methods 
and evaluated them. 

Modeling an e-learning space within the 
information system for the formation of professional 
foreign language competence of future engineers 
will contribute to the expansion of intercultural 
understanding and dialogue through the 
implementation of the preservation and support of 
intercultural contacts, which will create 
opportunities for individual and collective thinking, 
creative cooperation. 

Taken together, such events will contribute to 
a deeper understanding of the local-global 
connection and improve the quality of educational 
services provided. 

2. CHARACTERISTICS OF THE 
INFORMATION SYSTEM 

Due to the introduction of educational 
process automation at universities the functionality 
of information systems which allows to develop 
curricula, disciplines work programs, and 
methodical documentation [10]. The information 
system being developed is aimed at ensuring the 
implementation of internationalization strategies via 
digital interaction. According to the results of SWOT 
and benchmarking analyses, the information system 
covers the following categories of 
internationalization: Research; Student; Faculty; 
Curriculum; Management; Partnership. The 
functioning of the information system "Karaganda 
technical university" is aimed at ensuring the 
following processes: 

- the process of all subjects’ interaction of 
academic and research complexes; 

- the process of internationalization via an 
integrated training information system. 

- the process of creating and launching an 
open dialogue digital platform for finding potential 
sponsors / partners for scientific research, 
commercializing the results obtained and 
participating in key foreign educational events and 
projects; 

- the process of communication and 
interaction with graduates, including those living 
abroad.  
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The positive dynamics of the 
internationalization process is achieved due to the 
multi-role user policy in full operation [11], which is 
implemented when switching to 5 main sections: 
«About the project», «Partnership in Education», 
«Partnership in Science», «Academic services», 
«Alumni Network Environment». The section 
"About the project" contains general information 
about the project, including the purpose of creating 
an information system, a manual for use, a site map 
of the task, methods and means, expected results. 

The «Partnership in Education» section 
contains five large blocks covering international 
academic relationships and university processes. 

The module of «Top programs" by 
educational level is intended to familiarize with the 
promising programs of the university. The double 
degree and joint educational programs are separately 
highlighted. A general list of programs by 
educational level is also available for viewing. At the 
same time, users have the opportunity to familiarize 
themselves with the passport of the educational 
program and the key professional competencies 
formed within the frame of each program. 

The module "Mobility": designed to collect 
data, receive applications and proposals for 
organizing the mobility of students and teachers. 
This block provides Karaganda technical university 
students with the opportunity to choose existing 
programs of external academic mobility, taking into 
account the country, educational program and 
method of funding. All applications are received and 
processed at the international department of the 
Karaganda technical university. For international 
students, there is also the possibility of applying for 
incoming mobility by filling out the appropriate 
electronic form in the IS. 

The formation of a bank of "global" 
competencies of students is implemented in the 
module "Expertise of competencies: an international 
base by industry". This block is available to 
registered international experts and information 
systems administrators. 

To obtain general information and fill out 
invitations to participate in IS, there is a module 
"Partnership in educational projects", which includes 
the Register of international educational projects of 
the university, including a list of current projects and 
a short description, as well as an application form for 
cooperation in the field of new projects. Within the 
frame of the module, the task of forming the 
readiness of the teaching staff for the processes of 
globalization through the international environment 

is solved via the profiles of the teaching staff of 
Karaganda technical university, containing 
information about their interests and scientific 
achievements, as well as basic information and a list 
of lectures, video materials (with the permission of 
the authors) of invited visiting professors, related 
with their international profiles. In addition, the 
module presents soft & business skills trainings for 
the development of language, cross-cultural and 
entrepreneurial competencies of teaching staff. 

The "Partnership in Science" section is 
designed to support the university's research 
processes and the process of commercializing the 
results obtained. The subsection presents the module 
"Scientific directions", containing a list of directions 
of the university, in which scientific research is 
carried out; a register of active research projects in 
areas, a list of international partners in the field of 
research. The list of scientific directions is closely 
interconnected with the base of scientific papers in 
the "Annotations" module and the "Technology 
Transfer and Patent Cooperation (PCT)" module. 

The "Annotations" module contains the base 
of scientific works of the teaching staff of the 
university in English in scientific areas, which is 
replenished in the mode of the corresponding 
administrator, published in international rating 
journals with reference to the corresponding journal 
and profile of the teaching staff. Annotations are 
displayed in English and Russian. At the same time, 
for the teaching staff through the profile, the 
opportunity to apply for the selection of scientific 
journals in the scientific direction of interest is 
implemented. 

The module "Technology Transfer and PCT" 
includes the Business Skills Park site with a list of 
active start-up and spin-out projects and a register of 
patents and Intellectual Property Certificate 
associated with the list of active scientific projects. 

The modules of Material and Mechanical 
Engineering Technology journal «International 
Journal of Karaganda technical university» and 
«Conference» provide access to scientific events of 
KTU, publications, list of international conferences. 
The possibility of submitting an electronic request 
for publications has been realized. 

Section "Academic services" is intended to 
familiarize with the learning environment of the 
university in the context of the national identity and 
cultural characteristics of Kazakhstan. For this 
purpose, blocks "Study at Karaganda technical 
university" have been developed, containing 
representative academic information about the 
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infrastructure of the university; block "English 
language learning", base "MOOCs" with the 
function of searching and submitting online 
applications for training. 

The module «Alumni Network 
Environment» is intended for the development of the 
association of graduates and the support of the 
process of interaction on issues of international 
exchange, attraction of sponsors, realization of post-
diploma programs. 

A distinctive feature of the information 
system is the Partners Point functionality, designed 
for communication on cooperation issues in the 
categories "student", "foreign professor", "foreign 
administrative worker". This option allows you to 
quickly receive information about persons and 
organizations interested in cooperation and provide 
them with relevant services and information. 

 

3. IMPLEMENTATION OF THE 
PERFORMANCE ALGORITHMS OF THE 
METHODS FOR ASSESSING KEY 
COMPETENCIES  

In Kazakhstan, attempts have already been 
made to fully or partially digitize the process of 
developing professional competences. So, in 2017, 
at the republican conference, Karaganda Technical 
University presented to the academic community a 
construction set of educational programs, including 
a module for determining professional competencies 
in conjunction with employers. Syllabus analysis 
and automatic semantics-based сompetences were 
carried out. So, the authors have developed models, 
methods and algorithms of an intelligent system for 
the formation of educational programs, taking into 
account the mutual influence of the studied 
disciplines and formed competencies, based on the 
analysis and processing of texts in natural language 

to improve the quality of the educational programs 
content. 10,11]. The researcher [12] developed an 
information model of the distributed knowledge base 
of the university’s educational programs oriented to 
the professional knowledge and competencies 
required in the labour market, using the example of 
the ICT sphere. 

A distinctive feature of this study is the 
involvement of international experts in the design of 
competencies for the educational program and the 
determination of the most effective methodology for 
coordinating the proposed competencies. 

Subsection "Expertise of competencies: 
international base by industry": designed to form an 
international base of competencies in conjunction 
with international experts. There are many works to 
solve such problems, in particular to improve the 
quality of the educational process, where various 
methods and algorithms for automation are applied 
[13-16]. The purpose of the experiment was to select 
the most effective method for assessing and 
modifying the existing key competencies of the 
university's educational programs in accordance 
with international requirements and the content of 
educational programs in this area of training. The 
bachelor degree program “Mechanical Engineering” 
was chosen as a pilot program for testing the 
proposed assessment methods. 

    For the analysis of competencies at the 
pilot stage, we used a synchronous and asynchronous 
approach in approbation of the business process, 
within which the assessment is carried out according 
to two principles: sequentially and in parallel. At this 
stage, 2 experts are involved in the assessment. 

 1. Sequential assessment (Figure 1): 
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Figure 1: Sequential Assessment 

Business process for a precedent: sequential 
formation of competencies: 

1.1 At a first stage,  the list of competences 
for the educational program is filled in. 

1.2 At the second stage, an analysis of the 
competencies is carried out by an international 
expert 1, who notes the competencies that, in his 
opinion, are necessary, comments on refusals or 
proposes his own. If there are no matches, it returns 
to the first stage. Then re-assessment is carried out. 

1.3 If there are matches, a new list is formed, 
which is sent to expert 2. Next, the forms are 

analyzed, if there are no matches, the Card adds or 
edits competencies in accordance with the comments 
and agrees with them with expert 1. After that, the 
final list of competencies is formed. If there are 
coincidences, the final list of competencies is formed 
immediately, in which the competencies are ranked 
according to the expert rating (estimates). 

1.4. The Karaganda technical university 
administrator analyzes the received list, after which 
he forms the final list of competencies. 

     

  2. Parallel assessment is shown in Figure 2.

 



Journal of Theoretical and Applied Information Technology 
15th November 2021. Vol.99. No 21 

© 2021 Little Lion Scientific  
 

ISSN: 1992-8645                                                                    www.jatit.org                                                    E-ISSN: 1817-3195 

 
4948 

 

 
Figure 2:  Parallel assessment 

Business Process for Precedent: concurrent 
competences building: 

1.1 In the first step, the list of competences 
for KTU EP is completed 

1.2 At the second stage, a parallel analysis of 
competencies is carried out by international experts 
1, 2 who mark the competencies they think are 
necessary, comment on refusals and / or offer their 
own. In the absence of the selected competencies, the 
form cannot be sent without the competencies 
proposed by the experts. 

1.3 If there are coincidences, a ranked list of 
competencies is formed according to the sum of 
expert points (1 point from each expert for the 
selected competence). 

1.4. The Karaganda technical university 
administrator analyzes the received list, after that he 
forms the final list of competencies. 

To select the most optimal of the proposed 
approaches, namely the synchronous and 
asynchronous methods, in the final version of the 
information system, a procedure is provided for the 
examination of the final list of competencies using 
the hierarchy analysis method of each of the 
methods. The hierarchy analysis method was carried 

out by decomposing the problem into simple 
components and processing expert judgments [17]. 
As a result, the relative importance of the 
competence approaches under study was obtained 
for all criteria of their hierarchy. This importance is 
expressed in the form of priority vectors. The 
obtained values of the vectors are estimates on the 
scale of ratios and correspond to the so-called hard 
estimates. 

The order of application of hierarchy analysis 
method [17]: 

1. Building a qualitative model of the 
problem in the form of a hierarchy, including a goal, 
alternative options for achieving the goal and criteria 
for assessing the quality of alternatives; 

2. Determination of priorities of all elements 
of the hierarchy using the method of paired 
comparisons; 

3. Checking judgments for consistency; 

4. Making a decision based on the results 
obtained. 

The tree of criteria and alternatives looks like 
this (Figure 1). 
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Figure 3: Tree of criteria and alternatives 

Hierarchy building begins with delineating 
the research problem. Further, the hierarchy itself is 
built, including the goal located at its top, 
intermediate levels (for example, criteria) and 
scenarios that form the lowest hierarchical level [18]. 

Purpose: to determine the best approach for 
analyzing the competencies of educational 
programs. 

Main criteria: 

- processing time; 
-number of returns; 
-consistency of the result with the purpose of 

the EP. 
Main alternatives: 
-sequential assessment; 
-parallel assessment. 
Next, we construct a tree of alternatives. 

(Figure 4)

 
Figure 4: Constructed tree of criteria and alternatives 

 
The next step is to build a pairwise 
comparison matrix: 
1. Comparison of criteria. 
Initially pairwise comparison on a qualitative 
scale, with subsequent conversion to points: 
 

equal, indifferent = 1 
slightly better (worse) = 3 (1/3) 
better (worse) = 5 (1/5) 
much better (worse) = 7 (1/7) 
fundamentally better 
(worse) 

= 9 (1/9) 

in case of intermediate 
opinion, intermediate 
points are used 

2,4,6,8 

 

1. Next, we proceed to constructing the 
matrix of pairwise comparisons 
               The number of experts' answers for 
constructing a matrix of pairwise comparisons for n 
compared elements is n * (n-1) / 2 or n2 / 2 - n / 2. 
When filling out the matrix of pairwise comparisons, 
it is enough to determine the elements located above 
the main diagonal of the matrix. 
           Filling in matrices of pairwise comparisons 
by involved experts. 
Paired comparisons are made in terms of the 
dominance of one element over another. For 
example, "Evaluate the importance of processing 
time in relation to the number of returns." The 
judgments obtained are expressed in whole numbers 
from a nine-point scale of relations. 
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       Consider an example of paired comparison 
matrix formation in general form. Let A1,A2,... An 
is a set of n of elements (variants) and α_1,α_2,...α_n 
- respectively their weight or significance. It is 
necessary to compare the value of each element in 
pairs with the significance of any other element of 
the set in relation to their common property or 
purpose (in relation "parent element"). In this case, 
A matrix of pairwise comparisons has the following 
form (formula 1): 

  A1 … A2 … An 
 A1 𝛼ଵ

/𝛼ଵ 
… 𝛼ଵ

/𝛼ଶ 
… 𝛼ଵ

/𝛼ଵ 
 … … … … … … 
[A]= A2 𝛼ଶ

/𝛼ଵ 
… 𝛼ଶ

/𝛼ଶ 
… 𝛼ଶ

/𝛼 
  … … … … … 
 An 𝛼

/𝛼ଵ 
… 𝛼

/𝛼ଶ 
… 𝛼

/𝛼 
We compose a matrix that has the property 

of inverse symmetry: 
𝛼 =  1/ 𝛼 𝛼 =  1, 

where α_ij is the ratio of criterion i to 
criterion j. 

 
Table 1: matrix of pairwise comparisons 

 
processin

g time 

numbe
r of 

returns 

consistenc
y of the 

result with 
the aim of 

the 
educational 

program 
processing 

time 
1 5 1/9 

number of 
returns 

3 1 1/7 

consistenc
y of the 

result with 
the aim of 

the EP 

7 9 1 

 
Similarly, we compose a matrix for 

comparing options (alternatives) for each criterion. 
 
Table 2 - Processing time comparison matrix 

processing 
time 

sequential 
assessment 

parallel 
assessment 

sequential 
assessment  

1 1/9 

parallel 
assessment 

9 1 

 

Table 3 – Comparison matrix by the number 
of returns 

 
number of 

returns 
sequential 
assessment 

parallel 
assessment 

sequential 
assessment 

1 1/3 

parallel 
assessment 

3 1 

 
Table 4 – Comparison matrix by the 

consistency of the result with the aim of the EP 
consistency of 
the result with 
the purpose of 

the EP 

sequential 
assessment 

parallel 
assessment 

sequential 
assessment 

1 1/3 

parallel 
assessment 

3 1 

 
According to the matrix analysis technique, 

first of all, we find the sum of the elements of each 
column [19, 20]: 

𝑆 =  𝛼ଵ + 𝛼ଶ+. . . +𝛼 
Divide all matrix elements by the sum of the 

elements of the corresponding column 
(normalization of the matrix): 

𝐴 =
𝛼

𝑆

 

 
Тable 5: normalization of the matrix 

𝛼 processin
g time 

numbe
r of 

returns 

consistenc
y of the 

result with 
the aim of 

the 
educational 

program 
processing 

time  
1 5 1/9=0,111 

number of 
returns  

3 1 1/7=0,143 

consistenc
y of the 

result with 
the aim of 

the EP  

7 9 1 

TOTAL  11 15 1,254 
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Also, in parallel, we find the average value 
for each line: 

 
Тable 6: average value 

𝐴 
proces
sing 
time 

numbe
r of 

returns 

consistency 
of the 

result with 
the aim of 

the 
educational 

program 

aver
age 
valu

e 

proces
sing 
time 

1/11=0
,09 

5/15=0
,333 

0,111/1,25
4=0,089 

0,17
1 

numbe
r of 

returns 

3/11=0
,273 

1/15=0
,067 

0,143/1,25
4=0,114 

0,15
1 

consist
ency 
of the 
result 
with 
the 

aim of 
the EP 

7/11=0
,636 

9/15=0
,6 

1/1,254=0,
797 

0,67
7 
 

 
 
The resulting column sets the "weights" of 

the criteria in terms of the goal. This column is called 
the criterion weighting column. Thus, the 
intermediate conclusion by the criteria can be 
displayed as: 

 
Тable 7: weight percentage 

 
weight in 

shares 
weight 

percentage 
processing 

time 
0,171 17,1 

number of 
returns 

0,151 15,1 

consistency of 
the result with 
the aim of the 

EP 

0,677 67,7 

 
 
 
On the basis of the obtained table, we can 

conclude that from the point of view of satisfying our 
goal, the most significant is the consistency of the 
result with the goal of the educational program and 
is 67.7%, the processing time and the number of 
returns have lower weight coefficients and in total 
are about 32%. 

Similar calculations for matrices of pairwise 
comparison by criteria were performed. As a result, 
columns (vectors) of the weight coefficients of the 
objects of comparison from the point of view of 
compliance with individual criteria were obtained. 

Criterion: processing time. 
 
Тable 8: processing time 

processing 
time 

weight in 
shares 

weight 
percentage 

sequential 
assessment  

0,1 10 

parallel 
assessment  

0,9 90 

 
The vector of weights of objects according to 

the criterion "processing time" was obtained. 
According to the criterion "processing time", 

the most significant is parallel assessment (90%). 
Criterion: number of returns. 
 
Тable 9: number of returns 

number of 
returns 

weight in 
shares 

weight 
percentage 

sequential 
assessment  

0,25 25 

parallel 
assessment  

0,75 75 

 
Criterion: consistency of the result with the 

goal of the EP. 
 
Table 10: weight percentage 

consistency of 
the result with 
the aim of the 

EP 

weight in 
shares 

weight 
percentage 

sequential 
assessment  

0,25 25 

parallel 
assessment  

0,75 75 

 
Similarly, with two other vectors of object 

weights according to the criterion «number of 
returns», «consistency of the result with the aim of 
the EP». 

According to the criteria "number of returns" 
and "consistency of the result with the goal of the 
EP", the most significant is the parallel assessment 
(75%). 

An equally important aspect of the study is 
the consideration of the final part, namely, the 
determination of the weights of the alternatives. 

As a result of calculations, vectors of criteria 
weights are obtained, as well as a matrix of weights 
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of alternatives for each criterion, which consists of 
the obtained columns. 

 
Table 11: weights of the alternatives 

 
processing 

time 

number 
of 

returns 

consistency 
of the 

result with 
the aim of 

the 
educational 

program 
sequential 
assessment  

0,1 0,25 0,25 

parallel 
assessment  

0,9 0,75 0,75 

 
 
 
Table 12: vectors of criteria 

 weight in shares 
processing time  0,171 

number of returns  0,151 
consistency of the 

result with the aim of 
the EP  

0,677 

 
 
Multiplying the resulting matrix by a column 

according to the row by column rule (matrix), we 
obtain the weights of the alternatives in terms of 
achieving the goal: 

ቀ
0,1 0,25 0,25
0,9 0,75 0,75

ቁ × ൭
0,171
0,151
0,677

൱ = ቀ
0,2241
0,7749

ቁ 

 
As a result, we obtain the weights of the 

alternatives in terms of achieving the set aim: 

 
Тable 13: weights of the alternatives 

 
weight in 

shares 
weight in % 

sequential 
assessment 

0,2241 22,41 

parallel 
assessment 

0,7749 77,49 

 
 
Thus, parallel assessment is the most 

attractive method for this aim. 
 
4. DEVELOPMENT OF DATABASE 

AND APPLICATIONS MODELS 

At this stage, the elements of the previously 
obtained class models are mapped to the elements of 
the database and application models: 

- classes are displayed in tables; 

- attributes - into columns; 

- types - into the data types of the used 
DBMS; 

- associations - in relationships between 
tables (many-to-many associations are converted to 
one-to-many associations by creating additional 
relationship tables); 

- applications - into separate classes with 
finally defined methods and attributes associated 
with the data in the database [21, 22]. 

Since the database and application models are 
constructed on the basis of a single logical model, 
the connectivity of these projects is ensured 
automatically (Figure 5) [23]. 

 
 

 
 

Figure 5: Connection between database and application projects 
 

Client-server architecture with an application 
server. Figure 6 shows the Application server model.
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Figure 6: Application server model 

 
The database schema and the list of the 

information system tables are shown in Figures 7 and 
8.

 
Figure 7: DB schema 
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Figure 8 - List of tables 

 

4. RESULTS OF THE PILOT WORK 

In order to assess the competences of the 
educational program "Mechanical Engineering" the 
table with the formed competences is filled in (Table 
14). 

Table 14: formed competencies 

№ 
Sequential 
assessment 

Parallel 
assessment 

C1 

Apply the main 
provisions of the 
Constitution of 
the Republic of 
Kazakhstan, the 

provisions of 
current 

legislation, the 
mechanism of 
interaction of 

substantive and 
procedural law 

Apply the 
main 

provisions of 
the 

Constitution 
of the 

Republic of 
Kazakhstan, 

the provisions 
of current 
legislation, 

the 
mechanism of 
interaction of 
substantive 

and 
procedural 

law 

C2 
To possess a 
cognitively 

linguistic-cultural 

To possess a 
cognitive-
linguistic-

methodology for 
solving 

professional 
problems 

cultural 
methodology 
for solving 

professional 
problems 

C3 

To carry out 
entrepreneurship 

of economic 
entities within the 
framework of the 
profession, using 
knowledge and 

skills in the field 
of marketing, 

business planning 
and project 

management 

To carry out 
entrepreneur

ship of 
economic 

entities within 
the 

profession, 
using 

knowledge 
and skills in 
the field of 
marketing, 

business 
planning and 

project 
management 

C4 

Count on the 
strength, stability, 

reliability of 
mechanisms and 

machines, 
equipment and 
structures in the 

design and 
operation 

To conduct 
analysis, 
design of 

production 
facilities and 

processes 
based on 
general 

professional 
and 

specialized 
knowledge 

C5 

To use IT-
technologies for 

the 
implementation 

of the functioning 
of the processes 

of machine-
building 

production 

To use IT-
technologies 

for the 
implementati

on of the 
functioning of 
the processes 
of machine-

building 
production 

C6 

To develop design 
documentation for 
existing and new 

facilities 

Develop 
technical 

facilities and 
new products, 

design, 
technical and 
operational 

documentation 

C7 
Develop 

technological 
processes of 

Develop 
technological 
processes of 
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production/receip
t of products. 

production/re
ceipt of 

products. 

C8 

To ensure the 
organization and 
functioning of the 
technological/ind
ustrial processes 

To ensure the 
organization 

and operation 
of 

technological 
/ production 

processes 

C9  

To uses 
various 

construction 
and tool 

materials in 
the design and 
production of 

machines 

C10  

To performs 
the 

assignment, 
modernization 
and design of 
tools, devices 
and process 
equipment 

reachabi
lity ratio 

73,44% 89.97% 

 

In order to assess the conformity of the 
formed list of competences, we used two approaches 
to construct the competences assessment diagrams 
for the "Mechanical Engineering" educational 
program, presented in Figure 9, and to determine the 
experts' achievement rate. 

 

Figure 9: Real Estate ratio 

As can be seen from the diagram, the highest 
priority for the educational program "Mechanical 
Engineering" has the competences C4, C7, C9, 
which were obtained by parallel evaluation. 

It should be noted that C2 and C3 have the 
lowest priority, according to the experts, as these 
competences fall within the general education 
disciplines. Based on the results of the computation 
of the resulting priority vector, parallel estimation 
has a higher priority than consecutive estimation, 
which is also supported by the results. 

5. CONCLUSION 

In order to confirm the hypothesis put 
forward a study of the world experience of 
internationalization was carried out, including on the 
example of operating foreign organizations in 
Kazakhstan, involved in the development of the 
education sector. Revealed the need to build a 
distributed information system for the development 
of internationalization, with the aim of establishing 
a joint international partnership, contributing to the 
mutual improvement of educational research and 
practices.  

The Kazakhstani experience in digitalization 
the process of forming professional competencies 
has served as a starting point for the development of 
a unique system that allows not only to form a 
competence base together with international experts, 
but also to ensure that it meets world standards. In 
order to compare competences, the educational 
program carried out expert analysis of the proposed 

0
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methods for evaluating the list of competences by 
means of the hierarchical analysis method. The 
method of analysis of hierarchies for educational 
program "Mechanical Engineering" has been tested. 
Priority competences of the "Mechanical 
Engineering" degree program have been identified 
as a result. To compare the competencies of the 
educational program, an examination of the 
proposed methods for assessing the list of 
competencies was performed using the hierarchy 
analysis method. The method of analysis of 
hierarchies for the educational program "Mechanical 
Engineering" has been tested. The priority 
competences of the educational program 
"Mechanical Engineering" have been identified as a 
result of the use of synchronous and asynchronous 
approaches. This approach will allow the university 
to respond flexibly to changing environmental 
conditions and develop educational programs, 
increasing their quality and demand on the 
educational services market. The presented 
architecture of the distributed information system 
module "Expertise of competencies: international 
base by industry" can be scaled both vertically and 
horizontally and allows you to form a base of 
updated key competencies for educational programs 
of the university. Thus, modeling a specialized space 
for interaction with foreign experts within the 
information system will contribute to the expansion 
of intercultural understanding and dialogue, the 
formation of a positive image of the university in the 
global educational space, and an increase in the 
demand for university graduates not only in 
Kazakhstan, but also abroad.  

The results of this study will serve as a basis 
for continuing the design of a digital ecosystem that 
will effectively target the processes of creation, 
accumulation, processing, use and transfer of 
knowledge to improve competitiveness in the 
education market. 

Taken together, measures to internationalize 
a technical university will contribute to a deeper 
understanding of the local-global connection and 
improve the quality of educational services 
provided. 

REFERENCES:  

[1] Lavrov A.A., Stepanova N.R. / 
Internationalization of education as a direction 
of implementation of the social responsibility 
of educational institutions / Modern problems 
of science and education No. 5, 2012, p.161 

[2] Aleksankov A.M. / Internationalization of 
higher education: challenges and realities 

/Accreditation in Education No. 5 (65), 2013, 
p. 80-81 

[3] Orlova O.I. Mathematical approach to the 
choice of the optimal training program on labor 
protection / Actual problems of modern 
science No. 106 (103), 2018, pp. 248-252 

[4] Anca Gabriella Ilie, Mihaela Maftei and Oana 
Antonia Colibasanu Sustainable success in 
higher education by sharing the best practices 
as a result of benchmarking process // 
Amfiteatru Economic. - 2011. - Vol. 13, No. 5. 
- P.688-697. 

[5] Cody Coleman, Deepak Narayanan, Daniel 
Kang, Tian Zhao, Jian Zhang, Luigi Nardi, 
Peter Bailis, Kunle Olukotun, Chris Ré, Matei 
Zaharia DAWNBench: An End-to-End Deep 
Learning Benchmark and Competition // 31st 
Conference on Neural Information Processing 
Systems (NIPS 2017), Long Beach, CA, USA. 
– 2017.- P.2-10. 

[6] Maria P. Cantu. Three Effective Strategies of 
Internationalization in American Universities 
// Journal of International Education and 
Leadership. [Electronic resource] - 2013. - 
Vol. 3, Issue 3. - URL: 
https://files.eric.ed.gov/fulltext/EJ1136025.pd
f . 

[7]  Dewey P., Duff, S. Reason before passion: 
Faculty views on internationalization in higher 
education // Higher Education. – 2009. – N 
58(4). - P.491-504.  

[8] Altbach, P., and J. Knight. The 
internationalisation of higher education: 
Motivation and realities // The NEA Almanac 
of Higher Education, 2006. - P.2-11. 

[9] TPU Scientific and Educational Events - Best 
Practices-Cases 2018/ 
Url:http://portal.tpu.ru/science/seminar/semin
ar-mtfl/Best%20Practice%20Cases%202017 

[10] D. Kaibassova, L. La, A. Smagulova, L. 
Lisitsyna, A. Shikov, M. Nurtay Methods and 
algorithms of analyzing syllabuses for 
educational programs forming intellectual 
system/  Journal of Theoretical and Applied 
Information Technology 15th March 2020. 
Vol.98. No 05, ISSN: 1992-8645 

[11] Kaibasova D.Zh. La LL, "Methods and models 
for describing the subject area for the 
development of an intelligent system in the 
context of the formation of educational 
trajectories", Bulletin of Semipalatinsk State 



Journal of Theoretical and Applied Information Technology 
15th November 2021. Vol.99. No 21 

© 2021 Little Lion Scientific  
 

ISSN: 1992-8645                                                                    www.jatit.org                                                    E-ISSN: 1817-3195 

 
4957 

 

University named after Shakarima, No. 1 (85) 
2019 pp. 78-83, ISSN 1607-2774. 

[12]  Bazarova M. Zh. Distributed information 
system for the transfer of universities 
knowledge. Dissertation for the degree of 
Doctor of Philosophy (PhD), Ust-
Kamenogorsk, 2018 

[13] Botov D., Klenin J. Educational Content 
Semantic Modelling for Mining of Training 
Courses according to the Requirements of the 
Labor Market // Proceedings of the 1st 
International Workshop on Technologies of 
Digital Signal Processing and Storing, Russia, 
Ufa, UGATU, 2015. - pp. 214–218. 

[14] Yoshitatsu Matsuda, Takayuki Sekiya, 
Kazunori Yamaguchi. Curriculum Analysis of 
Computer Science Departments by Simplified, 
Supervised LDA // Journal of Information 
Processing. Vol.26 June 2018. –pp. 497–508  

[15] Chung H., Kim J. An Ontological Approach 
for Ssemantic Modelling of Curriculum and 
Syllabus in Higher Education // International 
Journal of Information and Education 
Technology. Vol. 6, no. 5. 2016. - pp. 365–369.  

[16] Tussupov J., Sambetbayeva, M.A., Fedotov, 
A.M., Fedotova O.A., Sagnayeva S.K., 
Bapanov, A.A., Tazhibaeva, S.Z. 
Classification model and morphological 
analysis in multilingual scientific and 
educational information systems // Journal of 
Theoretical and Applied Information 
Technology. Vol. 86, Issue 1, 10 April 2016. – 
pp. 96-111 

[17] Saati T. Decision making. Method of analysis 
of hierarchies - M./ Radio and communication, 
1993.-278c. 

[18] Zeer EF Competence-based approach to 
education // Education and Science. - 2005. - 
No. 3. 

[19] Bereza A.N., Zharikov I.S. Mathematical 
approach to choosing the most effective 
investment project for renovation/ Bulletin of 
the Belgorod State Technological University 
named after V.G. Shukhov. 2017. No. 8. P. 
204-214 

[20] Konnov A.D., Ryapolova E.I. / Using the 
method of analysis of hierarchies in systems 
for determining the type of information / 
Collection of materials of the V International 
scientific and practical conference. / 2019, p. 
215-221 

[21] Ladyzhensky G. Distributed information 
systems and databases / Gleb Ladyzhensky 
[Electronic resource]. - Access mode: 
http://citforum.ru/database/kbd96/45.shtml. 

[22] Devyatov S.S. / Software design using UML 
2.0 and SYSML 1.0 standards / Applied 
informatics №6, 2006, p. 48-63 

[23] Bova V.V., Conceptual model of knowledge 
representation in the construction of intelligent 
information systems/ Bulletin of the Southern 
Federal University. Technical science. 2014, 
no. 7 (156). 

 


