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Abstract—This article is devoted to creating an intellectual 

model for assessing the level of formation of students’ 

competencies based on learning outcomes, taking into account 

the requirements of the professional environment. The authors 

of the article proposed a method for constructing a fuzzy 

cognitive map and a model for assessing the level of competence 

formation based on a fuzzy approach. The main concepts of the 

cognitive map are defined as disciplines, learning outcomes, and 

competencies. The article provides an example of a cognitive 

map for the educational program in the Information Technology 

direction. The determination of the link weights between the 

concepts of the map was implemented in an expert way. The 

model for assessing the level of competence formation is based 

on the fuzzy set theory. The article defines the following 

parameters of the model: linguistic variables, membership 

functions and similarity measures. A universal five-level 

Dreyfus model was used to describe the level of competence 

formation. Based on the proposed model, the “Digital Profile” 

information system was developed and implemented as a web 

application. The article presents the main mechanisms of 

information system design: information objects are defined, the 

logical scheme of the database is described, the scheme of the 

algorithm for creating a digital profile is described and the 

functional windows of the web application are described. The 

developed “Digital Profile” information system makes it 

possible to assess the achievements of mastering the 

competencies of educational programs, as well as to assess the 

quality of student training. 

 
Keywords—evaluation, competency, educational quality 

performance, fuzzy cognitive map, Dreyfus model 

I. INTRODUCTION 

Currently, Grade Point Average (GPA) is used to assess 

students’ scholastic performance at universities. It represents 

an average weighted performance evaluation of a student 

according to the number of credits studied in disciplines, as 

well as overall mastery of academic performance. However, 

the assessment is unable to provide a more detailed evaluation 

of particular competencies. As a result, other modifications 

and assessment extensions are applied, such as Grade Point 

Innovation [1], Cumulative Grade Point Average (CGPA) [2], 

integrated GPA [3], etc. 

Along with various modifications of GPA, the 

competency-based approach is becoming increasingly 

widespread, providing a deeper and more systematic 

acquisition of academic material. In addition, it develops 

educational skills, which are fundamental for a successful 

career [4–8]. The development of competencies and the 

personalization of studying and evaluation are key factors of 

the competency-based approach that contribute to improving 

the educational system. 

The implementation of the competency-based approach in 

professional education requires the development of an 

appropriate assessment system for learning outcomes and the 

competencies acquired by students [9–11]. Consequently, 

research on this issue remains highly relevant, as the 

transition to a competency-based approach assesses learning 

outcomes significantly more complex, extending beyond the 

mere evaluation of theoretical knowledge and practical skills. 

This approach enables the development of clear descriptors 

for academic and professional profiles and defines learning 

outcomes. It enhances recognition in academic and 

professional fields also increases the workforce. 

Numerous studies on this topic analyze the impact of the 

competency-based approach on students’ academic 

achievements at universities. These works provide a 

comprehensive analysis of how practical skills can be 

developed and how graduates’ readiness can be fostered 

through the competency-based approach. The existence of 

such research indicates the continuous development and 

improvement of tools for assessing the quality of educational 

program mastery [12, 13]. However, an analysis of these 

studies suggests that, in general, the issue of assessing the 

level of competency formation and learning outcomes is 

considered mainly from the perspective of formal indicators 

while overlooking the modern requirements of the 

professional environment. 

Using such models and methods also enables the 

implementation of the Competency-Based Learning, which 

emphasizes not only the transmission of knowledge, but also 

the development of specific skills and abilities. The analysis 

of learning data allows for an assessment of how well 

students achieve the established academic goals and acquire 

the necessary competencies. The analysis of learning data 

allows for an assessment of how well students achieve the 

established academic goals and acquire the necessary 

competencies. The use of information and communication 

technologies, particularly models and methods of intelligent 

analysis for assessing the level of competency acquisition, 

can take a more comprehensive approach to analyze learning 

processes and the effectiveness of educational programs. This 

will not only make it possible to evaluate students’ 

knowledge and skills, but also to identify their individual 

needs, offer personalized learning materials and methods, and 

optimize curricula and programs. 

The use of Fuzzy Cognitive Maps (FCMs) as a tool for 

modeling complex and loosely structured systems helps 
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visualize and analyze cause-and-effect relationships between 

different factors. By combining elements of fuzzy logic and 

neural networks, FCMs are effective tools for solving a wide 

range of issues. In education, they are used to support 

decision-making, enhance learning processes, and improve 

education quality management. 

FCMs enable cognitive analysis of the education system, 

identifying cause-and-effect relationships between various 

factors and determining the most effective strategies for 

achieving target indicators of education quality. 

One of the valuable applications of FCMs at universities is 

in curriculum development. FCMs provide structured expert 

opinions on the importance of each academic course, 

enabling a more effective sequence of courses considering 

their complexity and alignment with learning outcomes to be 

achieved. 

FCMs can also be used to model user behavior in remote 

education using Learning Management Systems (LMS). 

Cognitive maps allow for the creation of models of poorly 

formalized subject areas, which helps to improve forecasting 

and develop possible scenarios for situation development. 

Overall, FCMs are an effective tool for analyzing and 

optimizing different aspects of the learning process, allowing 

for the formalization of expert evaluations, the development 

of models, and the establishment of cause-and-effect 

relationships. 

The study aims to develop an intelligent model for 

evaluating students’ competency formation according to their 

learning outcomes, considering the current professional 

requirements. In this model, FCM represents the relationships 

between the studied disciplines, learning outcomes, and the 

competencies developed within the educational program. 

This model will allow you to create a digital profile of the 

student, which will reflect his or her complex abilities and 

achievements. The digital profile of a student can be used for 

a more accurate and objective assessment of the level of his 

or her training and create a digital portfolio focused on 

employers and recruitment agencies. 

II. LITERATURE REVIEW 

The analysis of scientific works of recent years on the 

problems of evaluating learning outcomes and formed 

competencies has allowed us to identify three voluminous 

areas of problem-solving. The first direction is related to 

creating various assessment models using artificial 

intelligence based on data analysis and machine learning 

algorithms. For example, the pilot application of the system 

of diagnosis, assistance and assessment of Students Based on 

Artificial Intelligence (StuDiAsE) is presented [14]. Such a 

system can monitor students’ understanding, evaluate their 

previous knowledge, create individual student profiles, 

provide personalized assistance, and finally, evaluate student 

performance both quantitatively and qualitatively using 

artificial intelligence methods. Automated educational 

feedback systems based on artificial intelligence are also 

widely used in the field of medical education, which is 

described in sufficient detail in scientific articles [15–19]. 

The second area of research focuses on developing 

sustainable competencies that are important for the future. 

Scientists attach importance to forming students’ skills that 

will be relevant in a dynamic and rapidly changing society 

[20]. This includes flexible skills, adaptation to new 

conditions and developing critical thinking. It is noted in [20] 

that in many studies on assessing competencies, there is a 

tendency to pay less attention to developing assessment tools. 

The main focuses of these studies are pedagogical approaches 

to forming such competencies, descriptions of specific 

examples of the application of these approaches, as well as 

software innovations. Evaluation in this context is mainly 

used to obtain empirical data that confirms the success of 

these initiatives. Despite the wide range of existing tools for 

assessing competencies [21–23], they are mainly designed to 

evaluate individual educational scenarios, which accordingly 

limit their use in a broader context. 

The third direction reflects the trend of introducing the 

requirements of a real professional environment into the 

assessment model. Research highlights the importance of 

considering the needs of the labor market, feedback from 

employers and building assessment systems that meet the 

current requirements of the industry [24, 25]. 

In the context of the growing pace of digitalization, 

automation and robotization, universities need to quickly 

anticipate new consumer values, trends and needs and adjust 

their production, which requires constant adaptation of 

competencies and competency-based models [26]. Including 

employer feedback in the assessment process helps to 

determine more accurately which competencies and skills are 

most in demand in a particular field or industry. This can help 

to clarify learning objectives and to develop more effective 

learning programs. Adapting assessment systems to the 

industry’s current requirements makes it possible to ensure 

compliance between the assessment of qualifications and the 

real needs of the labor market. This is important not only for 

graduates but also for professionals who may need further 

training or retraining to adapt to the changing market 

requirements. 

Although many models and tools exist for evaluating 

learning outcomes and acquired competencies, the 

development of such models and methods remains relevant. 

III. MATERIALS AND METHODS 

Currently, universities in Kazakhstan independently form 

the content of educational programs based on the national 

qualification system (bachelor’s degree – Master’s degree - 

PhD) and a modular competence approach. The national 

Qualifications System is a set of demand management 

mechanisms and includes a National Qualifications 

Framework, Industry Qualifications Framework, 

Professional Standards and assessment of professional 

preparedness [27]. 

Professional Standards are formed based on the National 

Qualifications Framework. A professional standard 

represents the requirements for the level of qualifications, 

competencies, content, quality and working conditions for a 

specific field of professional activity. 

The educational program reflects the goals, learning 

outcomes necessary to achieve these goals, and modules that 

ensure the development of competencies in the study of 

disciplines. Each educational program has a list of 

competencies corresponding to the qualification level 

prescribed in the Professional Standard of the Republic of 

Kazakhstan. Each competence corresponds to the results of 
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training in the discipline within the framework of the 

Educational Program. Thus, a matrix of compliance of 

disciplines, learning outcomes and competencies is formed. 

We will describe the main stages of assessing the 

formation of competencies based on a fuzzy approach [28–

33]:  

1) Building a cognitive map for an educational program

2) Parametrically identifying cognitive map concepts

⚫ Determination of the weights  α𝑗𝑙
𝑖  and β𝑗

𝑖 , the

relationships between the concepts of the model by the

method of paired comparisons

⚫ Determination of the consistency index CI and the

consistency ratio CR of the matrix of paired

comparisons

3) Defining the parameters of a fuzzy model

⚫ Definitions of linguistic variables

⚫ Definition of membership functions

⚫ Determination of formulas for the current values of

factors in graph 𝐺𝑖

⚫ Selection of the method/algorithm for calculating the

similarity index  Ω𝑖

4) Determining the level of development of the student’s

competencies

⚫ Determining the current level of discipline development

𝐷𝑗𝑙
𝑖

⚫ Determining the current values of learning outcomes

factors  𝑅𝑂𝑗
𝑖

⚫ Determination of the current values of 𝐾𝑖 competencies

⚫ Calculating similarity indices  Ω𝑖  for competencies

⚫ Determining the level of competency formation

5) Building a competency achievement map of the

educational program

Below is a detailed description of the steps.

A. Building a Cognitive Map for an Educational

Program 

To show the relationship between disciplines, learning 

outcomes, and competencies, this study proposes a fuzzy 

cognitive map model, as shown in Fig. 1. 

Fig. 1. Fuzzy cognitive model of 𝐾𝑖  competency assessment. 

The first level contains the integral indicators of learning 

outcomes. The outcomes correspond to a specific 

competency 𝑅𝑂𝑗
𝑖  - the 𝑗-th learning outcome that contributes

to the formation of the i-th competence. The presence of 𝛽𝑗
𝑖

links between competencies and learning outcomes is 

determined by experts.  

The second level contains disciplines – 𝐷𝑗𝑙
𝑖 , which form the

𝑗-th learning result. This result contributes to the formation of 

the i-th competence, located at the first level. Experts also 

determine the presence of α𝑗𝑙
𝑖  connections between

disciplines and learning outcomes. The educational program 

contains specific disciplines. 

The experts consist of university staff, regional employer 

representatives, and students.  

To assess the level of competence formation, we proposed 

a fuzzy cognitive approach. The fuzzy cognitive approach 

involves the application of fuzzy set theory and the preference 

relationship between different criteria. 

As a model for evaluating the i-th competence, we will take 

the tuple (1): 

𝐾𝑖 = 〈𝐺𝑖 ,  𝑄𝐿𝑖 , 𝑆𝑖, 𝑅𝑖 ,  Ω𝑖〉,      (1) 

where 𝐺𝑖 is a directed graph without horizontal edges within

the same hierarchy level; 

𝑄𝐿𝑖  is a set of qualitative estimates of the levels of each

factor in the graph; 

𝑆𝑖  is the set of weights of the edges of the graph 𝐺𝑖 ,
reflecting the degree of concepts’ influence on an element of 

the next level of the hierarchy; 

𝑅𝑖 is a set of rules to calculate the values of concepts at

each level of the  𝐺𝑖   hierarchy;

Ω𝑖  is a similarity index that characterizes the degree of a

factor corresponding to qualitative assessment from the term 

set of the linguistic variable  𝑄𝐿𝑖.

B. The Stage of Parametric Identification

Coefficients of influence of α𝑗𝑙
𝑖  and β𝑗

𝑖  determine the link 

weights between concepts. The method to determine these 

coefficients is one of the most important and difficult stages 

in constructing a cognitive map. 

It is obvious that one concept is equal to 1. When there are 

two concepts, the coefficients of influence are set directly by 

experts. For those cases where there are more than two 

concepts, the most common indirect expert Saati method of 

setting weights is used [28, 29]. In our case, the indirect 

method is used to reduce the influence of subjectivism when 

setting weights. The method base is used to split the general 

task into simpler subtasks. 

In the process of using the method of paired comparisons 

[30], experts consider the pairs for the selected concept for all 

concepts directly related to it to include in the fuzzy set. 

Therefore, concepts that affect data and concepts that are 

influenced by the given are evaluated separately. 

For each pair, the connection with a highlighted concept 

shows the one with the significant impact. Thus, a matrix of 

paired comparisons 𝐴 is formed. The variable 𝑎𝑖𝑗  indicates

how many times the relationship with the concept 𝑒𝑖 is more

significant than the relationship with the concept 𝑒𝑗. Thus, 𝑎𝑖𝑗
is a formalized assessment of the superiority of 𝑒𝑖 over 𝑒𝑗 in

the sense of belonging to the considered fuzzy set. The matrix 

of paired comparisons has the following properties: 𝑎𝑖𝑖 = 1

and 𝑎𝑖𝑗 =
1

𝑎𝑗𝑖
. The scale of Table 1 is used to formalize 𝑎𝑖𝑗

estimates. 

The resulting matrices are checked for consistency. To do 

this, the consistency index CI and the consistency ratio CR 

International Journal of Information and Education Technology, Vol. 15, No. 12, 2025

2615



  

are calculated for each of the matrices of paired comparisons: 

 𝐶𝐼 =  
𝜆m𝑎𝑥−𝑛

𝑛−1
,  (2) 

 𝐶𝑅 =  
𝐶𝐼

𝐶𝐼𝑆
 ,  (3) 

where 𝐶𝐼𝑆 is the average value of consistency as a random 

variable obtained experimentally, 𝜆m𝑎𝑥  is the largest 

eigenvalue of the matrix. For all matrices of paired 

comparisons, we achieve values of 𝐶𝑅 < 0.1, which gives 

grounds to speak about the consistency of the matrices. In 

cases of 𝐶𝑅 > 0.1, experts adjust their estimates. 
 

Table 1. Rating scale in the method of paired comparisons 

Scale element The expert’s judgment 

1 Equal importance (elements 𝒆𝒊 and 𝒆𝒋 must have the 

same degrees of belonging) 

3 Weak superiority of 𝒆𝒊 over 𝒆𝒋  

5 Weak superiority of  𝒆𝒊 over 𝒆𝒋  

7 The very strong superiority of 𝒆𝒊 over 𝒆𝒋  

9 The absolute (maximum possible) superiority of 𝒆𝒊 
over 𝒆𝒋 

2, 4, 6, 8 Intermediate values 

 

The desired vectors of the influence coefficients  𝛼𝑗𝑙
𝑖  and 

𝛽𝑗
𝑖 are determined by the formula for the matrices 𝐴: 

 𝜔𝑖 =
√∑ (𝑎𝑖𝑗)

𝑁
𝑗=1

𝑁

∑ ( √∑ 𝑎𝑖𝑗
𝑁
𝑗=1

𝑁
)𝑁

𝑖=1

,  (4) 

C. Determining the Parameters of a Fuzzy Model and 

Determining the Level of Mastery of the Student’s 

Competencies 

To determine the linguistic variable “Factor level”, we use 

the Dreyfus model [31] to describe competence levels. The 

model has five levels of competencies, which are: 

Unsatisfactory, Insufficient, Basic, Strong and Leadership. In 

our case: 

⚫ Unsatisfactory – the student does not have the necessary 

skills when he or she has not studied or when the student 

does not try to develop them and neglects the 

importance of those skills; 

⚫ Insufficient – the student tries to use the necessary skills 

included in the competence, understands their 

importance, but he or she does not always succeed 

correctly; 

⚫ Basic – the student’s level indicates sufficient 

knowledge of this competence; 

⚫ Strong – the level assumes a very good formation of 

skills within the framework of developing the 

competence necessary to solve complex tasks;  

⚫ Leadership – the student not only has a high level of 

competence, but also creates opportunities for the 

development of this competence in other students. 

To describe the state of the concepts of graph 𝐾𝑖, we define 

the linguistic variable “Factor level” and the term set of its 

values 𝑄𝐿𝑖 , consisting of five elements: 

 𝑄𝐿𝑖 = {
Unsatisfactory (E), Insufficient (D), Basic (C),

Strong (B), Leadership (𝐴)
} 

As a family of membership functions for  𝑄𝐿𝑖 , we use a 

five-level classifier in which the membership functions of 

fuzzy numbers given on the segment [0,1] ∈ 𝑅 are trapezoids:  

 {𝑋𝑋(𝑎1, 𝑎2, 𝑎3, 𝑎4)} ,  

where 𝑎1 and 𝑎4 are the abscissae of the lower, 𝑎2 and 𝑎3 are 

the abscissae of the upper base of the trapezoid. 

In our case 

{
 
 

 
 

𝐸(0; 0; 0.25; 0.55),

𝐷(0.25; 0.55; 0.6; 0.65),
𝐶(0.6; 0.65; 0.7; 0.8),
𝐵(0.7; 0.8; 0.85; 0.95),

𝐴(0.85; 0.95; 1; 1) }
 
 

 
 

 

Or in another form: 

𝜇𝐸(𝑥) = {

1              𝑖𝑓 0 ≤ 𝑥 < 0.25,
0.55 − 𝑥

0.3
   𝑖𝑓 0.25 ≤ 𝑥 ≤ 0.55,

 0                   𝑖𝑓 𝑥 > 0.55,

 

𝜇𝐷(𝑥) =

{
 
 
 

 
 
 

 0                   𝑖𝑓 𝑥 < 0.25,
𝑥 − 0.25

0.3
   𝑖𝑓 0.25 ≤ 𝑥 < 0.55,

1              𝑖𝑓 0.55 ≤ 𝑥 < 0.6,
0.65 − 𝑥

0.05
   𝑖𝑓 0.6 ≤ 𝑥 ≤ 0.65,

 0                   𝑖𝑓 𝑥 > 0.65,

 

 𝜇𝐶(𝑥) =

{
 
 

 
 

 0                   𝑖𝑓 𝑥 < 0.6,
𝑥−0.6

0.05
   𝑖𝑓 0.6 ≤ 𝑥 < 0.65,

1              𝑖𝑓 0.65 ≤ 𝑥 < 0.7,
0.8−𝑥

0.1
   𝑖𝑓 0.7 ≤ 𝑥 ≤ 0.8,

 0                   𝑖𝑓 𝑥 > 0.8,

  (5) 

 𝜇𝐵(𝑥) =

{
 
 

 
 

 0                   𝑖𝑓 𝑥 < 0.7,
𝑥−0.7

0.1
   𝑖𝑓 0,7 ≤ 𝑥 < 0.8,

1              𝑖𝑓 0.8 ≤ 𝑥 < 0.85,
0.95−𝑥

0.1
   𝑖𝑓 0.85 ≤ 𝑥 ≤ 0.95,

 0                   𝑖𝑓 𝑥 > 0.95,

  

 𝜇𝐴(𝑥) = {

0                   𝑖𝑓 𝑥 < 0.85,
𝑥−0.85

0.1
   𝑖𝑓 0.85 ≤ 𝑥 ≤ 0.95,

1                   𝑖𝑓 𝑥 > 0.95.

  

The use of the classifier allows moving from a qualitative 

description of the parameter level to a quantitative view of the 

corresponding membership function from a set of fuzzy 

trapezoidal numbers. 

The current values of the factors in the graph 𝐺𝑖 will be 

calculated using the formulas given below: 

  𝑅𝑂𝑗
𝑖 = ∑  𝛼𝑗𝑙

𝑖𝑚
𝑙=1  𝐷𝑗𝑙

𝑖 ,  (6) 

where 𝑚 is the number of disciplines affecting 𝑅𝑂𝑗
𝑖;  

𝛼𝑗𝑙
𝑖 ∈ [0,1]- is the coefficient of the effect  𝐷𝑗𝑙

𝑖  on 𝑅𝑂𝑗
𝑖 . 

∑  𝛼𝑗𝑙
𝑖𝑚

𝑙=1 = 1 ;  𝛼𝑗𝑙
𝑖  is the weight of each of the 𝑙 -th 

discipline in the formation  𝑅𝑂𝑗
𝑖  learning outcome. 

The competence of  𝐾𝑖 will be determined by the formula:  

 𝐾𝑖 = ∑ 𝛽𝑗
𝑖𝑛

𝑗=1  𝑅𝑂𝑗
𝑖,  (7) 

where 𝑛 is the number of learning outcomes affecting  𝐾𝑖 . 

∑ 𝛽𝑗
𝑖𝑛

𝑗=1 = 1 ; 𝛽𝑗  reflects the weight of each 𝑗 -th learning 

outcome on the formation of the i-th competence. 

The use of additive convolutions in formulas is because a 
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decrease in the score according to one of the criteria is 

compensated by an increase according to another criterion or 

even several criteria. 

As a result of calculations using the formulas given above, 

fuzzy numbers should be obtained. To do this, we use the 

similarity index to recognize them. 

The similarity index  Ω𝑖  for two fuzzy trapezoidal numbers

𝐴(𝑎1, 𝑎2, 𝑎3, 𝑎4) and 𝐵(𝑏1, 𝑏2, 𝑏3, 𝑏4) is found by the formula

C.H Hsieh:

 Ω𝑖 = 1/(1 + 𝑑(𝐴, 𝐵)), (8) 

where 𝑑(𝐴, 𝐵) = |𝑃(𝐴) − 𝑃(𝐵)|, moreover 𝑃(𝐴) =
𝑎1+2𝑎2+2𝑎3+𝑎4

6
and 𝑃(𝐵) =

𝑏1+2𝑏2+2𝑏3+𝑏4

6
 . 

IV. RESULT AND DISCUSSION

The data for analysis in the current study are extracted from 

the database of the Educational Portal of D. Serikbayev East 

Kazakhstan Technical University, which contains 

information on individual student curricula and learning 

outcomes. The construction of a cognitive map and 

assessment of the student’s competence is carried out on the 

example of the Educational program of the Bachelor’s degree 

“Information Systems”. 

At the first stage, we set a set of competencies, learning 

outcomes, disciplines and relationships. 

The set of competencies of the Educational Program 

“Information Systems” consists of 12 competencies. Three 

competencies are general education ( 𝐾1, 𝐾2, 𝐾3 ), four

competencies are basic competencies (𝐾4, 𝐾5, 𝐾6, 𝐾7), and

he remaining five competencies are formed as professional 

competencies (𝐾8, 𝐾9, 𝐾10, 𝐾11, 𝐾12).   In turn,  𝐾1 is formed

by two learning outcomes:  𝑅𝑂1
1 and  𝑅𝑂2

1. The contribution

to the formation  𝑅𝑂1
1  and  𝑅𝑂2

1  bring discipline

𝐷11
1 ,  𝐷12

1 , … ,  𝐷16
1 , the first result and  𝐷21

1 ,  𝐷22
1 , … ,  𝐷26

1  -

second learning outcome. The competence formation map 

with links between the concepts of graph 𝐺  is shown in 

Fig. 2. 

Next, let’s consider an example of calculating one of the 

competencies of 𝐾4 - “The ability to use the basic laws of

natural science disciplines in professional activity, apply 

methods of mathematical analysis and modeling, theoretical 

and experimental research” of a student enrolled in the 

Information Systems program in 2019. The student has the 

levels of mastering the result  𝑅𝑂1
4  – “Interpret various

physical concepts, laws, conduct experiments, generalize the 

results using the apparatus of mathematical and statistical 

analysis” in the following disciplines:  𝐷11
42 - “Mathematics 1”

corresponds to (0; 0; 0; 0.6; 0.4) ,  𝐷12
4  - “Mathematics 2”

(0; 0; 0; 0.7; 0.3) ,  𝐷13
4  “Mathematics 3” 

(0; 0; 0.9; 0.1; 0) ,   𝐷14
4  - “Physics” (0; 0; 0.6; 0.4; 0) .

Accordingly, the levels of mastering the result of  𝑅𝑂2
4  -

“Mathematically substantiate the formulation of the problem, 

use mathematical software in the design and development of 

an information system” in the disciplines  𝐷21
4  – “Modeling

of information processes” (0; 0.2; 0.8; 0; 0).  𝐷22 
4 – “Basics

of information systems” (0; 0; 0; 1; 0).  
Table 2 presents a pairwise comparison matrix to 

determine the weight coefficients of the disciplines 

contributing to the learning outcome  𝑅𝑂1
4.

Fig. 2. Cognitive map of the educational program “information systems”. 

Table 2. Matrix of paired comparisons of disciplines 

𝑫𝟏𝟏
𝟒 𝑫𝟏𝟐

𝟒 𝑫𝟏𝟑
𝟒 𝑫𝟏𝟒

𝟒 Product Norm 

𝑫𝟏𝟏
𝟒 1 1/3 1/5 1/5 0.339809 0.067481 

𝑫𝟏𝟐
𝟒 3 1 1/3 1/3 0.759836 0.150892 

𝑫𝟏𝟑
𝟒 5 3 1 1 1.96799 0.390813 

𝑫𝟏𝟒
𝟒 5 3 1 1 1.96799 0.390813 

Sum 14 7.333 2.533 2.53 5.035624 1 

To determine the weight coefficients  𝛼1𝑙
4 . Based on this

matrix, it is necessary to extract the fourth root of the products 

of the elements in each row, and then normalize the obtained 

values. The weight coefficients will be rounded to three 

decimal places: 𝛼1𝑙
4 = (0.067; 0.151; 0.391; 0.391).

To determine the consistency index, firstly, it is necessary 

to calculate the largest eigenvalue of the matrix by summing 

the products of the column totals of the pairwise comparison 

matrix and the corresponding weight coefficients 𝜆m𝑎𝑥 =
4.031397. The result is the consistency index. 

𝐶𝐼 =  
4.031397 − 4

3 − 1
= 0.0105. 

The consistency ratio, in the case of a matrix of dimension 

four 𝐶𝐼𝑆 = 0.9,  

𝐶𝑅 = 
0.0105

0.9
= 0.0116 < 0 , which describes the 
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coherence of the matrix. 

For the disciplines contributing to the outcome  𝑅𝑂2
4, the

weight are as follows: 𝛼2𝑙
4 = (0.6; 0.4).

Using the technique described above, we obtain the 

following results: 

for  𝑅𝑂1
4 vector (0; 0; 0.5865; 0.3414; 0.0721), received as

(0.067  0.151  0.391  0.391)(

0   0   0   0.6   0.4
0   0   0   0.7   0.3
0   0   0.9   0.1   0
0   0   0.6   0.4   0

). 

Similarly, we obtain a vector for 

𝑅𝑂2
4 (0; 0.12; 0.48; 0.4; 0).

For competence 𝐾4 , experts have determined the

weighting coefficients 𝛽𝑗
4 = (0.6; 0.4). Thus, we will have a

vector 𝐾4 for (0; 0.048; 0.5439; 0.36484; 0.04326).
Using the similarity index, we recognize the value of 𝐾4.

Calculating similarity indexes 

{0.638; 0.827; 0.944; 0.924; 0.823} , we will have the 

highest value of Ω = 0.944  for the linguistic variable 

Basic (C). 
       

 

To conduct a sensitivity analysis, the most common 

approach of changing one factor at a time (One-at-a-time) [34] 

is used.  In the example discussed above, one of the input 

variables is altered at a time, while the values of the other 

variables remain unchanged. The first step is to modify the 

variable value for the discipline 𝐷21
4  - “Information Process

Modeling” to the specified variable value 

Strong (B) (0; 0; 0; 1; 0) . As a result, a vector 

𝐾4 (0; 0; 0.3519; 0.6048; 0.0433), that is identified with a

similarity index Ω = 0.93 as a linguistic variable Strong (B) 

can be obtained. Changing the values of the variable 𝐷21
4 , the

minimum boundary value at which it is recognized as 

Strong (B) , equal to (0; 0; 0.525; 0.475; 0)  can be found. 

Thus, the variable makes a significant contribution to the 

development of the competence  𝐾4 . Conducting similar

studies for other variables related to the competence “Ability 

to apply fundamental laws of natural disciplines in a 

professional area, to use methods of mathematical analysis 

and modeling, as well as theoretical and experimental 

research”, it becomes clear that the most significant 

contributions to enhancing this competence come from the 

variables  𝐷21
4 , 𝐷13

4 , and 𝐷14
4 . However, no variable can be

disregarded because each variable contributes to forming the 

competence result. Sensitivity analysis was conducted for 

each competence to further explore the relationships between 

input variables and competencies. 

We checked how sensitive and reliable the model is using 

the Monte Carlo simulation method. To do this, we used the 

example described earlier. The simulation was done in 

Google Colab with the help of Python libraries such as pandas, 

numpy, and scipy.stats, tqdm, and pyfuzzylite for working 

with data, and matplotlib and seaborn for visualization. Using 

the Monte Carlo method, we generated 10,000 values for the 

concepts (these are the disciplines in the code, labeled C1 to 

C6). Then, we applied weighting coefficients to calculate the 

values of the resulting concepts  𝑅𝑂1
4,  𝑅𝑂2

4, 𝐾4 (in the code:

C7, C8, and K4). We also took into account that the concept 

values are fuzzy. The convergence graph of the average 

central value of competence 𝐾4  shows that the average

stabilizes pretty quickly — after about 2,000 to 3,000 Monte 

Carlo runs — and stays almost the same at around 0.66 (see 

Fig. 3). This means the model has good convergence and 

gives a stable average value for this competence 𝐾4.

Fig. 3. Convergence of mean 𝐾4 value. 

Statistics show that the average central value of 

competence 𝐾4 is around 0.66, with a standard deviation of

0.115 (Fig. 4). The standard deviation is relatively small, 

which means that the output values don’t vary too much. It 

can also be seen that the standard deviation is lower than that 

of the concepts used to form 𝐾4. All of this suggests that the

model is not highly sensitive to random changes in the input 

data. Overall, the model demonstrates a good level of 

reliability. 

Fig. 4. Statistics of concept values. 

Fig. 5. Spearman Rank Correlation of Weight Changes with 𝐾4. 

We assess the model’s sensitivity based on the correlations 

with the weighting coefficients  𝛼1𝑙
4 ,  𝛼2𝑙

4 , 𝛽𝑗
4  (Fig. 5). The

strongest impact on 𝐾4 comes from the first-level weighting
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Thus, the level of competence formation 𝐾4 is determined:

“The ability to use the basic laws of natural science 

disciplines in professional activity, apply methods of 

mathematical analysis and modeling, theoretical and 

experimental research” - Basic (C).



coefficients — in particular, W1_C1_2 and W1_C2_2 ( 𝛼12
4 ,

𝛼22
4  have a positive effect) and W1_C2_1 (  𝛼21

4  has a

negative effect). The second-level coefficient W2_K4_C8 

(𝛽2
4) also shows a notable negative influence.

The model was analyzed for sensitivity to the input data of 

concepts С1-С6 (Fig. 6). As mentioned earlier, these values 

were generated using the Monte Carlo method for  𝐷11
4  -  𝐷14

4 ,

𝐷21 
4 -  𝐷22 

4 . Changes in the second coordinate of vector  𝐷13
4

(delta_C3_1as well as the first and second coordinates of  𝐷14
4

(delta_C4_1 and delta_C4_0)), show the strongest positive 

influence on competence 𝐾4 . Changes in the input

parameters 𝐷21 
4 ,  𝐷22 

4  and  𝐷12
4  also have a noticeable impact.

We can conclude that the model is sensitive to certain first- 

and second-level weights, as well as to specific coordinate 

changes in  𝐷13
4  and 𝐷14

4 .

Fig. 6. Spearman rank correlation of input concept changes with 𝐾4. 

Experts initially assumed that  𝐷13
4  and 𝐷14

4  would be key

factors. The sensitivity analysis confirmed this assumption. 

Taking this into account, along with the model’s sufficient 

reliability, we can conclude that the model is trustworthy. The 

stage of building a competence achievement map of the 

educational program in this study was implemented as part of 

creating a Digital Profile for the university’s LMS [35]. 

A. “Digital Profile” Information System

As part of the study, an information system was developed 

for forming a student’s digital profile, within which the model 

described above for assessing the development of 

competencies was implemented. 

The information system was implemented in the 

educational portal of D. Serikbayev EKTU. The educational 

portal includes a database with many modules that contain the 

information necessary to create a digital profile of the student. 

Fig. 7 shows a diagram of the interaction of the existing 

modules of the educational portal with the developed 

information system for building a digital profile of the student. 

When analyzing the subject area of this study, we 

identified the following information objects required for the 

formation of a digital profile of a student: 

⚫ Educational program – contains information about

educational programs;

⚫ Disciplines – contains information about the disciplines

that are studied within the framework of some

educational program;

⚫ Competencies – contains information about the

competencies that are developed within the framework

of an educational program;

⚫ Learning outcomes – contain information about the

learning outcomes that are achieved by studying a

certain set of disciplines in the educational program and

determine the level of development of a certain

competence;

⚫ Students – contains information about the students of

the educational program and the results of training in the

disciplines of the selected educational program;

⚫ Scientific achievements – contains information about

the scientific achievements of students (publications,

participation in conferences, etc.);

⚫ Social achievements – contains information about the

student’s social achievements (participation in cultural

events, sports events, social networks, etc.).

Fig. 7. A model of interaction between the modules of the educational 

portal and the information system of the student’s digital profile. 

Fig. 8. Logical diagram of the student’s digital profile database. 

Based on the information objects identified above, we 

designed a database in which the listed information objects 

were implemented. The logical scheme of the implemented 

database is shown in Fig. 8. 

The presented database was physically implemented based 

on the Microsoft SQL Server 2017 database management 
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system. 

To use this database as part of this study, we also 

developed a web application that allows an authorized user to 

create: 

⚫ A directory of educational programs;

⚫ A list of developed competencies and learning outcomes

with weighting factors that result in a competency for an

educational program;

⚫ A list of disciplines of the educational program with an

indication of the weight factors for learning outcomes 

that are formed during the study of a particular 

discipline; 

⚫ A digital profile that includes the points obtained during

the study of the disciplines of the educational program,

as well as a list of scientific and social achievements.

The appearance of the developed web application is shown 

in Fig. 9. 

Fig. 9. Web application for creating a digital profile. 

The created web application 

(https://www.do.ektu.kz/Protected/DigitalProfile), based on 

the collected data and the assessment model, allows you to 

build a “Digital profile” of the student’s development of the 

competencies of the educational program. Fig. 10 shows the 

scheme of the algorithm for the formation of the specified 

digital profile of the student. 

Fig. 10. Diagram of the algorithm for building a digital profile. 

Fig. 10 shows the educational program’s competencies for 

each level that the student has achieved in this competency, 

including the calculated value of the level and the 

membership function. 

The algorithm for creating a digital profile, shown in Fig. 

10, includes four main components: 

⚫ System—this is part of the web application that requests

a student’s digital profile and shows the data on the

screen;

⚫ Student’s Profile—this part shows the digital profile of

a specific student. It includes information about how

well the student has achieved different competencies, as

well as their academic, scientific, and social

achievements;

⚫ Competency assessment—this component checks how

well the student has achieved each competency in their

study program. It uses the student’s grades and program

information to calculate the level of each competency

using the model described earlier;

⚫ Database—this part connects to the database and reads

all the needed data about study programs, students, and

their academic, social, and scientific results.

The resulting “Digital Profile” of the student is displayed 

as a separate page in the web application 

(https://www.do.ektu.kz/Protected/DigitalProfile/). The 

appearance of this digital profile is shown in Fig. 11. 

In addition, the web application provides a view of the 

achievement of competencies by all students of the 

educational program (Fig. 12), which allows an authorized 

user to assess the overall level of achievement of 

competencies of the educational program.  

The information system with the addition of the digital 

profile of students, helps assess the level of competency 

acquisition within educational programs. The digital profile 

is used to make decisions aimed at improving educational 

programs and monitoring the quality of student training. 

The students’ competency levels were analyzed using a 

model based on FCMs. This model was applied to form a 

digital profile for Information Technology (IT) students. A 

literature review indicates the use of different approaches to 

evaluate learning outcomes, including traditional academic 

performance, the ontological method [36, 37], and neural 

networks [38–40] and Bayesian approaches [41]. Traditional 

assessment methods reflect the level of students’ theoretical 
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and practical knowledge in individual disciplines, but they do 

not provide a comprehensive view of the degree to which 

their competencies have been developed. 

Fig. 11. Student’s digital profile page. 

Fig. 12. “Achievements of educational program competencies” page. 

Ontological models are one of the tools for structuring 

knowledge and organizing the educational process. Within 

the framework of the competence-based approach in 

education, the model allows for the formalization of goals, 

the establishment of connections between disciplines and 

skills, and the provision of adaptive management of 

educational trajectories [36]. However, ontological models 

rely on using clearly defined and unambiguous data, as well 

as formalized and objective knowledge. 

Neural networks are increasingly used in education [39]. 

These networks can detect complex patterns in large data sets, 

ensuring high evaluation accuracy. However, there are some 

limitations to their use: firstly, they are difficult to interpret, 

which can complicate the understanding of the evaluation 

process; secondly, for high accuracy, a large amount of 

training data is required; and thirdly, incorporating expert 

knowledge into neural networks can be challenging. 

Unlike existing methods for assessing the development of 

student competencies, such as cognitive diagnosis with 

hierarchical constraints (HCD), which primarily focuses on 

analyzing students’ knowledge within a hierarchy of concepts 

[42], or Bayesian models that utilize formalized rubrics and 

logical elements with uncertainty [41]. Our approach, on the 

other hand, is based on fuzzy cognitive mapping. This allows 

us to build a model that considers both the subjects being 

studied and the competencies being developed. Unlike 

models used in project activities, which rely on learning 

curves and “project scores” [43], our approach provides a 

way to quantitatively assess competency levels using fuzzy 

set theory. It also helps to visualize the connections between 
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different elements of the learning process. 

On the other hand, using FCMs allows for working with 

fuzzy, imprecise and contradictory data. Additionally, this 

approach enables the integration of expert knowledge into the 

model, which may be subjective and informal. For example, 

the same competency, developed across different disciplines 

and assessed by various instructors, may be evaluated on 

different scales that show contradicting results. In this case, 

applying fuzzy cognitive mapping tools allows for an 

objective assessment of the competency. Thus, the novelty of 

the developed model lies in the use of FCMs for a 

comprehensive evaluation of the level of competency 

formation in students, enabling the consideration of diversity 

assessment data and ensuring a more objective analysis. 

Despite the positive results obtained in the study, certain 

limitations remain. Although the study achieved positive 

results in implementing the model into the educational system, 

some limitations remain. Firstly, the limited sample size is a 

significant factor in this research: it covered 12 IT-related 

educational programs and included digital profiles of 263 

students. However, future plans involve scaling the model to 

programs of different levels to enhance the universality and 

reliability of the results. Secondly, the data collection period 

is limited to four years, which does not allow for a complete 

assessment of the long-term impact of the proposed model. 

Thirdly, the study lacks expert evaluation of the level of 

competency development, and therefore, plans include 

conducting employer surveys to include these data. 

V. CONCLUSION 

The study developed an intellectual model for assessing 

students’ competency development level based on a fuzzy 

approach. The methodology for constructing the intellectual 

model includes: building a cognitive map for the educational 

program; parametric identification of the cognitive map 

concepts; determining the parameters of the fuzzy model 

(linguistic variables, membership functions, similarity index 

calculation algorithm); assessing the level of competency 

acquisition by students; and constructing the competency 

achievement map for the educational program. The 

assessment of competency development is based on the five-

level Dreyfus model of competency. 

Over the past four years, an experimental verification of 

the model was conducted with IT students from EKTU named 

after D. Serikbayev. The study covered 12 IT-related 

educational programs and included digital profiles of 263 

students. For each competency of the educational program, a 

sensitivity analysis was carried out to gain a deeper 

understanding of the relationships between learning 

outcomes in the subjects and the competencies. 

The conducted study showed that the developed model for 

assessing the level of competency achievement in students 

allows for more accurate evaluation of the mastery of each 

individual competency compared to the assessment based on 

the Grade Point Average (GPA). This is achieved by 

incorporating special coefficients in the proposed model that 

determine the impact of each discipline and learning outcome 

on the level of achievement of a specific competency. In 

contrast, the GPA only provides an evaluation of the average 

level of achievement across the entire educational program. 

This can be seen in Fig. 12, which presents a summary of the 

assessment of each competency achievement and the overall 

GPA of the students. In this table, we divided the GPA into 5 

levels with the following value ranges: A = [3.67; 4], B = 

[2.67; 3.67), C = [1.67; 2.67), D = [1; 1.67), and E = [0; 1). 

As shown in the table, the GPA level corresponds to the 

average level of competency achievement. Therefore, the 

model we proposed allows for a more detailed assessment of 

each individual competency’s achievement level, rather than 

just the average level provided by the GPA. 

We created an information system and the ‘Digital Profile’ 

web application to test the developed competency assessment 

model for the study. We also created a new database to store 

the application data using the Microsoft SQL Server 2017 

DBMS. The web application includes the following 

components: a directory of educational programs, a list of 

disciplines with weight coefficients for learning outcomes, 

and a list of students and their achievements in academic, 

social, and scientific fields. Based on this data, the web 

application implements the construction of digital profiles for 

students using the proposed model, which allows for the 

assessment of the overall level of achievement of individual 

competencies within the educational program. 

The study provides results that demonstrate how students 

successfully achieve educational goals and develop key 

professional competencies. The integrated approach to the 

educational process, combining the competency-based 

method and intellectual technologies, also allows for an 

objective evaluation of student achievements, thereby 

improving the quality of the entire educational process. 
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