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The relevance of this study is predeter­
mined by the lack of models and algorithms for 
managing the formation of IT competencies in 
children of senior preschool age in the infor­
mation and educational environment of a pre­
school organization. The object of the study 
is the process of managing the formation of  
IT competencies in children of senior pre­
school age. The problem under study is the 
need to build an effective system for assessing 
and managing the level of IT competencies, 
taking into account the uncertainty and sub­
jectivity of assessments, as well as ensuring 
flexibility and adaptability of the process of 
developing competencies.

The constructed model based on fuzzy logic 
takes into account the uncertainty of assess­
ments and decomposes competencies into 
indicators of achievement (low, medium, high 
levels). The production model of knowledge 
representation based on fuzzy inference rules  
enables control adaptability. As a result, re- 
commendations were compiled for assessing  
and developing competencies taking into ac- 
count the individual characteristics of children 
and the educational environment.

The approaches and tools proposed in this 
study help improve the quality of preschool 
education by providing teachers with effective 
tools for managing the educational process in 
the context of digitalization. The essence of 
the results is to build a model that makes it 
possible to integrate uncertain and subjective 
data into the process of assessing IT compe­
tencies, providing more accurate and objec­
tive assessments.

The results could be used in the informa­
tion and educational environments of pre­
school organizations, as well as in education 
systems that introduce modern technologies 
for assessing and managing competencies
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1. Introduction

In the context of the rapid development of information 
and communication technologies (ICT) and their wide-
spread implementation in various realms of life, the forma-
tion of IT competencies in children of senior preschool age 
is of particular importance. Modern society requires a high 
degree of digital literacy from its members, which begins 
from a very early age. The relevance of this topic is due to the 
need to prepare the younger generation for life and work in 
the digital world, as well as to ensure equal opportunities for 
all children in access to quality education.

Research in the field of developing IT competencies in 
preschoolers is important for several reasons. First, learning 
basic digital skills early helps develop critical thinking, crea
tivity, and problem-solving abilities. Secondly, the integra-
tion of ICT into the educational process at the early stages 
ensures continuity and continuity between preschool and 
school education. This helps children adapt more easily to 
the school curriculum and provides a unified methodological 
approach to learning.

Construction of new models for assessing the quality of 
IT competencies in digital education of preschool organiza-
tions is a necessary step to ensure compliance with modern 
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educational standards, improve the quality of education, and 
effectively manage the educational process.

The practical significance of such research is in the de-
velopment of effective models and methods for assessing and 
developing IT competencies that can be used in preschool 
educational organizations. These models will improve the 
process of monitoring and managing the educational process, 
reduce labor and material costs, and improve the quality of 
the information provided. The introduction of such systems 
contributes to the construction of a transparent and targeted 
assessment system, which enables more effective interaction 
between teachers, children, and their parents.

In addition, the results of such studies could be used to 
compile recommendations and methods aimed at individua
lizing the educational process. This will take into account 
the unique characteristics and needs of each child, thereby 
providing a higher level of preparation for further education 
and life in a digital society. Thus, the topic of developing IT 
competencies in children of senior preschool age is not only 
relevant but also extremely important for providing complete 
and high-quality preschool education.

2. Literature review and problem statement

Paper [1] reports the results of a study on the use of cultural 
heritage in education through the introduction of digital tech-
nologies. The authors showed that developing students’ skills 
further contributes to sustainable education (SE). Drawing on 
findings collected through mixed methods, the paper contributes 
to the literature with a new conceptual model of learning that 
uses tangible and intangible cultural heritage and highlights the 
impact of digital cultural heritage as part of sustainable educa-
tion. However, the authors studied methods that allow adapting 
cultural heritage to digital technologies and did not consider 
methods for individualizing the learning process as a whole.

Work [2] describes an example of the use of educational 
platforms in primary education. Study [3] theocratizes the 
practice of teachers’ encounters with radical cases of digita-
lization. However, scalability issues are not reflected in these 
studies since only local experience is presented.

Paper [4] applied text mining and predictive modeling 
methods to a compilation of documents related to digitaliza-
tion in aesthetic, artistic, and cultural education as a proto-
typical, loosely defined, fragmented discipline. The authors 
identified hot spots for further predictive modeling. However, 
the authors note that the use of significance ratings for speci
fic text objects in the middle of an iterative procedure could 
have a weakening effect on the order of document checking.

Study [5] proposes and explores types of computational 
thinking, creative practices, design activities and opportunities 
for inclusive learning. The research of the authors is very deep 
but does not fully cover needs in studying the features of ma
naging the formation of competencies.

By reviewing unique data on early childhood learning and 
development [6], the authors provide clues to a better under-
standing of the cognitive and behavioral aspects of child psy-
chology. Although the detailed analysis methods used provided 
insight into students’ use of computational thinking concepts 
and practices, they were also extremely time-consuming to 
complete. And the study examines the features of developing 
the competencies of older children.

Study [7] assessed the impact of Thrive by Five content 
on caregivers’ knowledge, behavior, attitudes, and confidence; 

how content changes relationships at the family, community, 
and system levels; how cultural and contextual factors influ-
ence engagement and content effectiveness, and the processes 
that facilitate or hinder the success of adoption and dissemi-
nation. However, site-specific samples may be skewed towards 
those from higher socio-economic groups with greater access 
to digital technologies and/or from urban areas where digital 
infrastructure tends to be more developed.

Game-based learning, personalized education, and the 
use of multimedia resources open up new opportunities for 
interdisciplinary research, including education, psychology, 
computer science, and cognitive science [8]. However, the 
issues of assessing the formed competencies are not disclosed. 
An option to overcome the corresponding difficulties may be 
to formalize the evaluative approach to game-based learning.

Research in the field of professional development of 
teachers [9] reveals new requirements for the skills and com-
petencies of preschool teachers in the digital era. The study 
is very useful for understanding the principles and methods 
of preparing future teachers in the digital era.

One of the important global trends is the development 
of human capital and support for the digitalization processes 
of kindergartens and mini-centers, the achievement of qua
litatively new states in the field of education, where informa-
tion culture is defined as a strategic task. The current state 
of preschool education and training requires a decision on 
the development of the educational environment. Creating 
high-quality digital educational content for preschool child
ren is also a strategic and urgent task [10–13].

An example of building a model for the structure and 
representation of data in an information environment is 
described in [14, 15]. Of interest is the constructed logical 
model for analyzing information system data, as well as the 
role of decision makers. However, the study is focused on edu
cational organizations that have 2 or more corporate  infor
mation systems.

Work [16] is interesting in its approach to constructing  
a decision support model for assessing the quality of training, 
based on the use of the method of expert assessments and  
a criterion-based data analysis model. However, the limitations 
of using these approaches are the distance learning format and 
the impossibility of application for preschool organizations.

Work [17] discusses the development of a model for man-
aging data and information processes, which will make it pos-
sible to determine the learning outcomes of preschoolers and 
adjust individual work with them. Using this model will make 
it possible to automatically carry out calculations, save data 
and generate reports for each child or group of children in an 
individual card. The described model can be used in the infor-
mation and educational environment of preschool education 
organizations in order to increase the efficiency of monitoring 
and management of educational processes. It does not consider 
a model for assessing the level of development of competencies 
of children of senior preschool age. This paper is a logical con-
tinuation of the authors’ work on managing the formation of 
competencies of children in preschool organizations.

Work [18] reports a study on the development of a new 
methodology for assessing the level of development of stu-
dents’ competencies based on certification results using stan-
dard tools. The advantage of this technique is the use of fuzzy 
typing aggregation of the results obtained when students solve 
various assessment tasks, which makes it possible to take into 
account the uncertainty and variability of the data. However, 
the disadvantages are the possible difficulty of introducing this 
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procedure into practice and the need for additional training of 
teachers to effectively use the proposed approach.

Study [19] considers the concept of mathematical com-
petence, substantiating the relevance of the effective for-
mation and assessment of mathematical competencies using  
a fuzzy model. The advantage of the work is the development 
of objective criteria for determining quantitative and qualita-
tive indicators, as well as assessing the level of all components 
of mathematical competence. Disadvantages are related to 
difficulties in the practical application of the proposed model 
and the need for significant resources for its implementation 
and integration into the educational process.

In [20], the study considers the development of a model 
for analyzing information obtained as a result of monitoring 
student competencies, based on the concepts of a fuzzy set and 
a linguistic variable. The advantage of this model is the ability 
to reduce qualitative characteristics to a single unified form 
and operate them on a single universal set. Disadvantages are 
related to the complexity of implementing the model in prac-
tice and the requirement of highly qualified specialists for its 
correct application.

In [21], the study addresses the problem of optimizing 
the level of specialist training, formulated as a multicriteria 
nonlinear discrete programming problem. The advantage of 
the proposed approach is the use of the objective function in 
the form of a weighted arithmetic average, which provides 
the necessary degree of proportionality of the assessments of 
individual competencies specified by their reference (target) 
values. Disadvantages are related to the complexity of the 
mathematical model and the requirement of significant com-
puting resources to solve it.

Study [22] considers the original development of one of 
the soft models of fuzzy multiparameter assessment of compe-
tencies. The advantage of this work is a detailed description 
of the mathematical apparatus of the model, taking into ac-
count the requirements of fuzzy logic, which allows flexible 
and accurate assessment of competencies. Disadvantages 
may be the difficulty in applying the model in practice and 
the need for specialized knowledge to implement it.

Study [23] focuses on improving the system for assessing 
competencies described in the educational program of the 
specialty. The advantage of the work is the use of a hierarchi-
cal fuzzy model in the fuzzyTECH program, which enables 
high accuracy and flexibility of estimation. The adequacy of 
the proposed model is confirmed by statistical agreement with 
the results of certification of undergraduates. In addition, 
the model demonstrated that combining competencies in the 
process of writing and defending a master’s thesis leads to  
a synergistic effect. Disadvantages are related to the difficulty 
of integrating the model into existing educational processes 
and the need to train teachers to work with the new system.

Study [24] considers the use of a fuzzy logical approach to 
prioritize the importance of dimensions in a model for ranking 
employee competencies. The advantage of this approach is the 
ability to accurately determine key criteria that are important 
to employers. The study found that critical thinking and prob-
lem solving are the top criteria expected by employers in the 
Vietnamese labor market. Disadvantages are the difficulty of 
applying the fuzzy logic approach in different contexts and the 
need to adapt the model to the specificity of each labor market.

Study [25] considers the problem of quantitative assess-
ment of college students’ ability to intercultural communica-
tion. The strength of the study is the development of measures 
of intercultural competence and the establishment of factor 

indicators of intercultural competence. A fuzzy comprehen-
sive method for assessing intercultural competence was also 
constructed. The subjects of the study were second-year 
undergraduate students from various university majors, and 
a general assessment of intercultural communicative com-
petence was conducted to examine the differences between 
different groups of students. Disadvantages are difficulties in 
applying the developed method in practice and the need to 
adapt to the specificity of various educational contexts.

In [26], a fuzzy approach to assessing competencies in 
school is proposed, based on the structure and features of 
competency cards using a 2-tuple model. The advantage 
of this approach is the possibility of a more accurate and 
objective assessment of students’ competencies, taking into 
account their individual characteristics. It is also expected to 
provide guidance on the implementation of services for assess-
ing educational competencies, which will help teachers and 
school administrators effectively use the developed approach 
in practice. Disadvantages are difficulties in implementing 
this approach in a school environment and the need for addi-
tional training for teachers to work with new services.

From our review of the literature [18–26], it is clear that 
the development and application of fuzzy logic methods for 
assessing and managing competencies are actively evolving in 
various educational contexts. There has been significant inte
rest in the construction of mathematical and algorithmic mo
dels that allow for greater accuracy and flexibility in assessing 
the level of various competencies, including mathematical, IT 
competencies, and intercultural communication skills. These 
studies cover a wide range of educational levels, including 
higher and secondary education, and are aimed at optimizing 
assessment processes, as well as improving the effectiveness of 
educational programs. Thus, although the studies reviewed 
primarily focus on adult learners, they provide valuable metho- 
dological approaches and tools that can be adapted and ap-
plied in the context of early childhood education settings.

However, the emphasis in the above works is primarily on 
assessing the competencies of adult learners or students while 
the issues of developing and assessing competencies in preschool 
educational organizations remain less studied. This indicates the 
potential possibility and need to expand the application of the 
devised methods and approaches to the early stages of education.

The use of fuzzy logic methods in preschool educational 
organizations can offer new prospects for a more adaptive 
and individualized assessment of children’s development, 
taking into account their unique educational needs and de-
velopmental characteristics at an early age. This approach 
could provide a more accurate and flexible response to the 
educational needs of children, contributing to the effective 
formation of key competencies already in preschool age.

3. The aim and objectives of the study

The purpose of our work is to build a fuzzy model for man-
aging the formation of IT competencies, which will make it 
possible to assess the level of competencies of children of senior 
preschool age and support decision-making for the formation 
of the required level of both IT and general competencies.

To achieve this goal, it is necessary to solve the follow-
ing tasks:

– to construct a fuzzy logic model to assess the level of 
development of IT competencies, allowing us to take into 
account uncertainty and subjectivity in the assessment;
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– to build a production model for knowledge representa-
tion that provides adaptability and flexibility of the process 
of managing the formation of IT competencies;

– to offer recommendations for decision-making when 
assessing and developing competencies.

4. The study materials and methods

The object of our study is the process of managing the 
formation of competencies in children of senior preschool age.

The subject of the research is mathematical and algorith-
mic support for the information and educational environment 
of a preschool organization.

The main hypothesis of the study assumes that the introduc-
tion of a fuzzy model for assessing the level of development of IT 
competencies, in combination with a production model of know
ledge representation, developed on the basis of fuzzy inference 
rules, will improve the efficiency of the process of managing the 
formation of IT competencies in children of senior preschool age.

Assumptions accepted in the work:
– the information and educational environment of a pre-

school organization must have flexibility and adaptability to 
integrate fuzzy logic methods and production models into the 
management and evaluation process;

– a fuzzy model and a production model of knowledge 
representation will provide for increased accuracy and objec-
tivity in assessing the level of development of IT competen-
cies, which contributes to more effective individualization 
and adjustment of the educational process.

The study was focused on developing and testing a fuzzy 
model for managing the process of developing IT competencies 
in preschool institutions. The research used methods of system 
analysis, control theory, mathematical modeling, and fuzzy logic.  
To implement the model, MATLAB software and Fuzzy Logic 
Toolbox were used, which made it possible to build a detailed 
simulation model of process control. Experiments to validate 
the model were carried out in a controlled educational envi-
ronment, in which the interaction between process participants 
and the system was analyzed. Validation of the model included 
checking its ability to adequately assess and predict the level of 
IT competencies based on real data obtained from teachers and 
children, which made it possible to evaluate the effectiveness of 
the proposed solutions under real conditions. Research methods:

– system analysis for a comprehensive study and assess-
ment of the processes of developing IT competencies and 
their impact on the educational process;

– management theory to determine the best management 
strategies in the context of developing IT competencies;

– mathematical modeling and fuzzy logic for the develop
ment and testing of a fuzzy model for assessing the level of 
development of IT competencies;

– expert methods and methods for formalizing the repre-
sentation of knowledge to build a production model based on 
the rules of fuzzy inference.

5. Research results – construction of a fuzzy model  
for managing the process of forming IT competencies

5. 1. Building a fuzzy logic model to assess the level of 
development of IT competencies

The main hypothesis of the study assumes the introduc-
tion of a fuzzy model for assessing the level of development of 

IT competencies, in combination with a production model of 
knowledge representation. This model was built on the basis 
of fuzzy inference rules and could improve the efficiency of 
the process of managing the formation of IT competencies in 
children of senior preschool age.

In the republican education system, an approach corre-
sponding to the Bologna practice [27] is widespread, based on 
assessing the maturity of competencies by introducing levels 
and criteria for this maturity. One of the main methods for im-
plementing this approach is the decomposition of competencies 
into indicators of achievement of competencies. This, in turn, is 
a set of characteristics that clarify and reveal the formulation 
of competence in the form of learning outcomes and/or specific 
actions performed by the graduate. After mastering these com-
petencies, which, according to them, should be measured using 
the means available in the educational process [28].

In world practice, so-called descriptors are used to mea-
sure indicators of achievement of competencies, which in 
general can be defined as qualitative assessment criteria that 
describe the level of manifestation of the indicator of achieve-
ment of competencies (low, medium, high). This provides 
grounds for determining the degree of development of the 
student’s competencies.

The most widely used are the Dublin descriptors, de-
veloped with the aim of systematizing level descriptors in 
different countries, in the form of characteristics of know
ledge, skills, and abilities that a graduate of an educational 
organization should have [29].

Most authors and developers of educational programs 
identify descriptors with learning outcomes. At the same 
time, Bloom’s taxonomy is most often used to formulate de-
scriptors, reflecting learning outcomes through knowledge, 
skills, and abilities.

Fig. 1 shows a diagram of the description and formation 
of competencies.

K

d1

d2

d3

M1
M2

M3

M4

M5

M6

M9

M8

M7

 

 
Fig. 1. Descriptive description of competencies: 	

K – competency; d1 – knowledge tested in children; 	
d2 – skills tested in children; d3 – skills (proficiency) tested 

in children; M1 – knows; M2 – answers with a hint; 	
M3 – doesn’t know; M4 – can do it independently; M5 – can 

with support; M6 – can’t; M7 – automatic; M8 – basic; 	
M9 – not formed

The descriptor describes some activity that the subject 
exhibits in relation to control objects determined by the 
learning results. Consequently, it is advisable to formulate  
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descriptors taking into account the 
formulations of the assessed learning 
outcomes, by which we mean the tradi-
tional elementary ones: know, be able to,  
master. When making this connection 
when developing assessment tools for 
educational activities, the teacher edu
cator (expert), as a rule, experiences 
some uncertainty in classifying certain 
tasks as competencies. Repeated moni
toring and a large number of subjects 
in educational activities do not always 
allow this to be carried out unambigu-
ously. Thus, fuzzy uncertainty inevitably 
arises here, the accounting and process-
ing of which turns out to be a necessary 
stage in solving the problem of assessing 
the maturity of competencies.

The use of fuzzy logic to manage the 
process of developing competencies can 
be justified by the following factors and 
advantages:

1. Taking into account uncertainty: the formation of 
competencies is often associated with many uncertain fac-
tors, such as the level of knowledge and skills of students, the 
learning context, individual characteristics, etc. Fuzzy logic 
makes it possible to effectively take into account this uncer-
tainty and work with fuzzy and unstructured information.

2. Linguistic assessments: competencies are often cha
racterized by linguistic terms such as «good», «average», 
«advanced», etc. Fuzzy logic allows such fuzzy and linguistic 
assessments to be dealt with, making it suitable for describing 
competencies.

3. Multi-criteria analysis: assessment of competencies 
usually includes consideration of several criteria, such as 
knowledge, skills, level of adaptation to new situations, etc. 
Fuzzy logic allows taking into account multiple criteria and 
their interaction in the process of developing competencies.

4. Adaptability and flexibility: fuzzy control systems are 
able to adapt to changing conditions and context. This is 
important in the area of competency development, where 
requirements and expectations may change over time.

5. Expert knowledge: competency assessors often use 
unclear terms and opinions. Fuzzy logic makes it possible to 
take into account expert knowledge and preferences in the 
competency management process.

6. Managing fuzzy goals: fuzzy logic can be used to man-
age fuzzy goals for competency building. This allows for 
more flexible adaptation of training to the individual needs 
of students.

7. Modeling complex relationships: competencies may 
depend on complex relationships between various factors. 
Fuzzy logic makes it possible to model and take into account 
such relationships.

Taking into account all the above circumstances, it is 
necessary to construct a model for assessing the formation 
of IT competencies under conditions of fuzzy uncertainty of 
assessment criteria.

Current research [30] has shown that fuzzy uncertainty, 
including in the field of education, can be taken into account 
and effectively processed through the use of mathematical 
methods of fuzzy logic.

The production model for managing the process of form-
ing IT competencies is shown in Fig. 2.

The task of fuzzy inference [31] in modeling the process 
of managing the formation of competencies is to use fuzzy 
logic for decision making and forecasting in the context of 
the formation of IT competencies.

The key stages of the fuzzy inference modeling task in 
managing the process of developing competencies include: 
linguistic variables: in the context of developing IT compe-
tencies, linguistic variables include the following variables: 
let T1 be a task that makes it possible to form the level of 
proficiency in some competency K1. Let us assume that the 
formation of competence K1 consists of descriptors d1, d2 and 
d3 characterizing the complexity of the task: respectively, 
representing Knowledge, Abilities and Skills (proficiency). 
For example, IT competency K = «use standard shapes to  
create an image» depends on the components d1 = «know
ledge of standard shapes to create an image», d12 = «ability to 
use standard shapes» and d13 = «skill to use standard shapes 
to create images». Variable M – expert assessments of tasks.  
U – assessment of the level of competence development, rep-
resented according to formula (1):

M Uf → ; 

M = {Mm};

U = {U1, U2, U3}.	 (1)

This transformation transforms the set M into the set U, 
where i is the competency number.

In this problem, the input parameters are taken into ac-
count not in an exact measurement but in a certain range of 
values with corresponding linguistic terms. Table 1 defines 
the input parameters (variables d1, d2 and d3) and output 
parameters (variable U) as follows.

Membership functions: for all input and output vari-
ables K and U, a Gaussian membership function was chosen 
during the modeling process. It is well suited for approximat-
ing complex distribution shapes when the data is smoother, 
used to smoothly model data distributions and account 
for large degrees of uncertainty. Often used in control and 
modeling problems in which accuracy and smoothness are 
needed. The general form of the Gaussian type of member-
ship function is represented in formula (2):

K1
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...
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Fig. 2. Management model for the formation of IT competencies based 	
on fuzzy inference: K1 – formulated competence, di – competence descriptors, 	

Мi – expert assessments of tasks, U – assessment of the level 	
of competence development
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MF
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= −
−



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









exp
j

2

,	 (2)

where the parameter c denotes the center of the fuzzy set, and 
j is responsible for the functions.

Table 1

Linguistic terms of input and output variables

Variable Term-set

d1 – Knowledge
{doesn’t know; answers 

with a hint; knows}

d2 – Capabilities 
{can’t; can with support; 
can do it independently}

d3 – Skills
{not formed; basic;  

automatism}

U – Level (of competence formation) {low; average; high}

The membership function for variables may take the fol
lowing form:

[Input1]
Name='Knowledge'
Range=[0 1]
NumMFs=3
MF1=’doesn’t know’:’gaussmf’,[0.2123 4.627e-18]
MF2=’answers with a hint’:’gaussmf’,[0.2123 0.5]
MF3=’knows ‘:’gaussmf’,[0.2123 1]
[Input2]
Name=’Capabilities’
Range=[0 1]
NumMFs=3
MF1=’can’t:’gaussmf’,[0.2122 9.253e-18]
MF2=’can with support’:’gaussmf’,[0.2121 0.5]
MF3=’ can do it independently ‘:’gaussmf’,[0.2122 1]
[Input3]
Name=’Skills’
Range=[0 1]
NumMFs=3
MF1=’not formed’:’gaussmf’,[0.2123 1.388e-17]
MF2=’basic’:’gaussmf’,[0.212 0.5007]
MF3=’automatism’:’gaussmf’,[0.2123 0.9947]
[Output1]

Name=’Level’
Range=[0 1]
NumMFs=3
MF1=’low’:’gaussmf’,[0.07077 0.1667]
MF2=’average’:’gaussmf’,[0.07077 0.5]
MF3=’high’:’gaussmf’,[0.07077 0.8333].

5. 2. Construction of a production model for knowl-
edge representation that enables the process of managing 
the formation of IT competencies

Formulation of fuzzy rules: experts or preschool teachers 
can create rules of the form «if (level of knowledge) Low  
and (skills) Average, then (competencies) Insufficient». 
These rules describe what conclusions to draw based on data 
and expert knowledge.

In a Mamdani-type model [32], the relationship between 
inputs K = (d1, d2, d3) and output U is determined by a fuzzy 
knowledge base using the operations ∪ (OR) and ∩ (AND) 
and in general it takes the following form:

IF(d1 is a j
1 ) and (d2 is a j

2) and (d3 is a j
3) then U is bn

j . 

For the aggregation of fuzzy rules, the following imple-
mentations are most often used: for the OR operation – 
finding the maximum, for the AND operation – finding the 
minimum.

At the initial stage of modeling, basic rules were formu-
lated using the AND operation. The generation of rules is 
shown in Fig. 3.

The next stage of the design was the development of 
all possible cases of variants of input variables involving all 
terms with the exception of combinations that are meaning-
less and do not affect the resulting surface of the fuzzy model. 
Aggregation of rules was carried out using the AND opera-
tion – finding the minimum is presented.

Table 2 gives the Rule Base for the production model.
The software implementation of these rules using the 

Fuzzy Logic Toolbox package of the MATLAB software is 
shown in Fig. 4.

Defuzzification: After aggregating fuzzy outputs, they are 
converted into concrete numerical values or linguistic terms 
that can be used for decision making. The clear output value 
corresponding to the input vector is determined as a result of 
defuzzification of the fuzzy set. 

   
Fig. 3. Basic rules of the production model
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The study uses defuzzification using the 
center of gravity method, represented by 
formula (3):

y
y y y

y y

r

r

=
( )

( )
∫
∫
min

max

min

max ,
µ

µ

d

d
	 (3)

where µr(y) is the resulting membership 
function obtained by summing the partial 
truncated membership functions µ j

r y( ), ob-
tained when the j-th rule was triggered [33].

Performing fuzzy logical inference with 
the values of the input variable d1 = 0.652, 
d2 = 0.676, d3 = 0.77, then the result of calcu-
lating the model is u = 0.624 in accordance 
with Fig. 5.

The surface of the fuzzy model for the rule 
base in the context of Knowledge and Skills is 
shown in accordance with Fig. 6.

The surface of the fuzzy model for the 
rule base in the Skills and Knowledge sec-
tion is shown in Fig. 7.

Understanding the surface in question 
allows one to determine which combinations 
of knowledge and skills most effectively con-
tribute to the development of competencies. 

Table 2
Production model rule base

No. of entry Knowledge Capabilities Skills Level

1 Does not know Can not Not formed Low

2 Does not know Can not Basic Low

3 Does not know Can not Automatism –

4 Does not know Can with support Not formed Low

5 Does not know Can with support Basic Low

6 Does not know Can with support Automatism Low

7 Does not know Can do it independently Not formed Low

8 Does not know Can do it independently Basic Low

9 Does not know Can do it independently Automatism Average

10 Answers with a hint Can not Not formed Low

11 Answers with a hint Can not Basic Low

12 Answers with a hint Can not Automatism Average

13 Answers with a hint Can with support Not formed Low

14 Answers with a hint Can with support Basic Average

15 Answers with a hint Can with support Automatism Average

16 Answers with a hint Can do it independently Not formed Average

17 Answers with a hint Can do it independently Basic Average

18 Answers with a hint Can do it independently Automatism High

19 Knows Can not Not formed Low

20 Knows Can not Basic Average

21 Knows Can not Automatism Average

22 Knows Can with support Not formed Average

23 Knows Can with support Basic High

24 Knows Can with support Automatism High

25 Knows Can do it independently Not formed High

26 Knows Can do it independently Basic High

27 Knows Can do it independently Automatism High

 
Fig. 4. Production model rule set
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For example, if the surface shows that at low levels of 
knowledge, increasing skills does not lead to significant 
improvements in competencies, this may indicate that 
without basic knowledge, practical skills are ineffective. 
This information can be used to develop training programs 
that emphasize the balance between knowledge and skills. 
It may be advisable to adjust curricula to focus on building 
critical knowledge first before moving on to practical skills.

5. 3. Recommendations for making decisions when 
assessing and developing competencies

Decision making: Based on defuzzied conclusions 
and expert knowledge, decisions can be made regarding 
the competency development management process. The 
interpretation through the developed model is as follows:

1. High level of development of digital competencies 
in children 5–6 years of age. These levels are as follows:

– knowledge: memory of facts and information;
– skills (comprehension, application): understand-

ing the meaning and interpreting information. Applying 
knowledge and understanding to new situations;

– skills (analysis, synthesis, and evaluation):
a) decomposing information into components and 

identifying relationships;
b) creating new information or ideas from exist-

ing  ones;
c) assessing, comparing, and making decisions based 

on information;
d) if the child can evaluate and compare different digi-

tal resources (for example, games or applications) in terms 
of their usefulness, quality, or developmental potential;

e) if the child can make decisions about which digital 
tool or resource to use in a particular situation and ex-
plain their choice;

f) if the child can critically evaluate information 
received from digital sources and distinguish between 
reliable and unreliable sources;

g) if the child is able to use digital technologies to 
solve problems and problems, and to create creative con-
tent such as drawings, cartoons, or stories.

Assessing digital competencies in children requires 
special attention to their development and abilities. The 
assessment approach should be tailored to the age and 
skill level of each individual child.

2. The average level of achievement of digital com-
petencies by a preschooler will depend on the specific  
goals of the task and organized activity, including criteria 
such as:

– knowledge: at this level, a preschooler can demon-
strate knowledge of basic concepts and terms in the field 
of digital competencies. For example, he can explain what 
a computer, mouse, keyboard, screen, etc. are.

– skill (understanding, application):
a) understanding: Here the child can demonstrate an 

understanding of how some digital devices and tools work. 
For example, s/he can explain what you need to do to turn 
on the computer, how the touch screen works, and what its 
function is.

b) application: this level involves the use of digital 
competencies in practical situations. For example, a child 
can demonstrate that they can turn on a computer, open  
a game or application, and begin using it.

The average level will depend on how successfully 
the child completed the tasks on each of the knowledge, 

  
Fig. 5. Example of fuzzy inference rules implementation

 
Fig. 6. Surface of a fuzzy model for a rule base in the context of 

Knowledge and Skills

 
Fig. 7. Surface of a fuzzy model for a rule base in the context 	

of Skills and Knowledge
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skills, and abilities presented above. The specific criteria for 
establishing the average score will depend on the context 
and purpose of the assessment and can be developed by the 
educator according to the monitoring conditions.

3. In terms of developing digital competencies, the fol-
lowing assessment criteria correspond to a low level:

– knowledge:
a) if the child cannot name or identify basic digital devi

ces, such as a computer, tablet, smartphone;
b) if the child does not know the names or functions of the 

main interface elements (for example, buttons, screen, mouse).
– skills (understanding, application):
a) understanding:
1) if the child cannot explain how to use simple programs or 

applications, such as drawing or playing games on the computer;
2) if the child cannot explain basic digital security con-

cepts, such as the need to use passwords or not disclose 
personal information;

b) application:
1) if the child cannot use his digital skills to solve sim-

ple problems, such as creating a drawing on a computer or 
searching for information on the Internet;

2) if the child cannot use simple programs for play or enter
tainment.

6. Discussion of results of the study on building  
a fuzzy model for managing the process of forming  

IT competencies

Our developed fuzzy logic model allows us to take into 
account uncertainty and subjectivity in assessment. This is 
due to the use of linguistic variables and membership func-
tions that reflect the variability of scores, as shown in Table 1 
and formula (2). For example, the knowledge variable (d1) 
has the terms «low», «medium», «high», which allows us to 
more accurately account for differences in assessments. The 
use of a Gaussian membership function (2) provides a smooth 
modeling of the data distribution, which better accounts for 
the degree of uncertainty. Fig. 1 shows how different levels 
of knowledge, skills (d1, d2, d3) affect the overall assessment 
of the level of competence (U). Unlike traditional methods, 
which can use rigid and limited assessment criteria, the pro-
posed model allows taking into account many factors, such 
as knowledge, skills, and abilities. This is possible thanks to 
the use of fuzzy logic, which makes the model more flexible 
and adaptive. In addition, the presented model allows work-
ing with linguistic assessments such as «good», «average», 
«advanced», which makes it suitable for describing compe-
tencies. Unlike studies that used strict criteria (for example, 
fixed scores), the proposed model provides a more accurate 
assessment by taking into account expert knowledge and 
subjective opinions. The fuzzy logic model solves the problem 
of uncertainty and subjectivity of assessment. It allows for 
individual differences and learning context to be taken into 
account, making assessment more personalized and accurate. 
This is explained by the use of membership functions and 
fuzzy logic rules, which make it possible to achieve higher 
levels of accuracy and reliability of the assessment (Table 3).

The solution to the problem of developing a production 
model for knowledge representation is based on «if-then» 
rules and enables adaptability and flexibility of the process of 
managing the formation of IT competencies. This allows the 
system to dynamically respond to changes in the educational 

environment and the individual needs of students (Fig. 2). 
Unlike static models, the production model allows rules to be 
dynamically changed and updated depending on current con-
ditions and context. In the proposed model, production rules 
provide high adaptability and flexibility, which is confirmed 
by the data in Fig. 4. The production model solves the prob-
lem of insufficient adaptability of the educational process. 
It allows dynamic adaptation to children’s individual needs 
and changing conditions, which significantly increases the 
effectiveness of the learning process.

Offering recommendations for decision-making when as-
sessing and developing competencies is based on modeling and 
analysis of data obtained using the developed models. This enab- 
les high validity and accuracy of recommendations (Table 2  
and formula (3)). Unlike traditional recommendations, which 
may be based on outdated data and fixed techniques, the pro-
posed recommendations are dynamically updated and based 
on fuzzy logic. This makes it possible to receive more accurate 
and relevant recommendations, which is confirmed in Fig. 6, 7. 
Recommendations for decision making solve the problem of  
insufficient validity and accuracy of management decisions. 
They are based on dynamic analysis and modeling, which makes 
it possible to make more informed and accurate decisions.

Our model makes it possible to reflect the process of de-
veloping competencies through an individual map of the infor-
mation and educational environment and provides assessment 
of three-stage monitoring when managing the educational 
process of a preschool organization. An individual card as a data 
management tool for the information and educational environ-
ment of a preschool organization makes it possible to determine 
the results of the educational process and adjust individual 
work with children 5–6 years of age.

To monitor children with special education needs, it is 
recommended to adapt the criteria in accordance with the 
Standard, in which standard, educational, special, individual/
adapted educational programs that meet the educational needs 
of the child are used when raising and teaching children with 
special needs and disabilities. Monitoring in different age 
groups is carried out in accordance with the age of the children.

Thus, it is possible to effectively organize the educatio
nal process with the whole group and individually with the 
child in order to determine the children’s assimilation of the 
content of the program. Acquisition of skills using one’s own 
knowledge, as well as the level of achievement of the expec
ted result by children and the teacher and plan upcoming 
work according to the child’s individual development map.

Carrying out monitoring in accordance with the indica-
tors of each criterion allows it to be carried out realistically. 
It helps to see the full result of mastering the content of the 
curriculum of the entire group and achieving its goal. Their 
full development and disclosure of potential on the basis of 
universal and national values, taking into account the inte
rests, characteristics and needs of each child.

Using monitoring to assess IT competencies in preschool 
institutions allows one not only to assess the current level of 
knowledge and skills of children but also to track the dynamics 
of their development. The monitoring results demonstrate the 
effectiveness of the introduction of multimedia technologies 
and specialized educational programs, confirming that chil-
dren are becoming more competent in using digital resources.

The main advantage of this study is the systematic ap-
proach to assessing and developing IT competencies in chil-
dren using fuzzy logic to adapt curriculum to the individual 
needs of the child. This distinguishes the study from similar 
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approaches, in which such individualization may not be as 
pronounced.

Despite its successes, the study has a number of limita-
tions. For example, the results depend on the quality and 
completeness of the monitoring, as well as on the objectivity 
of expert assessments. In addition, the influence of socio-eco-
nomic factors and the home educational environment on the 
monitoring results was not considered in this work.

One limitation is the limited sample size, which may af-
fect the generalizability of the results. Also, the use of fuzzy 
logic requires a more in-depth analysis of the influence of the 
choice of membership functions and defuzzification methods 
on the evaluation results.

Further development of the study could include ex-
panding the experimental framework, including additional 
variables in the analysis, such as social and cultural contexts. 
An important direction is also the development and testing of 
more complex fuzzy logic models that can account for diverse 
and often conflicting data on competency development.

Our developed fuzzy logic model and production model 
of knowledge represent significant progress in assessing and 
developing IT competencies in preschool children. Their 
advantages are in taking into account uncertainty and sub-
jectivity, flexibility in managing the educational process, and 
improving the quality of education through individualization 
of the educational process. However, implementation of 
these models may prove challenging due to teacher training 
requirements, difficulty adapting to specific contexts, and 
the need for additional resources. However, these models 
promise significant contributions to advancing education 
and preparing children for the digital age.

7. Conclusions 

1. Our constructed fuzzy logic model for assessing the 
level of development of IT competencies demonstrates sig-
nificant potential in taking into account the uncertainty and 
subjectivity characteristic of the process of assessing the com-
petencies of preschool children. The use of fuzzy logic makes 
it possible to work with linguistic variables and multi-cri-
teria analysis, which makes the assessment more flexible 
and adaptive to the individual characteristics of children.  
Expert assessments and linguistic terms are introduced into 
the modeling process, simplifying the interpretation of the 
results, and making them more understandable for teachers 
and parents. Gaussian membership function and center of 
gravity defuzzification contribute to the accuracy of the con-
clusions and their practical relevance.

2. The production model of knowledge representation, 
which provides for adaptability and flexibility in manag-

ing the formation of IT competencies, is a significant step 
towards creating a dynamic and reactive educational en-
vironment. The formulation of fuzzy rules allows teachers 
and developers of educational content to create conditions 
for individualizing the educational process, taking into ac-
count the diversity of levels of training and preferences of 
students. The model promotes closer integration of expert 
knowledge into the educational process, increasing its qua
lity and efficiency. Software implementation of the model in 
the MATLAB environment and subsequent defuzzification 
of the conclusions serve as a powerful tool for optimizing 
educational strategies.

3. The proposed recommendations for making decisions 
based on the results of assessment and development of com-
petencies could significantly increase the efficiency of the 
educational process. Interpretation of defuzzified findings, 
combined with expert knowledge, provides the basis for the 
development of individual and group educational plans. This 
promotes a more conscious approach to children’s learning 
and development, allowing for an integrated approach to 
the formation and development of key competencies. The 
introduction of these recommendations into the practice of 
preschool education could significantly improve the quality 
of children’s preparation for school, as well as support their 
intellectual and creative development.
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