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Abstract. Within the framework of systemic digitalisation of education, the task of assessing the effectiveness of new
pedagogical tools has become critically relevant. This article was devoted to the experimental verification of the impact of
electronic educational resources (EERs) on the quality of mathematics training among primary school students. The main
purpose of the study was to determine the effectiveness of a methodology for teaching mathematics that integrates digital
technologies. The research was conducted in the format of a pedagogical experiment during the 2022-2024 academic years at
Secondary School No. 8 in Bishkek. In the course of the experimental work, specially developed lesson models incorporating
multimedia presentations and specialised EERs such as IBILIM, LearningApps and Komodo were introduced into the
learning process. The BaalooApp application was used to monitor skill development and conduct formative assessment.
The effectiveness of the experiment was evaluated by analysing and comparing diagnostic and final assessment data. The
analysis confirmed an improvement in mathematics training outcomes in the experimental groups. Compared with the
baseline and control indicators, the quality of students’ knowledge who used EERs increased by 20%. This demonstrates
that the integration of digital resources and interactive teaching methods can significantly enhance the acquisition of
mathematical knowledge and skills. The findings of the study revealed high effectiveness of the developed methodology
employing electronic educational resources. It was established that systematic and methodologically grounded use of
EERs not only increases students’ motivation but also ensures a qualitative leap in the development of mathematical and
information competences, which holds significant practical value for the further modernisation of the educational process
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Implementation of mathematical training...

H INTRODUCTION

In connection with the rapid penetration of digital technol-
ogies into all spheres of life and the changes taking place
in the world, the Kyrgyz Republic has taken steps to adapt
the education system to the needs of the digital economy,
namely, work has begun on updating curricula at all levels
of secondary education, secondary specialised education
and higher professional education. The digitisation of ed-
ucation is taking place, affecting not only administrative
issues but also the application of digital technologies in the
educational process. At the secondary school and universi-
ty levels, the Smart School programme is being implement-
ed, which is a comprehensive programme for the introduc-
tion of digital technologies into the educational process,
consisting of four main components: the development of
teachers’ information literacy and students’ digital skills,
the development of digital educational content, and the de-
velopment of ICT infrastructure in schools and universities.

E. Egorova (2020) noted that the process of digiti-
sation of education includes such promising innovative
technologies as artificial intelligence (AI), virtual real-
ity and blockchain, which enable students to develop a
wide range of social skills necessary in a digital society.
As pointed out by N. Kaidieva et al. (2023), the forma-
tion and improvement of the information competencies of
teachers, pupils and students will create conditions for the
widespread introduction of digital educational resourc-
es into the teaching of various subjects. The capabilities
of modern information and communication technologies
in the educational process allow teachers, students and
pupils to use digital educational resources. For example:
educational presentations, tests, electronic teaching aids,
interactive exercises on various subjects, training pro-
grammes, digital games, etc. These digital resources can
be used by both pupils and students under the guidance
of a teacher, allowing them to develop and improve their
practical skills. Information and digital literacy is becom-
ing a key component of professional success for teachers,
as it promotes the integration of innovative approaches to
teaching and allows teachers to adapt their methods to the
needs of modern students who are growing up in a digital
environment (Kiryanova, 2024). With the help of digital
technology resources, teachers can solve the following
tasks: increase the intensity of the lesson, increase the mo-
tivation of pupils and students, monitor their progress in
learning and adjust the learning process.

Developing the creative abilities and creative thinking
of pupils and students is one of the main tasks of educa-
tion, and digital technologies are one of the solutions to
this problem (Aliev et al., 2025). It is impossible to imagine
the modern world without digital technologies; they have
penetrated all spheres of human activity and have a sig-
nificant impact on educational processes. Digital technolo-
gies expand access to education, making it more accessible
to people from different social strata and with different
backgrounds (inclusive education). The use of digital tech-
nologies enriches the learning process by providing new
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teaching methods, interactive learning materials and tools
for individualising learning (Mambetakunov, 2021).

The formats of virtual and augmented reality open up
promising opportunities for teaching various disciplines,
including mathematics. According to research by A. Chris-
topoulos et al. (2024), the use of digital game-based
learning (GBL) for studying mathematics and other STEM
subjects can indeed be beneficial and increases student en-
gagement and motivation. Innovative technologies provide
the opportunity to develop interactive three-dimensional
modelling of necessary mathematical objects, which at this
stage significantly improves students’ perception of ab-
stract concepts (Minkova, 2025). V. Dalinger (2022) noted
that computer technologies make it possible to visualise
mathematical objects, so students can write programmes
that demonstrate a particular fact or object. Many students
know how to use programmes that allow them to use a
set of tools for constructing and studying drawings. These
programmes make it possible to “discover” and verify ge-
ometric facts, the author points out.

Currently, e-learning functions not simply as a supple-
ment to traditional education, but as an equal component
that works in conjunction with traditional methods. The
most important features of e-learning include increased
student activity and motivation, independent and con-
scious study of materials, and interactive communication.
E-learning allows the educational process to be divided
into clear stages, which enables teachers and students to
constantly monitor the progress of knowledge acquisi-
tion. The use of feedback allows teachers to quickly ad-
just teaching methods, taking into account the individual
characteristics, personal potential and pace of learning of
each student. For high-quality mathematics education, it is
necessary to innovate the existing process of mathematics
training by optimising teaching technology with the help
of digital tools. The aim of this study was to conduct a ped-
agogical experiment to test and comprehensively evaluate
the effectiveness of the developed methodology for teach-
ing mathematics in primary school using integrated elec-
tronic educational resources (EER) to improve the quality
of mathematical knowledge acquisition and the formation
of meta-subject competencies, including independent work
and self-control skills.

M LITERATURE REVIEW

One of the important global issues is quality education, as
it contributes to the development of personal potential and
key competencies of pupils and students. Mathematics is
one of the core subjects in the development of key and sub-
ject-specific competencies. Mathematical education plays
an important role in preparing pupils and students for life,
as it develops the competences necessary for solving prac-
tical problems: from the moment a child is born, math-
ematics accompanies them throughout their life. It helps
pupils and students develop logic, analytical skills and
critical thinking, which they will apply in solving practical
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problems in real-life situations (Gravemeijer et al., 2017).
In the context of digitalisation and globalisation of edu-
cation, high-quality mathematical training for pupils and
students is essential, and the use of electronic educational
resources can be the solution to this problem.

Digital technologies in education require teachers to
learn new skills and use electronic educational resources
effectively (Tsymbal, 2020). For efficiency and to fully un-
lock the potential of digital educational resources, teach-
ers’ professional development must be continuous and
systematic (Korol, 2014). Digital platforms allow for the
creation of personalised learning programmes that take
into account the needs of each pupil and student. They fa-
cilitate greater collaboration between students and teach-
ers, even in distance learning. However, digitalisation also
creates challenges, such as the need to train teaching staff
in the use of new technologies and to ensure the security of
student data in the digital environment. There are various
approaches to the use of digital technologies in the learn-
ing process (Zou et al., 2025). The main ones include: inter-
active teaching materials-electronic textbooks and applica-
tions that provide interactive materials to help pupils and
students understand mathematical terms and definitions
through visualisation, animation and interactive tasks;
software: educational programmes, programmes for teach-
ing mathematical problem solving, graphic calculators,
mathematical packages and geometric applications that al-
low pupils and students to explore mathematical concepts
through analysis, visualisation (graphs and diagrams) and
practical problem solving; online platforms and education-
al websites on mathematics, which provide students with
the opportunity to study mathematics at a convenient time
and at their own pace, as well as allowing them to receive
feedback and support from teachers through online com-
munication; the use of computer software and other inter-
active devices that allow teachers to deliver mathematics
presentations in an interactive and more engaging format.

New approaches to digital mathematics education are
needed to promote a better understanding of mathemat-
ical concepts and stimulate pupils’ and students’ interest
in learning. However, it is important to remember that the
successful use of digital electronic technologies in mathe-
matics education requires competent, information-literate
teachers who are able to effectively integrate these tech-
nologies into the learning process (Gamit, 2023). In the
process of developing digital technologies, it has become
clear that most e-learning resources should consist of EERs
divided into two main didactic tasks: material that teach-
ers can give to pupils and students to help them develop
the necessary knowledge, skills and abilities to apply them
to solving problems; monitoring of the pedagogical actions
learned, achieved mainly through diagnostics. Teachers
are not limited in their choice of digital educational re-
sources, but they need to take into account the structure
and type of e-learning tools.

According to the definition by A. Sergeev et al. (2012),
e-learning is learning based on developed scenarios using
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multimedia and communication technologies. The teacher
creates a scenario, the content of which consists of mate-
rials that define the learning objective and all components
of learning, including assessment methods. With the intro-
duction of e-learning and the development of digital tech-
nologies, the concept of electronic educational resources
(EER) has become established for public consumption. EER
represent educational materials and tools developed and
implemented on the basis of digital (computer) technol-
ogies. This term encompasses the entire range of digital
content used in the educational process. The main types of
EER included electronic publications, electronic textbooks,
educational software, interactive simulators, and various
digital resources for testing and monitoring knowledge. In
some areas of knowledge, EER (educational and methodo-
logical complex) placed as a set of software, hardware, and
educational and methodological tools that provide a full
range of educational services aimed at independent learn-
ing (theoretical, organisational, advisory, methodological,
practical, experimental, etc.).

The main pedagogical tools used in EER are interac-
tivity, multimedia, modelling, communication, and pro-
ductivity (Abdulrahaman et al., 2020; Muir et al., 2022).
Interactivity is interaction that represents a person’s intel-
ligent life with their natural and social environment. Mul-
timedia includes a whole range of methods for reproducing
visual and sound effects that are logically interconnected
and united by a specific didactic idea. Modelling is used
to simulate changes in the processes and objects under
consideration and to describe an image of an imaginary
reality or situation from practical life. Communicability
provides communication capabilities, is a direct source of
information, performs management functions, and allows
quick access to EER services in real time. Indicators of “the
learner as a user” raise the effectiveness of learning to a
much higher level by automating everyday activities and
significantly reducing the time needed to find the neces-
sary information. Thanks to the above tools, EER organises
a new educational technology, based on which all types of
education are interconnected into a single structure aimed
at the individual creative development of the learner. Thus,
the range of EER applications is quite diverse and mainly
depends on the goals and objectives that the teacher seeks
to achieve in the course of the educational process.

B MATERIALS AND METHODS

The presented study was conducted as part of a pedagogical
experiment aimed at determining the effectiveness of using
electronic educational resources in the process of teaching
mathematics to primary school students. The study was
conducted between the 2022 and 2024 academic years.
The study was conducted in three consecutive stages:

m Constatative stage (2023-2024 academic year):
assessment of the initial level of mathematical training
of students.

m Formative (experimental) stage: introduction of de-
veloped lesson models with the integration of EER and
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multimedia presentations into the educational process of
the experimental group.

m Control stage: conducting a final assessment and
comparative analysis of the results in the experimental and
control groups.

The theoretical basis of the study was formed by the
works of Kyrgyz and foreign researchers devoted to the
problems of digital transformation of education, the use of
electronic resources in pedagogy and methods of teaching
mathematics. In the process of the work, the following the-
oretical methods were used: analysis, synthesis, compari-
son, classification and systematisation of scientific sources
on the research problem to form a general concept; mod-
elling of conditions for the implementation of mathemat-
ics training using digital technologies; studying the state
of teaching and analysing the content of the mathematics
course in primary school.

The empirical part of the study was conducted at
Secondary School No. 8 in Bishkek, Kyrgyz Republic.
The study sample consisted of 79 second-grade students
(n = 79). Two groups were formed for the pedagogical ex-
periment: experimental group (EG): 40 students; control
group (CG): 39 students. The groups were recognised as
equivalent at the initial stage based on the results of the
initial assessment. The following empirical methods were
used to collect empirical data: pedagogical observation of
the learning process; questionnaires and surveys of teach-
ers on the use of digital resources in mathematics teaching;
study and summarisation of experience in implementing
digital educational platforms (electronic textbooks, interac-
tive simulators); diagnostic (initial) and final assessment of
students’ knowledge using standardised test tasks. The Stu-
dent Achievement Levels (SAL) online resource was used
to analyse the quality of knowledge, and the BaalooApp
application was used to monitor and formatively assess
the development of mathematical skills. Assessment using
BaalooApp was conducted individually with each student
(a 3-5-minute task) or as part of group learning.

Primary data processing included calculating the mean
values and standard deviations of knowledge indicators.
A comparative analysis of the results of diagnostic and fi-
nal assessments was conducted. To confirm the statistical
significance of the differences between the indicators of
the experimental and control groups, the non-parametric
Mann-Whitney U-test was used, and to assess the intra-group
dynamics, the Wilcoxon test (or Student’s t-test for dependent
samples, assuming normal distribution) was used. Statistical
analysis was performed using SPSS software (version 26.0).

At the forming stage, the experimental group used de-
veloped lesson models that integrated interactive teaching
methods (the learning process was actively accompanied by
video materials and interactive tasks) and electronic edu-
cational resources, including: IBILIM (a software and meth-
odological resource for primary school classes); Learnin-
gApps (an online service for creating interactive exercises);
Komodo (an application for personalised mathematics edu-
cation for children aged 4-11); and the “Learning to Count”
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programme. In the control group, teaching was conducted
using traditional methods and approaches, without the
systematic use of the above-mentioned electronic educa-
tional resources, but with the basic curriculum remaining
unchanged. The pedagogical experiment was conducted
in compliance with all ethical standards (ASA, 2018). In-
formed consent was obtained from the parents (legal rep-
resentatives) of the 2™ grade students for their children’s
participation in the study and the processing of the results
obtained. All data are presented in an anonymised form.

H RESULTS AND DISCUSSION

Using electronic resources in mathematics lessons
The didactic potential of electronic educational resourc-
es lied in their ability to significantly improve the quality
of mathematical learning by improving the perception of
abstract concepts and intensifying students’ internal moti-
vation. The introduction of EER did not require a radical
overhaul of the structural format of the work programme
or lesson plan. The differences between traditional and dig-
ital learning formats are evident only at the level of teach-
ing methodology, which is adapted through the integration
of digital technologies. The use of digital technologies in
mathematics education significantly expands the teacher’s
arsenal. Currently, there are many specialised online plat-
forms, interactive programmes, mathematical calculators,
and applications for developing exercises that can be effec-
tively used in the learning process. One of them is Learnin-
gApps (n.d.) —a free online service that allows you to create
interactive exercises to assess the knowledge of pupils and
students (Figs. 1, 2). This service contains 20 interactive
exercises in a game format. Teachers can independently
develop tasks using ready-made templates or create simi-
lar exercises from the collection (Aitbay kyzy et al., 2024).

The Komodo app (n.d.) is designed for children aged 4 to
11. It works on all devices, does not require children to spend
long periods of time in frontof ascreen, and thelearning is per-
sonalised by maths teachers to suit each child’s needs (Fig. 3).

The electronic educational resource IBILIM (n.d.) is a
software and methodology package developed by a team of
specialists, including experienced teachers and experts in
the field of information technology. The resource contains
specialised teaching materials on seven subjects and is in-
tended for use as an additional educational tool in primary
schools. Access to the platform is free and does not require
prior registration, which ensures its wide availability to the
educational community. The materials are relevant for use
by primary school teachers, as well as by pupils for inde-
pendent study and their parents (Fig. 4).

In the context of mathematics education for primary
school pupils, IBILIM (n.d.) has high didactic potential.
The information is presented in a visually oriented format,
which improves the perception of the material and sup-
ports opportunities for independent learning activities by
students. Systematic use of this resource in mathematics
lessons contributes to the formation of key and subject-spe-
cific competencies required by educational standards.
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Using the BaalooApp programme for mathematics, identify their strengths in development, and
in primary school mathematics lessons identify problems that students encounter. The use of feed-
The programme BaalooApp was developed by the USAID  back helps to adjust teaching methods in a timely manner
project “Okuu Keremet!” (n.d.) with the aim of assessing the  to ensure student success in learning, develop and improve
mathematical abilities and skills of pupils in grades 1-4. With  mathematical skills. G. Kazieva et al. (2022) in a methodo-
the help of the tools offered in the BaalooApp programme, it  logical guide for primary school teachers propose tools for
is possible to test the level of development of students’ math-  formative assessment of primary school students. Table 1 pre-
ematical skills on topics covered in the state subject standard  sents the formative assessment tools offered by BaalooApp.

Table 1. Tools for formative assessment of students’ mathematical skills

Quarter 1% grade 2n grade 3 grade 4% grade

Adding four-digit and three-digit numbers
Subtracting three-digit numbers

Recognition and Decomposition and ilfpbeiEon sl from four-digit numbers

I comparison composition of numbers | 3. LG L

of numbers up to 10 up to 100 Multiplying three-digit numbers

by single digits

Recognition of Division of three-digit numbers
Addition and geometric shapes, Conversion of by single-digit numbers
subtraction 1d§nt1ﬁcatlon of quantities from one
of numbers within 10 i d}ffe}‘e.nces and unit of measurement to
similarities between another Solving problems to find the perimeter and
polygons area of geometric shapes

II

Solution of equations
with a “window” Adding two-digit

(equations) by method numbers
of selection

Decomposition and
composition of three-
digit numbers

Understanding place value, reading, writing
and ordering numbers within 1,000

Composing and Subtraction of two-digit Constructing a natural
breaking down numbers numbers sequence of numbers
up to 20 within 1,000

Conversion of quantities from one unit
of measurement to another, arithmetic
operations with named quantities

Adding single-digit
numbers with carrying
over tens

Finding the perimeter
and area of geometric
shapes

111 Solving simple text

problems

Subtraction of a single-

digit number from a Solving simple addition | Solving equations for

L ] and subtraction multiplication and
two-digit number with : R
equations division
carry over
Adding three-digit
Recognition of numbers with carry Solving motion problems
geometric shapes T Ty over from the tens & P
and their elements, of measurement place
identification of to another Subtraction of three
CHESITEE) | (S digit numbers with Solving complex equations (stage 1)
shapes 8 8 p. q 8
v carry over
Understanding

the principle of

Sl shmple il constructing a natural

Sl il fplion o Solving complex equations (stage 2)

problems and division problems
number sequence
within 100
Total 8 tools 8 tools 9 tools 10 tools

Source: compiled by the authors

Assessment is carried out individually with each student, can be assessed. Students are asked to complete the task
butgroupassessmentcanalsobeusedingrouplearning. Thetask  presented by the BaalooApp programme. After the student
takes 3-5 minutes to complete. During one lesson, 5-6 students  responds, their result is entered into the programme (Fig. 5).
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The picture shows bundles of ten sticks, as well as individual sticks. How
many counting sticks are shown in total?
Write your answer

BT etpz  *TIER

Figure 5. Tool “Decomposition
and composition of two-digit numbers”
Source: screenshot from the BaalooApp page

Software BaalooApp provides the ability to conduct
effective formative assessment of students’ mathematical
skills. The system provides detailed feedback immediate-
ly after the test is completed. The key functionality of the
application is the comprehensive display of the results of
completed tasks, which allows the teacher and student
to obtain comprehensive information about the process
of acquiring knowledge. Based on this data, the software
generates recommendations for individualising the learn-
ing process, aimed at correcting identified deficiencies and
improving students’ mathematical skills. Below are specific
recommendations that this programme provides for organ-
ising students’ learning activities and teachers’ methodo-
logical work, depending on the percentage obtained.

80-100%. These students did very well on the as-
signment. Feedback for the student: “You have mastered
two-digit numbers, breaking them down into tens and ones,
and adding them together. These are important skills for
understanding addition and subtraction of two-digit and
three-digit numbers, as well as for performing written mul-
tiplication and division. Continue to improve these skills.”
Feedback for the teacher: “You can give these students
more challenging tasks to develop their understanding of
place value, such as tasks to compose other numbers using
the same digits; comparing numbers using place value; and
a task to form a three-digit number (its name, notation, and
definition of a new place value).”

60-79%. These students were relatively successful in
completing the task. Feedback for the student: “You were
able to correctly show two-digit numbers break them down
into tens and ones. This is an important skill, especially for
oral and written addition and reading two-digit numbers,
as well as for written multiplication and division. However,
you have some difficulty composing two-digit numbers and
decomposing them into tens and ones. You should continue
to practise this skill.” Feedback for the teacher: “Demon-
strate the solution of several problems using the example
of representing numbers up to 100 as a number of place
value addends, composing and decomposing numbers into
tens and ones. Then ask the students to take turns explain-
ing how they composed a two-digit number and how they
decomposed the number into tens and ones. From time
to time, check how the participants are performing the
tasks of composing and decomposing numbers up to 100.
You can find these examples in the current mathematics
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textbook for Grade 2, in Modules 1, 6 (Appendix B) and in
the “Collection of Tasks”.

30-59%. These pupils did poorly on the task. They
need help understanding each step of the subtraction pro-
cess and mastering the use of the algorithm. Feedback for
the teacher: “Think about these pupils: why do you think
they are having difficulty with these tasks? Do they have a
sufficient understanding of what two-digit numbers consist
of? Or are they making mistakes in indicating the place
value of a digit in a number, which leads to incorrect nam-
ing of the value and unit? Discuss the correct and incorrect
results with the students to eliminate difficulties and their
limitations. Review in detail with students the composi-
tion and distribution of two-digit numbers up to 100 in
the following steps: (1). Work through ordinal counting,
counting by tens, possibly using visual aids (e.g. a number
line). (2). Use counting aids to show how two-digit num-
bers are formed from ones and tens. Pay attention to saying
the names of two-digit numbers aloud and writing them
down. Give the task of forming any two-digit number,
name it and write it down. Then ask to show the number
on bundles and sticks (for example, 43 counting sticks).
(3). Consider the composition of two-digit numbers up to
100. Pay attention to the place value of digits in examples
using graphic models. Give the task of forming a number
from ten and any two-digit number and ask the student
to say the steps of the task aloud. (4). Give examples of
the distribution of numbers into tens and values. Give the
task: decompose numbers and get any two-digit number.
(5). Work with students on representing two-digit num-
bers as the sum of place value addends. (6). Give tasks for
calculating sums and differences by grouping place value
addends and comparing numbers using place value units.
Set aside time to observe how each student is working and
help them identify incorrect solutions and correct them.
You can find these examples in the current mathematics
textbook for Grade 1; in Modules 1, 6 (Appendix B); and in
the “Collection of Tasks”.

0-29%. These pupils did poorly on the task. They need
help understanding each step of the subtraction process
and mastering the use of the algorithm. Feedback for the
teacher: “Think about these pupils: why do you think they
are having difficulty with these tasks? Do they have a suffi-
cient understanding of how two-digit numbers are formed?
Or are they making mistakes in indicating the place value
of a digit in a number, which leads to incorrect naming of
the value and unit? Discuss correct and incorrect results
with students to eliminate difficulties and their limitations.
Review the composition and distribution of two-digit num-
bers up to 100 in detail with your students using the fol-
lowing steps: (1). Work through ordinal counting, counting
by tens, possibly using visual aids (e.g. a number line). (2).
Point out the formation of two-digit numbers from degree
and degree on the counting aids. Pay attention to saying
the names of two-digit numbers and writing them down.
Give the task of forming any two-digit number, name it and
write it down. Then ask to show the number on bundles
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and sticks (for example, 43 counting sticks). (3). Consider
the composition of two-digit numbers up to 100. Pay atten-
tion to the place value of digits in examples using graphic
models. Give the task of forming a ten and any two-digit
number and ask the student to say the steps of the task
aloud. (4). Give examples of the distribution of numbers
into tens and values. Give the task of breaking down into
tens and obtaining any two-digit number. (5). Work with
students on representing two-digit numbers as the sum of
place value addends. (6). Give tasks for calculating the sum
and difference by grouping place value addends and com-
paring numbers using place value units. Set aside time to
observe how students are working and help them identi-
fy and correct incorrect solutions. These examples can be
found in the current maths textbook for Year 1; in Modules
1 and 6 (Appendix B); and in the “Collection of Tasks.”

Results of a pedagogical experiment on the effective-
ness of using digital technologies
in the educational process
The results of the pedagogical experiment confirmed the
high effectiveness of using digital educational technologies
and resources in the process of teaching mathematics to
students in the context of the digitalisation of education.
This effectiveness was achieved through a combination of
interrelated organisational and pedagogical conditions and
adequate teaching and methodological support, provided
by electronic educational resources, interactive teaching
materials and methodological recommendations. One of
the key results was a significant increase in the level of
academic motivation in the experimental group. The use
of interactive platforms, online simulators and digital tasks
ensured clarity and a high level of interest in the learning
process, which had a positive effect on the involvement
of schoolchildren in educational activities. According to
the survey, more than 70% of students noted that classes
using digital tools contributed to a deeper understanding
of mathematical concepts and algorithms. The second sig-
nificant result was the progressive development of inde-
pendent work and self-control skills among students in the
experimental class. The use of the BaalooApp formative as-
sessment programme and online testing provided a mecha-
nism for immediate feedback, allowing students to quickly
correct mistakes and track their individual progress. This
mechanism contributed to the effective formation of reg-
ulatory universal learning activities. For qualitative char-
acterisation of the level of knowledge in mathematics, a
4-step assessment system was used:

mLevel 1 - from 80% to 100%, 4 or 5 out of 5 tasks
completed;

m Level 2 - from 60% to 79%, 3 out of 5 tasks completed;

m Level 3 - from 30% to 59%, 2 out of 5 tasks completed;

m Level 4 — from 0% to 29%, 1 task completed out of 5.

A comparative analysis of the control and experimen-
tal groups revealed significant differences in the level of
mathematical training. As a result of experimental train-
ing, the level of mathematical training increased for most
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students. According to the results of the diagnostic exper-
iment, 15% of students had Level 1, but as a result of ex-
perimental training, their number increased to 25%, and
Level 4 decreased from 10% to 5%. In the experimental
classes, the number of students who coped with tasks of in-
creased complexity increased by 10% compared to the con-
trol group. The performance indicators for tasks requiring
logical reasoning and the use of digital tools for visualising
mathematical models also improved. The effectiveness of
teaching mathematics using digital electronic resources is
shown in the diagrams (Figs. 6, 7, 8).

M Level 1
M Level 2

Level 3
M Level 4

v

Figure 6. Learning outcomes of students in the control class
Source: compiled by the authors

195 M Level 1
30% M Level 2

Level 3
M Level 4

Figure 7. Learning outcomes of students in the control class
Source: compiled by the authors

% 44%
50% 40% o
40% 31%
30%
20%
10%

0%

Level 1 Level 2 Level 3 Level 4
M Control M Experimental

Figure 8. Comparison of monitoring results for the control
and experimental classes
Source: compiled by the authors

Student Achievement Levels (SAL) methodology was
used to calculate and systematise student performance in-
dicators. Analysis of the data obtained revealed the fol-
lowing results (Table 2).
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Table 2. Comparative results of student performance

Student performance indicators Control class Experimental class
Academic performance 89.74% 95%
Quality of knowledge 46.15% 65%
Level of training 52.41% 62.2%
Average score 3.51 3.85

Source: compiled by the authors

The results of the pedagogical experiment demonstrate
statistically significant confirmation of the hypothesis
about the effectiveness of integrating digital tools into the
process of teaching mathematics to primary school pupils.
Firstly, it has been confirmed that the introduction of EER
has provided a significant increase in learning outcomes,
shaped new educational practices, and created conditions
for a more flexible and individualised learning trajectory.
This is consistent with the findings of N. Saat et al. (2024),
who in their systematic review also emphasise the positive
impact of digital technologies on academic performance in
mathematics education. Secondly, discussion of the data
obtained shows that the digitisation of the educational pro-
cess is not limited to improving the quality of subject train-
ing, but also stimulates the development of meta-subject
competencies: critical thinking, information literacy and
digital resource skills. The development of these skills is
particularly important, as noted in the work of R. Kirillova
& N. Timofeeva (2020), since modern education requires
students to develop a broad range of social competencies
necessary in a digital society.

Thirdly, the study identified key problems and limi-
tations in the process of introducing digital technologies.
Analysis of teaching materials and pedagogical observation
in schools showed that digital tools are being used passive-
ly, confirming the thesis that there is a lack of systematic
attention to the effective use of EER as a means of personal
development. The difficulties identified include the need to
improve teachers’ qualifications, the risks of information
overload for students, and technical support issues. The data
obtained echoes the research of B. Pepin et al. (2023) and
A. Khamza et al. (2024), which indicates that the successful
integration of digital resources requires systematic support
for the digital environment, the development of clear cri-
teria for evaluating effectiveness, and methodological sup-
port for teachers. It is important to note that, despite the
role of EER as a modern teaching tool, they cannot replace
teachers in any way. The use of digital resources in the ed-
ucational process does not limit the role of the teacher but,
on the contrary, transforms it. The results obtained showed
that prompt feedback and the ability to make timely correc-
tions to the learning process allow the teacher to act not as
a passive observer, but as an active moderator who guides
learning activities to achieve maximum student success.
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AHHOTaumsa. bDbuiuMm OepyyHy cuUCTeMalyy CaHapUOTEMITUPYYHYH IIAPTTapblHAA JKaHBl IeJaroruka’siblk
KypangapAslH HaTBIIDKAIyyJIyTyH 6aasioo Macesecd Kypd MaaHure 33 Oosyyaa. Bysn makasa OamTaarsld KJIacCThIH
OKYYYyJIapBIHBIH MaTeMaTHKaJIBIK [JasApAbITBIHBIH CcalaThiHA SJIEKTPOHAYK OmiuM Oepyy pecypcTapbiHbiH (OBP)
TaaCHpUH SKCIIepUMEeHTAJbIK TeKIlepyyre apHaiaraH. M3uiageeHyH Herm3ru MakcaThl CaHApUNTUK TeXHOJIOTHsIapAbl
UHTerpalysjiarad MaTeMaTlKa OKyTyy MeTOANKACBIHBIH HaThIVPKAIyyJIyTyH aHBIKTOO 60roH. M3nunpee 2022-2024-okyy
JKpLJIIaphl bunikek maapeiHAArs! No8 opTo xkasmnel 6uanuM O6epyy MeKTeOuH/e eJaroruKasblKk SKCIIepuMeHT (popMaThHAA
JKYPTy3YJreH. DKCIepruMeHTaJIABIK UIITHH XKYPYIIYHAe cabakka MyJIbTUMEAUAIBIK Npe3eHTanuAaapas! xaHa “IBILIM”,
“LearningApps” xaHa “Komodo” cpiAKTyy agucTemrtupuired OBPIOu KOJIIOHTOH YITYJYy cabakTap KHUPIU3WUJITeH.
KeHgyMOepoyH 6HYTYYCYH Ke3eMeJiiee XaHa (OpMaTHUBAUK 0aasioo Xyprysyy yuyH “BaalooApp” koJimoHMocCy
nargajJaHbUIrad. DKCIIepUMEeHTTHH HaThIKaJTyyJIyTy AUarHOCTUKAJIBIK XKaHa XBIMBIHTBIKTO0UY 6aaioo MaasbIMaTTapbiH
TaJIA0O0 JKaHa CAJIBILTHIPYY KOy MEHeH aHBIKTaJIraH. AJIBIHIaH MaajbIMaTTap/bl TaJg00 3KCIepUMeHTAIABIK TONTOPJAO
MaTeMaTUKaJIBIK AasApAbIKTBIH HATHIIDKAIYyJIyTyHYH JKOropyJjaraHblH TaCTHIKTaAbl. BamITankel xkaHa Ke3emeJs TOOyHyH
KOPCOTKYUTOPY MeHeH CaJIbIUThIpraaa, OBPOu KOJOOHIOH OKyydyJjapAblH OWIMM canaThlHBIH ecymy 20 % ra
’KOropyJiafsl. ByJl caHapuNTUK pecypcTapAsl )kaHa MHTepaKTUBAYY OKYTYY BIKMaJIapblH MHTErpaliaIoo MaTeMaTUKaIbIK
OuuMaep MeHeH KOeHAYMIepAY 6©3A6LITYPYYHY KbIiJla >XaKIIBIPTApbH NaauaelT. VI3WageeHYH >XBIMBIHTHIKTapHI
3JIEKTPOHAYK 6MIMM Oepyy pecypCcTapblH KOJAOHTOH MEeTOANKAHBIH XKOIOPKY HaTHIIXKaJIyyJIyT'yH KepcoeTTy. CucteManyy
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607160CTOH, MaTeMaTHKaJIbIK )XaHa MaaJIbIMaTThIK KOMIeTeHIIUAIap/Abl HYKTYPYYA6 canaTTyy CeKUPUK KaMChI3 KblJIapbIH
aHBIKTaJIABl. Bys 6manM 6epyy NporecCMH MBIHAH apbl MOJAEPHHU3AIMAIO00 OJYTTYy IPaKTHUKAJIBIK MaaHUTe 33
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AHHOTauMsA. B ycnoBuax cucteMHON nudpoBusanuu o6pa3oBaHUA KPUTHYECKU aKTyaJu3upyeTcs 3ajada OLIeHKU
9 deKTUBHOCTU HOBBIX MeJarornieckux HHCTPyMeHTOB. HacTosAmas cTtaThsA MOCBsAlLeHa 3KCIIepUMeHTaJIbHON IpoBepKe
BJIMSIHUSA 3JIEKTPOHHBIX 00pa3oBaTesIbHBIX pecypcoB (DOP) Ha KayecTBO MaTeMaTHYeCKON IOJATOTOBKHU O0yYaOIMIMXCs
miaamel mkossl. OCHOBHAsA Liesib MCCIEJOBAHUS COCTOSJIAa B ONpefieJIeHNH pe3yJIbTaTUBHOCTU MEeTOAVKU OOydeHUs
MaTeMaTHKe, MHTerpupymomel HudpoBble TexHoJornu. McciegoBaHue MpPOBOAMJIOCH B ¢dopMaTe IeJaroruyeckoro
aKcnepuMeHTa B nepuon 2022-2024 y4yeOGHBIX rofioB Ha 0ase cpefgHel obmeoOpasoBaTenpHON MKOJIBI Ne8 ropona
bumkek. B XoJe skcnepuMeHTaIbHON paboTH B yueOHBIN Ipoljecc ObLIM BHeAPEHb pa3paboTaHHbBIE MOJeIN YPOKOB C
HCMOJIb30BaHNEeM MyJIbTUMEeQUINHBIX Tpe3eHTanuil U criennaansupoBaHHbix DOP, Takux kak «IBILIM», «LearningApps» u
«Komodo». [Ty1s1 MOHUTOPUHTA Pa3BUTHUA HABBIKOB U MPOBeAieHNA GOPMaTHUBHOI'O OIleHUBAHUA IPUMEHAIOCH IPUJIOXKEHKE
«BaalooApp». DbdeKTUBHOCTD 3KCIEPUMEHTa OIleHMBAIach IyTeM aHaJIN3a M CpaBHEHUA JAaHHBIX JUArHOCTHUPYIOIIEro
U1 UTOTOBOTO OIleHWBaHMA. AHaIN3 NOJy4eHHbIX JaHHBIX NOATBEep AN NOBHIIEHNe Pe3yJIbTaTUBHOCTH MaTeMaTHU4eCcKoi
MOATOTOBKU B 3KCIIepUMEHTAJIbHBIX rpynnax. I[lo cpaBHeHHI0O € HCXOOHBIMU M KOHTPOJIBHBIMHM IOKa3aTeJIAMU,
KauyeCTBEHHBIN POCT MOKasaTesell 3HaHUH ydamuxcs, npuMeHaBmux JOP, noseicuiica Ha 20 %. DTO cBUAETeIbCTBYeT
0 TOM, 4TO MHTerpanusa NU@pPOBBIX pecypcoB U MHTEPaKTHUBHBIX MeTOI0B O0yUeHMs MO3BOJIAET 3HAUUTEJIBHO YJIyUIINTh
yCBOEHME MaTeMaTHYeCKuX 3HAaHUN M HaBBIKOB. Pe3ysbTaThl HCCIeOOBaHMA MPOAEMOHCTPUPOBAIN BBICOKYIO
3¢ PeKTUBHOCTh pa3pabOTaHHOI MeTOAUKY C UCII0JIb30BaHNEM 3JIEKTPOHHBIX 00pa30BaTeIbHBIX PECYPCOB. Y CTAHOBJIEHO,
YTO CHCTeMaTHu4YecKoe U MeToAn4ecKr 000CHOBaHHOe ITprMeHeHre DOP He TOJIBKO NOBHIIIaeT MOTHBAIMIO 00y4alomuxcs,
HO U obecneyrBaeT KauyeCTBeHHBIV CKAaUYOK B pa3BUTUHM MaTeMaTUUeCKUX U MHPOPMALMOHHBIX KOMIIETeHIIUI, 9YTO UMeeT
3HAQUMMYI0 IPAaKTUYEeCKyIo [[eHHOCTh AJIA AaJibHelllell MoAepHU3aluu 00pa3oBaTeIbHOIO Ipolecca
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o0y4eHNI0; yueOHBIN Mpolecc
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