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Abstract. This research is aimed at developing an electronic educational environment to
support students' independent learning of mathematical knowledge and its integration into the
educational process.

The introduction of digital technologies in the modern education system opens up new
opportunities for students to work independently. However, many students face problems such as
unsystematic learning materials, lack of interactive tools, and weak self-control mechanisms. In this
regard, as part of the research, the «SanalyMath» web platform was developed, that is, an e-learning
environment that helps students effectively organize independent work. In this environment designed
to enhance learning, various learning tools such as self-study assignments, online tests, video
tutorials, and lab work were considered. In the course of the research, first of all, a literary search was
conducted, the basic model of the educational platform was created and its structure and content were
systematically determined. In addition, the first sample was experimentally tested among students.
The pedagogical experiment was conducted at the Institute of Natural Sciences of the Korkyt Ata
Kyzylorda University. The study was conducted as part of pedagogical practice at the first academic
stage of the 2024-2025 academic year in the M-22-1 and M-22-1u study groups. Based on the results
of the experiment, recommendations were developed to improve the system and ensure its effective
integration into the educational process.

Keywords: electronic environment, digital technologies, independent work, online tests,
mathematical education, interactive learning.

Introduction

This study examines the methodological foundations for improving the training of future
mathematics teachers to organize independent work in mathematics. The relevance of the topic is due
to the growing role of students' independent work in the educational process, as well as the need to
introduce digital technologies to improve learning efficiency.

The purpose of the research is to develop and implement an electronic educational environment
that facilitates the organization of independent work of mathematics students. To achieve this goal,
the following tasks were set:
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e analyze existing approaches to organizing students' independent work;

« identify the possibilities of digital technologies in the development of independent work;

e develop the structure and content of the electronic educational environment;

« conduct experimental testing of the platform among students and evaluate its effectiveness.

The study was conducted in several stages. At the first stage, a theoretical analysis of the
literature on the topic of independent work and the use of digital technologies in education was
conducted. At the second stage, the structure of the electronic educational environment was
developed, including interactive assignments, online tests, video lectures and laboratory work. At the
third stage, the platform was tested among students, the data was analyzed, and recommendations
were made for its further improvement.

This study provides a deeper understanding of the role of digital educational resources in
organizing independent work and offers a practical solution in the form of a developed electronic
environment.

In the modern educational process, digital educational resources play a key role in organizing
students' independent work, especially in the study of mathematics. They provide opportunities for
visualizing abstract concepts, individualizing learning, and increasing student motivation.

The theoretical significance of the research work is determined by clarifying the scientific
foundations of the digital transformation taking place in the modern educational environment. Of
particular importance in digital didactics are such issues as the forms of presentation of educational
material, the features of interaction between students and digital content, and the impact of interactive
media on learning effectiveness. From this point of view, the research results deepen the
methodological foundations of the organization of the educational process in a digital environment,
scientifically reveal the pedagogical possibilities of digital tools. The theory of independent work is
also considered from a new perspective. The most important components of a student's activity, such
as planning independent learning activities, setting goals, choosing assignments, regulating their
work, and evaluating learning outcomes, take on a different character in the digital space. This study
presents empirical and theoretical conclusions that allow rethinking the structure and content of
independent learning activities, and identifies effective mechanisms for obtaining independent
knowledge in digital format.

The theory of Self-Regulated Learning (SRL) is also included in the field of research and
analyzes the logic of the student's implementation of the stages from planning the educational process
to reflection in a digital environment. The influence of digital tools on the informed choice of learning
strategies, the possibilities of monitoring the progress of learning and analyzing the results are
described on a scientific basis, and factors contributing to the formation of meta-cognitive skills are
identified. The study also complements cognitive theories based on experimental evidence. Concepts
such as cognitive load theory, principles of multimedia learning, and step-by-step activity formation
are implemented using interactive, visual, and algorithmic tasks, and the features affecting the
student's perception, processing, and transformation of information are analyzed from a scientific
point of view. This makes it possible to effectively design the structure of the educational material
and determine the optimal methods for mastering complex concepts.

All this expands the pedagogical foundations that ensure cognitive development, independent
learning and self-regulation of students' learning activities in a digital environment, increasing the
theoretical significance of the research. The research results complement the content of modern
pedagogical theory and specify the scientific basis of digital education.

One of the examples of the successful application of the Digital educational resource is the use
of the platform «Yuu.py» in the process of studying mathematics by primary school students. A study
conducted by S.A. Bochkarev and F.M. Sabirova showed that the use of this platform helps to increase
students' interest in the subject and improve their academic performance. The platform provides
interactive tasks adapted to the level of training of each student, which allows you to take into account
the individual characteristics and needs of students [1].
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In addition, the use of electronic teaching aids has proven effective in organizing students'
independent work. For example, in a study on the role of electronic manuals in the process of
independent work of students in physics, it is noted that such resources contribute to the development
of self-study skills, increased responsibility and concentration when performing tasks [2].

Thus, the integration of digital educational resources into the process of teaching mathematics
allows not only to improve the quality of learning, but also to develop students' skills in independent
work, critical thinking and solving complex problems. However, it is important to take into account
that the effectiveness of the use of SDGs largely depends on the methodological literacy of the teacher
and his ability to integrate digital technologies into the traditional educational process [3].

This study contributes to the development of theory the fact that it clarifies and develops
modern approaches of pedagogical theory related to contextual learning and digitalization of
education. In particular, the results obtained expand the provisions of the competence approach,
demonstrating how adaptive digital environments contribute to the formation of research and
analytical skills among students of mathematics. This allows us to consider the presented work not
only as an applied experience, but also as a contribution to the development of the pedagogical theory
of digital learning.

The scientific novelty of this study lies in the development and experimental validation of an
electronic educational environment that integrates principles of self-regulated learning, adaptive
diagnostics, and step-by-step automated verification specifically for higher mathematics education.
Unlike existing platforms, SanalyMath is not limited to content delivery or testing, but provides a
structured mechanism for regulating students’ independent work through continuous diagnostic
feedback, cognitive-level task differentiation, and learning analytics

Research methods and materials

This study employed a pilot quasi-experimental one-group pre-test and post-test design to
evaluate the implementation of an electronic educational environment aimed at organizing and
supporting independent work of undergraduate mathematics students. Due to the pilot nature of the
project and organizational constraints, a control group was not included. Consequently, the results
should be interpreted as changes observed within the same participants over time, without claiming
exclusive causality of the intervention.

Theoretical methods. The theoretical phase involved the following methods:

¢ Analysis and synthesis of scientific literature: review of contemporary research on digital
education, e-learning methodology, organization of independent student work, and pedagogical
technologies supporting self-regulated learning in higher education.

e Comparative analysis: examination of models for organizing independent work in traditional
and digital settings, and evaluation of commonly used digital platforms in mathematics education,
including perceived advantages and limitations from teacher and student perspectives.

e Modeling: conceptual design of the electronic educational environment, including definition
of its structure, key functions, content logic, and interaction mechanisms between students and
instructors.

Participants and setting. The study was conducted at a single university within the mathematics
teacher education context. Participants were students enrolled in the relevant mathematics course.

Data analysis. Quantitative data were analyzed using paired-samples t-tests to examine
differences between pre-test and post-test scores for each measured outcome:

e Mean (M) and standard deviation (SD) for pre-test and post-test

e t-value, degrees of freedom (df), and exact p-value

e Effect size (Cohen’s d) to estimate the magnitude of change, accompanied by an interpretation

At the stage of practical implementation of the study, the following methods were used: 1. The
pedagogical experiment consisted of two stages: Due to the pilot nature of the study and
organizational constraints, a control group was not included. Therefore, the experiment was designed
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as a pre-test/post-test within-subject study. The first, ascertaining stage is the study of the initial level
of knowledge of students and their skills in organizing independent work. Analysis of currently used
digital tools and identification of their effectiveness. The second, formative stage is testing the
developed electronic educational environment, conducting classes using it and collecting feedback
from the participants of the experiment. 2. Statistical data processing methods were used to analyze
the obtained quantitative and qualitative data, determine the effectiveness of the implemented
educational platform, and identify significant changes in student academic performance. The main
object of the study was the electronic educational environment developed within the framework of
the study. It includes:

 Digital learning modules containing theoretical materials, interactive lectures and video
lessons in mathematical disciplines.

* Independent work assignments presented in the form of tests, tasks, and practical exercises
that allow students to consolidate the material they have learned.

* Interactive tools, including an automated solution verification system, built-in calculators, and
graphical editors.

» A feedback system that provides students with the opportunity to communicate with the
teacher, receive recommendations and comments on completed assignments. This educational
environment was tested in the educational process, after which adjustments were made taking into
account the results of the pedagogical experiment. The findings of the study confirm that the use of a
digital educational environment significantly increases the level of independence of students,
improves their academic performance and develops self-control skills in the learning process.

Results and discussion

The development of digital technologies has opened up new opportunities for students to work
independently in higher education institutions. In recent years, many studies have been conducted on
the use of digital tools in the educational process.

Modern tools such as online platforms, mobile applications, virtual labs, and artificial
intelligence make education more accessible, interactive, and personalized. Haleem A., Javaid M.,
Qadri M.A., & Suman R. in their study consider the impact of digital technologies on the educational
process, emphasizing their importance for organizing independent work of students. The authors note
that digital educational resources, including adaptive platforms, online courses and automated tests,
significantly increase the level of students' independence and contribute to the formation of individual
learning trajectories. One of the key aspects of the research is the analysis of online platforms and
digital tools that allow for remote interaction between teachers and students. The article emphasizes
that the digital environment should include not only educational materials, but also tools for self-
assessment of knowledge, which is important when developing an electronic educational platform.
The study showed that the use of interactive elements such as video lessons, online tests and
automated verification systems increases student engagement and promotes better learning of the
material [4]. Modern tools such as online platforms, mobile applications, virtual labs, and artificial
intelligence make education more accessible, interactive, and personalized. These components of
digital transformation are summarized in Figure 1.

As indicated in the above diagram in Figure 1, electronic educational platforms play an
important role in the digital transformation of education, providing accessibility, interactivity and
personalization of learning. One of the key elements is adaptive learning systems that analyze
students' academic performance and adjust the content to their individual needs. The use of artificial
intelligence in learning makes it possible to automate knowledge assessment, offer personalized
recommendations, and even create intelligent learning assistants. Virtual and augmented reality
(AR/VR) make the educational process more visual, allowing students to interact with 3D models
and simulations. Gamification in education motivates students through game mechanics, increasing
engagement and interest in learning. Chatbots and virtual assistants facilitate access to educational
materials, help with the organization of the educational process and promptly answer questions.
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Online courses and MOOCs provide massive access to educational content, allowing you to study at
a convenient pace. Finally, digital analytics and progress monitoring give teachers the opportunity to
track students' progress and quickly adjust educational strategies. The combination of these
technologies makes learning more flexible, accessible and effective in today's digital society [5-7].

Adaptive Augmented and
learning systems virtual reality

Artificial intelligence Gamification of the
in education Modern tools making learning process

education accessible,

interactive, and

Educational chatbots: personalized.
and virtual assistants

lmaglnaﬁpn ]

Figure 1 — Modern tools making education accessible, interactive, and personalized

An analysis of the conducted research and a review of modern educational technologies have
confirmed the need to create a digital environment that will provide math students with convenient
access to educational materials, interactive tools for independent learning and effective knowledge
control mechanisms. The study showed that the lack of a unified structure of educational resources,
insufficient motivation and limited opportunities for self-examination reduce the quality of students'
independent work [8-9].

A number of researchers note that the introduction of digital educational platforms requires not
only technical development, but also a theoretical rethinking of pedagogical models. In this context,
the study of the SanalyMath platform can be considered as a development of the theoretical provisions
of pedagogy on the personalization of learning and academic heterogeneity of students. Thus, the
work is integrated into a broader scientific discourse on the transformation of pedagogical theory in
the context of digitalization of education.

In response to these challenges, a model for the implementation of the «Sanaly Math» electronic
educational platform was developed, aimed at supporting independent study of mathematical
disciplines. This platform includes various digital tools such as online testing, video lectures,
interactive tasks, and analytical modules that allow teachers to track students' progress.

The main goal of the educational platform development is to create a comprehensive
educational environment that not only provides access to educational materials, but also adapts to the
level of training of each student, helping him to build an individual learning trajectory. The
introduction of this platform into the educational process will increase the effectiveness of students'
independent work through the use of modern digital solutions. At the next stage of the research, a
model was created for the development and integration of this platform into the educational process.
Its structure and key stages are presented in the table below (Table 1).
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Table 1 — The model of development and implementation of the electronic educational

environment [10]

Stage The content of the work Result
The analytical The literature review and analysis of existing The requirements for the
stage educational platforms are carried out. The key electronic educational

problems of organizing independent work of

environment are formulated, and

the main barriers to students'
independent learning are
identified.

The developed concept and terms
of reference for the platform

mathematics students are identified.

Designing a
platform model

1. Defining the structure of the web platform
(modules, interface, functionality)

2. Development of educational scenarios and
content formats (video tutorials, tests,
assignments, gamification)

3. Defining a feedback and progress monitoring
system

Platform 1. Creating an interface and software architecture | A ready-made prototype of the
development 2. Integration of educational tools (online tests, SanalyMath platform,
interactive assignments, video materials)
3. Development of an adaptive learning and
analytics system
Experimental 1. Selection of experimental groups (M-22-1 and | Data on the effectiveness of the
testing M-22-1u), Institute of Natural Sciences, Korkyt platform, feedback from students

Ata Kyzylorda University and teachers
2. Conducting a pedagogical experiment using
SanalyMath

1. Analysis of student performance data

2. Adjusting educational scenarios and platform
tools

3. Development of methodological

recommendations on the use of the platform

Results analysis
and optimization

Optimized version of the
platform, guidelines

Based on the analysis and the created model of the electronic educational environment, the
concept and structure of the web platform were developed. The main purpose of the site is to provide
math students with a convenient and effective tool for self-study, including interactive materials, a
testing system, personalized recommendations, and performance analytics.

When developing the structure of the website, the key aspects of the organization of the
educational process identified during the research, as well as modern principles of web design and
ergonomics, were taken into account. As a result, a multifunctional environment has been created that
provides:

* Personalization of the learning process — individual learning paths and recommendations for
mastering materials.

* Interactivity — the use of dynamic elements (tests, simulations, video lectures) to increase
student engagement.

» Automated knowledge control is a system for testing and analyzing student progress.

* Flexibility and accessibility — adapting content for different devices and integrating with
educational platforms.

As a result of the research, a multifunctional electronic environment was developed, providing
personalization, interactivity, and automated knowledge control. The main interface of the platform
is shown in Figure 2.
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Figure 2 — The first page of the electronic environment

The next stage of the research was the detailed development of the website structure, its
functional blocks and user interface, which will effectively integrate the platform into the educational
process and improve the quality of students' independent learning. The electronic educational
environment includes several key functional areas that ensure effective organization of students’
independent work. These structural components are summarized in Table 2.

Table 2 — The electronic educational environment includes the following key areas

Structural section Short description

1. User Interface User-friendly and intuitive interface for students and teachers, easy
navigation.

2. Educational content Lectures, video lessons, electronic textbooks, laboratory work,
presentations.

3. Interactive tasks Automatically verifiable tests, math exercises, and online simulators.

4. Personalized learning The individual educational trajectory depends on the student's
progress.

5. Automated assessment system | Analysis of completed tasks, output of test results.

6. Means of communication Chats, teacher feedback, and spaces for group work.

7. Analytical Panel Monitoring of students' academic progress, statistical analysis.

As part of the research, an electronic educational environment was developed and tightly
implemented, designed to organize independent work of mathematics students. In the course of a
pedagogical experiment consisting of two stages, the effectiveness of this environment was evaluated.

At the ascertaining stage, an analysis of the initial level of students' knowledge, their
independent work skills, as well as the digital tools currently used was carried out. The results showed
that many students face difficulties in organizing educational materials, lack of interactive elements
and lack of effective self-control mechanisms.

At the formative stage, the pilot version of the SanalyMath platform was tested. Classes using
it were conducted in the M-22-1 and M-22-1u study groups on the subject of Algebra and Number
Theory. During the testing process, students gained access to interactive assignments, online tests,
video lessons, and an automated assessment system. To determine the impact of the electronic
educational environment on the organization of independent work of mathematics students, a two-
part test was conducted:

* Diagnostic test (before using the platform) — checked the initial level of knowledge of students,
their independent work skills and the level of use of digital tools.

» Control test (after using the platform) — assessed the dynamics of changes in students'
knowledge, their ability to solve problems independently and perceive educational material. 44

142


https://journals.ayu.edu.kz/index.php/yjes

ISSN-p 3107-3115

Yassawi Journal of Education Studies, Nel (139), 2026 ISSN-e 3107-3123

students participated in the study. The quantitative results of the pedagogical experiment are
summarized in Table 3.

Table 3 - Test results

Criteria Average score Average score Change (%)
before use after use

The level of theoretical knowledge 63% 81% +18%
Ability to solve problems 58% 79% +21%
independently

Ownership of digital tools 47% 85% +38%
The level of involvement in the 52% 83% +31%
learning process

The test results showed that the introduction of the electronic platform had a positive impact on
the students' level of knowledge, their ability to study the material independently and the use of digital
tools. The greatest growth is observed in the skills of working with electronic educational resources
(+38%) and the level of student involvement in the educational process (+31%).

For inferential analysis, paired-samples t-tests were conducted in IBM SPSS Statistics 26.0 to
test pre—post differences for each outcome. Following reporting standards, the final manuscript will
provide for each indicator: pre/post means (M) and standard deviations (SD), t-values, degrees of
freedom (df = 43), exact p-values, and effect sizes (Cohen’s d for paired measurements), based on
the SPSS output tables (Paired Samples Statistics and Paired Samples Test). These inferential results
will quantify statistical significance and the magnitude of observed changes, while acknowledging
that—given the one-group pre/post design—findings reflect within-group changes over time and do
not establish exclusive causality of the intervention.

Inferential statistics

To test whether the observed pre—post differences were statistically significant, paired-samples
t-tests were conducted in IBM SPSS Statistics 26 for each outcome. For each indicator, the analysis
reports pre- and post-test means (M) and standard deviations (SD), the t statistic, degrees of freedom
(df =N — 1), the exact p-value, and effect size (Cohen’s d) for paired measurements.

Table 4 — Paired-samples t-test results (IBM SPSS Statistics 26)

Outcome Pre-test Post-test Mean diff t(df) exact p Cohen’sd | Interpretation
M (SD) M (SD) (Post—Pre) (paired)

Theoretical 63.0 81.0 (9.6) 18.0 9.32 p <0.001 1.41 Large

knowledge (10.8) (43)

Independent 58.0 79.0 21.0 8.74 p <0.001 1.32 Large

problem-solving (12.2) (11.0) (43)

Digital tools 47.0 85.0 38.0 13.58 | p<0.001 2.05 Very large

ownership/use (15.4) (10.7) (43)

Involvement 52.0 83.0 31.0 10.96 | p<0.001 1.65 Large
(13.1) (10.9) (43)

Inferential analysis was conducted in IBM SPSS Statistics 26 using paired-samples t-tests. The
analysis indicated statistically significant pre—post improvements across all measured outcomes (all
p-values < 0.001). Effect sizes (Cohen’s d for paired measurements) suggested changes of medium-
to-large magnitude, with the strongest gains observed in digital tool ownership use and student
involvement. Given the one-group pre-test/post-test design, these findings should be interpreted as
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within-group changes over time, and causal attribution exclusively to the platform should be made
with caution.

The pre-test (Form A) and post-test (Form B) were constructed as parallel forms with identical
blueprint, content domains, item types, and scoring weights (40 points total). The forms differed only
in numerical parameters and task variants to reduce test-retest effects while preserving comparable
difficulty. Both forms targeted the same four indicators: theoretical knowledge, independent problem-
solving, digital tool use, and engagement. The diagnostic pre-test and control post-test instruments
are provided in the Supplementary Materials.

Integration of the Platform into the Educational Process

The integration of the SanalyMath digital educational environment into the process of teaching
mathematical disciplines was carried out on the basis of a step-by-step implementation model, which
includes three interrelated blocks: the preliminary stage; the educational stage; and the post-academic
stage.

Table 5 — The stages of integrating the SanalyMath platform into the educational process

The integration Content of the Platform Tools The role of the Expected result
stage activity used teacher

1. The preliminary — Preliminary — Video lectures | — Provides access to | — Alignment of

stage preparation of and interactive | the Algebra and the initial
students to study mini-lectures. Number Theory training level.
new material. — Introductory module. — Identification
— Updating independent — Analyzes the of knowledge
previously tasks. results of the deficits.
acquired — Diagnostic diagnostic test. — Formation of
knowledge. test on the topic | — Identifies the risk | individual
— Diagnosis of the | (basic and groups and typical educational
initial level of intermediate difficulties of trajectories.
training. levels). students.

2. The training stage | — Active use of the | — Interactive — Integrates the — Increase
platform as an exercises on a elements of the student
interactive new topic. platform into the engagement.
component of the | — Mathematical | structure of the — Formation of
lesson. editor with lesson. skills of
— Real-time task automatic — Demonstrates independent
execution. verification. solutions and search for
— Work with visual | — Visual corrects students' solutions.
objects and simulations, actions. — Improved
mathematical graphical tools. | — Uses platform understanding of
models. — A system for | data to quickly complex

detecting explain typical mathematical
student errors. eITors. constructions.

3. Post-study stage — Consolidation of | — Adaptive — Tracks the results | — Strengthening
the studied tests. in the analytical students'
material. — Personalized | module. independence.

— Individual error | reinforcement — Forms — The growth of

correction. exercises. recommendations educational

— Self-assessment | — An analytical | for further motivation.

of progress. panel of student | education. — Improving

achievements. — Adjusts the academic

curriculum in performance and
accordance with the | digital skills.
identified results.
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The presented integration model demonstrates the step-by-step integration of the digital
educational environment into the learning process. At the preliminary stage, SanalyMath ensures
alignment of the initial level of knowledge and timely identification of deficiencies. At the learning
stage, the platform acts as an interactive tool that enhances motivation and facilitates understanding
of complex mathematical objects. The post-study stage provides adaptive reinforcement of the
material, which contributes to the development of independence and the formation of sustainable
learning strategies. This sequence allows us to consider SanalyMath as a full-fledged element of

digital didactics, rather than as an auxiliary resource.
After working with the platform, the tasks included electronic elements:
o tasks with step-by-step automatic verification;
e tasks using a virtual graphic editor;
e exercises based on typical errors identified by the SanalyMath system.
Control test topics:
e “Factorization of polynomials” (based on algorithmizable steps);
e “Rational expressions” (simplification, transformations, finding DLD);
e “Equations with parameters” (verification of the reasoning algorithm);
e “Application of numerical properties” from number theory (divisibility, GCD, prime

numbers).

Table 6 — Scientific justification of the test structure

Task Taxonomic Testable cognitive Task characteristics Scientific justification
level level skills for inclusion
(according to
Bloom)
Basic Knowledge / | Reproduction of Simplification of Checks the minimum
level Remembering | facts, definitions, expressions, opening | threshold of knowledge
properties; simple parentheses, required for further
transformations calculations, finding education; forms the
DLS, solving simple basis for successful
linear equations completion of higher-
level assignments
The Application / | Application of Factorization of It allows you to evaluate
average Analysis algorithms, logical polynomials, the student's ability to
level analysis of transformation of apply well-known rules,
expressions, choice rational expressions, analyze the structure of
of a solution method | solving equations of 2 | expressions and identify
levels of complexity logical relationships.
High Synthesis / Independent study of | Solving equations Reflects the formation of
level Evaluation a mathematical with parameters, independent research
object, justification exploring expressions, | activities; allows us to
of the choice of performing complex identify the influence of
method, critical transformations «SanalyMath» on the
thinking development of complex
cognitive strategies

The presented test structure provides a multi-level check of students' mathematical preparation
and captures changes in cognitive skills: from basic knowledge reproduction to independent analysis
and synthesis. This level distribution corresponds to international approaches to the assessment of
academic achievements and allows an objective assessment of the impact of the «SanalyMathy
platform on the development of independent work and digital literacy of students.
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As part of the pedagogical experiment, students performed a set of exercises developed in
accordance with the curriculum of the discipline «Algebra and Number Theory». Below are the main
topics and types of tasks that have been integrated into the digital educational environment and used
at various stages of learning.

1. Topic: Polynomials and operations on them | 2. Topic: Factorization of polynomials
Example 1. Simplification of a polynomial Example 2. Factorization of a square trinomial
Task:
Simplify the expression: Task: Factorize the expression:
5(2x—3)—(3x—7)
Platform functionality: x 2 —9x+20
— step-by-step verification;
— automatic detection of errors in the opening | Difficulty: medium level.
of brackets;
— tips in case of non-compliance with the rules | Tools: a virtual mathematical editor, the ability
for bringing such members. to check intermediate steps.
3. Topic: Linear and quadratic equations 4. Topic: Equations with parameters
Example 3. Solving a linear equation with step | Example 4. Investigation of an equation with a
verification parameter
Task:
Task: Solve the equation:
Solve the equation: (k+1)x—3=kx+5
3(2x—5)=4x+7 Features:
— The student chooses the cases
Tools: automatic verification of each step. k+tl=kand k+1+#k
— the platform verifies the correctness of
reasoning.

The tasks given cover basic, intermediate and advanced levels of difficulty and correspond to
the thematic plan of the discipline. Using the SanalyMath platform allowed not only to automate the
process of checking and analyzing errors, but also to create conditions for the formation of self-
control skills, independent search for solutions and the development of mathematical thinking. The
inclusion of these exercises in the pedagogical experiment provided a comprehensive assessment of
the dynamics of students' academic achievements.

Conclusion

The introduction of digital educational technologies plays a key role in the modernization of
the educational process. The pilot testing of «SanalyMath» proved its effectiveness in developing
independent work skills among math students. The main advantages of the platform:

* Systematic access to educational materials,

* The possibility of adaptive learning,

* Interactive forms of testing,

» Automated knowledge control,

* Personalized learning paths.

In the future, it is planned to expand the functionality of the platform, including the introduction
of artificial intelligence elements to adapt educational materials to the individual needs of students.
The possibility of integrating the platform with international educational systems and creating a
mobile application for greater user convenience is also being considered. The presented research has
not only practical, but also theoretical significance. It clarifies the concept of adaptive learning in
pedagogical theory, demonstrating the possibilities of integrating digital platforms into the process of
forming the professional competence of future mathematics teachers. The contribution of the research
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is to expand scientific understanding of how digital technologies can be understood within the
framework of the theory of contextual learning and the competence approach in education. Thus, the
developed and tested electronic educational environment opens up new opportunities for organizing
independent work of students, contributing to their academic development and professional training.

The SanalyMath platform was developed as an aBTopibik educational product for academic
use. User data are processed in accordance with institutional data protection policies, and access is
limited to registered participants of the educational process. Issues of licensing and large-scale
deployment are considered as nmepcnexktuBaibik 0arbiT of further research.

Limitations and future research.

This study was conducted as a pilot one-group pre-test/post-test intervention. Therefore, several
internal validity threats should be considered. First, improvements may partly reflect testing effects ,
maturation and history effects external academic experiences occurring during the intervention
period. To reduce these influences, the implementation was carried out under consistent instructional
conditions, including the same course content and learning outcomes, comparable assessment
procedures, and stable instructor guidance throughout the study period. Nevertheless, given the
absence of a control or comparison group, the observed gains should be interpreted as within-group
changes over time, rather than as evidence of exclusive causality attributable solely to the SanalyMath
platform.

External validity is also limited. The sample consisted of 44 students from one university and
was implemented within a single course context (Algebra and Number Theory) in the mathematics
teacher education setting. As a result, the generalizability of the findings to other institutions, cohorts,
disciplines, or instructional conditions may be restricted. Despite these limitations, the study provides
an important empirical foundation for subsequent research and refinement of the platform. Future
work should employ comparison or control groups, expand implementation to multiple universities,
and consider stronger quasi-experimental designs (e.g., matched-group designs or interrupted time-
series) to strengthen causal inference, assess sustainability of effects over longer periods, and
establish broader applicability of the electronic educational environment.
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O3iHiK KYMBICTHI Y BIMAACTHIPYFA APHAJIFAH 3JIEKTPOH/IBI OPTAa J3ipJiey
7K9He OHBI 0i1iM Oepy mpoueciHe MHTErpanusIay

Anjgarna. 3epTTey KYMBICH CTYACHTTEPiH MaTeMaTHKAIBIK OUTIMIH €3 OeTiHIle MEHrepyiH Koiaay
YLLIiH 3J1eKTpOH/BI 0151iM Oepy OpTachIH 93ipiieyre )KoHe OHBI OKY MPOILeCiHe HHTErpalsiiayFa OaFbITTaFaH.

Kazipri 6inim Oepy ky#eciHae MupIIblK TEXHOIOTHUSIIAPABI €HT13y CTYACHTTEPIIH ©31HIIK KYMBICHIH
YHBIMIACTBIpYaa JKaHa MYMKIHIIKTEp amafpl. AJaliia, KeNTereH CTyICHTTEpP OKy MaTephaliapbIHBIH
KYHECi3/ir1, HHTEPaKTUBTI KYpalAap/IbIH KEeTiCIISYIIIIT )KoHe 631H-031 OaKblIay MEXaHU3MICPiHiH aCi3Airi
CUSIKTBI KHUBIHIBIKTapra Tan Oonyna. OcblfaH OailmaHBICTBI, 3€pTTEY asChbIHAA CTYICHTTEpAiH ©31HIIK
YKYMBICBIH THIM/II YIBIMIACThIpyFa KeMekTeceTiH «SanalyMathy BeO-mumardopma, SSFHA 3IEKTPOHIIBIK OKBITY
opracsl a3ipmeHai. OKBITYABI KETUINIpyre apHaiFaH Oyl opTaja e3iHIIK TarchlpMaiap, OHJIalH TecTTep,
OeliHecabaKkTap oHE 3epTXaHAIBIK XYMBICTAp CHUSKTHI TYPJi OKY KypaiIapbl KapacThIPBUIABL. 3epTTey
OaphICBEIHIA €H alAbIMeH oJeOMeTTIK i3[eHic kacainmbl, OumiM Oepy TuraTOpMackIHBIH HeETI3Ti MoAemi
KYPBUIIBI JKOHE OHBIH KYPBUIBIMBI MEH Ma3MyHBI KyHeni alkeiHmansl. COHBIMEH KaTtap, ajfamiKbl YITi
CTYICHTTEP apachiHa 3KCIIEPUMEHTTIK TypJie ChIHAKTaH oTKi3uimi. [lemarorukaibik sKcriepuMeHT KOpKbIT
Ata arbiHmarel Ke3bUlopna yHUBEpCHTETIHIH JKapaTbUIbICTaHy WHCTHTYTBIHAA KYPrizuigi. 3eprrey
MearoruKajbIK mpakTuka asceiana 2024-2025 oKy >KbUTBIHBIH OipiHII akaIeMUsUTBIK Ke3eHinae M-22-1 xone
M-22-1y oKy TONTapblHAa >KY3ere achIpbUIAbl. DKCIEPUMEHT HOTIDKENEpl HeETi3iHAe KYHeHI KeTunmipy
YCBIHBICTAPHI JKacaJIbITl, OHBIH O11iM Oepy MpolleciHe THIM/II HHTETpanrsUIaHybl KAMTaMachl3 €TUIL.

Kint ce3mep: smexTpoHabl opTa, HUQPIBIK TEXHOJOTHIAP, O3IHMIK JXYMBIC, OHJIAHH TeCTTep,
MaTeMaTHKAIBIK Oi71iM, HHTEPAaKTHBTI OKBITY.

Pa3paboTKka 3JIeKTPOHHO# cpeabl 1JIsl OPTaHN3alHH CAMOCTOSATEIbLHON PadoThI
U ee HHTerpanys B 00pa3oBaTeJbHBIN Mpolecc

AHHoOTauus. J[aHHOe HCCleoBaHME, HANpaBJICHO HA pa3padOTKy 3JEKTPOHHOH 00pa3oBaTeNbHON
cpeabl Ui OAAEPKKH CaMOCTOSITEIILHOTO YCBOCHHUS CTYICHTAMHU MaTEeMaTHYECKUX 3HAHUH U NHTETPALIUH €€
B yueOHBII mpoIiecc.

Breapenne umMppOBBIX TEXHOJOTMH B COBPEMEHHOW CHCTEME OOpa30BaHUS OTKPHIBAET HOBBIE
BO3MOXHOCTH B OpraHM3alUdH CaMOCTOSATENLHOH paboTbl cTylaeHToB. OnHAaKO MHOTHE CTYAEHTHI
CTaJKUBAIOTCS C TAaKHUMH TIpoOJieMaMH, Kak OeCCHCTEMHOCTh YUYeOHBIX MAaTepUalioB, OTCYTCTBHE
WHTEPAKTHBHBIX HMHCTPYMEHTOB M CJIa0ble MeXaHH3Mbl CaMOKOHTpoOJs. B CBsi3m ¢ 3TUM B pamkax
uccieoBanus pazpadboTana Bed-atdopma «SanalyMathy, To ecTh cpenia 3J1IeKTpOHHOTO 00Y4eHUsI, KOTopast
noMoraeT 3 HEKTHBHO OPTaHU30BaTh CAMOCTOSTENFHYIO padOTy CTYZIeHTOB. B 3TO cpene, npeaHa3HaueHHON
JUIsL yAydIleHns: O0y4YeHHs, pacCMaTpUBAIINCH Pa3IMuHbIe Y4eOHbIE MOCOOMS, TAKME KaK CaMOCTOSTENILHbIE
3aJjaHus1, OHJIAHH-TECThI, BUIECOYPOKH U J1abopaTopHble paboThl. B Xoze nccienoBanus, npexie BCero, ObLI
MPOBEIEH JIMTEpaTypHBIA TMOWCK, CO3/aHa OCHOBHAas MOJAEIb O0pa3oBaTesIbHOW IUIaTGOPMBI U
CHCTEMAaTH4eCKHd ONpe/eieHbl €€ CTPyKTypa © cojepkanue. Kpome Toro, mepBbiii oOpaser Obul
9KCIIEPUMEHTAIIBHO MPOTECTUPOBAH Cpenu CTyAeHTOB. llemarorndyeckuii SKCHEPUMEHT NPOBOJWICA B
Wnctutryte ecrectBo3Hanus Kei3putopauHckoro yHuBepcutera uMeHM KopksIT Arta. MccnenoBanue
MIPOBOAMIIOCH B paMKaXxX Iearormieckoi MpakTUKK Ha TIEPBOM akajeMudeckoMm stane 2024-2025 yaeGHoro
roga B y4eOHbIX Tpymmax M-22-1 u M-22-1y. Ha ocHOBe pe3ynbTaToB 3KCHEpUMEHTa ObLTH BBIPaOOTaHBI
PEKOMEHIAIIMM 110 COBEPLICHCTBOBAHHIO CHCTEMbI, obOecrieueHa ee d((GeKTUBHAsS HHTerpanus B
00pazoBaTeNLHBIN MPOIIeCC.

KuroueBble cjioBa: 3JI€KTPOHHAS cpea, MU(pPOBBIE TEXHOIOTHH, CAMOCTOATENbHAs paboTa, OHJIAH
TECTbI, MATEMaTHYECKHE 3HAHUS, THTEPAKTUBHOE 00yUYeHHE.
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