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Annotation. The integration of Artificial Intelligence (Al) into inclusive education has become one
of the most promising directions for enhancing the quality of teaching and learning. This study investigates
the effectiveness of using Al-based digital tools in mathematics lessons for students with special educational
needs (SEN). The research was conducted in two inclusive schools in Karaganda, Kazakhstan, involving 32
students and 12 teachers. A pedagogical experiment was carried out to compare traditional teaching methods
with Al-assisted learning using tools such as Microsoft Math Solver, Photomath, and PhET Interactive
Simulations.

The findings demonstrate that Al significantly improves students’ motivation, engagement, and
problem-solving skills. Furthermore, it provides personalized learning pathways and visual support for SEN
students. The results highlight the potential of Al to foster equitable access to mathematics education, reduce
learning gaps, and support teachers in implementing inclusive practices. The study concludes with practical
recommendations for integrating Al into mathematics curricula to achieve sustainable educational outcomes.

Keywords: artificial intelligence, inclusive education, mathematics teaching, digital tools, PhET,
SEN students.

Introduction. The rapid development of digital technologies has transformed the
educational landscape, offering new opportunities for personalized, adaptive, and inclusive
learning. Inclusive education, which aims to provide equitable access to quality education for all
learners, including those with special educational needs (SEN), is a key priority in Kazakhstan's
ongoing educational reforms [1-3]. The government’s emphasis on digitalization and accessibility
aligns with the broader goals of the European Higher Education Area and UNESCO’s Education
2030 Agenda, which stress the importance of leveraging technology to foster inclusion and lifelong
learning.

Mathematics remains one of the most challenging subjects for SEN students, primarily due
to the abstract nature of mathematical concepts, complex problem-solving processes, and the lack of
differentiated and adapted instructional materials. Traditional teaching methods often fail to address
the diverse learning profiles of students, leading to gaps in understanding, lower motivation, and
decreased self-efficacy in mathematics.

Artificial Intelligence (AI) offers new, evidence-based solutions to these challenges by
enabling personalized learning paths, real-time adaptive assessments, and interactive visualizations
that cater to students’ individual needs and cognitive styles [4-5]. Al-powered platforms can
analyze learners’ progress, identify misconceptions, and suggest targeted exercises, while also
providing teachers with valuable data-driven insights to enhance instruction. Moreover, Al
technologies such as intelligent tutoring systems, speech recognition, predictive analytics, and
virtual manipulatives can help SEN students engage more effectively with mathematical content.
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In this context, the research aims to explore the potential of Al tools in promoting inclusivity
and improving mathematics outcomes among learners with special needs. Specifically, the study
addresses the following research questions:

1. How can Al-based tools enhance mathematics learning for SEN students? This includes
examining how adaptive feedback, interactive simulations, and assistive technologies contribute to
conceptual understanding and engagement.

2. Which Al platforms and applications are most effective for teaching complex
mathematical concepts? The study identifies and evaluates Al-driven learning environments (e.g.,
DreamBox, ALEKS, MathlIA) and explores their adaptability to local contexts.

3. What are the measurable impacts of Al integration on students' academic performance,
motivation, and self-confidence? Quantitative and qualitative indicators will be used to assess
progress, including test results, engagement levels, and teachers’ reflections on instructional
practices.

The findings of this research will contribute to the growing body of knowledge on Al-driven
inclusive education and provide practical, scalable strategies for educators seeking to enhance
mathematics instruction through technology [6-7]. Furthermore, the study will highlight best
practices for integrating Al in inclusive classrooms in Kazakhstan and offer policy
recommendations for sustainable digital transformation in education.

Methods and materials. The study employed a mixed-methods approach, combining
theoretical analysis, empirical data collection, and experimental research.

1. Theoretical Methods

- Literature Review: A comprehensive review of more than 75 international and national
studies published over the last five years was conducted. This analysis focused on Al in education,
inclusive teaching practices, and innovative mathematics pedagogy.

- Policy Analysis: Key legislative documents, including the Law of the Republic of
Kazakhstan on Education and the Digital Kazakhstan 2023-2097 Strategy, were examined to
understand the institutional framework supporting digital inclusion.[8-9]

- Model Development: A conceptual model was created to illustrate the integration of Al
tools into mathematics lessons for inclusive classrooms (Figure 1). The model includes three
components: the teacher, the student, and Al-based learning tools.

2. Empirical Methods

— Observation: Classroom observations were conducted in two inclusive schools (School
No. 68 and School No. 32 in Karaganda).Ten mathematics lessons were observed to analyze how
Al tools were used, the level of student engagement, and teacher facilitation strategies.

— Survey: A structured survey was administered to 48 participants: 12 teachers and 36
students.

The survey focused on three areas:

1. Teachers' and students' experiences with Al tools in mathematics lessons.

2. Accessibility of Al tools for SEN students.

3. Teachers' digital competence and training needs.

Tablel — Survey Results (School No. 68 and School No. 32 in Karaganda)

Survey Question Yes (%) No (%)
Do you use Al tools in mathematics lessons? 62 38
Do Al tools increase learning motivation? 81 19
Are Al tools available in the Kazakh language? 25 75

The results indicate that while Al is increasingly used in classrooms, there is a shortage of
resources in the Kazakh language.
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Interviews:

In-depth interviews were conducted with six teachers working in inclusive classrooms.

Key challenges identified include:

— Limited availability of Kazakh-language Al resources.

— Poor internet connectivity in some schools.

— Need for customized Al solutions to meet the needs of SEN students.

3. Experimental Method

A pedagogical experiment was conducted over three months, involving 32 ninth-grade
students divided into two groups:

- Control group (n=16): Traditional teaching methods were used.

- Experimental group (n=16): Al tools, including Microsoft Math Solver, Photomath, and
PhET Interactive Simulations, were integrated into lessons.

Table 2 — Experimental Results

Indicator Control Group | Experimental Group
Lesson participation activity (%) 72 89
Correctly solving quadratic equations (%) 68 91
Increased interest in mathematics (%) 64 87

As shown in Figure 1, students in the experimental group, who were taught using Al-
enhanced methods, exhibited significantly higher performance compared to those in the control
group, where only traditional teaching methods were applied.

Experimental Group Performance vs Control

—D O o)
+17% +23% +23%
Lesson participation Correctly solving Increased interest in
activity guadratic equations mathematics

Figurel — Experimental Group Performance vs Control

These findings show a significant improvement in the experimental group's performance,
especially in problem-solving and motivation.

Results and Discussion. Data Processing. The collected data were systematically processed
and analyzed using SPSS Statistics 29.0 software. A series of comparative and correlational
analyses were performed to examine the relationships between the use of Al tools and students’
academic performance, engagement, and motivation indicators [10—11].

Comparative analysis was used to measure differences between the control and experimental
groups, focusing on lesson participation, problem-solving accuracy, and interest in mathematics.

Correlational analysis was employed to determine the strength and direction of relationships
between students’ interaction with Al-based tools and their overall achievement scores. All findings
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were presented through graphs and tables to ensure clarity and enable visual interpretation. This
systematic approach to data processing enhanced the reliability and validity of the study’s outcomes
[12].

Quantitative Results. The results reveal a clear distinction in learning performance between
students exposed to Al-supported instruction and those taught through traditional methods.
The experimental group demonstrated higher engagement, improved problem-solving accuracy, and
increased motivation toward mathematics learning.

Table 3 — Comparative Results of Control and Experimental Groups

Indicator Control Group (%) | Experimental Group (%)
Lesson participation activity 72 89
Correctly solving quadratic equations 68 91
Increased interest in mathematics 64 87

As shown in Table 1, students in the experimental group achieved notably higher results
across all parameters. The integration of Al tools resulted in a 17% increase in class participation, a
23% improvement in problem-solving accuracy, and a 25% rise in learning motivation.

A correlation coefficient (r = 0.78, p < 0.05) indicated a strong positive relationship between
students’ frequency of interaction with Al applications and their performance outcomes. This
suggests that consistent use of Al-supported tools contributes to both cognitive development and
emotional engagement in mathematics learning.

Qualitative Results. Qualitative data from teacher interviews and lesson observations
provided additional insights into how Al tools affect inclusive teaching environments.

Teachers noted that applications such as Microsoft Math Solver, Photomath, and PhET
Interactive Simulations enhanced visualization, offered immediate feedback, and helped SEN
students better understand abstract mathematical concepts.

However, three major challenges were reported:

1. Limited availability of Kazakh-language Al interfaces;

2. Unstable internet connectivity in some schools;

3. The need for customized Al solutions aligned with specific SEN requirements.

Despite these barriers, teachers unanimously agreed that AI integration facilitated
differentiated instruction, allowing lessons to be tailored to individual learning speeds and styles —
a crucial factor in inclusive education.

Discussion. The findings of this research confirm that Al-based instructional tools can
significantly enhance mathematics education in inclusive classrooms. The results support earlier
studies emphasizing that adaptive technologies increase engagement, motivation, and conceptual
understanding among learners with diverse needs [13—14].

In Kazakhstan’s context, these findings highlight the necessity of:

- developing Al tools in the Kazakh language to ensure accessibility and cultural relevance;

- improving digital infrastructure, especially in rural areas;

- providing professional development for teachers to build digital competence and
pedagogical flexibility.

Al tools not only improve academic performance but also act as instruments of inclusion
and equity, bridging the gap between SEN and non-SEN students. When combined with teacher
guidance and emotional support, Al applications can create a balanced and human-centered learning
environment.

Summary of Findings.
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1. The experimental group outperformed the control group across all measured indicators.

2. Al use was strongly correlated with higher academic achievement and motivation.

3. Teachers expressed positive attitudes toward Al integration but emphasized the need for
localized and accessible resources.

4. The overall results confirm the transformative potential of Al in promoting inclusive,
engaging, and equitable mathematics education.

Practical Tools and Applications. During the experiment, several Al-based tools were
identified as effective for inclusive mathematics teaching:

1. Microsoft Math Solver — for solving equations step-by-step and providing visual
explanations [15].

2. Photomath — for scanning and analyzing handwritten mathematical problems.

3. PhET Interactive Simulations — for visualizing abstract mathematical concepts such as
quadratic equations [16].

An example of a quadratic equation visualization using PhET is shown below (Figure 2).
This tool enables students to manipulate coefficients and immediately see how changes affect the
graph, which is especially beneficial for SEN students.
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Figure 2 — Interface of PhET platform for graphing quadratic equations (Source:

This tool was particularly useful for teaching quadratic equations, helping students
understand concepts like vertex, axis of symmetry, and roots in a visual and interactive manner.

Scientific Results. Based on the study, several key findings were identified:

1. Improved Student Performance: Students in the experimental group demonstrated higher
academic achievement in solving quadratic equations and other algebraic tasks compared to the
control group.

2. Enhanced Motivation and Engagement: Al tools made mathematics lessons more
interactive, which increased participation among SEN students and helped reduce learning anxiety
[4].

3. Personalized Learning: Al provided individualized learning pathways, enabling teachers
to differentiate instruction according to students’ needs and abilities.

4. Accessibility Challenges: Despite the benefits, there were limitations such as a lack of
Kazakh-language Al resources and insufficient digital infrastructure in some schools.

5. Teacher Development Needs: Teachers expressed a strong need for professional
development programs to improve their skills in using Al for inclusive teaching.
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Table 4 — Summary Table of Results

+23% improvement in test scores +23% improvement in test scores

75% of respondents noted a lack

+25% increase in active participation of Kazakh content 91
75% of respondents noted a lack of Kazakh Development of localized Al
content tools required

Conclusion. The study confirms that Artificial Intelligence (AI) has a significant and
positive impact on the development of inclusive mathematics education. The use of Al-based tools
such as Microsoft Math Solver, Photomath, and PhET Interactive Simulations has proven effective
in supporting students with special educational needs (SEN) by providing adaptive, interactive, and
accessible learning experiences. The integration of these tools not only enhances students’ problem-
solving skills and mathematical understanding but also fosters higher engagement, motivation, and
confidence.

The findings demonstrate that Al helps teachers personalize the learning process, identify
students’ difficulties in real time, and provide timely feedback based on data-driven analysis.
Moreover, Al technologies enable differentiated instruction, allowing teachers to adapt learning
content to students’ individual cognitive abilities and learning speeds. This creates a more inclusive
classroom environment where every student has the opportunity to succeed.

At the same time, the research highlights several challenges that need to be addressed to
ensure sustainable and equitable implementation of Al in education. These include the lack of
Kazakh-language Al educational resources, insufficient internet connectivity in some schools, and
limited teacher training in digital pedagogy. Overcoming these barriers is essential for scaling up Al
integration across all levels of Kazakhstan’s education system.

Based on the findings, the following recommendations are proposed:

1. develop localized Al resources in the Kazakh language to ensure accessibility and
cultural relevance for all learners.

2. invest in digital infrastructure and provide schools with stable internet connections and
modern digital equipment to support Al-based learning.

3. enhance professional development programs for teachers, focusing on Al literacy, ethical
use of technology, and inclusive digital pedagogy.

4. strengthen policy and institutional frameworks to support the ethical, inclusive, and
sustainable integration of Al tools in education, ensuring data security and equal access.

5. encourage collaboration between universities, EdTech companies, and policymakers to
design innovative Al solutions tailored to the needs of inclusive classrooms.

Overall, this research underscores the transformative potential of Al as a driver of
educational innovation, inclusion, and equity. By embracing Al technologies, Kazakhstan can
advance toward the goals of the Digital Kazakhstan Strategy and align its education system with the
priorities of UNESCO’s Education 2030 Agenda. The study contributes valuable insights into how
Al can bridge learning gaps, empower teachers, and create equitable opportunities for all students—
paving the way for a more inclusive and technology-enhanced future of mathematics education.
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Kazaxcman

Anparna. MHk03uBTI 611iM Oepy xyiiecide skacanapl uHTEIUIEKT (JKW) TexHOomorusuapba eHrizy
OKBITY MEH OUiM camachblH apTTBIPYABIH €H THiMAl OarbITTapbIHBIH Oipi Oosbin TaObuIansl. byn 3eprrey
KYMBICBI MaTeMaTHKa cabakrapbiHaa epekiie OutiM Oepy Kaxerturikrepi 6ap (EBK) oxymburap ymin KU
Heri3inaeri TudpIbIK Kypaiaapabl KOJIIaHy IbIH THIMAUTITIH KapacThIPaIbL.

3eprrey KazakcranneiH Kaparanmael KanachlHAAFbl €Ki MHKITIO3UBTI MekTenTe 32 OKymibl MeH 12
MYFaIliIMHIH KaThICybIMEH KYpri3ini. [legarorukaiblk SKCIIEPUMEHT OapbhIChIHIA JIOCTYPIi OKBITY djicTepi
meH KU kypannapeia (Microsoft Math Solver, Photomath, PhET Interactive Simulations) Konjgany apKbLUIbI
JKYPTi3UIreH cabaKTapIblH HOTHXKEIEP] CaIbICTHIPBUIIBL.
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3eprrey HoTwkenepi KW KypanmapelHBIH OKYIIBIIAPIBIH MOTHBAIMACHIH, cabakka OeJICceHI
KaTBICYBIH KOHE €Cell MIbIFapy KaOiIeTTepiH alTapiIbIKTall apTTHIpaThIHBIH KopceTTi. ConpiMeH Katap, K
epekure OiniM Oepy KaxeTTiUmKTepi Oap OKylIbuIapra IepOecTeHIIPUIreH OKBITY TPACKTOPHUSCHIH YCHIHBII,
KepHeki Konpay kepceredi. Hotmxenep KU TexHONOTMsUIapbIHBIH MaTeMaTUKaHBl OKBITYAa TEH
KOJDKETIMAUTIKTI KaMTaMachl3 eTyre, OUTIM aiymarbl aNIIaKTBIKTHl a3aiiTyFa JKOHE MYFaliMaepre
WMHKITIO3UBTI TOXKIPHOEHI KYy3€ere achlpya Kojijaay KepceTyre MyMKIHIIK OepeTiHIH JonenIen .

KopwITeIHABI O6liMAe MaTeMaTHKa MoHIHIH OKy OarmapiaMacbiHa KW TeXHOJOTHSIIapBIH €HTi3yre
KaTBICTHI MMPAKTHKAIBIK YCBIHBICTAP OEpisreH.

Tipex ce3aep kacaHabl MHTEIUIEKT, HHKIIO3UBTI OiIiM Oepy, MaTeMaTHKa MoHIH OKBITY, IMH(PITBIK
kypannap, PhET, EBK oxymibuiapsr.

IOPPEKTUBHOCTD UCIHTIOJIB30BAHUSA HCKYCCTBEHHOI'O MHTEJIJIEKTA B
MNHKJIIO3UBHOM OBYYEHUUN MATEMATHUKE

CeiiTuMOeTOBa A.B., MarucTp ecTeCTBEHHBIE HAYKU
Kocbi6aeBa Y.A., kaHIuaaT negarorndeckux HayK, aCCOLIMUPOBAHHBIN podeccop
HckakoB C.A., PhD, acconmupoBanHslii ipodeccop
BeiicenoBa /I.P., PhD, accorunpoBansslii mpodeccop
Kaymoex U.C., MmarucTp nefaroruueckux HayK
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AnHotanusi. UHTerpanmms TexHONOTHH UCKyccTBeHHOoro wuHTelniekta (UMW) B cucremy
WHKITIO3UBHOTO 00pa3oBaHMs SIBISIETCS OJHUM W3 HauOoyiee MEPCHEKTHBHBIX HANPABICHUI MOBBIMICHHS
KadecTBa OOy4YeHHsT M TMpenojaBaHui. B JaHHOM HccleloBaHWUM paccMmarpuBaercs 3((EeKTHBHOCTD
HCTIONIBb30BaHMs HUPPOBBIX HHCTPYMEHTOB Ha ocHOBe MU Ha ypokax MaTeMaTHKH AJISl YHALIUXCSI C OCOOBIMU
oOpazoBarenpHBIMU TOTpeOHOCTIME (OOIT).

HccnenoBanne ObLIIO TPOBEJCHO B JBYX MHKIIO3MBHBIX IKoJax ropona Kaparanaer (Kazaxcran) c
yuactueM 32 ydeHwkoB W 12 yuwmreneir. Ilemarormyeckuii skcnepuMeHT OBUT HAmpaBieH Ha CpaBHEHHUE
TPaJUIIMOHHBIX METOJIOB INPENoAaBaHUs M OOy4eHHUs C MCIOJb30BaHHEM HMHCTpyMeHTOB MU, Takmx kak
Microsoft Math Solver, Photomath u PhET Interactive Simulations.

Pesynbrarel mokazanu, uro M 3HauUMTENbHO MOBBIMIAET MOTHBAIMIO, BOBJIEYEHHOCTh M HABBIKU
pemieHus 3a1a4 y yyamuxcs. Kpome Toro, on odecrnednBaeT nepcoOHAIN3UPOBAaHHbBIE TPAEKTOPUH O0YUEHUS
Y BU3YaJbHYI0 noanepkky st yaeHuKkoB ¢ OOII. TlonyueHHble naHHble NOATBEpkAal0T noteHuuan UM B
o0ecriedeHnu: paBHOTO JIOCTyNa K 00y4eHHI0 MaTeMaTHKe, COKpAIlleHHH Pa3pbiBa B 3HAHHUAX M MOJJCPIKKE
M€/1aroroB B PeaIn3alui HHKITIO3UBHBIX IPaKTHK.

B 3aBepiienue uccieqoBaHus MPEIaraloTcsl NPakTHUECKUEe peKOMEHAauu 1o uarerpaunud MU B
y4eOHbIE IPOrpaMMBI TI0 MaTeMaTHKE JIJIsl TOCTIKEHHSI YCTOHYMBBIX 00pa30BaTeNbHBIX PE3YJIbTATOB.

KawueBbie cjioBa: HCKYCCTBEHHBI WHTEIUICKT, WHKIIO3MBHOE OOpa30BaHWE, NpENojaBaHue
MaTeMaTHkH, udposbie uHcTpyMeHThl, PhET, yuamuecs ¢ OOIL
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