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Abstract. In today's world, chemistry plays a key role in addressing global
challenges such as climate change, the energy crisis and human health. However,
access to quality education in this field remains limited for many populations. The
study «Chemistry without Barriers» analyses existing barriers to the teaching and
practice of chemistry and looks at ways to overcome them. The article examines
the main barriers, including lack of resources, language and cultural differences,
and learners' lack of practical experience. We emphasise the importance of an
inclusive approach in education that takes into account the diversity of learners
and their needs. Innovative methodologies, such as the use of digital technologies,
open educational resources and distance learning platforms, which can significantly
increase access to knowledge, are proposed as solutions. In addition, the publication
presents successful examples of programmes aimed at engaging diverse populations
in the study of chemistry. We analyse the experience of international projects that
have contributed to the creation of inclusive educational environments, and share
recommendations for implementing such initiatives in educational institutions. The
article aims to inspire educators to create more accessible and diverse educational
environments in chemistry. We believe that Chemistry Without Barriers not only
promotes the development of scientific thinking and practical skills among subject
teachers, but also promotes the development of a more accessible and diverse

educational environment in chemistry.
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Annoramus. Kasipri ojgeMae XuMUS KIHUMATTBIH ©3repyi, SHEPreTHKABIK
JAFaphIC JKOHE a/aM JCHCAYJIBIFbl CHSAKTHI JKahaHABIK MoceeNepl IIenye
Iy pell aTKapaabl. Anaiiia, OChl caiagarbl canayibl OUTiMIe KOJ KeTIMIITIK
KOINTereH ajaMmiapra, Oananapra mekTeyli 0obi Kana 0epyi MymkiH. «Keneprici3
XuMus» 3epTTeyi XUMUSHBI OKBITY MEH ToXipuOene O0ap Keaepruiepi Tanaayra
OaFrBITTATIFAH KOHE YKAHA JKOJIIAP/IbI, IICTEP I KOJIJaHY KOJIAAPBIH KapacThIPaIbl.
Makanana pecypcTapabIH KeTiCIeYIIIIT, TUIIK )KoHE MOJICHN aibIPMATIIBUIBIKTap,
COHJIali-aK OUTiM amyIIbLIapAbIH MPAKTHKAIBIK TOHKIPHOECIHIH 00MMaybl CHUSKTHI
HET13T1 Keeprijiep KapacThIphUIabl. bi3 OKyIIbUIapIBIH OPTYPILIITI MEH OJap/IbIH
KOKETTUTIKTEPiH eCKepeTiH OiiM Oepy/ieri HHKITFO3UBTI TOCUIIIH MaHbI3IbLTBIFbIH
ararm etemi3. lllemriM peTiHAe caHIBIK TEXHOJOTHSUIAPABI, AlIBIK OiliM Oepy
pecypeTapbiH kOHE KAIIBIKTHIKTAH OKBITY MIATGOpMaapblH Maiiianany CHUSKTHI
WHHOBAIIMSUIIBIK QJIICTEP YCBHIHBUIAABI, Oyl OuTiMre KOJ KETIMIUTIKTI enoyip
keHeliTe amanel. COHBIMEH Karap, OachUIBIMJIA XaJBIKTBIH OPTYPJi TONTapBIH
XMMHUSTHBI 3€PTTEyre TapTyra OarbITTaJFaH Oaraapriamanapibl Ky3ere achbIpyIbiH
COTTI MbIcanjapbl KenrtipinreH. bi3 WHKIIO3WUBTI OlTiM Oepy OpTachlH KypyFa
BIKITATT €TKCH XaJbIKAPAJbIK JKOOATAp/bIH TOKIPHOSCIH TanaaliMbI3, COHIAN-aK
OKY OpBIHJIApbIHA OCHIHJAW OacTamamapibl CHri3y OOWBIHINA YCBHIHBICTAPMEH
Oemicemi3. Maxkana MyramiMIep/i XUMHS CaachlHA KOJ JKETIMI1 KoHE op TYpJIi
OiniM Oepy OpTachlH KypyFa MIa0BITTaHABIpyFa apHaIFaH. bi3 «xenepriciz Xummus»
MOH MYFATIMJIEPiHIH FHUTBIMU OWJIAybl MEH MPAKTUKANBIK JIaF/IbUIAPbIH JaMbBITyFa

(0 O & 456




ISSN 1991-3494 1.2026

BIKITAJT €Till KaHa KOWMal, Ka3ipri 3aMaHHBIH ©3€KTi MoceJIeNIepiH MeNryre qaibiH
XUMHKTEP/IiH jKaHa OyBIHBIH KaJIbIITACTHIPAaThIHBIHA CeHIMIIMI3. CalfbIl KeIreH /e,
XUMHSUTBIK OLTIMIe KOJI JKETKi3y OpKIMHIH KYKBIFBI OOJYBI KEpeK KoHe Oi3liH
0AaChIIBIM OCBI MAHBI3/IBI HJICSTHBI KOJIJIAyFa ThIPHICAIBI.

Tyiiin ce3mep: bimim Oepy, oKy mporieci, MHKIIO3UBTI OiLTiM Oepy, OKBITY
oicTepi, TEXHOIOTUSIIAPHI

© Xacenoa M.T.", Cmaryinos M.3., 2026.
[TaBnonapckuii negarornyeckuii yHuBepcuTeT uM.A. Maprynana,
[TaBnonap, Kazaxcran.

E-mail: maral 176@mail.ru

XUMMUs BE3 BAPBEPOB: CTPATEI'MW NHKJITO3UBHOI'O
OBYYEHMUA B KJIACCE

XacenoBa Mapaa — PhD, ct. npenionaBarens, [laBnogapckuii megarorndaeckuii yHUBEPCUTET HM.
A. Maprynana [1aBnonap,

Kazaxcran,
E-mail: maral_176@mail.ru, https://orcid.org/0000-0001-7672-7407;
CmarynoB Meiipman — 1oktopaHT, [laBrmomapckuii Teqarornyeckuii yHHUBEPCHUTET WM.

A. Maprynana [laBnonap, Kazaxcran,
E-mail: meirmansmagulov(@gmail.com, https://orcid.org/0009-0005-2939-9275.

AHHOTanus. B cOBpeMEHHOM MHpE XUMUSI UTPAET KIIIOUEBYIO POJIb B PEILICHUN
100aJbHBIX MPOOJIeM, TAKUX KaK M3MEHEHUE KJIMMara, SHEPreTHUeCKUH KPU3HC
U 310poBbe uyenoBeka. OIHAKO JOCTYN K Ka4eCTBEHHOMY OOpa30BaHMIO B 3TOH
00J1acTh OCTaeTCsl OrPaHUUYCHHBIM JUUIsI MHOTUX TPYINI HaceseHus. MccienoBanue
«Xumust 0e3 OapbepoB» IOCBSIICHA aHATU3Y CYIIECTBYIOIIMX Nperpag B
o0y4eHHMM U NPAKTHKE XMMUU M paccMaTpuBaeT INyTH HUX IpeofoineHus. B
CTaThe paccMaTpHBAIOTCSI OCHOBHBIE Oapbephbl, BKIIOYAs HEJOCTATOK PECYPCOB,
SI3BIKOBBIC M KYJIBTYPHBIC PAa3IUuMs, a TAKKE OTCYTCTBHE NMPAKTHYECKOIO OIbITA
y oOywarommxcs. Mbl HOAYEpKHMBAaEM BaKHOCTh MHKIIIO3UBHOTO MOAXOAA B
00pa30BaHUM, KOTOPBIH YYUTHIBACT Pa3HOOOpA3ne yHaluXcsl U UX MOTPeOHOCTH.
B kauecTBe pelIeHUs MpearaloTcsi WHHOBAIMOHHBIE METOAMKH, TaKHE Kak
WCTIOJIb30BaHUE LU(PPOBBIX TEXHOIOTUH, OTKPBHITBIX 00pa30BaTEIbHBIX PECYpPCOB
n 1margopM UIsT TUCTAaHIMOHHOTO OOYYeHHs, KOTOpPBIE MOTYT 3HAYUTEIBHO
pacmMpuTh AOCTYN K 3HaHMAM. Kpome Toro, B myONHMKaLMHM IPEACTABICHBI
yCIELIHbIE NPUMEPBl pean3allid NpOrpaMM, HalpaBJICHHBIX Ha BOBICUCHHE
Pa3NIMYHBIX TPYHIN HAcENeHHWs B HU3YYCHHWE XUMHMU. MBI aHaJIN3UPYEM OIIBIT
MEXIYHAPOIHBIX MPOEKTOB, KOTOPBIE CIIOCOOCTBOBAIN CO3AaHUIO MHKIIIO3UBHON
00pa3zoBaTeNbHON Cpelbl, a TaKkKe JACIUMCS PEKOMEHAALUSMHU 0 BHEIPEHHIO
MOAOOHBIX WHHULMATUB B yueOHble 3aBeneHHs. CTaThs NpHU3BaHa BJOXHOBHTH
MearoroB Ha co3jaHue Oosee AOCTYHNHON M pa3sHOoOpaszHoi o0pa3oBaTesbHON
cpenbl B 001acTH XUMUU. MBI yBepeHbI, 4TO «XUMHUs 0e3 OapbepoB» HE TOJIBKO
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CMOCOOCTBYET PA3BUTHIO HAYYHOTO MBIIIJICHUS W TMPAKTHYECKUX HABBIKOB Yy
eaaroros - IPpEAMETHHUKOB, HO U @OpMpreT HOBOC€ ITOKOJICHUC XUMUKOB, 'OTOBBIX
K PEIICHHIO aKTyaJIbHBIX MTPOOJIEM COBPEMEHHOCTH. B KOHEYHOM UTOTe, TOCTYI K
XUMHYICCKOMY 00Pa30BaHUIO JODKEH OBITH IMTPaBOM KaXKIOTO, U HaIlla ITyOIUKAIIHS
CTPEMUTCS TOJIEPIKATh 3Ty BAXKHYIO HJICIO.

KiwueBbie caoBa: OOpasoBaHue, Yy4eOHBIH MPOIECC, HMHKIIO3UBHOE
o0pa3oBaHue, METOIbI, TEXHOJIOTUH O0yUCHHUS

Introduction. Children in the «children with special educational needs» group
face various difficulties. The inclusion of children with special educational needs
requires the creation of pedagogical conditions that allow the child to grow and
develop as a person, to realize themselves, and to acquire creative and professional
knowledge and skills. The SEN (special educational needs) group includes not only
children with disabilities, but also children living in remote rural areas, children
with a language barrier, migrant children, gifted children etc., that is, all those
categories that need special learning conditions.

Implementing the inclusive education program provides an opportunity for
children with LHO (limited health opportunities) to receive an excellent education,
enabling them to remain fully developed people (National Plan for Ensuring the
rights and improving the quality of life of persons with disabilities in the Republic
of Kazakhstan until 2025). The process of educating and raising children with SEN
and LHO differs in several ways. Inclusion of children with LHO is a complex
and time-consuming process, as it obliges not only the creation of a material and
technical base for students, but also the training of qualified personnel. Involving
«special» children is a time-consuming and unpredictable process for both the
children themselves and their parents and teachers. Adaptation of children to
a new environment is complicated not only by limited opportunities but also by
psychological difficulties. Children need to adapt to social conditions; each child's
capacity to adapt is individual and sometimes limited. In this regard, it is necessary
to consider the challenges and create optimal conditions for the effective inclusion
of children with LHO in an inclusive pedagogical setting.

Inclusive education is considered a key priority in current educational policy,
with the main focus on providing equal educational opportunities for all students,
including those with special educational needs. The work carried out abroad draws
attention to the need for flexible educational tactics that will allow adapting the
content, forms, and methods of teaching to the heterogeneity of students. In this
context, Universal Design for Learning (UDL) is a prospective and innovative
methodological model for developing inclusive pedagogical materials and
programs, especially relevant for teaching scientific disciplines such as chemistry.

Applying UDL principles in chemistry classes improves the quality of learning
and learning outcomes for students with special educational needs by using digital
media, interactive tools, and adaptive complexity tasks (Nurramadhani et al., 2024).

Literature review. The problem of inclusive chemistry education is also
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considered in foreign pedagogical publications. Thus, the Journal of Chemical
Education considers the MiC (Model for Inclusive Chemistry Teaching), which
aims to establish an inclusive teaching environment through interactive tools, media
materials, and custom learning modules. The authors illustrate that the assimilation
of these tools enables effective inclusion of students with varying levels of training
and motivation in the learning process, as evidenced by empirical data (Kranz and
Tiemann, 2022).

Scientists in Kazakhstan are also actively studying issues of inclusive education
and their effective application in the country's educational space. The works of
Bataev, Mamkina, and Shataeva address the specifics of preparing future chemistry
teachers to work in inclusive learning classrooms, pointing out the importance
of developing professional competencies to individualize instruction and address
the educational needs of all students (Shatayeva et al., 2021). In other domestic
studies, based on the works of Kazakhstani and foreign scientists, a meaningful
analysis of the concept of «inclusive education» is carried out, and the main models
and approaches concerning inclusiveness that can be adapted to the development
of school pedagogical practice in the Republic of Kazakhstan are identified
(Shadyrova, 2024).

In addition, domestic publications highlight the capabilities of up-to-date
educational technologies, such as virtual laboratories, to expand access to chemical
education for students with disabilities. The research by Abdurazov, Usenbai,
and Aldanazarova shows the positive impact of virtual laboratory modeling on
overcoming physical and cognitive barriers to studying chemistry in an inclusive
pedagogical environment, stressing the need for greater application of digital
resources in the learning process (Abdurazov et al., 2025).

The analysis of the scientific literature suggests that inclusive chemical education
is an interdisciplinary field in which pedagogical theories, didactic methods, and
educational technologies are closely intertwined. Despite the experience gained
abroad, it is still necessary to continue developing strategies for teaching chemistry
within the Kazakh scientific community, focusing on the diversity of students'
educational needs and, as far as possible, on the features of an inclusive pedagogical
environment.

At present, inclusive education is becoming an integral part of the Republic of
Kazakhstan's general secondary education system. In general education schools,
the number of inclusive classes in which children with different educational
opportunities study together is growing. Thus, teachers across disciplines face the
challenge of finding effective didactic approaches that ensure educational materials
are available to all students, including those with special educational needs.

Teaching chemistry is particularly challenging in an inclusive teaching
environment. This topic requires trained abstract thinking, the ability to work
utilizing symbols, formulas, and equations, as well as active participation in
laboratory and practical work. For some students, these qualities become a serious
obstacle to learning the educational content. In practice, the situation is complicated
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by the fact that most textbooks and teaching materials on chemistry are focused
on the typical student and do not account for the diversity of educational needs,
limiting the possibility of differentiation and individualization of training.

The analysis of teaching practice shows that chemistry teachers often do not have
the opportunity to consult, and there is insufficient methodological and educational
material suitable for inclusive teaching. In particular, tasks with step-by-step
instructions, visual models of chemical processes, alternative methods of conducting
laboratory work, and flexible methods for evaluating student performance are not
sufficiently presented. As a result, teachers are forced to adapt the teaching material
independently, based on their personal experience and intuition.

At the same time, implementing adaptive pedagogical practices, such as visual
aids and diagrams, digital and virtual laboratories, modified experimental tasks,
collaborative activities, and differentiated tasks, positively impacts students'
motivation and learning success. These approaches help to reduce barriers to
learning, arouse cognitive interest, and actively involve all students in the learning
process.

Therefore, the approachto the problem ofinclusive chemistry educationisrelevant
for modern pedagogical practice and is inspired by the necessity for methodological
support for teachers in inclusive classes. The study and systematization of proven
techniques for teaching barrier-free chemistry can improve the quality of teaching
the subject and ensure the implementation of inclusive education principles in
schools.

Materials and basic methods. History shows that the formation of inclusive
education was not easy; the founders of this form of education were philosophers,
educators, and teachers since the ancient world. The concepts formulated by them
showed the need to teach children with SEN.

The process of forming inclusive education shifted from one model to another,
and the «Normalization Model» or integration strategy, began its movement in the
middle of the 20th century. The unification strategy is aimed at a limitless society,
a society without different groups, in which everyone learns, lives, works, and
fulfills themselves together. When implementing this model, there is no need to
create separate institutions; special conditions are not created, everyone is on an
equal footing, and is forced to adapt to the system. The integration system has
expanded the opportunities of people with LHO, allowing them to study in general
education schools, colleges, and universities. The implementation of the strategy is
possible with strict adherence to the action plan, a single educational algorithm, the
application of the principle from simple to complex, and the complexity of teaching
methods and techniques (Kotova, 2008).

The current model of organizing the educational process for children with LHO
is taking a new trajectory, called the «social model» or inclusive strategy. Pedagogy,
psychology, and humanistic philosophy have become the basis of an inclusive
education strategy. This strategy signifies the needs of people with disabilities as
much as possible. Acceptance by society of a person with SEN, creation of optimal

(0 O & 460




ISSN 1991-3494 1.2026

living conditions for him, assistance in adapting to the environment for each
individual in need, these areas involve inclusion, inclusive education. An inclusive
strategy includes not only people with disabilities, but also other categories, such as
children from dysfunctional families, national minorities, by religion, and others.
This strategy is not limited to certain stages or levels of the education system; its
implementation is possible at all stages and levels of the education system, and it
is aimed at each child, his individuality and personality. Inclusion is understood
as a new approach, new psychological and pedagogical methods and techniques.
Inclusive education differs from correctional education in that, on the one hand,
it leads to the development of new teaching methods, and, at the same time,
unifies the education system, allowing not only children with LHO to learn but
also healthy ones, equalizing the opportunities of both categories. Teachers and
students are components of the same system, organized as subject-subject relations,
which is what inclusive education is all about. Children acquire subjectivity as
an effective quality. Subjectivity allows children to take an active role in the life
of the environment and the team, thus forming transformative relationships. The
transformation of relationships is accompanied by a change in people's activities,
towards themselves and the world, towards life and the people and events around
them. In such conditions, a new feeling, called «subjective well-being» (Tsyrenov,
2014), is formed. This state is characterized by a completely new positive, active
life position, expressed not only by a change in attitudes and attitudes to current
events in the world and to the world itself, but also by a revision of the attitude
to oneself and to one's life, the quality of life. With this form of organizing the
educational process, the educational environment adapts and creates conditions for
children with LHO, taking into account their characteristics and needs, but not vice
versa, adjusting the child to the system.

The aim of the study is to substantiate and theoretically analyze efficient methods
for inclusive chemistry education in general education schools, ensuring access to
educational content and effective mastery of the discipline for students with special
educational needs.

To achieve this goal, the article is supposed to solve the following tasks:

1. To identify the specifics and main difficulties of teaching chemistry in an
inclusive learning classroom.

2. To consider pedagogical strategies and adaptive methods of teaching
chemistry applied in an inclusive schooling environment.

3. Systematize effective methods and forms of work that help reduce educational
barriers for students with special educational needs.

4. Determine the pedagogical conditions that ensure the effectiveness of
inclusive chemistry education.

WHO data show the health status of the modern younger generation, and
at the same time, the tendency to increase the number of children with various
pathologies, including ASD, intellectual disabilities, etc. Students with SEN face
difficulties in mastering the educational program, and the task of teachers and
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heads of educational institutions is to create the necessary conditions for learning
and upbringing, and these children should receive full support within the learning
institutions. In other words, we need a barrier-free school environment that would
allow children with disabilities to thoroughly actualize their educational needs. In
this regard, it is necessary to create an inclusive schooling space for children with
disabilities.

Each educational institution may have its own subtleties in choosing forms and
methods, but there are general principles and laws that must be followed: the principle
of respecting the best interests of the child; the principle of continuity; compliance
with the principle of consistency; respect for the principle of humanization; the
principle of assistance; the principle of variability.

Where to begin? How to build the education process? First of all, the educational
environment determines whether the environment is ready to accept a child with
special educational needs. The effectiveness of the implementation process of a
child with SEN primarily depends on the organizational and pedagogical conditions.
One of the most important indicators remains the development of the adaptive
environment. Adaptive environment — aset of indicators

1. Adapting the learning process

2. No architectural barriers

3. No physical barriers

4. Individual training approaches

Thus, the priority questions are «Is the education system ready for inclusion?»,
«Where to start the process?». One of the most important aspects of the educational
process's readiness to accept and include children with disabilities is the
indicator of students' adaptability in the educational environment. The successful
implementation of a student with SEN ensures the creation of organizational and
pedagogical conditions that include not only the elimination of physical barriers
through the resolution of architectural obstacles, but also the creation of conditions
for the child's comfortable stay in this society. Such an environment allows the
child not only to adapt successfully and feel comfortable, but also promotes
individual advancement, increasing self-esteem and self-importance, and therefore
self-realization. The role of the subject teacher is very important in this process; the
degree of perception of the material depends on it, it creates an adaptive model of
the educational process through methodological and technical capabilities.

Individualization of the learning process is aimed specifically at this child and
may include such modifications as:

- Change of deadlines, task forms, and methods of presenting results.

- Concentration of the student's attention on precise details of the educational
material;

- drawing up an individual «waybill» with a description of the route from
learning new material to completing homework;

- Implementation of all possible methods of perception of the material;

The educational process is impossible without psychological and medical
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support. Each child with SEN is different, and therefore the learning and
development strategies are individual, taking into account their needs and
characteristics. Through the educational process, the inclusion of a child with LHO
is not only about educational activities but also about socio-cultural adaptation and
integration. In this regard, the educational institution and teachers have a great
responsibility to include a child with LHO in society. Teachers face the challenge
of organizing the educational process with maximum efficiency and achieving the
expected results, which means choosing the most rational ways to solve problems.

The traditional model of education, which has long been used in general
secondary education, focuses on the average level of students and assumes uniform
requirements for the pace of learning, forms of learning and assessment methods.
Within this approach, the content and methods of teaching chemistry primarily
do not take into account students' individual educational needs, which limit the
possibility of full inclusion of children with special educational needs in the
educational process. This is manifested in mastering the frontal forms of work,
abstract-theoretical presentation of the material and standard laboratory tasks, the
performance of which requires a high level of formation of abstract thinking and
experimental skills.

For students with special educational needs, these demands frequently become a
serious obstacle to learning, which leads to a decrease in motivation and difficulty
in mastering educational content. According to foreign researchers, focusing only
on a single educational standard without flexible adaptation of the content and
instructional techniques does not correspond to modern principles of inclusive
education Abdurazov et al., 2025).

Unlike the traditional approach, inclusive education is based on the principles of
accessibility, variability, and educational diversity of students. Inclusive education
consists of adapting the content, methods, and forms of teaching chemistry to the
individual capabilities of students. In pedagogical practice, this is done with the
help of differentiated tasks, visual models of chemical processes, visual diagrams,
alternative forms of laboratory and practical work, as well as flexible methods for
evaluating academic results ().

The analysis of scientific research shows that in the context of inclusive
education, modern models of teaching chemistry are of particular importance. The
analysis of scientific research shows that Moderna models of chemical education
are becoming particularly important in an inclusive schooling environment. One of
the most common is the universal model of learning design (Universal Design for
Learning), which includes various ways of communicating information, organizing
educational activities and displaying learning outcomes (Abdurazov, 2025). .

Kazakh academics point out that the transition to an inclusive model of teaching
chemistry calls for not only updating educational materials, but also specific training
of teachers to work in an inclusive learning classroom The lack of development
of adapted methodologies and practical recommendations complicates the
implementation of inclusive education and reduces its effectiveness ).
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Thus, a comparative study of traditional and universally accessible approaches
shows that inclusive chemical education has a considerable capacity for improving
access and the standard of education. Unlike the traditional model, the all-
encompassing approach focuses on removing educational barriers, actively
involving all students in the learning process, and setting requirements for achieving
learning outcomes based on individual students' abilities.

This leads to the following questions: «How to organize a lesson?», «What
methods to apply?», «What principles to build a lesson on?».

The fundamental principles of organizing a lesson with LHO children are:
empathy, individualization, consistency, positive reinforcement, collaboration with
parents, and other professionals.

Answering the following questions, the teacher considers the method of teaching
«special» children, because the correct choice of learning methods for children
with SEN (special educational needs) is an art that requires flexibility, sensitivity,
and individual approach from the teacher. Using student-centered learning with an
emphasis on interaction between students allows you to move from the traditional
model, where the teacher is the central figure, to the model focused on the student.
Instead of learning passively, students actively participate in the learning process,
interacting with each other on an equal footing. Organization of the educational
space (group seating, selection of materials and tasks, individual assessment)
contributes to effective cooperation. This approach is effective in both specialized
as well as inclusive classes, developing interaction skills between all students,
regardless of their characteristics. Inclusive education is not able to be unified; it
cannot have a universal «recipe», method, technology, but there are a number of
general principles and methods that have proven their effectiveness.

Teaching children with SEN is a difficult yet gratifying task. Success depends on
the teacher's professionalism, empathy, patience, and willingness to constantly learn
and improve. Thus, openness and variability are among the main characteristics
of the modern education system in the Republic of Kazakhstan. The instructional
environment adapts to the child by identifying the child's needs and creating the
necessary conditions, offering optimal, high-quality educational services to both
the child and his parents.

The main factors of inclusion of school students in inclusive education are:
creation of a barrier-free environment, development of an adapted educational
program, and psychological and pedagogical support.

The principle of inclusive education is that teachers and administrators of
general education schools accept children regardless of their intellectual, emotional,
physical, and social status and create conditions for them based on pedagogical and
psychological methods adapted to the needs of children are located.

Thanks to an integrative approach, the learning process allows students to
acquire the necessary skills in accordance with educational standards. The main
theme of inclusive education is the child with disabilities. In the field of education,
the term «child with disabilities» describes children who are unable to complete
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the regular curriculum due to mental, intellectual, and physical disabilities and who
require specially designed content, methods, and learning standards.

Entering a new environment for children with SEN is a difficult process, given
that up to this point they were taught at home, individually, and students have
almost no socialization skills. At the first, ascertaining stage of the experiment,
our task was to determine the difficulties that students faced in the new real-life
conditions, to determine their interests and opportunities.

We are faced with the following questions: what training methods should we
adopt? How do I organize the learning process?

For the successful implementation of mixed-ability classroom learning, it is
important to use a variety of modern methodologies of instruction and technologies
that take into account the individual educational needs of all students. An effective
approach is differentiated learning, in which tasks and activities are adapted to each
student's level of knowledge, competencies, and interests. In chemistry courses, this
can manifest itself by offering students with special educational needs simplified
versions of laboratory tasks with step-by-step instructions, while more prepared
students complete in-depth tasks or mini-studies. Flashcards with visual guides and
diagrams are an important tool for differentiation, which allows all children to learn
the material successfully.

No less significant is the multi-modal offer of educational materials, which relies
on different channels of perception: visual, auditory, and kinesthetic. Using videos,
interactive presentations, 3D molecular models, and chemical process animations
allows children with disabilities to better understand abstract concepts. For example,
the structure of a molecule can be represented using a three-dimensional model or a
virtual simulator, and a demonstration of the experience can be presented as a video
that allows students to repeat actions at their own pace.

Project and research activities are another effective method of inclusive
learning. Group projects and mini-studies allow children to put their knowledge
into practice and develop group work capabilities. For students with disabilities,
individual laboratory kits or digital measuring instruments can be used, and the
work is evaluated not only by the accuracy of the results, but also by the degree of
participation and understanding of the process.

Digital and virtual laboratories, such as PhET, ChemCollective, or Labster, are
widely used to simulate chemical experiments in an interactive environment. This is
especially useful for students who find it difficult to perform physical experiments,
as they can safely observe reactions, change experiment parameters, and study the
results under the guidance of a teacher.

Visualization and visual materials are essential for developing a strong
understanding of the learning material. Diagrams, infographics, molecular models,
and concept maps help children learn complex processes such as chemical reactions
and the structure of substances. Students can create their own diagrams or posters
that help consolidate their knowledge and develop cognitive skills.

Group training and pair work, in which students of different levels of education
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jointly solve educational problems, which are also effective. Roles can be assigned
to these groups so that each student is involved in the process, and children with
special educational needs receive support from their peers. This approach promotes
socialization and development of team skills.

Finally, special attention should be paid to flexible forms of assessment
tailored to each student's capabilities. Evaluation can be done through portfolios,
observations, oral reports, or multimedia presentations. Lab work is evaluated for
participation in the process and understanding of the experience, rather than just the
accuracy of results, which creates an environment that encourages the inclusion of
all students in the learning process.

The integrated application of these methods and technologies makes chemistry
education accessible to all students, reduces obstacles to learning, and forms the
active involvement of children with special educational needs in the educational
process. Implementing these approaches in chemistry classes improves the quality
of education and develops the skills and competencies necessary for all children to
successfully master the subject.

To ensure the effectiveness of inclusive chemistry education, it is necessary
to create a complex of instructional settings that provide accessibility and quality
of the educational process for all students. The fundamental condition is teachers'
professional competence, which includes the knowledge and ability to address
students' differentiated educational needs. Therefore, the preparation of future
teachers for the formation of inclusive competencies requires the assimilation
of special disciplines and modules into professional education programs, which
is confirmed by research on the formation of inclusive competencies of future
teachers in Kazakhstan .

An equally important pedagogical condition is the availability of adapted
teaching materials and technologies that account for the specificities of
information perception in children with special educational needs. The analysis
of methodological aspects of inclusive education shows that the use of adaptive
pedagogical technologies and multimedia materials promotes a higher successful
assimilation of knowledge and reduces learning barriers for students with LHO.

The third important condition is the organization of psychological and
pedagogical support, which creates a favorable emotional setting and supports
individual educational trajectories of students. Psychopedagogical support includes
systematic diagnostics, counseling, and corrective measures aimed at developing
children's cognitive and social skills in an inclusive setting (Rakhmatova, 2024).

Creating an inclusive learning environment that ensures equal access to the
learning process is an important factor in effectiveness. This includes adapting the
spatial, logistical, and organizational environment to cater to the wide-ranging needs
of students, as well as supporting teachers and parents in implementing inclusive
practices. Creating a favorable environment in which every student perceives
accepted and included in classes is the basis for successful implementation of
inclusive education (Abidova and Yerkinzhonova, 2024).
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Finally, one of the pedagogical conditions for academic achievement is
systematic teacher training in inclusive practices, which includes mastering adaptive
didactic approaches, differentiation and individualization competencies, as well as
the ability to effectively organize the learning process using Moderna Educational
Technologies. The analysis of pedagogical training shows that thorough training of
teachers for inclusive activities significantly improves the quality of the educational
process and the level of adaptation of students .

Thus, the impact of inclusive chemical education is accomplished by a
combination of pedagogical environments, including teacher training, availability
of adapted materials, psychological pedagogical support, creation of an inclusive
teaching environment, and systematic methodological support. These factors
facilitate the creation of a favorable learning environment in which all students
have equal opportunities for successful learning and personal development.

Results. To identify the level of creation of pedagogical conditions, a survey
was conducted among teachers. The purpose of the survey was to identify the best
learning methods for children with SEN.

The first question is «What form of training do you prefer when working with
children with LHO?». Teachers prefer an individual approach, which is working
with the child separately from the main group.

The second question, «How do you feel about inclusive education?» was divided
among teachers; some of them consider it a good solution, but the second part of
respondents assume that individual training is the most acceptable in this situation.

The third question is «Are there any positive aspects in teaching healthy children
together with LHO?». All teachers answered «yesy, both to one and the other side
of the students. in this form of training, such qualities as tolerance, empathy, mercy,
kindness, caring and others are brought up. For children with LHO, this is a good
opportunity to socialize, discover their abilities, hidden potential, and talents.

The fourth question, «Are there any drawbacks of co-education for healthy
and children with LHO?» teachers noted the complexity, restructuring of didactic
methods, that is, a change in the educational process is required.

The fifth question is «Have you completed professional development in the
framework of inclusive education?». Professional development is a mandatory
procedure for teachers, but they did not complete a course aimed entirely at
inclusive education. Professional development, aimed at methodological literacy,
partially addressed the issue of inclusion, it’s some aspects.

Sixth, «What difficulties do you have to face when working with children with
LHO?» For many, it was a methodical training of personnel.

In addition to conducting a survey, students' educational achievement and
behavior were monitored. The aspect of adaptation, activity, and socialization
of the child, through communication, the ability to ask or help fellow students/
teachers, was considered.

Thus, inclusive education has its own specifics, which do not allow the
participation of methodically untrained teachers.
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The learning process is fully planned and organized by the teacher, and a choice
of methods and means is made to achieve the expected result. The trend of modern
education is aimed at active cognitive activity of schoolchildren, the role of the
teacher-organizer, «director» of the educational process, the main goal of which is
to attract the student through a conscious attitude to learning, this means a change
in thinking, perception of information by the student, which is possible during the
transition from traditional authoritarian learning to teacher-student cooperation.
The updated curriculum is based on a competency - based approach to learning,
which means that there is a need for changes in the curriculum. The new standards
are based not on the amount of material the student must learn, but on the results
of training (Nazarova, 2011). The short-term transition to this form of education
is quite difficult, so teachers and students should be prepared for it. One of the
ways is to use methods and techniques based on students ' independence, which
activates their activities. The teacher, in turn, bases his activity on methods, such as:
research, personality-oriented, differentiated approach, active methods, modular,
problem-based, etc. (Abdurazova et al., 2025).

Thus, the state standard focuses on teachers' use of innovative, interactive, and
active teaching methods.

During the experiment, we used various forms and methods of organizing the
educational process when teaching chemistry in groups with children with LHO.
We focused on teaching methods such as research, case-based learning, and ICT.
The survey of teachers showed that not all the proposed methods are considered
to be a priority. Of the 117 teachers surveyed, they noted that they often use ICT
methods and less often research and case technology (figure 1).
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Figure 1 — Diagram of the frequency of application of training methods

As the survey shows, the methodological competence of teachers is quite
high. They apply effective (according to the conducted research) methods and
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technologies that allow creating the necessary pedagogical conditions for obtaining
positive learning outcomes.

Differentiated learning, multi-modal presentation of educational materials,
digital and virtual laboratories, flexible assessment forms, and ICT technologies
are an integral part of the educational process for children with SEN. Teachers who
teach inclusive classes’ rate these methods as elementary and basic.

Visualization and visual materials, as well as group training and working in pairs,
are also used quite often by teachers. Sometimes it is quite difficult to understand
this without images of chemistry, and in this case, creating and presenting a model
of a molecule, substance, reaction, virtual and real, makes it easier to perceive
matter.

Of the proposed methods, the case method and project and research activities
were among the «sometimes» and «rarely» used.

Research activities in chemistry classes are primarily laboratory experiments.
Conducting and organizing an experiment means following the safety rules.
Performing experiments requires students to have certain skills and abilities. The
study of physical, chemical characteristics and methods of preparation is most
effective through performing experiments. In this case, the student can clearly see
the effect of the reaction, the release of gas, precipitation, the appearance of staining
or, conversely, its disappearance, or a change in the color of the solution. Release of
odors characteristic of certain substances and compounds.

As mentioned above, performing laboratory work calls for meticulous
coordination of movements, knowledge of safety techniques, and compliance with
the progress of work. In our case, students with impaired coordination of movement
cannot be allowed to perform individual laboratory work. For these guys, we
suggested using a virtual laboratory. The virtual laboratory allows you to perform
experiments in a safe way, while visualizing the reaction effects that children
observe in front of the screen, combining all this with self-performed manipulations.
Another positive aspect of such work is the possibility of carrying out reactions
with toxicity, explosion or fire hazard, radioactivity or other characteristics that do
not allow performing in real mode (Abayeva et al., 2023).

Research work can also include the preparation and defense of research papers,
presentations, projects, layouts, etc. When performing this type of work, the
student needs to study the literature, information, and select the necessary work
for subsequent defense. Research work allows you to form an interest in studying
chemistry. Increasing cognitive activity and creativity. Research skills and skills of
working with literature are improved, calling attention to the main idea, forming
a connection with everyday objects and important processes, such as biological,
medical, industrial, and creative abilities are developed. Revealing the hidden
potential of a child (Abdigapbarova et al., 2024). Possible formation of professional
knowledge and skills necessary for choosing a profession.

Case technology in inclusive chemistry education allows you to create learning
situations that are close to real life, making the material understandable and
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motivating for all students. For children with special educational needs, the cases
are adapted with detailed instructions, visual diagrams, and multimedia materials,
which facilitate the perception of information. The method promotes teamwork and
socialization, allows you to assign roles in the group, and uses different strategies
to solve problems in accordance with the abilities of each student. The use of case
technology increases motivation, develops critical thinking, and ensures active
participation of all students in the educational process, making chemistry teaching
accessible and effective.

As part of the study, a survey was conducted among 45 students of an inclusive
class to determine their views on the instructional techniques used: differentiated
tasks, case technologies, virtual laboratories and multimedia materials.

The results showed that 82% of respondents said that visual diagrams, step-
by-step instructions, and multimedia tools help them better apprehend complex
chemical concepts. 76% of students noted that working with cases and participating
in group projects increased their interest in the subject and contributed to the
development of cooperation skills. Students with special educational needs
emphasized that modifying materials and being able to work at their own pace
reduced stress and created conditions for successful completion of tasks (93% of
positive reviews).

At the same time, healthy students also noted that these methods contribute to
the development of evaluative reasoning and analytical skills, and interaction with
classmates from different educational backgrounds allows them to find new ways
to solve problems.

In general, the results of the survey shown in Figure 2 confirm the effectiveness
of the proposed methods, showing that their application creates favorable
conditions for the assimilation of educational material, engaged involvement, and
the formation of positive learning motivation in all students.
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However, teachers also noted the difficulty of working in inclusive classrooms.
Teaching in the classroom inclusively is a rather complex and multifaceted task,
which requires that the teacher have great professional competence and adaptability.
One of the main difficulties is the need for an individual method for each student.
Children with special educational needs can greatly differ in the level of development,
cognitive abilities, psycho-emotional state, and speed of assimilation of material,
which requires constant differentiation of tasks and instructional techniques.

Another major problem is the lack of methodological guidance and adequate
teaching materials, especially in subjects that require abstract thinking and
practical skills, such as chemistry. Teachers are often forced to develop individual
assignments, lab work, and visual models on their own, increasing their workload
and demanding considerable resources of time and creativity.

Organizational and pedagogical difficulties also manifest themselves in
managing a class with students of various educational backgrounds. It is important
to simultaneously maintain the motivation and interest of all students, monitor
safety during experiments, and ensure that all children are included in group and
individual tasks, which can be difficult without prior training.

The psychological aspects of working in an inclusive teaching space are also
important. Teachers need to be able to manage the emotional atmosphere, help
children adapt to the team, take into account behavioral characteristics, cope with
conflict situations, and maintain positive learning motivation.

Finally, the lack of sufficient professional training and practical experience in
inclusion is another major challenge. Many teachers do not have special training in
inclusive pedagogy, which makes it difficult to effectively use adaptive technologies,
case studies, virtual laboratories, and flexible assessment models.

Collectively, all these factors make working in an inclusive teaching setting
time-consuming and require systematic support, including methodological,
psychological, and organizational support from the school and educational system.

mm individual approach to each student

mn lack of methodological recommendations and adapted teaching materials
mm Organizational and pedagogical difficulties

m manage the emotional climate

Figure 3 — Difficulties of working in inclusive classrooms
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Discussion. The analysis shows that the use of inclusive strategies in teaching
chemistry contributes to greater accessibility of the educational process and greater
inclusiveness of students with different educational needs. An inclusive strategy
permits creating conditions in which each student can develop chemical theoretical
knowledge and hands-on skills in accordance with their abilities, meeting Moderna's
requirements for the quality of education.

The model of inclusive chemistry education «Chemistry without Barriers» is
a structured method focused on creating an accessible instructional environment
for students with different educational needs. It includes five interrelated blocks:
personnel-succession, diagnostic-preparatory, educational-methodical, practical-
experimental, and evaluative-reflexive.

Scheme of a practical model of inclusive
chemistry education

¥

HR AND SUCCESSION BLOCK

* Bachelor's degree training
¢ advanced training
* methodological support
« continuity of levels

DIAGNOSTIC AND TRAINING BLOCK
PREPARATORY UNIT * multimodal materials
* SEN detection * UDL
* Barrier analysis « task adaptation
*IOM
EVALUATION AND PRACTICAL and EXPECTED RESULTS
REFLEXIVE BLOCK | EXPERIMENTAL BLOCK BLOCK
*formative ﬁ  experiment adaptation
assessment « virtual laboratories M ¢ engagement
* portfolio * competencies « accessibility
« feedback * motivation
einclusive
culture

Figure 4 — Model of inclusive chemistry education

An important methodological basis for inclusive chemistry education is the
principle of continuity of education, which implies the consistent formation of
subject and metasubject competencies at all stages of training. The implementation
of inclusive practices should be systematic and ensure continuity between levels
of education, which is especially important for students with special educational
needs. Lack of consistency in the application of adapted instructional techniques
and tools can reduce the effectiveness of the educational process and make it
difficult to further master chemical disciplines.

A special function in guaranteeing the continuity of inclusive education is
played by the training of teachers, starting from the bachelor's level. The inclusion
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in the educational programs of future chemistry teachers of disciplines and modules
aimed at developing competencies in the field of inclusive pedagogy, adaptation
of educational material, and organization of safe laboratory activities contributes
to improving the professional readiness of graduates to work in a diverse student
population. Practice-oriented training helps to reduce the professional difficulties
of young professionals and ensure longer-lasting implementation of inclusive
approaches pertaining to education practice.

The organization of laboratory and practical chemistry classes in an inclusive
teaching space requires special attention to safety and inclusiveness. The use
of personalized equipment, digital learning resources, and elements of virtual
experiments expands the opportunities for students with health problems to
participate and helps generate lasting interest in the subject. At the same time, the
consistent use of these tools at different stages of learning improves the educational
effect and contributes to the motivation of students.

Thus, the results of the discussion confirm that the effectiveness of inclusive
chemical education is determined not only by the set of methods used but also by
their systematic implementation, based on the principle of continuity of education
and specific training of teachers at the university level. Further development of
inclusive chemistry education in the education system should be linked to improving
teacher training programs and expanding the methodological support for inclusive
practice.

Based on the conducted pedagogical experiment, we can state that the use
of cutting-edge teaching techniques is acceptable in classes and groups with
children with SEN. Moreover, these methods can improve the effectiveness of the
educational process. By organizing the process so that students strive to acquire
knowledge independently, however, the teacher always needs to take into account
the individual capabilities of students, choosing the most optimal conditions for
learning.

Conclusion. The aim of the experiment was to consider instructional techniques
as a factor for including students with LHO in the process of an inclusive educational
environment when studying chemistry. Inclusive education is a new platform of
opportunities, the principle of implementation of which is «everyone in society is
equal», creating opportunities for people with disabilities to realize their life values
and skills, both in children with SEN and healthy ones. Implementation of the
direction of the inclusive education program provides an opportunity for children
with SEN to receive a high-quality education, which allows them to continue to be
fully developed person. The direction of inclusive education is considered in the
«State Program for the Development of Education in the Republic of Kazakhstan».

The development and implementation of inclusive education in the educational
process, through the use of various methods and techniques, can increase students'
motivation to acquire knowledge and therefore improve academic results among
students with different needs. Students who studied using adapted materials and
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differentiated tasks showed a higher level of understanding and assimilation of
the material. Inclusive methods, such as group work and hands-on experiments,
contributed to greater student involvement in the learning process. This, in turn,
helped create a more motivational and helpful ambiance in chemistry classes.
Working in mixed groups contributed to the development of students' social and
communication skills. Students learned to cooperate, express their thoughts, and
help each other, which had a positive impact on their relationships.

The results of the research show the significance of ongoing professional
development of teachers in the field of inclusive education. Teachers who
completed special courses and training were more effective in applying inclusive
approaches and modifying educational material. The results of this study open up
prospects for additional studies in the field of inclusive education in the sciences,
including experiments with other subjects, scaling successful strategies, and
exploring the long-term effects of an inclusive model. Overall, the study confirmed
the importance of an inclusive methodology to chemistry education as a means
to overcome learning obstacles and establish a fairer teaching environment that
promotes the development of all students.

Therefore, the development of inclusive education in the Republic of Kazakhstan
is a key priority of the state educational policy aimed at implementing the principles
of humanism, equality and social justice. In the context of modernizing public
awareness, it is particularly important to ensure equal availability of high-standard
education for all categories of students, including children with special educational
needs. At present, inclusive education is becoming an integral part of the general
secondary education system with an increase in the number of inclusive classes in
general education schools. This, in turn, actualizes the problem of methodological
support of the educational process and preparation of teachers for work in conditions
of educational diversity.

A special problem of inclusive practice is the teaching of chemistry as an
academic discipline that requires well-formed abstract thinking, mastery of the
symbolic and mathematical language of science, and participation in experimental
laboratory activities. The lack of educational materials adapted to different
categories of students with special educational needs makes it difficult to apply
the principles of differentiation and individualization of learning. The analysis
of pedagogical practice shows that chemistry teachers lack scientifically based
methodological recommendations for organizing inclusive education. Adaptive
forms of presentation of educational materials, alternative methods of practical and
laboratory work, as well as flexible models for assessing academic performance,
are not sufficiently developed. As a result, teachers have to independently find ways
to overcome obstacles in education, which does not always guarantee a long-term
positive result. At the same time, the use of inclusive educational tactics, such as
visual aids, diagrams and models, digital and virtual laboratories, differentiated
tasks, forms of cooperative work and adapted experimental tasks, shows a positive
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impact on students ' motivation to study and cognitive activity. These approaches
help diminish cognitive and psychological barriers and ensure that all students are
included in the learning process. In this regard, the search and systematization of
successful approaches to inclusive chemistry education seems relevant and relevant
for modern pedagogical practice, since they can improve the quality of teaching the
discipline and ensure the implementation of the principles of unhindered modern
education.
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