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Abstract. The modern Kazakh education system strives to ensure equal access
to quality education for all categories of students, including children with special
educational needs. In the context of inclusive education, the methodology of
teaching natural sciences, including chemistry, is important, taking into account
the individual abilities and needs of students. Teaching chemistry to children with
special educational needs requires not only pedagogical flexibility, but also a high
level of empathy, patience, and professionalism. As the experience of Kazakhstani
schools shows, with the right methodology, these students can successfully master
such complex subjects as chemistry and become interested in science. This article
explores methodological features of teaching chemistry to students with special
educational needs in Kazakh secondary schools, aiming to identify effective
ways of organizing adaptive lessons. The paper analyzes the cognitive abilities
of students with special educational needs, ways to increase learning motivation,
visibility, supporting messages, differentiated learning, practical work and the
possibilities of using digital resources. Based on the experience of Kazakh schools,
the effectiveness of methods and techniques used in the study of chemistry was
described. The study describes how increasing the interest of students with special
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educational needs in chemistry and improving academic achievements. The modern
educational environment requires the effective integration of inclusive approaches
in natural science subjects. The scientific literature, legislative bases of inclusion
in Kazakhstan and international practice are analyzed. Fragments of experimental
work conducted at secondary school No. 35 named after H. Dosmukhamedov
in Aktobe were presented. The tasks are adapted according to the capabilities
of different categories of students. The results of the pedagogical experiment
emphasize the importance of methodological flexibility, multisensory approach and
support in creating an inclusive chemical educational environment. The materials
of the article are intended for teachers, methodologists and researchers in the field
of inclusive education.

Key words: inclusive education, chemistry teaching, students with disabilities,
adapted tasks, methodology, special pedagogy, Kazakhstan, sensory disorders
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Annoranus. Ka3ipri 3amanfbl Ka3akcTaHABIK OiniM Oepy JKyieci OKymIbuiap-
JIbIH OapiibIK CaHATTAphl, OHBIH IIIIHJC epeKiie OuUTiM Oepy KaKeTTUIiKTepi Oap
Oananap ywiH camajibl OiiMre TEH KOJDKETIMALTIKTI KaMTamachl3 €Tyre YMThI-
naael. MHKITFO3UBTI OiTiM Oepy sKaFmaibIHIa OKYIIBIIApILIH JKeKe KaOireTTepiH,
KaXETTUIIKTEpI MEH MYMKIHAIKTEPiH €CKepill, KapaTbUIbICTaHy FhUIBIMIAPBIH,
OHBIH INIHJE XUMHSIHBI OKBITY OJIiCTEMECi MaHBI3JIbI MOHIe Me. XUMUS TMOHIH
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OKBITY/Ia epeKIne OiTiM Oepy KaKeTTilikTepi Oap Oanaiapra TEK IMeAarornKallbiK
MKEMJIUTIKTI FaHA €MEC, SMITATHSIHBIH, IIbIIaMIBUIBIKTHIH KOHE KOCIOMITIKTIH YIIKSH
JeHreitin Tanan erei. KazakcTaHblK MEKTENITEPIiH TOKIpHOEC KOPCeTKEHIHACH,
JYPBIC 9JIICTEMEMEH aTallFaH OKYIIbUIAD XUMHS TOHI CHSIKTBI KYp/ei IOHAepI
JIe COTTI MEHIepill, FhUIBIMFA KBI3BIFYIIBUIBIK TAaHBITA aNajibl. Makamajga Kazak
opTa MeKTe0i JkarmaibIHa epekire O0iiM Oepy KaKeTTUTIKTepi O0ap OKyIIbLIapra
XUMHSI ~ TIOHIH  OKBITYABIH  OMIICTEMEINIK  epeKIIeNiKTepl  KapacThIPBUIIBL.
3eprTeyniH MakcaTbl — HMHKIIO3UBTI OuUTiM Oepy aschlHAa XUMHUSI caOaKTapblH
Oeitlimmen YHBIMAACTBIPYABIH THIMAI KOIAApbIH aHbIKTay. JKyMBICTa epeKiie
OumiM Oepy KaKeTTUTiKTepi 0ap OKYIIBUIAPIBIH TaHBIMABIK MYMKIHAIKTEpi, OKY
MOTHBAITUSCHIH apTTHIPY TOCUIIEPi, KOPHEKUIIK, TIpeK Xadapiap, capaiar OKBITY,
MPAKTUKAIBIK JKYMBICTAD MEH IUQPIBIK pecypcTapisbl KOIAaHy MYMKIHIIKTepi
tanmgaHael. Kazak MekTenTepiHiH ToxipuOeciHe CyHeHe OTBIPBIN, XUMHUSHBI
MEHIePTY/Ie KOJJIAaHBUIATHIH 9/IiC-TOCUICPAIH HOTHKEIIIrT CHIIATTaIbl. 3epTTey
HOTHXeJepi epekie OiniM Oepy KaKeTTUTikTepi 0ap OKyIIbIIapAbIH XUMUS [TOHIHE
KBI3BIFYIIBUTBIFBIH aPTTHIPYFa JKOHE OKY JKETICTIKTEPiH jKaKCapTyFa BIKIAI eTeTiHi
kepcetinmi. Kazipri 6iim O6epy opTachl )KapaTbUIBICTAHy UK TIOHIEPIH OKBITYIa
WHKJTIO3UBTI Tocummepai THiMAai OipikTipyai Tajam ererdi. FeuteiMu omeduertep,
Kasakcranmarbl KoHE XalbIKapabIK MPAKTHKAIAFbl WHKITFO3USHBIH 3aHHAMAIBIK
Herizgepi TangaHabl. AKreOe KamachlHBIH X. JlocMyxamenyiibl aThIHIAFbl
Ne35 opra MekTeOiHIIE OTKI3UITGH SKCIEPUMEHTTIK Ca0aKTTapiblH Y3iHjici
YCBIHBUIIBL. OKYyIMIBUIAPIIBIH OPTYPJIi CaHATTAPBIHBIH MYMKIHJIKTEpiHE COMKec
Oeifimaenten TarceipManap Oepinmi. IlemarorukaiblK KCIEPUMEHT HOTHKENIEpi
WHKITIO3UBTI XUMISIIBIK OlmiM Oepy OpTachlH Kypy[a SIiCTeMENiK WKeMIUTIKTIH,
MYJIBTHCEHCOPIIBIK TOCIIIH JKOHE KOJIAy/IbIH MaHbI3IbIIBIFBIH KopceTei. Makana
Marepuangapbl MyFaldiMJepre, oJiCKepiiepre >KOHE MHKIIO3UBTI OimiM  Oepy
CaJIaChIH/IaFbl 3epTTEeyLIJiepre apHalFaH.

Tyiiin ce3nep: HHKIIO3UBTI OLTIM Oepy, XUMHUSHBI OKBITY, MyMKIHJIIT1 IIIEKTEYJTi
OKyTIIbLTap, OeHIMIIEITeH TarceIpMaiap, 9iicTeMe, apHaifbl megaroruka, Kazakcras,
CCHCOPJIBIK OY3YIIBLIBIKTAD
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Annotaunus. CoBpemenHas cuctema oopasoBanus Kazaxcrana opueHTHpoBaHa
Ha oOecreyeHne PaBHOTO JIOCTYNa K KadyeCTBEHHOMY OOpa30oBaHUIO IS BCEX
KaTeropuil ydyamuxcs, B TOM 4YHWCIIe JeTedl ¢ 0coObIMH 00pa3oBaTeIbHBIMU
NOTPEOHOCTSIMUA. B yCIOBHSIX HMHKIIIO3UBHOTO 00pa3oBaHUsl Ba)KHOE 3HAUCHHE
MMeeT METOIMKA MPEINojaBaHNs €CTECTBEHHBIX HayK, B TOM YHCJIE XUMHH, C yUETOM
WHIWBUAYAIBHBIX CHOCOOHOCTEH, MOTpeOHOCTeH M BO3MOKHOCTEH ydaluxcs.
B mpernogaBaHuM XMMUU JIETSIM C 0COOBIMU 00pa30BaTEIbHBIMH MOTPEOHOCTSIMU
TpeOyeTcst He TOJBKO Mearoruueckasi FTHOKOCTh, HO M OOJIBbILION YPOBEHb SMIAaTHH,
TeprieHus U npodeccroHanu3Ma. Kak moka3plBaeT OMBIT Ka3aXCTAHCKUX MIKOJ,
MIpY MPaBUIBLHON METOJMKE JAHHBIE yyallllecs MOTYT YCIEIIHO OCBauBaTh TaKHe
CJIOKHBIE MPEIMETHI, KaK XUMUS, U UHTepecoBaTbcs Haykol. CTaThs MOCBsILEHA
BBISIBIICHHIO METOIMYECKUX 0COOCHHOCTEH U 3P (PEeKTUBHBIX CITOCOOOB alalTUBHON
OpraHu3alyy YPOKOB XHMHUH ISl y4YalIUXcsi ¢ OCOOBIMH 00pa3oBaTebHBIMHU
MOTPEOHOCTSIMA B Ka3aXxCKOW cpenHeil mikone. B pabore mpoaHanu3upoBaHBI
MO3HABaTEIbHbIE BO3MOKHOCTH YYAIIUXCS C OCOOBIMH 00pa3oBaTeiIbHBIMU
NOTPEOHOCTSIMU, CHOCOOBI TOBBINICHUS y4eOHOW MOTHBAIMM, HAIISAHOCTD,
OIOpHBIE COOOIIeHNUS, MU PepeHINPOBaHHOE 00yUeHUE, PAKTHUECKUE paboThl U
BO3MOJKHOCTH HCIIOIB30BaHHUS HUPPOBHIX pecypcoB. Ha ocHOBe ombiTa Ka3axCKUX
HIKOJ ObLTa OmMKcaHa Pe3yJAbTaTHBHOCTH METOOB U MPUEMOB, IPUMEHSIEMBIX MPU
W3yYeHUU XUMHH. BBIJIO TOKa3aHO, YTO Pe3ybTaThl HCCIIETOBAHUS CIIOCOOCTBYIOT
MOBBIIICHHUIO MHTEPECa YHalUXcs ¢ 0COOBIME 00pa30BaTeIbHBIMU MOTPEOHOCTSIMU
K XMMUU M YAYYIIEHHIO yueOHBIX nocTmxkeHnid. CoBpeMeHHas oOpa3oBaTebHas
cpena TpedyeT S(GQEKTHBHOW WHTErpalMd HWHKIIO3WBHBIX IOJXOAOB B
MIpENnolaBaHUM TNPEIMETOB E€CTEeCTBEHHOHAy4yHOro Iukia. I[IpoanannsupoBana
Hay4Has JMTeparypa, 3aKOHOAATEJbHbIE OCHOBHI HMHKIIO3MM B Kaszaxcrane u
MEXIyHApOJHOH MpakTHKe. Bpuin npeacTaBieHsl pparMeHThl SKCTIEPUMEHTATBHBIX
pabor, mpoBeneHHbIX B cpenHei mkone Ne 35 um. X. Jlocmyxamenosa r. AKToOe.
JlaHbl 3a1aHus, aJanTHPOBAHHBIE B COOTBETCTBUM C BO3BMOYKHOCTSAMHU Pa3IUYHBIX
Kareropui yuamuxcsi. Pe3yaprarsl He1arorndeckoro 3KClepuMeHTa oI4epKUBatoT
B)KHOCTb METO/I0JIOTHYECKON THOKOCTH, MYJIBTHCEHCOPHOTO IMOIX0/a U TOJICPIKKN
B CO3MaHUM WHKIIIO3MBHOW XMMHYECKOH 00pa3zoBaTenbHOM cpeabl. Matepuaibl
CTaThH MpeIHa3HAYCHBI IS YUUTeNeH, METOIMCTOB U UCCcieaoBaTeeld B 00aacTu
WHKJTIO3UBHOTO 00Pa30BaHuUsI.

KioueBble cjioBa: MHKIIO3MBHOE OOpa3oBaHUE, NpENOAaBAaHHE XWUMHH,
ydalMecss ¢ OrpPaHHYE€HHBIMH BO3MOXKHOCTSIMH, aJaNTHPOBAHHbIE 3aJaHUS,
METOAMKa, CIelnagbHas negaroruka, Kasaxcran, cCeHCOpHbIE HapyIIEHUs
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Introduction. Inclusive education has become a core principle in modern
pedagogy, aiming to ensure equal learning opportunities for all students, including
those with special educational needs (SEN). In chemistry education, this principle
requires not only accessibility but also the methodological adaptation of teaching
strategies and materials to meet diverse learners’ needs. According to UNESCO
(2017), inclusive education is defined as a process of addressing and responding to
the diversity of needs of all learners through increasing participation in learning,
cultures, and communities, and reducing exclusion.

In Kazakhstan, the concept of inclusive education is gaining increasing
relevance, especially in the context of subject-based disciplines such as chemistry.
However, teachers often lack concrete methodological tools and task adaptations
to support learners with visual, auditory, or developmental disabilities. There is a
growing need for specific guidance on how to structure inclusive chemistry lessons,
select appropriate tasks, and ensure effective learning outcomes for every student.

This article explores strategies for teaching chemistry inclusively to students
with three types of diagnoses: visual impairments, hearing impairments, and mild
mental retardation (ZPR). The study includes a review of existing literature, presents
adapted tasks for each category of students, and outlines an experimental lesson
conducted at Aktobe Secondary School No. 35 named after Kh. Dosmukhameduly.

Literature review. Inclusive education in the field of natural science disciplines,
in particular chemistry, is becoming an important direction of modern pedagogical
science. Effective implementation of inclusive approaches requires not only
normative and organisational support, but also a deep methodological understanding
of the specifics of teaching students with special educational needs (SEN). This
literature review aims to analyse current research and practical developments related
to the teaching of chemistry and related subjects in an inclusive environment, which
is of direct relevance to the aims of this article.

International normative documents, such as the UNESCO guidelines for
inclusion (UNESCO, 2017), emphasise the need to build educational systems that
take into account the diversity of learners. This document serves as a basis for the
development of national strategies, including the Kazakhstani context, where the
issues of inclusion in education are just beginning to receive due attention.

A number of authors address the problem of methodological support for inclusive
chemistry education. For example, Adesokan and Reiners (2015) present teaching
materials aimed at students with hearing impairments, emphasising the importance
of a multi-sensory approach in the formation of scientific concepts. Their subsequent
work (Adesokan and Reiners, 2016) extends this focus by showing examples of
tasks that promote scientific thinking for students with disabilities.

The relevance of technology support for inclusive education is emphasised
by Petare (2023) and Akaygun and Kilic (2025), describing the use of artificial
intelligence tools and generative visualisation to explain chemical processes.
Such technologies may be particularly useful for students with visual or cognitive

disabilities.
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Methodological principles to ensure successful implementation of inclusion
are also discussed in Mealings et al. (2024), who analyse the difficulties faced by
students with hearing impairment in different lesson scenarios. The authors suggest
strategies for adapting auditory information and enhancing visual support. In turn,
Chrin and Nardo (2025) emphasise the need for accessibility in STEM subjects,
including chemistry, through an analysis of the representation of disability in
scientific publications.

Valuable contributions to understanding teachers' attitudes towards inclusion
were made by Woodcock (2021) and Woodcock and Nicoll (2022), who identified
a link between educators' attitudes and their reactions to the success or failure of
pupils with disabilities. Research suggests that teachers' positive beliefs contribute
to more effective feedback and lower levels of frustration, which is crucial when
working with diverse classrooms.

The cultural and social aspect of inclusion is addressed by Hamilton and
Devarakonda (2024), emphasising that teaching should promote critical thinking
about social justice. This is in line with the position of Karpudewan (2024) who
gives an example of laboratory inclusion through green chemistry, demonstrating
how practical activities can be adapted for different categories of students.

In addition, Suprihatiningrum et al. (2024) present a scale for assessing future
teachers' knowledge of inclusive teaching, which is important for training. A
systematic analysis of international publications on the topic of inclusion (Tsai
and Wu, 2024) demonstrates the growing scholarly interest in this area and the
need for further interdisciplinary research. A study by Kaya, Erduran and Okan
(2025) highlights the unbalanced representation of the nature of science (NOS) in
school physics, chemistry and biology curricula, where cognitive-epistemic aspects
dominate. However, social and institutional components directly related to inclusion
are often overshadowed. This confirms the need to develop methodologies that
focus on student diversity, including learners with special educational needs.

Thus, the review of the presented sources confirms that successful
implementation of inclusive chemistry education requires a comprehensive
approach: methodological flexibility, application of technologies, professional
training of teachers and attention to the socio-cultural context. The adaptation of
tasks and the use of multimodal strategies allows for the creation of a supportive
educational environment conducive to unlocking the potential of each student.

Materials and methods. The base of the study was secondary school No. 35
named after H. Dosmukhamedov of Aktobe city, where a pedagogical experiment
was conducted within the framework of approbation of inclusive methods of
teaching chemistry. The experiment involved 15 students, including: one student
with visual impairment (partial blindness), one student with hearing impairment
(bilateral hearing loss) and one student with mental retardation (MRD).

The aim of the study was to identify the effectiveness of adapted methodological
approaches and tasks aimed at the development of cognitive activity and successful
learning of educational material by pupils with different educational needs.
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The following research methods were used:

* Observation of students' learning activities in the conditions of an inclusive
lesson;

* questionnaire survey of teachers and students to identify attitudes towards
inclusive practice and the degree of comfort of interaction;

» analyses of students' learning achievements before and after the lesson with
adapted tasks;

* approbation of the experimental tasks developed taking into account the
sensory and cognitive characteristics of children.

The experimental part included a fragment of an inclusive lesson, in which tasks
adapted for different categories of students were used. Tactile models and voiced
instructions were used for a student with visual impairment, visual diagrams,
subtitles and reinforced visual supports were used for a student with hearing loss,
and step-by-step instructions with differentiated repetition and tutor support were
used for a student with ZPD.

The collected data made it possible to assess not only the effectiveness of specific
methodological solutions, but also the degree of readiness of the educational
environment for inclusive education. The results of the analysis showed positive
dynamics in the learning achievements of all participants with disabilities, as well
as an increase in the level of inclusion in the learning process.

The methodology of this study is based on the principles of scientific validity,
ethicality, voluntary participation and practical applicability, which makes it
possible to use the findings to further disseminate inclusive practices in chemistry
teaching in a mass school setting.

Results. The pedagogical experiment was conducted in Grade 8 at Secondary
School No. 35 named after H. Dosmukhamedov (Aktobe). The study examined the
effectiveness of adapted chemistry instruction for students with special educational
needs (SEN). The sample consisted of three students with documented learning
difficulties.

Learning Achievement Dynamics:

At the baseline stage, only one student (33%) demonstrated achievement at a
satisfactory level, while two students showed low performance indicators.

Following the implementation of adapted and differentiated instructional
tasks, all three students demonstrated improvement. Post-intervention assessment
indicated that 100% of participants reached medium or high achievement levels
according to the established evaluation criteria.

The most substantial progress was observed in the student with mild intellectual
disability, whose task completion rate increased from 0% at the pre-test stage to
100% at the post-test stage.

Given the limited sample size, these findings should be interpreted as preliminary
but indicate positive dynamics within the pilot group.

Discussions. The following tools and approaches were used in an inclusive
lesson for a student with partial blindness:
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* Relief models of atoms and molecules made with improvised materials
allowed the student to tactilely explore the spatial structure of substances;

* Audio descriptions of experiments accompanied each action of the teacher
during the demonstration of reactions;

* Step-by-step voicing of algorithms of problem solving gave the opportunity
to fully participate in the course of work with chemical equations.

It should be noted that in accordance with the Kazakhstani chemistry teaching
programme, a wide range of topics is covered in the basic school (7-9 grades).
Therefore, the tasks for a visually impaired student were adapted taking into
account age features, programme requirements and sensory limitations. Below is a
list of topics and corresponding types of tasks developed as part of the experiment:

Table 1 - Types of thematic issues

Ne | Theme Task type

1 | Structure of an atom Tactile model + oral questions to determine the number of particles
2 | Periodic system Audio instruction + matching elements to a group (orally)

3 | Chemical bonding Modelling with tactile sticks and balls

4 | Acids and bases Audio description of substances + smell game (vinegar, baking soda)
5 | Exchange reactions Sounded cards and sequential description of actions

6 | Redox reactions Oral model: "who gives - who takes".

7 | Safety in chemistry AudioQuest: "What to do if an acid spills?"

8 | Air and its composition | Audio tutorial + collecting air from tactile elements

9 | Chemistry and ecology | Discussion of the environmental pollution situations voiced

10 | Laboratory instruments | Tactile familiarisation + audio quiz "What kind of instrument is this?".

These tasks cover the key topics of the school chemistry course and provide an
opportunity for full participation of a visually impaired student in the educational
process. They were tested in the conditions of a mass school and adapted to the
real level of perception and capabilities of a particular student. The results showed
not only an increase in learning motivation, but also the formation of a sustainable
interest in the subject of chemistry, despite the limitations associated with visual
impairment.

For vision

Task 1. "Structure of an atom"

Objective: to form an idea of the elementary particles of the atom.

Description:

The pupil was offered a tactile model of an atom assembled from plastic balls
of different size and texture denoting protons, neutrons and electrons. The task
was accompanied by a verbal instruction: the teacher named an element and asked
them to identify the number of particles in its composition based on the texture
differences.

Result: the student accurately identified the composition of simple elements (H,
He, Li), showed interest in building models and actively participated in the oral
discussion.

Task 2. "Air and its composition"
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Purpose: To master the composition of air and the role of its components.

Description:

Using a set of tactile containers (with different textures: smooth - oxygen, rough
- nitrogen, soft - carbon dioxide), the learner assembled "air" from the components.
Accompanied by audio instructions, he had to categorise the elements according to
their importance and quantity in the composition of air.

Result: the student learnt the composition of air and remembered the
distinguishing features of the components through tactile interaction and mnemonic
devices (e.g. "nitrogen is like the dark side under your fingers").

Task 3. "Laboratory Instruments"

Purpose: to familiarise students with the basic instruments used in chemistry
lessons.

Description:

The student was presented with volumetric models (or real objects) such as a test
tube, beaker, tripod, flask. In an audio quiz format, the teacher read out a description
of the function of the instrument and the student had to find the corresponding
object by feel. Audio feedback was used (e.g., "well done!" for a correct answer).

The result: the student was able to recognise shapes with ease, answered
questions confidently and demonstrated good recall of the device assignments.

The next sections will focus on adapting the tasks for students with hearing
impairment.

Adaptations for the student with a hearing impairment

For the student with bilateral hearing loss, the main challenge was to access
information through visual and written channels. The following tools and
approaches were utilised within the lesson:

* Videos with subtitles explaining chemical processes and experiments;

* Cards with step-by-step instructions and visual diagrams, allowing
students to follow the progress of the task independently;

* Active facial expressions and supportive gestures from the teacher, reinforced
by demonstration of actions, which contributed to a better understanding of the
content.

The topics and tasks for the hearing impaired student were selected with an
emphasis on visual perception and included the following elements:

Table 2 - Types of assignments by topic

No | Topic Type of task

1 | Structure of matter Particle diagram + card explanation

2 | Physical and chemical phenomena | Comparative table with illustrations

3 | Simple and complex substances | Sorting cards with formulas and names

4 | Classification of reactions Video clip + picture quiz

5 | Chemical formulas Selection of cards with symbols of elements and notations
6 | Solutions and solubility Dissolution diagrams + visual experiments with colours

7 | Safety rules Illustrative aide-memoires and situations to deal with
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8 | Equipment and utensils Pictures with names and purposes of appliances
9 | Environmental pollution Video clip + "Cause-Consequence" cards
10 | Electrolytes and non-electrolytes | Tables and diagrams + multiple choice quiz

The use of visually orientated tasks and adapted materials increased the level of
understanding of the subject and student engagement in the learning process. Visual
support, the structure of the tasks and their visibility contributed to the formation of
an informed attitude towards the topic being studied. This is especially important
for pupils with hearing impairment, for whom non-verbal means of learning become
the leading ones.

Example tasks used during the experiment for a hearing impaired student:

1. topic: Structure of matter

Task:

Examine the card with the diagram of a water molecule. Sign where the hydrogen
and oxygen atoms are located. Use the clue on the second card.

Goal: To develop a spatial understanding of molecular structure.

6 protons
+ 6 neutrons

Carbon atom
Figure 1 - Spatial molecular structure

Topic: Structure of the Atom

Adapted Card for Deaf or Hard-of-Hearing Students

Look at the diagram of the carbon atom. It shows three parts of the atom:

- Electrons (—): Small green particles moving around the center

- Protons (+): Blue particles inside the center (nucleus)

- Neutrons (0): Red particles inside the nucleus

Task:

Match the words to the parts on the picture. Then write how many of each
particle the carbon atom has.

Table 3 - Carbon atom particles

Particle Symbol How Many?
Proton + 6
Neutron 0 6
Electron — 6
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Instruction for Student (Visual Card):

1.Count the + symbols in the nucleus. — These are protons.
2.Count the red balls in the nucleus. — These are neutrons.
3.Count the green balls in circles. — These are electrons.
4.Fill the table above.

5.Circle the nucleus. Write “nucleus” next to it.

6.Draw a small atom of hydrogen on the back of the card.

The next section will look at adapting the lesson content and techniques for a
student with mental retardation (MRD).

For students with mental retardation (MRD)

Students with mental retardation require a special approach related to
accessibility and phased presentation of material. According to the research
presented in the literature review, sequencing, concretisation and visibility are the
basis for successful inclusion of this category of students (Suprihatiningrum et al.,
2024; Karpudewan, 2024). During the pilot lesson, specially designed tasks were
tested to meet the needs of a student diagnosed with ZPD.

The tasks were based on the following principles:

* step-by-step fulfilment of instructions;

* minimising the amount of information in one task;

* reliance on everyday, understandable life situations;

» regular feedback and talking through each step together with the teacher;

* use of prompt cards and visual examples;

 working in pairs and mini-groups to enhance socialisation and reduce anxiety.

The table below summarises adapted topics and types of tasks that can be used
in grades 7-9 for students with ZPD:

Table 4 - Topics and types of assignments that can be used in grades 7-9 for students with ASD

Themes Types of tasks
Mixtures and pure substances Sorting objects by attributes, "water and oil" experience
Structure of matter Working with large models of molecules, putting together
puzzles

Physical and chemical phenomena | Matching pictures to the type of phenomena, discussing
everyday examples

Simple chemical reactions Arranging cards with actions in order

Acids and bases Working with indicators, colour comparison, classification
Solutions Studying solubility through the game "dissolves - does not"
Metals and non-metals Grouping objects, working with magnets

Environmental protection Project on recycling rubbish, drawings "how to help the planet"

Each of the presented tasks can be supplemented with illustrations, colour
cards, hint cards and sequential instructions. It is important that the tasks follow the
principle of gradual complication and are accompanied by positive reinforcement.

Thus, the tasks for the pupil with ZPD were aimed at developing cognitive
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activity, confidence and understanding of basic chemical concepts. The use of
adapted approaches confirmed the effectiveness of differentiated strategies in
inclusive education.

Task 1. Mixtures and pure substances

Purpose: To develop a basic understanding of the difference between mixtures
and pure substances based on sensory experience.

Description:

Students were presented with containers of water, vegetable oil and their
mixture. Following a visual demonstration, students sorted the object pictures
(e.g., glass of water, salt, sugar, water with salt, water with oil) into two categories:
"pure substance" and "mixture." Colour markers and visual supports in the form
of baskets with stickers and pictograms were used for convenience. The task was
accompanied by step-by-step instructions and teacher supervision.

Result: students were successful in sorting, especially when physically
interacting with the materials (mixing, pouring, observing the layers).

Figure 2 - The structure of substances

Task 2. Structure of matter: modelling molecules

Purpose: To master the basic concept of the molecular structure of matter
through tactile and visual means.

Description:

Large coloured elements (balls, plastic balls, puzzles) imitating atoms were
used to visualise the model of molecules. For example, for the water molecule,
students connected two "hydrogen atoms" (blue elements) with one "oxygen atom"
(red element) to form the simplest model of H.O. The work was carried out in a
playful form, with the support of a sample, step-by-step instructions and repetition
of actions. In addition, cards with large captions and illustrations were used.

Result: pupils with ZPD showed interest and successfully completed the task,
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especially when working in pairs. There was a decrease in anxiety and an increase
in confidence when connecting the elements independently.

Task 3. Divide the pictures into "Physical phenomena" and "Chemical
phenomena"

Rusting of Milk Decompaosition
iron souring of leaves Photosynthesis

Figure 3 - Physical and chemical phenomena

Evaluation of the effectiveness of the adapted methods

The results of the implementation of the developed methodological approaches
in the conditions of inclusive chemical education showed positive dynamics in the
learning activity and involvement of students with special educational needs. In
the course of approbation of the adapted tasks and methods in the 8th grade of
secondary school No. 35 named after H. Dosmukhamedov. H. Dosmukhameduly,
Aktobe city, systematic monitoring of learning activities was conducted, including
observation, questionnaires and analyses of students' achievements.

Questioning of pupils with disabilities was conducted on 10 items, each
of which reflected important aspects of perception, comfort and interest in the
lesson. Three pupils with disabilities took part in the questionnaire: one with visual
impairment, one with hearing impairment and one pupil with mental retardation
(MRD). Specific data showed can be seen in Figure 1:

- 3 out of 3 (100%) pupils reported that the teacher's explanation was clear to
them,;

- 3 out of 3 (100%) pupils reported that the tasks were interesting and appropriate
to their abilities;

- 2 out of 3 (67%) completed the tasks completely independently, 1 out of 3
(33%) - with a little help;

All 3 pupils noted a comfortable atmosphere at the lesson and a desire to
participate in such lessons again.

The quotes from the questionnaires confirm emotional involvement: the visually
impaired pupil pointed out the importance of tactile models, the hearing impaired
pupil - subtitles and cards, and the pupil with ZPD - simple tasks with pictures,
which she was able to complete without fear of making a mistake.
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AS

B the teacher's explanatoin is understandable
m tasks were interesting

® independent completion of the task

]

Figure 4 - Results of questionnaire survey of pupils with disabilities

The questionnaire survey of teachers (5 participants) included 20 statements
and an open-ended part, the results of which can be seen in Figure 2. The findings

showed that:
-100% of teachers believed that the lesson met the objectives of inclusive

education;

-100% confirmed that the tasks were adapted to the characteristics of pupils with
disabilities;

- 80% indicated that visual and auditory aids were highly effective;

- 60% noted the lack of time and methodological materials in preparation.

AP

m inclusive education goals achieved
m tasks adapted to students' needs
m effective use of visual and auditory tools

m lack of time and methodological resources

Figure 5 - Results of teachers' questionnaire survey

The following most successful methodological solutions were highlighted
among the answers: using cards with step-by-step instructions, working in pairs,
using visual schemes and relief models. The teachers emphasised that these forms
of work significantly reduced the anxiety of pupils with disabilities and increased
their independence.
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According to the final analysis of the control tasks, 73% of pupils with disabilities
showed an increase in their results, especially for the pupil with ZPD, who began to
demonstrate initiative and ask clarifying questions more often.

Thus, the integration of adapted methods and tasks into the educational process
allowed not only to improve the learning outcomes of students with disabilities,
but also to create a more inclusive and supportive atmosphere at chemistry lessons.
This confirms the need for further development and dissemination of inclusive
pedagogical practices in science education. Emotional engagement, positive
feedback and observed progress provide strong evidence of the effectiveness of the
proposed approaches.

To confirm these observations, a comparative analysis of the learning
achievements of students with special educational needs before and after an
inclusive lesson with adapted tasks was carried out. The achievements of the pupils
can be seen in Table 5.

The results are presented in Table 6 below and provide a clear demonstration of
the impact of adapted techniques on pupils' attainment, particularly in the context
of cognitive engagement, independence and quality of learning tasks.

The experiment was conducted in the 8 "d" class of secondary school No. 35 in
Aktobe city.

The aim was to identify changes in the level of learning of pupils with disabilities
before and after the inclusive lesson with adapted tasks on the topic "Classification
of chemical reactions".

Table 5 - Achievements of pupils BEFORE the lesson with adaptation

Category Number of | Low level | Medium level High level | Achievement
pupils (0-39%) (40-84%) (85-100%) (%)
ZPD 1 1 0 0 0%
Hearing impairment | 1 0 1 0 100%
Visual impairment | 1 1 0 0 0%

m Jow level (0-39%) Medium level (40-84%) m High level 85-100%)

1:2

0,8
0,6
0,4

0,2
0 0 0 0 0 0

MID Hearing impairment Visual impairmant

Figure 6 - Achievement of students
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Table 6 - Achievements of students AFTER the lesson with adaptation

Category Number | Low level | Medium level | High level | Achievement (%)
of pupils | (0-39%) (40-84%) | (85-100%)
ZPD 1 0 1 0 100%
Hearing impairment | 1 0 0 1 100%
Visual impairment | 1 0 1 0 100%

m low level (0-39%) Medium level (40-84%) m High level 85-100%)

1,2
0,8

0,4

0,2
0 o] 0 [o] 0 0

MID Hearing impairment Visual impairmant

Figure 7 - Comparative analysis of the academic performance of students with special
educational needs

Conclusion from the results:

- Only 1 out of 3 pupils with disabilities did well before the lesson (performance
- 33%).

-After the inclusive lesson, all 3 pupils showed positive dynamics (performance
- 100%).

-The growth is especially noticeable for the pupil with ZPD: from 0% to 100%.

-Transition from low to medium or high level was demonstrated by all
participants.

Thus, after the lesson with adapted tasks there was an overall increase in the
level of learning by 67% among pupils with special educational needs.

Conclusion. Inclusive teaching of chemistry requires not only adaptation of the
environment, but also a deep rethinking of teaching methodology. Effective forms
of work with children with disabilities should combine visual, auditory, tactile and
cognitive elements. The tasks and methodological approaches presented in the
article can serve as a practical guide for teachers working in inclusive settings.

Practical results obtained in the course of approbation at secondary school No.
35 in Aktobe confirm that differentiated approach to teaching chemistry, based
on the real capabilities and peculiarities of children, contributes to increasing the
interest, performance and self-esteem of students with disabilities. Each proposed
strategy demonstrates flexibility and adaptability, making it possible to build an
individual learning trajectory. This is particularly relevant in the context of the
modern school, where inclusion should become the norm rather than the exception.
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Prospects for further research include expanding the practice of adapted
materials, developing diagnostic tools to track individual student progress, and
introducing professional development programmes for teachers in the field of
inclusive science education. The results of this study can become the basis for the
formation of new methodological approaches and support for inclusion policy in
the school system of Kazakhstan.
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