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ABSTRACT

This study examines the attitudes of school chemistry teachers toward integrated
STEM education and the challenges they face when implementing STEM approaches
in chemistry lessons. As STEM education continues to gain global importance,
understanding teachers’ experiences and barriers is essential for improving
pedagogical strategies and professional development in science education.

A mixed-methods approach was used, combining quantitative data from a
teacher survey and qualitative data from semi-structured interviews. Survey results
were analyzed using descriptive statistics, factor analysis, independent samples t-tests,
and one-way ANOVA to explore differences based on teachers’ demographic
characteristics such as experience, academic degree, professional category, and school
level. Interview data were analyzed using inductive content analysis to capture
teachers’ authentic views and the specific difficulties they face in practice.

The findings show that although chemistry teachers generally express positive
attitudes toward STEM education, they encounter significant challenges due to a lack
of methodological tools, resources, and difficulties with interdisciplinary integration.
Differences in perceived challenges were also noted based on teaching experience and
education level. Additionally, teachers reported struggling with implementing complex
STEM activities such as project-based tasks, laboratory work, and interdisciplinary
collaboration.

The results emphasize the need for targeted professional development and
systematic support to ensure effective integration of STEM practices in chemistry
education. These findings are valuable for policymakers, curriculum developers, and
teacher education institutions seeking to enhance STEM implementation in secondary
education.

Key words: Integrated STEM education, STEM teaching, pedagogical

challenges, interdisciplinary teaching, STEM implementation



AHJIATIIA

byn 3eprrey mekrenTteri XuMmHs MoHI MyFalimzaepiHiH Kipiktipiaren STEM
Ol1iM OepyiHe ereH Ke3KapachiH *koHe xuMmus cabarbiga STEM TexHomorusiapbia
CHTI3y OapbIChIHIA Ke3JCCeTIH KHUBIHIABIKTapabl 3eprredial. STEM  OimimiHiH
»kahaHABIK MaHBI3bl 30p OOJFAHIBIKTAH, MYFAIIMJIEPAIH Ke3Kapachbl MEH OKBITY
OapbICHIHIAFbl KUBIHABIKTAPBIH TYCIHIN, MEAaroruKalIbIK oJicTeMeENIepal KEeTUIIIPY
MEH KociOM JaMy bl apTThIPY 6TE MaHBI3bI.

3eprrey OaphiChiHIA aHAMM3ACYMIH MYFAIMJIEpPre apHaJIfaH cayaJTHaMma
apKBUTBI aJbIHFAH CAHJBIK JCPEKTEp KOHE >KapThUlalk KYPBUIBIMIAIFAH CcyxOaTTap
apKbUIbl aQJbIHFAH CanalblK JAepeKTep OIpIKTIPUIreH apajiac 9iC KOJJAaHBUIIBI.
CayanHama HOTWIKEJEpl CHUTIATTaMaJbIK CTATUCTHKA, (DaKTOPJBIK Tajjaay, TOyescCi3
yirinep yiriH t-tect koHe Oip daktopiael ANOVA omictepi apKbUIBI TaJIaHBI,
MYFaAIIMJIEPIIH TOKIpUOEC], aKaJeMUsIIBIK JOpeKeci, KOCIOM CcaHaThl KOHE MEKTEIl
JIEHTeil CUAKTBI JAeMorpadusIbIK CUMAaTTaMalapFa OaiIaHbICThl albIPMAIIBLUTBIKTAP
seprrenal. Cyx6ar aepekrepl MHAYKTUBTI Ma3MYHJIBIK Tajiay apKbUIbl ©HJCIII,
MYFaTIMIEP/IiH MIbIHAKBI MKIpJEPl MEH TOKIpUOe/1e Ke3eCeTiH HaKThl KMBbIHIBIKTaphI
AHBIKTAJIIbI.

3eprrey HoTIKeNepl xumus moHi myraiimzaepidiy STEM Oiunim Gepyre oH
KO3Kapac TaHBITaTBIHBIH, ajaiifia oJICTEMENK KypalJlapAblH, pecypcTapibiH
JKETICIECYIIUIIN OHE TIOHApAJbIK WHTETPAlMSIHBIH KUBIHABIFbIHA OailIaHBICTBHI
OipKaTap MaHbI3bI MOCEIIENepre Tan 00IaThIHBIH KOpCceTTl. [lenarorukanbik Toxipuoe
MEH OUIIM JeHreiiHe OalaHbICThl KUBIHJBIKTAp/Ibl KaObUIAay/1a albIpMaIllbUIBIKTAP
Oaiikanabl. ConbiMeH KaTtap, MyramiMmiaep STEM  xo0alblKk TanchlpMaiapbiH,
3epTXaHANBIK JKYMBICTAPbI KOHE MOHAPAIBIK BIHTBIMAKTACTBHIKTHI JKY3€Te achIpyaa
EpEeKIIe KABIHABIKTapFa Tam OOJIFaHIapbIH aTam OTTi.

Horuxenep STEM Toxipubecin XUMUS MOHIHE THIMJII €HTI3Y YIIIH MaKCcaTThl
KOCciOM TaMbITy MEH KYHell oliCTeMeNiK KOMAayIblH KaKeT eKeHIH KepceTreal. by
KopeIThiHAbIIap STEM  OGimim  Oepyni  SKeTUIAIpyre YMThUIATBIH OTiM - Oepy
OarmapiaMachblH  Kacaymibuiap, OKy OargapiiaMachlH — O3IpJeylIijiep  >KOHE
MYFaTIMICP/l Tasipiiay YUbIMAAPhl YIIIIH MaHbBI3IbI OOJIBIT TaObLIA b

Kinm ce3dep: Kipikmipineen STEM 6inim 6epy, STEM oxwimy, nedacocuxanvik
KUblHObIKMAp, nanapauvik oxvimy, STEM encizy.



AHHOTAIIUA

JlaHHOE WuCCEeNOBAHHE pPACCMATPUBAET OTHOLUEHUE IUKOJBHBIX YUYUTEIEH
XUMUU K HHTEerprpoBaHHoMy STEM-00pa3oBaHuto, a TaKKe TPYIHOCTH, C KOTOPBIMH
OHH CTAJIKMBatOTCs py BHeApeHun STEM-nioxo10B Ha ypokax xumui. [1o mepe Toro
kak STEM-o0pa3oBanue mpuoOpeTaeT riodaibHOE 3HAYEHWE, IIOHUMAHHUE OTbITA W
npoOsieM yuyuTeNneld CTaHOBUTCA BaXXHBIM (DaKTOPOM JJisi COBEPUICHCTBOBAHUS
NEeAarorn4ecKuX CTpaTeruii U mpohecCuoHaIbHOTO pa3BUTUA B c(epe eCTeCTBEHHO-
HAy4YyHOr0 00pa30BaHUS.

B wuccienoBaHMM HMCNONB30BaH CMEMIAHHBI  METON, OOBEIUHSIOLIUI
KOJIMYECTBEHHBIE JaHHBIE W3 aHKETUPOBAHUS YUYUTEIECH M KAYECTBEHHBIE JAHHBIC,
IIOJIyYEHHBIE C TIOMOLIBIO MOIYCTPYKTYPHUPOBAaHHBIX MHTEPBBIO. Pe3ynbpTaTel onpoca
ObUIM  NPOAHATM3UPOBAHBI C  HUCIHOJB30BAHUEM ONMUCATEIBHOW  CTATUCTHUKHU,
(dakTopHOTrO aHanu3a, t-TeCT MAJii HE3aBUCUMBIX BBIOOPOK U OJHO(AKTOPHOTO
mucnepcronHoro aHanuza (ANOVA), ¢ ydetoM aemMorpapuyeckux XapaKTepUCTHK
YUHTEJIEH, TAKUX KaK CTaX, aKaJIeMHUYeCKasl CTEIEeHb, MPO(ECCHOHANIbHAA KAaTErOpHsl
U YpOBEHb LIKOJBI. J[aHHBIE MHTEPBHIO AHAIM3UPOBAIUCH METOAOM HWHIYKTUBHOIO
KOHTEHT-aHaJKM3a, YTO IO3BOJIMJIO BBIIBUTH IOJJIMHHBIE B3IJIAJbl YyYHUTENEH U
KOHKPETHBIE TPYAHOCTH, C KOTOPBIMU OHU CTAJIKUBAIOTCS HA IPAKTHUKE.

Pe3ynbTaThl mMOKa3alMd, 4YTO, HECMOTPS Ha TIOJOXKHUTEJIbHOE OTHOIIECHHE
yunteneid xumuun Kk STEM-00pa3oBaHuIO, OHM CTaJIKHUBAIOTCS C CEPbE3HBIMU
TPYAHOCTSIMHU, CBSA3aHHBIMU C HEXBAaTKOM METOAMYECKHUX PECYpPCOB U IMpoliemMamu
MEXNPEAMETHON UHTEerpaluu. Takke ObUIM OTMEUEHBI Pa3JInyMsl B BOCIPUATUN ITHX
po6JieM B 3aBUCUMOCTH OT NEAArOrHYECKOT0 OIbITa U YPOBHSI 00pa30BaHUs. Y YuTeNs
0COOEHHO MCHBITHIBAIOT CIIOKHOCTH MpU peanuzaimu clioxHbix STEM-akTtuBHOCTEH,
TaKUX Kak IPOEKTHbIE 3a/JaHus, JiabopaTOopHble pPAOOTBI M MEXKIPEIMETHOE
COTPYIHHUYECTBO.

[TonyyeHHbIE OaHHBIE MOIYEPKUBAIOT HEOOXOJIMMOCTH LEJIEHAIPABICHHOIO
NpO(ECCUOHANIBHOTO Pa3BUTUS U CUCTEMHOM TOAJIEPXKKU s 3()PEKTUBHOIO
BHenpeHnss STEM-npakThk B NpenojaBaHWE XMUMHUU. OJTU BBIBOABI IMPEICTABIISIOT
MHTEpeC Jis pa3paboTUYMKOB 00pa30BATENIbHOM MOJIMTUKH, COCTABUTENEH YueOHBIX
IpPOrpamMM M YUPEKJIECHUN, 3aHUMAOIINXCS MTOATOTOBKOM MEAaroros.

Knwuesvie cnoea:  ummeepuposannoe  STEM-obpazosanue,  STEM-
npenoodasawnue, neoazocuyeckue Npoodiemvl, MeICOUCYUNTUHAPHOE Npenodasauiie,
sneopenue STEM.
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INTRODUCTION

STEM (science, technology, engineering, and mathematics) education is an
interdisciplinary approach that aims to increase students’ understanding of these
subjects and develop critical thinking and problem-solving skills. In the last decade in
the global educational space, the STEM approach has become one of the main priorities
of education. This approach is aimed at combining students’ scientific, natural,
technological, engineering and mathematical knowledge in a single system and
preparing them for the challenges of the XXI century. The Republic of Kazakhstan also
pays special attention to the modernization of the education system, including the
introduction of STEM, in order to diversify the economy and create an innovative
society.

The term “STEM?” first appeared in science in the 1990s in the United States.
The first education was aimed at training specialists in the field of high-tech
production. As a result, many countries, such as the United States, Australia, China,
the United Kingdom, Israel, Korea, and Singapore, have implemented the first
government programs in STEM education. (Altynsarin Academy, 2023)

As for the STEM education system in Kazakhstan, until recently, the country’s
schools of natural, mathematical and social and humanitarian directions taught a
specialized system of training, and the engineering and technological direction was
considered as a separate discipline. The introduction of innovative technologies in the
education system, effective management of innovative projects became the basis for
the development of the STEM education system (Beisembayev and Karaev, 2021). The
higher the importance of innovative technologies in the modern education system, the
greater the importance of reconstructing the content of Secondary Education on the
basis of STEM technologies. (Beisembayev and Karaev, 2021) nevertheless, PISA
studies have shown that the CIS countries, including Kazakhstan, do not have
systematic programs for implementing the concept of STEM education (Ramazanov
and Godunova, 2021) STEM education in the country is taught in accordance with the
capabilities and directions of each educational institution. As a general basis for STEM
education, the initial foundations of “robotics” are taught in some private and
Secondary Education schools.

Significance of the study. STEM is currently one of the main trends in global
education. During the Covid-19 coronavirus pandemic, the world needed modern
employees with a comprehensive knowledge of Science, the ability to think critically,
and the ability to master digital issues. The emergence of such new professions in line
with the pace of time has increased the demand for STEM education professionals.
Simultaneous development and systematic learning in key academic fields such as
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science, mathematics, technology, and engineering are critical to STEM integrated
education. STEM education allows you to develop various skills of schoolchildren,
increase interest in technical disciplines, apply scientific and technical knowledge in
everyday life and train conscious and competitive specialists, realizing the modern
interests of students. In addition, integrated approaches in STEM education help
students solve specific problems through the use of critical thinking, collaboration, and
creativity (Burrows and Slater, 2015).

The role of chemistry as a science is great in realizing this relevance. Chemistry
IS not a separate science, it is closely related to the fields of technology, engineering
and medicine as a fundamental branch of the STEM system, one of the optimal
disciplines for the development of scientific and cognitive skills of students. However,
there is a significant gap between the paper implementation of advanced educational
approaches and its effective implementation within the walls of the school. Identifying
the main causes of this gap, especially the specific difficulties that teachers face in their
professional activities, is one of the most pressing problems in the field of education
today.

At the same time, there are very few studies on the integration of the features of
STEM education in chemistry, and this issue is not systematically considered in the
domestic scientific literature. Therefore, the study of the experience and difficulties of
teachers in this direction is an urgent problem that meets the requirements of the time
and meets the needs of society.

Problem statement. Although the importance of introducing integrative STEM
learning is recognized at the state level, the position of the teacher, the key person to
carry it out, is often overlooked. There is not enough empirical data on what specific
obstacles chemistry teachers in Kazakhstani schools face in the process of integrating
STEM into their classes.

The main problem of the study is the discrepancy between the goals of
introducing STEM into the curriculum and the real capabilities and training of teachers
in its implementation. At what level is the training of teachers? What resources and
methodological support do they lack? Will their work experience, academic rank and
category affect these difficulties? Answering these questions forms the core of the
research problem.

Currently, the subject of chemistry is not fully realizing the current goals of
integrative STEM education. These problems are found in the works of several foreign
and domestic scientists. It is impossible to compare the problems that arise in
developed countries and in Kazakhstan, where the STEM system is fully implemented.
But the problems that arise in developed countries will certainly arise in our country.
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Background theories. In many countries, chemistry teachers suffer from a lack
of knowledge in STEM teaching, a lack of resources necessary for teaching in
educational institutions, including classrooms, teaching materials. These problems also
occur in the education system of Kazakhstan. Imangaliyev (2023) notes a number of
such issues in his work. Nadelsson and Seifert’s article (2017) integrated STEM:
contexts, challenges, and the future, they address issues such as curriculum
development, pedagogical approaches, teacher training, resource availability, and
institutional support. Understanding these issues allows teachers to solve the problems
they face when conducting effective integrative STEM chemistry classes.

Research objectives. This theoretical study aims to explore the difficulties of
chemistry teachers in STEM Integrative Learning. Identifying these issues is important
because it allows the improvement of pedagogical experience and contributes to the
promotion of STEM education. In addition, it aims to identify and highlight the specific
barriers that chemistry teachers face when combining STEM subjects. The main
purpose of the study: to identify the main difficulties faced by chemistry teachers in
integrative STEM teaching in Kazakhstan, to study the approaches, goals and teaching
methods used by chemistry teachers in STEM education, to consider and propose ways
to solve these problems.

To achieve this goal, the following tasks were set:

- Collection of data om these problems from foreign and domestic literature;

- Identify the main difficulties faced by teachers through factor analysis;

- Analyze whether there are differences in the difficulty of teachers depending on
their work experience, academic degree and category;

- Study the current views and perceptions of teachers regarding STEM education;

- Analyze the technological and engineering challenges that arise in the course of
specific STEM activities.

Contribution. The novelty of this study is to identify the mistakes and problems
that school chemistry teachers make in integrative STEM teaching and to propose
solutions to these problems. This research paper allows you to improve the
performance of chemistry teachers in integrative STEM teaching by identifying
approaches, interests and methods of STEM teaching in the course of research. Despite
the increasing relevance of STEM education, there is not enough empirical research on
the difficulties of chemistry teachers at the world and domestic levels in this area. In
this sense, this study aims to fill this gap and provides additional empirical data and
practical conclusions. The results of the work can serve as an important basis for future
research and educational policies on the integration of STEM in chemistry.



The scientific novelty and contribution of this dissertation work is manifested in
the following aspects:

- It is one of the studies that used mixed-methods, aimed at identifying the
difficulties of STEM-integration of chemistry teachers in the context of
Kazakhstan.

- An empirical database has been formed that reflects the multifaceted nature of
the problem (pedagogical, resource, organizational, methodological).

- The results obtained can serve as the basis for the development of specific
recommendations for improving teacher training programs, educational
standards and the system of methodological support in Kazakhstan.

- The results of the study can be a valuable source for a comparative study of
STEM reforms in education systems in the Central Asian region.

There are important practical reasons for identifying the difficulties of chemistry

teachers in integrative STEM teaching. This research work aims to explain the practical
applications and specific consequences arising from the solution of these tasks. It also
provides for the creation and allocation of resources and tools to help chemistry
teachers cope with identified challenges. And may include the development of
interdisciplinary lesson plans, laboratory experiments, technology manuals, or online
platforms for teaching materials. It takes a lot of effort to introduce a fundamentally
different foundation into the education system, which follows the traditionally
established, individual STEM structure.

Overcoming this challenge requires harmonizing the historical structure,
curriculum, guidelines and grades of schools to create an atmosphere conducive to
school culture and integration. STEM education is an important and relevant issue that
requires special attention at all levels of the education system.



1. LITERATURE REVIEW

STEM (science, technology, engineering and mathematics) education is
currently becoming one of the main areas of education systems at the global level. The
subject of chemistry-STEM as one of the fundamental disciplines of education plays
an important role in the implementation of this approach, which ensures the integration
of theoretical knowledge and its application in life problems. However, it is known that
in the process of implementing STEM education in practice, a number of difficulties
arise. These difficulties are not only technical or methodological in nature, but are also
closely related to the ability of teachers to adopt the STEM approach, be prepared for
it and integrate subject features. For a comprehensive understanding of the problems
of teaching chemistry using the STEM approach, | recommend that you pay attention
to the works of foreign and domestic scientists who have studied topical issues in
STEM education in general. This literature review examines and analyzes the
challenges faced by chemistry teachers in STEM education in both foreign and
Kazakhstani Education.

1.1. Issues of Integrative STEM Education

This section of the study provides a literary review of the works of scientists
who have studied and analyzed the challenges that the world as a whole face in
implementing and teaching STEM education in practices.

Shernoff et. al. (2017) analyzed the professional needs and challenges of
teachers when implementing integrative approaches to STEM education. The study
aims to identify factors that hinder and support the introduction of Interdisciplinary
STEM education in schools. The authors interviewed school teachers and
administrative staff in the first phase of the study, which consisted of two stages. This
interview involved 22 teachers and four administrator employees working at a state
educational institution on the east coast of the United States. These participants were
asked to identify the challenges they would face in integrated STEM education and the
support they would receive. A qualitative approach was used as a research method,
which allowed participants to freely express their opinions through semi-structured
interviews.

The study identified several key issues. Among the most common problems,
teachers noted the lack of time to prepare for interdisciplinary classes, insufficient
resources (including equipment and materials). At the same time, the difficulty of
integrating such approaches in the conditions of separate study of STEM subjects in
the modern education system was highlighted. The administrator noted that the staff
needed a serious professional development of teachers. They stressed the need to focus
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on project-based teaching, curriculum development and pedagogical practices aimed
at interdisciplinary interaction. Participants recognized that teacher training programs
and trainings are not enough to work in an integrative STEM environment. While some
teachers have said that project work requires more time than is provided for in the
standard school schedule, administrators have stressed the need to change the school
structure to support STEM integration.

The results of the study show that the successful implementation of STEM
requires comprehensive training of teachers, the development of new learning models
and the creation of opportunities for interdisciplinary interaction. This study is the first
step to improve approaches to the professional development of STEM teachers and
inform educational policies.

Nadelson and Seifert (2017) examined the contexts and challenges of STEM-
education integration, with the main focus being on an interdisciplinary approach and
the need for project-based learning. The study analyzes the adaptation of teachers to
STEM requirements, taking into account the fact that their traditional teaching is
carried out within individual disciplines. The methodology includes a systematic
literature review and analysis of successful educational programs such as High Tech
High. Although the authors did not conduct an empirical study with the participation
of respondents, they made conclusions based on the analysis of the available literature.
The authors noted several key problems of teachers in the field of STEM education.

The very first problem is that teachers are not ready to work with
interdisciplinary tasks. It turns out that teachers who specialize in a particular field find
it difficult to relate chemistry to engineering or mathematics. Secondly, the lack of
resources, such as laboratory equipment, teaching materials and lack of support from
the school, limits the possibility of introducing innovative methods. Third, the
difficulty of revising curricula in which time and lesson structure are not provided for
Integrative Learning.

On the basis of such issues, school teachers are not confident in their ability to
teach STEM subjects, because they use traditional teaching methods in the classroom
in the diary. The authors emphasize the need to develop professional training programs
that take these challenges into account, as well as introduce new pedagogical models
that can support teachers’ efforts to integrate STEM into teaching.

The article Qureshi (2021) analyzed the problems and challenges faced in the
global context in STEM education. The focus is on the obstacles teachers face when
implementing STEM methods. The research method is based on an analytical review
of the available literature, as well as a systematic analysis of pedagogical practices. It
does not specify the exact number of respondents or empirical studies, but the
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conclusions are justified by examples from different countries. The authors listed
several main problems faced by teachers. The first and most important problem is the
lack of educational resources. Schools, especially in rural areas, do not have access to
laboratories, equipment and technology, which significantly limits the capabilities of
teachers.

The second problem is the lack of professional training and knowledge. Teachers
find it difficult to master and re-adapt new teaching methods, such as project work,
interdisciplinary approaches, and the use of digital technologies. This problem can be
explained by the lack of trainings and professional development programs based on the
professional development of teachers.

The third problem is the high workload of the curriculum and exam system for
teachers. In such a situation, teachers will not have time to develop and implement
innovative STEM activities. The fourth problem is the interdisciplinary gap. It is
difficult for teachers to relate their subject to STEM subjects such as engineering and
technology because they have a limited understanding of the standards and concepts of
other subjects.

In addition, the authors emphasize the existence of gender inequality in the field
of STEM. There are significantly fewer women in this area, which creates additional
barriers to equal participation and the introduction of STEM initiatives. To solve these
problems, it is proposed to strengthen the training of teachers through special training
programs, introduce game and project methods to increase student motivation, as well
as revise the structure of curricula in order to create a favorable environment for STEM.

In the article Margot and Kettler (2019), 25 empirical studies were analyzed to
study the views of teachers on the introduction of STEM knowledge into the
educational process. The methodology of the study is based on a thematic analysis of
the literature, which made it possible to identify the main problems that teachers face
when introducing STEM.

One of the main problems is pedagogical difficulties, that is, a lack of knowledge
and skills necessary for the implementation of interdisciplinary approaches. Teachers
noted that the introduction of STEM requires a combination of traditional teaching
methods with project-based learning and engineering approaches, which is
significantly different from their usual teaching practice. This problem is caused by
insufficient adequate training of teachers at the stage of professional training. In
addition, the lack of time and resources (such as laboratories and software) makes it
difficult to conduct STEM classes. School schedules often do not allow teachers to
work with colleagues from different subjects, as there is no structural support from the
educational administration. Difficulties in training programs also create significant
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obstacles. Teachers have difficulty adapting STEM programs to the current curriculum,
as the programs are too rigorously structured and leave no room for interdisciplinary
elements to be introduced. To solve these problems, the authors propose to strengthen
support for teachers through professional training courses aimed at applying
interdisciplinary approaches and innovative pedagogical technologies.

A study by Lam Thi Bich Le et. al. (2021) looked at the difficulty of public
school teachers in introducing STEM education in the Central Province of Vietnam.
The study involved 10 teachers with pedagogical experience from 11 to 20 years. Semi-
structured interviews were used to collect the data, the questions were based on a
literary review, and a pilot study was conducted with three teachers. The method of
thematic data analysis was used, which made it possible to identify the main problems.

One of the main problems is the lack of interdisciplinary knowledge of teachers.
Teachers noted the need for knowledge in chemistry and physics to implement some
STEM lessons, for example, the topic “electric battery production”, but their
knowledge turned out to be insufficient. This problem is due to the fact that teachers
are not prepared for the integration of subjects, but for the teaching of individual
subjects. In addition, issues of access to educational materials and assessment tools
were identified. Teachers said that it is difficult to fairly assess the contribution of each
student in Group projects. The lack of resources is also a big problem: schools lack
laboratories, equipment and time to prepare classes. The authors propose to develop a
national program for the training of STEM teachers, provide schools with the necessary
resources, and develop uniform standards for integrating STEM into the educational
process.

An article by Min-Hsien Lee et. al. (2018) addresses current issues and
developments in STEM education in the Asia-Pacific region. The study analyzes 662
articles published from 2013 to 2017 using the literary review method. One of the main
problems is the insufficient professional training of teachers for STEM education. The
authors note that the successful implementation of STEM integration depends on the
ability of teachers to use engineering design and technological tools, while this is not
enough in their current training.

In addition, most of the research focuses on individual aspects of STEM
disciplines, which makes it difficult to understand their interaction. For example, only
3% of the research is devoted to engineering design, which is a key element of an
interdisciplinary approach. School schedules and administrative barriers make it
difficult to conduct STEM classes, as teachers do not have time to plan and conduct
integrative classes. The authors propose to strengthen attention to the professional



development of teachers, introduce STEM support programs in schools and develop
methods for combining subjects within the framework of national curricula.

Aslam et. al. (2023) emphasized the barriers faced by new STEM teachers in
countries such as Pakistan. This study showed several main difficulties as follows. The
first and most important problem encountered in the above research work is the lack of
resources. Many schools have a shortage of laboratories, state-of-the-art teaching
materials, and technology, which makes it difficult to conduct comprehensive STEM
classes. Secondly, teachers have difficulty managing the classroom in conducting
STEM classes, especially during practical classes, when working with students
becomes more complicated. Experiments performed during the lesson often lead to a
mess, as students do not know how to use equipment, and the number of available tools
familiar to students is limited.

The third problem is the insufficient training of teachers. Teachers report that
there are no STEM subject combination courses in their curriculum. For example, they
lack the knowledge to combine chemistry with engineering or mathematics, which
hinders the use of interdisciplinary approaches.

Moreover, the lack of methodological support and administrative support
exacerbates the problem. The study also highlighted the low awareness of teachers
about the importance of STEM. Many educators accepted the STEM as an additional
load, not the main part of the curriculum. The solution of these tasks requires the
adaptation of professional training programs, curricula and expanded cooperation
between schools and educational organizations.

1.2 Chemistry teachers’ challenges in STEM

This section of the literature review provides a review of research papers written
on the challenges faced by chemistry teachers in implementing and teaching STEM
education. In the field of science, there is little research on the integration of chemistry
in STEM education. We will focus on the research work that we encountered.

A study by Shidig et. al. (2020) examining 37 chemistry teachers in Central Java,
Indonesia, revealed that while the interdisciplinary STEM approach holds significant
potential for enhancing student engagement and developing 21st-century skills, its
adoption in chemistry education faces substantial challenges. Despite recognizing its
importance, 64.9% of surveyed teachers had never used STEM, largely due to lack of
time for preparation, insufficient resources and infrastructure in schools (especially for
practical experiments), and teachers’ limited experience and skills in integrating
different disciplines. Additionally, some chemistry topics are difficult to adapt to
STEM methods. The research recommends strengthening teacher professional
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development, increasing funding for school resources, making curricula more flexible,
and developing assessment methods that align with STEM’s interdisciplinary nature to
overcome these obstacles and successfully implement STEM education.

Biiber’s (2023) study on future science teachers in Turkey highlighted that while
the STEM approach significantly boosts students’ cognitive, psychomotor, and
creative problem-solving skills, its effective implementation faces several hurdles. The
research, involving 20 third-year university students, identified lack of sufficient time
for planning and executing STEM projects, inadequate material and technical resources
in laboratories, and a deficiency in teachers’ pedagogical and technological skills
necessary to effectively manage STEM lessons as key challenges. The study also noted
students’ unpreparedness for STEM education. To overcome these obstacles, the
research recommends strengthening professional development for teachers, increasing
funding for educational resources, updating curricula to be more interdisciplinary, and
encouraging teachers’ involvement in research and innovative teaching methods.

A study by Oztay et. al. (2022) involving 112 chemistry teachers in Turkey
highlighted key needs and expectations for implementing integrated STEM education.
The research found that teachers struggle with establishing interdisciplinary
connections between chemistry and other STEM subjects due to their specialized
training. They also face insufficient resources, particularly in rural schools, for
conducting practical STEM activities and lack the pedagogical knowledge and
experience required to effectively utilize the STEM approach, including the
engineering design process. Teachers expressed a strong desire for professional
development that offers practical guidance, real-world examples, and training on core
STEM features like the engineering design process.

The study also noted that experienced teachers prioritize learning how to
integrate STEM subjects, while less experienced teachers seek to grasp the theoretical
foundations of STEM. Ultimately, the research underscores the critical need for
professional development programs that equip chemistry teachers with the skills and
support to bridge theory and practice in STEM education.

A study by El-Deghaidy and Mansour (2015) in Saudi Arabia examined science
teachers’ perspectives on STEM education, uncovering significant challenges despite
their recognition of its benefits in fostering 21%-century skills. The primary hurdles
include teachers’ limited knowledge of STEM integration and the interdisciplinary
connections between subjects, often viewing technology in isolation rather than as an
educational tool.

Secondly, existing school culture, which favors isolated subject teaching over
collaboration, hinders effective STEM implementation. Lastly, insufficient resources
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and underutilized science laboratories pose a major obstacle to conducting hands-on
STEM projects. To address these issues, the study recommends a new professional
development model focusing on interdisciplinary teaching, engineering design, and
partnerships with STEM professionals, alongside fostering a collaborative school
culture and providing adequate resources.

Across multiple studies from some countries (Indonesia, Turkey, and Saudi
Arabia), a consistent picture of STEM education emerges: while highly valued for
fostering 21st-century skills and making learning engaging, its implementation faces
significant hurdles. Common challenges include teachers’ limited knowledge and skills
in STEM integration, particularly in interdisciplinary connections, and a general lack
of time for planning and executing STEM projects. Schools often suffer from
inadequate resources and infrastructure, hindering hands-on activities, and are
hampered by traditional school cultures that resist collaborative, interdisciplinary
approaches. To overcome these, studies consistently recommend enhanced
professional development for teachers, increased funding for resources, flexible
curriculum revisions, and fostering collaborative school environments that encourage
innovative teaching methods.

Dong et. al. (2020) examines the main challenges teachers in China face in
implementing integrated STEM education. The authors found that Chinese teachers are
generally very positive about STEM, seeing it as an important tool to help stimulate
students ' interest in learning and establish interdisciplinary connections. They also
noted that the positive attitudes of teachers have a significant impact on their teaching
practice. However, despite such positive attitudes, the study shows that teachers face
"high levels of internal challenges" in their daily practice. The main difficulties
identified include a lack of knowledge about the effective integration of various STEM
disciplines, a complete lack of understanding of what engineering education is,
insufficient mastery of the necessary technical means, lack of time for joint planning,
as well as the organizational structure of the school and the limitations of traditional
exams. One of the main conclusions of the study is that teachers who try to introduce
STEM based only on their main subject (for example, science) are more likely to face
difficulties.

In contrast, the study found that a strong level of knowledge in STEM pedagogy
helps reduce the level of difficulty that teachers face. The authors conclude that the
difficulties faced by teachers can be predicted through their beliefs and level of
Education. In order to eliminate the significant difference between the positive attitude
of teachers and the difficulties in its implementation, the article emphasizes the urgent
need for innovative and effective teacher training programs. It is recommended to
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conduct additional research to determine which specific types of professional
development are most effective in supporting teachers.

Tantayanon et. al. (2024) examines how teachers use and design small-scale
chemistry-based STEM learning activities (SSC-STEM) in their practice. The authors
note that despite the many advantages of small-scale chemistry experiments, their
application to the STEM educational framework has been little studied. The study
involved 50 teachers from Thailand, Sri Lanka and the Philippines, analyzing their
attitudes towards SSC-STEM and their skills in drawing up lesson plans.

The results of the study showed that teachers have a positive attitude towards
SSC-STEM, especially since they highly appreciate its potential in increasing STEM
literacy and responsibility for the environment. The teacher's lesson plans showed that
small-scale chemistry experiments were successfully integrated with real-life
environmental problems. Although they were confident in developing skills such as
teamwork (4.63) and self-study (4.73), they had low scores in learning strategies (2.94)
and learning performance (2.88), indicating areas in which they needed professional
development.

The authors conclude that there is a significant difference between the theoretical
understanding of teachers and their ability to apply it in practice. They note that
teachers have difficulty identifying students ' learning difficulties and effectively
creating learning strategies. Based on this, the article proposes that teacher training
programs should focus precisely on developing these identified challenges, especially
practical learning strategies and student support. The authors conclude that there is a
significant difference between the theoretical understanding of teachers and their
ability to apply it in practiced.

1.3. Aspects of STEM education in Kazakhstan

One of the large-scale research works in STEM education in Kazakhstan by
Imangaliyev (2023) study was based on the current state and development prospects of
STEM education in Kazakhstan. This study discussed the modern challenges and
prospects for the development of STEM education in Kazakhstan, the difficulties
encountered in the implementation of STEM education. It is noted that the focus is on
introducing an interdisciplinary approach to the country’s education system, which
includes science, technology, engineering and mathematics. Despite the active
promotion of STEM education in Kazakhstan, the article noted that its implementation
faces many problems, especially the level of training and work of teachers, and that
teachers were not sufficiently prepared to work in STEM integrated facilities. This is
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due to the lack of quality professional development programs aimed at developing
interdisciplinary learning skills.

For example, chemistry teachers often receive basic training only in their subject
and are not familiar with the methods of introducing elements of Engineering or
technology into the lesson. This situation leads to their lack of confidence in conducting
STEM classes and a decrease in the effectiveness of teaching.

One of the most important problems is the lack of material and technical base.
Schools, especially in rural areas, lack the laboratories, modern equipment and
software necessary to implement STEM teaching methods. This limits the possibilities
of experiential learning, which is an important part of STEM education. The article
states that teachers do not have specific teaching tools to help them integrate STEM
into the classroom. Curricula are often not adapted to STEM education, which creates
additional difficulties in planning classes and evaluating student achievements. STEM
education requires more time to prepare classes, develop projects, and complete
practical tasks.

However, teachers are often overwhelmed with current responsibilities and
cannot devote enough time to implementing STEM methods. This is especially true for
chemistry teachers whose classes are traditionally rich in theory. Teachers find it
difficult to involve students in STEM activities, especially if they do not see the
practical benefits of studying subjects such as chemistry.

A key challenge in implementing STEM education in Kazakhstan was low
student engagement, which complicates teachers’ efforts. To address this, the article
proposed several solutions: developing comprehensive STEM teacher training,
ensuring schools have adequate laboratory and digital resources, establishing clear
standards for STEM integration, increasing time for STEM projects, and boosting
student interest through practical, real-world applications. Ultimately, the article
emphasized that supporting teachers in these areas is crucial for improving education
quality and preparing students for future challenges.

The second large-scale research work was about the concept of STEM education
which is published annually by the National Academy of Education named after Y.
Altynsarin (2023), one of the largest research centers in the field of education in
Kazakhstan. This research paper presented the basics of restructuring the content of
Secondary Education in Kazakhstan using STEM technologies. The focus is on
creating conditions for integrating disciplines focused on developing 21% century skills
such as critical thinking, creativity, and problem solving in the real world. However,
the process of introducing STEM education is experiencing a number of difficulties,
especially among teachers. Teachers are not qualified enough to implement STEM
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methods. This is due to the lack of professional development programs aimed at
Interdisciplinary Learning. Many educators, especially in rural schools, are trained to
work within traditional curricula that do not combine engineering, science and
mathematics. This leads to difficulties in performing design and Research tasks, which
are the main element of STEM.

The article notes that there are no uniform methodological recommendations in
Kazakhstan that will help teachers introduce STEM into the educational process.
Teachers often do not know how to adapt curricula in accordance with STEM
requirements, which leads to inefficient use of lesson time and a deterioration in the
quality of learning. Schools, especially in regional areas, suffer from a lack of resources
such as laboratories, experimental equipment and digital tools. This limits the
possibilities of practical learning and project-based activities that are the basis of
STEM.

Teachers are also experiencing difficulties in using information and
communication technologies due to the lack of training in modern technology.
Implementing STEM requires spending a lot of time preparing lessons and project
tasks. However, educators are often overloaded with administrative and academic
work, which makes it difficult for them to participate in the development of innovative
teaching methods. This creates tension and reduces the motivation to use STEM.
Teachers are faced with the fact that students do not always understand why the
subjects they teach are needed and how they are applied in life. The lack of
communication between theory and practice leads to a decrease in students’ interest in
technical and scientific disciplines. This makes it difficult for teachers to involve
students in STEM.

The authors propose to develop professional development programs for teachers,
which include training in interdisciplinary methods, a project approach and the use of
modern technologies. For the successful implementation of STEM education, it is
necessary to provide schools with laboratories, digital tools and other technical means.
It is necessary to develop methodological recommendations and adapted training
programs that will help teachers integrate STEM elements into the educational process.
The authors emphasized the need for a phased introduction of STEM from preschool
education to vocational and higher education. To increase the motivation of teachers
to use STEM methods, it is necessary to introduce a system of moral and material
incentives.

The article noted that the successful introduction of STEM education in
Kazakhstan is possible only with an integrated approach, which includes advanced
training of teachers, provision of the necessary resources and development of
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educational materials. Solving the described problems will not only improve the quality
of education, but also prepare a new generation of specialists who are ready for the
challenges of our time. STEM education is seen as an important tool for developing
critical thinking, creativity, and innovative problem solving.

In the article “Actual aspects of the introduction of STEM education in
Kazakhstan and abroad” by Zholimbayev and colleagues (2021), a review of
international experience in the development of STEM education was made and
highlighted not only the advantages of the introduction of the STEM approach to the
education system, but also a number of difficulties arising in the process of its
implementation.

The article analyzed the identified problems and ways to solve them in the
process of introducing STEM education in Kazakhstan, comparing them with the
experience of other countries. In the course of the analysis, the authors identified
several issues. One of the most important problems is the insufficient readiness of
teachers to teach interdisciplinary. Teachers trained by traditional methods often lack
the skills to integrate subjects such as chemistry, physics and mathematics into a single
learning process. This gap arises due to the fact that higher education teacher training
programs do not fully cover STEM, which indicates a lack of connection between
theory and practice. As a next problem, STEM considers the lack of standards and
unified approaches to learning. Schools and regions teach STEM differently, which
leads to learning inconsistencies and makes it difficult to evaluate student outcomes.
The next problem is insufficient funding, which limits access to the necessary
laboratories and modern equipment such as 3D printers or robotics, especially in rural
schools with few resources.

Zholimbayev et. al. (2021) comparative analysis focused on the national
strategies of countries such as Malaysia and Australia that are successfully
implementing STEM education. In these states, a systematic policy in the direction of
STEM has been developed, training programs and teacher training systems have been
purposefully developed. It is noted that the experience of these countries can serve as
an example for Kazakhstan in solving the problems encountered in the implementation
of the STEM approach.

The article also pays special attention to international projects used in the
formation of methodological foundations for teaching STEM disciplines. In particular,
“INSTEM”, “MindtheGap!” initiatives such as and “ER4STEM” are regarded as one
of the best practices in STEM education. These projects work in such areas as the
modernization of educational materials, the introduction of robotics into the learning
process in order to increase and preserve students’ interest in the scientific and
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technical sphere. In addition, the article describes the optimal conditions necessary for
the successful implementation of STEM education.

In particular, the importance of professional training of teachers, the provision
of educational and methodological resources, the creation of an educational
environment that implements subject integration, as well as activities aimed at
developing students’ research and project abilities are highlighted. Thus, international
experience allowed us to identify the main factors for improving the content of STEM
education and its successful implementation. Taking these practices into account in the
planning of actions in this direction in the Kazakhstan education system can contribute
to the effective adaptation of the STEM approach.

The article by Ozhibaeva and Nurmukhanbetova (2021) “Using STEM
technologies to increase students’ motivation in Chemistry Lessons” discusses the
main advantages and difficulties of using the STEM approach in school chemistry. The
authors note that STEM education has a positive impact on the development of
students’ critical thinking, problem-solving and research abilities. In addition, this
approach shows that it helps to increase students’ motivation and interest in the subject
in Chemistry Lessons.

Based on foreign experience in the study, the authors propose several ways to
develop STEM learning. Among them, Problem-Based Learning and project-based
learning methods are presented as the main effective approaches. Several topics of the
subject of chemistry, on the basis of which STEM technologies can be used, are given
as examples. However, despite the fact that the benefits of STEM learning have been
proven, it is also noted that its introduction into chemistry classes is rare today. One of
the main reasons for this situation is the complexity of the adaptation of teachers to the
STEM approach and the limited time of classes.

In addition, the lack of fully equipped chemistry laboratories in many schools
limits the ability to organize practical classes. Teachers point to the lack of adapted
teaching materials for STEM teaching, as well as methodological guidelines aimed at
integrating chemistry with engineering, as one of the main difficulties. The authors
emphasize the importance of such methodological tools in the effective organization
of STEM lessons. The article also touched upon the problem of the inability of
traditional, theory-based and memorized teaching methods to show the practical
significance of chemistry as factors that reduce students’ motivation. In this context,
STEM methods, especially learning through interdisciplinary projects, are proposed as
an effective alternative.

However, the successful implementation of such approaches will require
retraining of teachers and additional funding. The article presented recommendations
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on the need to develop STEM educational programs and ensure the continuous
professional development of teachers.

Satylmysh et. al. (2025) considers issues related to the development of
pedagogical and methodological knowledge of future chemistry teachers in STEM
integration. The authors reviewed the literature to study this issue and conducted
interviews and surveys with future chemistry teachers to assess their understanding of
STEM.

The study found that future teachers have common misconceptions and
difficulties with STEM pedagogy. The results of the survey show that future teachers
do not see STEM as simply building a constructor or experimenting, but rather highly
value it as an interdisciplinary, project-based and focused learning approach to solving
real-life problems.

The article will also discuss such issues as the lack of a single definition of
integrated STEM education, the difficulties of its inclusion in the curriculum. To solve
these difficulties, the authors propose to provide comprehensive support to teachers,
establish partnerships with universities and companies, as well as develop sample
teaching materials and specific lesson plans on "Integrative STEM chemistry" (for
example, on the topic "redox reactions" for Grade 10). In general, the article shows that
it is important for the professional development of teachers to understand integrated
teaching methods and apply them in practice.

In this literature review section, we have highlighted some literature and
research studies that describes the challenges of STEM education in the world and in
Kazakhstan. In the course of ranking the literature, a number of common problems
were identified. No matter what time in which country the STEM education system
was introduced, the most common problems in all countries, institutions are the same.
This is due to the lack of resources used in STEM education: office equipment and
equipment used in practical training, lack of a lesson plan, teaching materials and
teaching aids used during the lesson. The second big problem is the lack of teachers
teaching STEM classes and professional development courses for teaching science
teachers.

Research questions

Summing up the above qualitative content data, it should be noted that the system
of teachers and education in STEM education was somewhat discussed in the works of
the above scientists, and a literary study was carried out. Based on this, the purpose of
this research work was to identify the problems of chemistry teachers in STEM
education by studying the works of foreign and domestic scientists. Many scientists
have studied the problems of STEM education in general, but there is little research
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material on the problems of STEM education by specific chemistry teachers. In this
regard, two research platforms were considered to lead the study: (1) main problems in
STEM education (2) problems of chemistry teachers in integrated STEM education
within the framework of this research platform, the following 4 research questions
were asked:

1. What are the main challenges faced by STEM teachers?

2. a) What are the challenges faced by chemistry teachers based on their
experience, academic degree, category of teachers? Are there any differences?
b) What are the pedagogical challenges faced by chemistry teachers at the
secondary and upper education levels and at both, and are there significant
differences between teachers based on their level of education?

3. What are the current perceptions of school chemistry teachers about STEM
education and their views on teaching chemistry through integrated STEM
education?

4. What are the current STEM activities that teachers face technological and
engineering challenges on teaching chemistry?
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2. METHODOLOGY

2.1 Procedure

This section describes the stages of research, methods for collecting and
analyzing data. Since the study was aimed at identifying the problems of chemistry
teachers in STEM education, a mixed method of research was used. The study
consisted of several stages: preparation for the study, data collection, and data analysis.
At the preparatory stage of the study, its methodological foundations were determined.
A review of the works of foreign and domestic researchers written on the problems of
the first STEM education and chemistry teachers in STEM education was carried out.
Through this literature review, the scientific basis of the research work was formed and
the main research questions were identified. The methods and tools necessary for the
study were selected. In this research paper, survey and interview data collection tools
were used. It was at this stage of preparation that questionnaire and interview questions
were prepared and a preliminary analysis was carried out to verify the validity and
structural adequacy of the questions. With the help of Special Experts, a validity
analysis was carried out, and based on the results of the analysis, the questions were
corrected. Before starting to collect data, participants were given detailed information
about the study. The purpose, objectives and aspects of the study, which include
confidentiality guarantees, were introduced.

2.2 Sampling
This study was attended by all chemistry teachers from different regions of
Kazakhstan in order to analyze the views and practices of chemistry teachers in STEM
education. The research questionnaire was collected from teachers of schools for gifted
children (BIL, NIS, etc.), state schools (School-Gymnasium, school-Lyceum) and
private schools located in all types of rural, district and urban regions of Kazakhstan.
Purpose of the research work in order to identify specialists of chemistry teachers, the
method of targeted (purposeful) discipline was used for the study, and only chemistry
teachers were involved in the survey. Target selection participants were selected taking
into account the following criteria:
Chemistry teachers:
- experience of professional activity in the field of teaching chemistry;
- level of education;
- qualification category.
A total of 152 teachers took part in the survey. Table 2.1 presented the
distribution of participants by locality, pedagogical experience, professional category,
level of education and type of school.
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Table 2.1 Descriptive Statistics of Respondents’ Demographic Characteristics

Number Percent
Locality type | City 127 83,6%
Region 18 4,6%
Village 7 11,8%
Experience | 1-5 years 53 34,9%
6-10 years 25 16,4%
11-30 years 66 43,4%
Above 30 years 8 5,3%
Category Pedagogue 42 27,6%
Moderator 35 23,02%
Expert 34 22,36%
Researcher 33 21,71%
Master 4 2,63%
No category 4 2,63%
Level of | Bachelor 97 63,8%
education Master 52 34,21%
Other 3 1,97%
Type of | For gifted children 19 12,5%
sehool General secondary school | 81 53,28%
(Gymnasium, lyceum) 29 19,07%
Private school 15 9,86%
Other 8 5,26%

20




For interview, 11 of chemistry teachers from different regions of the country
with experience were participated. Table 2.2 shows the distribution of participants in
accordance to the information of teachers’ location, and type of school.

Table 2.2 Descriptive Statistics of Interview Respondents’ Demographic
Characteristics

Location

Almaty city

N
Astana city 6
4
1

Shymkent city

Type of school

Almaty NIS

Almaty RFMS

School for gifted children “ZERDE”

Galaxy International School

R lRrRr|R|N

General secondary school

Quantum STEM School

D

Astana Bilim-Innovation lyceum 1

All participants had experience in teaching chemistry through STEM methods,
which made it possible to focus on the practical aspects of STEM learning. Participants
were selected according to the following criteria:

- should be a chemistry teacher in secondary education institutions,
- aprerequisite was the presence of experience in teaching chemistry lessons using

STEM methods.

The study participants were teachers from different regions, which made it possible to
take into account the regional specifics of teaching and using resources. This approach
was chosen specifically to collect information not on the theoretical understanding of
STEM, but on the specific difficulties that arise when applying it in the classroom from
a practical point of view. The confidentiality of all participants was fully maintained,
and the data obtained from them was used only for research purposes.
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2.3 Data collection

At the stage of data collection, the survey and interview were used as the
empirical research methods. The data about the difficulties that chemistry teachers face
in STEM education, their experiences, and opinions in education, was collected. In the
research work, the survey method was used in order to identify and analyze the
difficulties and problems that chemistry teachers face in STEM education. The survey
was used to develop recommendations for improving STEM education in Kazakhstan.
These recommendations were developed taking into account the needs of chemistry
teachers and the specifics of the educational process. The questionnaire consisted of 25
questions and 3 sections:

- Demographic data in part | (age, experience, school type, teaching audience);

- General knowledge (vision) and interest of chemistry teachers on the concept of
STEM education in Part Il (Likert scale);

- Part 11l included questions on assessing the practical skills of chemistry teachers
in STEM education. The survey questions are set out in Appendix 1. The
questions covered aspects such as teacher training and interest in STEM
education, the availability of resources needed for teaching, the level of
methodological and administrative support, the integration of chemistry with
other STEM disciplines, and the difficulty in implementing modern methods.
The questionnaire was compiled from questions that were closed and contained

answers to the choice. In closed questions, the 5-point Linkert scale was used, and
teachers presented their answers on the “absolutely disagree” - “completely agree”
scale. And the questions related to teaching methods were answered by choosing one
of the answers given to the choice, or by offering their own options.

The participants presented urban and rural schools, providing different opinions
and experiences. The questionnaire was compiled on the online Google Forms platform
and distributed through professional pedagogical communities, educational institutions
and social networks. This approach to selection ensured the representativeness of the
data, which allows us to draw reasonable conclusions about the problems of chemistry
teachers in STEM education in Kazakhstan at the secondary school level. The survey
was distributed to the target group of study participants-chemistry teachers of
Educational Schools of the Republic of Kazakhstan. The distribution of the
questionnaire was carried out through the professional pedagogical community,
educational institutions and social networks. The collection of survey data took about
12 weeks, starting in September 2025.

In order to identify the main problems faced by chemistry teachers during STEM
education training, an interview was conducted with chemistry teachers. During the
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interview, the semi-structured interview method was used to gain a deeper
understanding of the qualitative aspects of the study. This method made it possible to
obtain detailed information about the experience of teachers in implementing STEM
methods, the difficulties encountered, and the necessary resources.

The interview consisted of 2 main sections, consisting of 14 questions in addition
to each main question, aimed at exploring different aspects of the work of chemistry
teachers in the context of STEM education:

1. attitude and experience of teachers to STEM methods.

2. difficulties encountered in using STEM methods.

3. necessary support and resources for STEM teachers. In addition to these main
questions, additional questions were asked in order to get the full opinion of the
participants.

The interview was conducted in online and offline semi-structured formats. This
made it possible to obtain specific information focused on research questions, and
teachers were also able to express their thoughts freely and fully. The interview was
taken individually from each teacher, the interview took 5 weeks and took about 25-35
minutes each. Google Forms and ZOOM platforms were used as a tool for online
conversations. The answers of the interviewer teachers were recorded and converted
into text form. The participants received preliminary permission to use the recordings.

This study was conducted in accordance with ethical standards and requirements
for the protection of the rights of participants. Preliminary consent (informed consent)
was obtained from the teachers who participated in the study. They voluntarily
participated in the study and had the right to refuse at any time. The personal data of
the participants were kept secret; all answers were processed anonymously. The survey
results were used for research purposes only and are stored for 12 months and then
destroyed.

In addition, this study passed the ethical examination of the research committee
of the institution “SDU University”” and was approved.

2.4. Data Analysis
In this stage, the process of data management and analysis were implemented.
All data collected during the study were processed and analyzed. For quantitative data,
Independent T-test, and ANOVA test were used, and qualitative data from interview
was analyzed using the content analysis method. The survey data collected on the
Google Forms platform was exported to CSV format and checked for completeness
and errors. The text information obtained in the questionnaire was completely

23



converted to digital. This made it possible to prepare the necessary data sets for optimal
analysis of further information.

Before analyzing the data, an evaluation analysis was carried out, depending on
the reliability and validity of the data. Cronbach’s Alpha method was used to determine
the reliability of the survey instrument. Reliability is that quantity of a data gathering
technique that enables to measure the degree of consistency. Cronbach’s alpha (the
alpha coefficient of reliability) determines the internal consistency and stability of the
survey elements. The result in the picture 2.1 showed a high level of reliability (o =
0.904), indicating that the questions met the purpose of the study.

Reliability Analysis

Scale Reliability Statistics

Cronbach's a

scale 0.904

Picture 2.1 Result of the Survey Reliability Analysis

And to determine the substantive validity of the questions, a validity analysis
was carried out. Validity means how accurately and correctly the research tools can
measure the phenomenon being studied. This is an important methodological criterion
that ensures the accuracy and validity of the survey items. To ensure the content of the
instrument, the three experts evaluated each criterion using a 3-point scale. Points rated
“3” were recognized as high scores.

Table 2.3 Content validity analysis results

Item No. |Expert1 Expert 2 Expert 3 No. of Valid|I-CVI
(3) Ratings

1 3 3 3 3 1.0

2 3 2 3 2 0.67

3 3 3 3 3 1.0

4 3 3 2 2 0.67

5 2 3 3 2 0.67

Scale-Level CVI (S-CVI/Ave) = (1.0 + 0.67 + 1.0 + 0.67 + 0.67) / 5 = 0.802
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As shown in Table 2.3 above, the Criterion level CVI (I-CV1) ranged from 0.0
to 1.0, while the Scale-Level CVI (S-CVI/Ave) was 0.8, indicating a high level of
content suitability and the need to revise some items. According to the
recommendations of expert specialists, amendments were made.

In order to classify the survey items in accordance to the subject of challenges,
factor analysis was carried out to divide the questions into groups and identify hidden
factors. The Minimum Residuals method was chosen as the method for determining
factors, and Oblimin (curved angle) rotation was used for features between factors. In
determining the number of factors, parallel Analysis was taken as a basis. This method
allows you to accurately determine the number of factors by comparing individual
values obtained with real data with individual values of random data.

The results of the survey were fully implemented using the method of
quantitative analysis of the study in a computer program for analyzing data “Jamovi”
and performing statistical analyzes. To summarize the result of the data obtained,
descriptive analyzes were used - for example, the calculation of the Mean, median,
standard deviation and correlation relationships were determined, which helped to
identify the main trends and characteristics inherent in the sample.

Finally, a statistical analysis was carried out in the computer program “Jamovi”.
Statistical analysis methods Independent T-test, One Way ANOVA were used. T-test:
measures if two groups of a continuous variable are different from one another; and,
an f-test or ANOVA measures if several groups. Used when we have two conditions;
the t-test assesses whether there is a statistically significant difference between the
means of the two independent groups or the same group under two conditions.

ANOVA test is a statistically significant difference between the means of the
more than two independent groups. The analysis examined the correlations between
different variables and identified statistically significant differences in the data. All
stages of data analysis were carried out in compliance with statistical processing
standards.

After the interview responses were collected, the responses were processed using
the content analysis method. First, all responses were transcribed (converted into
written text). Subsequently, the data obtained were classified according to the content
of the answers, and the main categories were identified. In the process of determining
the categories, the inductive method was used. The inductive method is to identify the
main topics and problems that are often repeated from teachers’ answers through
analysis. Excel tables were used to organize the data. The participants’ responses were
often grouped by recurring thoughts, dissenting opinions, and key trends. As a result
of the analysis, the main difficulties and needs in the practice of using STEM methods
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by teachers were identified. The main trends and problems were identified from the
answers of the participants.
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3. RESULTS

This section presents the findings of the study according to the four research
questions. In accordance with the purpose of the study, the participants’ responses were
compared on various pedagogical-functional indicators. The results were obtained
through the analysis of both survey and interview data using factor analysis,
independent samples t-test, one-way ANOVA, descriptive statistics and thematic
analysis where applicable. The results are presented below in the form of tables and
with explanations and provide insights into the challenges faced by chemistry teachers
in STEM education, their perceptions, and difficulties in implementing specific STEM
activities in the classroom.

3.1 Survey findings
3.1.1 Main Challenges Faced by Teachers in STEM Education

On the first research question, a factor analysis was carried out in order to
identify the main problems of chemistry teachers. Factor analysis allowed to classify
the questions into main thematic areas and to identify relationships between various
variables. Based on the results of factor analysis, three main categories were identified:
1. Teacher Readiness & Resources (TRR);
2. Organization & Development (OD);
3. Methodical Support (MS) (textbooks, training, development of material resources).
Before factor analysis, the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s test of
sphericity were conducted to assess the validity of the data.

The KMO value was 0.915, which indicated that the data were suitable for factor
analysis (if the value was higher than 0.6, it was suitable).

Bartlett's Test of Sphericity
X df p

2871 300 <.001

Picture 3.1 Result of the Survey Bartlett’s test

The Bartlett’s test gave a significant result (y> =2871, p <0.01), which indicated
that there was a correlation between the variables and that factor analysis could be
continued. These three factors systematically describe the main problems and needs of
teachers in the field of STEM education. The survey questions were divided into factor
loadings for each factor. Questions that were excluded as a result of the analysis were
not included in the statistical analysis. The challenges that correspond to each factor
are shown in the Table 3.1.
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Table 3.1 Factors that corresponds challenges

Factor Number of questions
Iteml’ Item161 Factor Loadings
Teacher Readiness|ltem18, Item19, Factor
Uniqueness
& Resources|ltem20,  Item21,| - 1 - ° -
item 1 0.336 0.601
(TRR) Item22, Item23,|  iem:2 0.909 0.206
item 3 0.861 0.244
Item24, Item25 item 4 0.821 0.273
item 5 0.578 0.382
Organization  &|ltem2, Item3, Iltem4,| '="° oy oser i
Development Item5, Item6, Item,8 e TR e i
(O D) Iltem1l item 10 0.514 0.506 0.313
item 11 0.744 0.355
item 12 2p 0.944
item 13 0.340 0.305 0.555
item 14 0.699 0.418
item 15 0.807 0.372
item 16 0.386 0.552
item 17 0.359 0.366 0.595
item 18 0.590 0.449
item 19 0.864 0.283
Methodical Item?’ Item9, item 20 0.877 0.205
Item12, ltem 14’ item 21 0.859 0.286
Support (MS) item 22 0.702 0.329
ltem15 item 23 0.735 0.518
item 24 0.621 0.446
item 25 0.573 0.386 0.371
Note. '"Minimum residual' extraction method was used in
combination with a 'oblimin' rotation

The questions, 10,13,17 that were loaded in two or more factors, therefore, these
were excluded. All statistical analyses were performed on the basis of these 3 factors,
including 22 items or questions. Three main factors (challenges) were identified:

1. Teacher Readiness & Resources (TRR) including 10 items;
2. Organization & Development (OD) including 7 items;
3. Methodical Support (MS) including 5 items.

3.1.2 a) Differences in Challenges Based on Teachers’ Experience, Academic
Degree, and Teaching category

In the second a research question, the difficulty of teachers examined their
differences depending on their teaching experience, academic level of education, and
teacher category. The study used descriptive statistical analysis, Independent t-test and

One-Way ANOVA statistical research methods. The Independent t-test and One-way
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ANOVA methods allow to identify teachers’ problems by determining the difference
in the value of p between groups depending on variables such as teaching experience,
teacher category, academic degree, and level of school. And statistical descriptive
analysis identifies problems through differences in the average score between groups.
Following factor analysis, a descriptive statistical analysis was conducted on the
mean scores of chemistry teachers in the STEM education context on the challenges.

Table 3.2 Independent T-Test findings in Chemistry teacher challenges across
teaching experience in STEM education

Experience Experience
(1-10 years) | (over 10 years)

Challenges (N=77) (N=74) t(df) p
TRR-Teacher Readiness
& Resources M =3.06 M =3.05 0.105 (149) | 0.917 n.s.
OD-Organization &
Development M =2.90 M =3.30 -2.36 (149) |0.019*

MS-Methodical support | M =3.50 M =3.61 -0.902 (149) | 0.368 n.s.
N — Participants; M — Mean; n.s.- no significance (p < 0.05)

Based on the provided descriptive statistics analysis results, an interpretation of
the chemistry teacher challenges across different teaching experience levels:

The mean scores for the Teacher Readiness & Resources (TRR) were very
similar (no significance) between the two groups. The mean score for teachers with 1-
10 years of experience was M =3.06, while that for teachers with closer with 10 years
of experience was M =3.05, indicating that teachers’ level of preparation and access to
resources was at an average level.

The mean score for the Organization & Development (OD) for teachers with
more than 10 years of experience (M = 3.30) was 0.4 points higher than that of teachers
with 1-10 years of experience (M = 2.90) and, significant value. This suggests that
younger teachers experience teacher have more difficulties in terms of professional
development and organizational support.

The Methodical Support (MS) showed the highest mean score compared to the
other factors, and there were no significant differences between the two groups.

The results of the descriptive analysis showed that the mean score for none of
the three factors reached 4.0, indicating that teachers do not consider these areas to be
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“good” in general. In addition, it is clear that chemistry teachers, regardless of their
experience, face significant difficulties in all three factors and that support in these
areas is insufficient.

Based on the provided independent t-test results, an interpretation of the
chemistry teacher challenges across different teaching experience levels:

Teacher Readiness & Resources (TRR): There is no statistically significant
difference (p = 0.917) in perceived challenges related to teacher readiness and
resources between teachers with 1-10 years of experience (M = 3.06) and those with
over 10 years of experience (M = 3.05). This suggests that both groups face similar
levels of challenges in this area.

Organization & Development (OD): There is a statistically significant difference
(p = 0.019) in perceived challenges related to organization and development between
the two experience groups. Teachers with over 10 years of experience (M = 3.30)
reported higher levels of challenges in this area compared to those with 1-10 years of
experience (M = 2.90).

Methodical Support (MS): There is no statistically significant difference (p =
0.368) in perceived challenges related to methodical support between the two
experience groups. Both groups reported relatively high mean values (3.50 and 3.61),
indicating that both experienced and less experienced teachers feel that methodical
support is a challenge, but the difference between the groups is not statistically
significant.

In summary, the key finding is that while perceived challenges in teacher
readiness and methodical support are similar across experience levels, teachers with
over 10 years of experience reported significantly higher challenges related to
organization and development.

Descriptive statistical analysis of Table 3.3 showed that the mean scores of
teachers with a master’s degree on all three factors were slightly higher than those of
teachers with a bachelor’s degree.

Table 3.3 Independent T-Test findings in Chemistry teacher challenges across
teacher’s academic degree in STEM education

Bachelor | Master
Challenges (N=96) (N=55) t(df) p
TRR-Teacher Readiness -2.698
& Resources M=291 | M=331 (110.189) 0.008 n.s.
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Table 3.3(Continued)

OD-Organization &
Development M=3.06 [M=3.17 |[-0.632(108.996) |0.528 n.s

MS-Methodical support |M =3.48 (M =3.68 |-1.434 (149) 0.154 n.s.
N-Participants; M-Mean; n.s.- no significance (p <0.05)

On the TRR factor, the mean score of teachers with a master’s degree was M =
3.31, while that of teachers with a bachelor’s degree was M = 2.91. There was a
difference of 0.4 points between the two groups. This indicates that teachers with a
bachelor’s degree face more difficulties in terms of training and access to resources
than teachers with a master’s degree.

On the OD factor, the mean values were similar between the two groups.
Teachers with a bachelor’s degree had M = 3.06, while teachers with a master’s degree
had M = 3.17, which indicates that they have an average level of perception regarding
organizational and developmental aspects.

On the MS factor, the mean score of teachers with a master’s degree was M =
3.68, while teachers with a bachelor’s degree had M = 3.48, which means that teachers
with a master’s degree had fewer difficulties in terms of methodological support.

In conclusion, the mean score on the three factors falls short of 4 points. It is
observed that chemistry teachers, regardless of their level of education, face significant
challenges in all three factors and that support in these areas is insufficient.

Based on the provided independent t-test results, here’s an interpretation of the
chemistry teacher challenges across different teacher’s education level:

Teacher Readiness & Resources (TRR): There is no statistically significant
difference (p = 0.008) in perceived challenges related to teacher readiness and
resources between teachers with bachelor level of education (M =2.91) and those with
master level of education (M = 3.05). This suggests that both groups face similar levels
of challenges in this area.

Organization & Development (OD): There is no statistically significant
difference (p = 0.528) in perceived challenges related to organization and development
between teachers with bachelor level of education (M = 3.06) and those with master
level of education (M = 3.17). This suggests that both groups face similar levels of
challenges in this area.

Methodical Support (MS): There is no statistically significant difference (p =
0.154) in perceived challenges related to methodical support between the two
experience groups. Both groups reported relatively high mean values (3.48 and 3.68),
indicating that both experienced and less experienced teachers feel that methodical
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support is a challenge, but the difference between the groups is not statistically

significant.

In summary, the key finding is that while perceived challenges in teacher
readiness, organization and development and methodical support are similar across

education levels.

Table 3.4 ANOVA findings in Chemistry teacher challenges across teacher’s
category in STEM education

Challenges Sum of Mean F Sig.
Squares | df | Square
TRR-Teacher Readiness & | 4.240 4 11.060 1.382 0.243 n.s.
Resources
OD-Organization & 8.570 4 12142 2.028 0.093 n.s.
Development
MS-Methodical support 2.124 4 10.531 0.828 0.509 n.s

n.s. = no significance

Table 3.5 Descriptive findings in Chemistry teacher challenges across teachers”
category in STEM education

Std.
N Mean Deviation | Std. Error
TRR | Ped 34 3.23 0.983 0.169
Mod 4 2.83 0.954 0.477
Exp 35 2.78 0.856 0.145
Res 45 3.15 0.858 0.128
Mas 33 3.07 0.792 0.138
Total 151 3.05 0.880 0.072
OD Ped 34 3.39 1.154 0.198
Mod 4 3.08 0.624 0.312
Exp 35 2.99 1.038 0.175
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Table 3.5(Continued)

Res 45 2.81 1.049 0.156
Mas 33 3.31 0.867 0.151
Total 151 3.10 1.042 0.085
MS Ped 34 3.92 0.932 0.160
Mod 4 3.00 0.365 0.183
Exp 35 3.47 0.837 0.142
Res 45 3.60 0.795 0.119
Mas 33 3.68 0.634 0.110
Total 151 3.55 0.799 0.065

Table 3.4 and 3.5 present the results of an ANOVA (Analysis of Variance) test
findings, which examines whether there are statistically significant differences in the
perceived challenges (TRR, OD, MS) among chemistry teachers with different teacher
category (Pedagog, Moderator, Expert, Researcher, Master). The key takeaway from
Table 3.4 is that none of the challenge areas (TRR, OD, MS) showed a statistically
significant difference across the teacher’s category. This is indicated by the “Sig.”
(significance) column, where all p-values are greater than 0.05 (specifically, 0.243,
0.093, and 0.509), and all are marked “n.s.” (not significant). Therefore, based on the
ANOVA results, we cannot conclude that the teacher’s category significantly
influences the perceived challenges of chemistry teachers in these areas. This analysis
helps to understand the average level of perceived challenges and the variability within
each group.

Teacher Readiness & Resources (TRR): Teachers in the category of Pedagogue
gave the highest average score (3.23) for this indicator. This suggests that they feel
more prepared and perceive adequate resources available for STEM implementation.
Expert-teachers gave the lowest score (2.78), which may indicate their perception of
insufficient resources or readiness. The overall average is 3.05, indicating a moderate
perception of readiness and resources among teachers. However, these differences are
not statistically significant.

Organization & Development (OD): Pedagogue-teachers also gave the highest
average score (3.39) in this category, indicating satisfaction with organizational and

professional development opportunities. Researcher-teachers reported the lowest
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average (2.81), suggesting more challenges in this area. The overall average score is
3.10, reflecting a moderate level of perception. While the differences seem notable,
they are not statistically significant.

Methodical Support (MS): Master-teachers reported the highest average score
(3.68), indicating they feel well-supported methodologically.
Moderator-teacher gave the lowest score (3.00), possibly reflecting perceived lack of
support. The overall average is 3.55, which shows generally positive perceptions in this
area. Despite visible differences, these are not statistically significant.

The ANOVA findings suggest that teacher category (e.g., Pedagogue vs. Master)
IS not a statistically significant factor in how chemistry teachers perceive challenges in
STEM education implementation. However, descriptive trends point to potential areas
of perceived inequality-particularly regarding methodological support and
organizational development-meriting further qualitative exploration.

3.1.2 b) Pedagogical Challenges in STEM Education Across Middle and
Upper School Levels

In the second b research question, the problems faced by teachers at the middle
and upper school levels and at both school level were identified through the above
statistical analysis methods.

Table 3.6. ANOVA findings in Chemistry teacher challenges across teaching in
school level in STEM education

Challenges Sum of Mean F Sig.
Squares df Square

TRR-Teacher 2.829 2 1.415 1.847 0.161 n.s.
Readiness &
Resources
OD-Organization 1.172 2 0.586 0.536 0.586 n.s.
& Development
MS-Methodical 1.300 2 0.650 1.019 0.364 n.s.
support

n.s. = no significance
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Table 3.7 Descriptive findings

Std.
N Mean Deviation | Std. Error
TRR | Middle 68 3.17 0.865 0.105
Both 25 2.78 0.684 0.137
Upper 58 3.03 0.956 0.125
Total 151 3.05 0.880 0.072
OD | Middle 68 3.13 1.055 0.128
Both 25 2.90 0.985 0.197
Upper 58 3.14 1.058 0.139
Total 151 3.10 1.042 0.085
MS | Middle 68 3.64 0.827 0.100
Both 25 3.59 0.747 0.149
Upper 58 3.44 0.786 0.103
Total 151 3.55 0.799 0.065

Table 3.6 and 3.7 presents the results of an ANOVA (Analysis of VVariance) test,
which examines whether there are statistically significant differences in the perceived
challenges (TRR, OD, MS) among chemistry teachers teaching at different school
levels (Middle, Both, Upper). The key takeaway from Table 2 is that none of the
challenge areas (TRR, OD, MS) showed a statistically significant difference across the
different school levels. This is indicated by the “Sig.” (significance) column, where all
p-values are greater than 0.05 (specifically, 0.161, 0.586, and 0.364), and all are
marked “n.s.” (not significant). Therefore, based on the ANOVA results, we cannot
conclude that the school level significantly influences the perceived challenges of
chemistry teachers in these areas. This analysis helps to understand the average level
of perceived challenges and the variability within each group.

Teacher Readiness & Resources (TRR): Teachers in Middle schools reported the
highest mean (3.17), while those teaching both Middle and Upper levels reported the
lowest mean (2.78). However, as indicated by the ANOVA, these differences are not
statistically significant.
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Organization & Development (OD): Both Middle and Upper school teachers
reported very similar means (3.13 and 3.14 respectively) while the teachers teaching
both levels reported a slightly lower mean (2.90). Again, these differences are not
statistically significant.

Methodical Support (MS): Middle school teachers reported the highest mean
(3.64), followed by those teaching both levels (3.59), and then Upper school teachers
(3.44). Even though there are differences in the means, The ANOVA shows they are
not statistically significant.

This analysis is useful to look at the descriptive data because it can show trends,
even if they are not statistically significant. For example, it appears that teachers at the
middle school level report slightly higher challenges concerning methodical support
and teacher readiness and resources.

3.2 Interview findings

This section presents the findings derived from the open-ended interview
responses of school chemistry teachers. The analysis focused on two research
questions: (1) the teachers’ current perceptions of STEM education and their views on
teaching chemistry through integrated STEM approaches, and (2) the specific STEM
activities that present challenges in chemistry instruction. The data were analyzed using
inductive content analysis, where recurring keywords, ideas, and response patterns
were identified directly from participants’ answers without relying on predefined
categories or theoretical frameworks. This approach made it possible to get an idea of
the specific problems that chemistry teachers face in the course of integrative STEM
learning.

3.2.1 Chemistry Teachers’ Perceptions of Integrated STEM Education

To explore chemistry teachers’ perceptions of integrated STEM education,
participants were asked open-ended questions regarding their understanding, attitudes,
and personal experiences with STEM approaches in their teaching practice. By
analyzing the inductive content of their responses, several key ideas were formulated,
including the benefits of STEM learning from the point of view of teachers, the current
school situation and key issues. These findings show how teachers formulate STEM
and how willing or motivated they are to integrate it into teaching a particular subject.

Table 3.8 Chemistry teachers’ approach to Integrative STEM education
Research Interview question Key concepts Frequency
question key points
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Critical thinking 2

STEM Perspective Functional literacy 1
Education Importance Creative development 2
Advantages Increasing scientific and 2

technical literacy
Developing practical skills
Logical thinking

In the first question of the interview, the general attitude of the participating
teachers to STEM education was different, but in most cases it was positive. The vast
majority of teachers were able to openly state the importance and benefits of STEM
education, noting that STEM makes a great contribution to the development of critical
thinking, creative and functional literacy of students. In his speech, one of the
participants noted that students develop critical thinking, creative development, and
STEM helps students understand chemistry in depth. Another participant saw STEM
education as an important tool for preparing students for future professions, while
others said that it allows you to combine theory with practice. In addition, several
teachers have praised STEM as an innovative and interdisciplinarity approach,
believing that it increases the cross-disciplinary link of knowledge and opens the way
for students to acquire specific projects and practical skills. One of the teachers said
that in his practice he took STEM courses and seminars at the University and school,
and conducted small STEM projects with students. There have been opinions that
STEM s of great importance in our country, especially in Kazakhstan, in the
development of innovative thinking and the transfer of practical skills aimed at solving
specific environmental or social problems. In general, according to teachers, STEM
education develops students’ critical thinking (2), functional literacy (1), Creative
Development (2), logical thinking (1), scientific and technical literacy (2) and practical
skills (2), helping them to acquire real life skills (see Table 3.8).

Table 3.9 The current level of Integrative STEM education

Research Interview Key concepts Frequency
question question key
points
School situation | Introduced as a new subject 1
Steps being | can’t say it’s fully implemented 2
taken STEM has not yet been introduced 1
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Support from Provides opportunities to training 2
administration seminars and workshops
STEM and colleagues | Supported by the school 1
Challenges administration and colleagues
Lack of learning materials and 7
resources
Unavailability of seminars and 4
Main challenges | courses
Lack of time 8
Professional qualifications 2
Diversity of curriculum 7

Table 3.9 based on the answers of the participants on the second question of the
interview, many schools have infrastructure and systemic restrictions on the full
implementation of STEM education. Many teachers note that in their schools this
direction is just developing and many difficulties are encountered. For example, one
teacher said, “I can’t say that STEM education is being fully implemented in my
school. There are several factors that can cause, in particular, the new opening of the
school, lack of equipment-we see as a big obstacle”, he clearly showed the impact of
the material situation. “Currently, my school is taking concrete steps to develop this
area,” said another teacher. In addition, it was noted that the support of the
administration and colleagues plays a crucial role in this issue. One participant says,
“The school administration and my colleagues are very supportive, they support any
initiative and support the inclusion of Stem in daily classes”. This opinion reflects the
importance of cooperation within the school team. Another teacher expressed a similar
idea and positively assessed the opportunities for professional development, saying that
“the school administration provides an opportunity to participate in various training
seminars and trainings to improve the skills of teachers”. However, he also admits that
“due to the dense curriculum, it is difficult to devote time to STEM projects”.

In general, teachers highly appreciated the importance of STEM education,
noting that the STEM education system in their schools is not fully implemented and
concrete steps are being taken to develop it. Despite the support of the administration
and colleagues, it was noted that its systematic implementation requires a long-term
strategy, resources and time.

After analyzing the results obtained, the common and common difficulties faced
by chemistry teachers in STEM teaching were classified into several main groups:

1. Insufficient material and technical base and infrastructure
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Many teachers have noted the lack of equipment in schools as the main obstacle
to the full implementation of STEM. One participant describes their experience as
follows: “I can’t say that STEM education is being fully conducted in my school. There
are several factors that can cause, namely the new opening of the school and the lack
of equipment, which we see as a serious obstacle”. This clearly demonstrates the
infrastructure inequality between schools. The implementation of STEM projects
requires special laboratories, technical means and modern technologies.

2. High professional workload of teachers

STEM education is a complex process that requires additional work and new
skills. Teachers participating in interviews often note that they do not have time to
prepare for classes, draw up a lesson plan and organize projects: “drawing up a lesson
plan takes too much time”. In addition, one of the participants noted: “the preparations
are very soft, they are very demanding and interdisciplinary, and academic...”. Thatis,
we can see that teachers have additional responsibilities in addition to conducting
classes. Such situations indicate that while STEM teaching is motivated by the teacher,
the lack of organizational and time resources limits his or her initiatives.

3. Incompatibility of the curriculum and STEM methodology

The participants note that there is a discrepancy between the state curricula and
STEM methods in Kazakhstan: “the balance between the standards and programs of
public education in the Republic of Kazakhstan and STEM methods...”. The reason for
this is the focus of the domestic system on ENT and testing. STEM is largely based on
the education system of Western countries. And the domestic program is aimed at
testing and specific subject knowledge. In this case, STEM projects are only offered as
a formal application. Due to the diversity of the goals of the education system and the
STEM learning system in the country, it has been observed that it is difficult to
introduce STEM into the learning process: “the education system has been tested,
tested, and tested... The poem STEM is not very good...”.

4. Insufficient methodological training and support of teachers

To master new techniques, support and opportunities for professional
development are needed. In some schools, trainings are organized by the
administration, in others such opportunities are limited. In one interview, this issue was
described as follows: “the administration organizes a seminar, a webinar... this allows
all teachers not to change their labor...”

However, this practice is not common to all schools.

5. Shortage of educational and methodological resources

The lack of high-quality teaching materials related to STEM is another urgent
problem. All the teachers participating in the interview noted this issue. The lack of
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standards and methodological teaching tools for special training complicates the
preparation and teaching of lessons. There are not enough resources, especially in the
Kazakh and Russian languages: “there are not many materials in STEM, especially in
Russian language...”. It turns out that some teachers compose the lesson methodology
themselves, of course, this process takes a very long time for the teacher.

The table 3.10 below shows the challenges faced by chemistry teachers across
the four components of the STEM system.

Table 3.10 The current main problems of Integrative STEM education

The main problems of chemistry teachers in Integrative STEM teaching

Science The educational program does not teach topics in depth; the order of
topics does not correspond to integration; not all topics are suitable
for integration; students do not know how to express their thoughts
correctly, students lack research or critical thinking skills.

Technology There are few free programs for design; limited student experience in
(3D printing) |coding or technical drawing; there is a shortage of 3D printing
specialists, and it is difficult (very slow) to purchase the necessary
materials.

Engineering  |One teacher cannot help all students (an additional mentor is needed),
the basic knowledge and standards in engineering are not defined, the
assessment process is difficult, ensuring safety during more complex
experiments.

Mathematics |Not mentioned

3.2.2 Technological and engineering challenges in Teaching Chemistry Through
STEM Activities

In order to identify the specific challenges facing chemistry teachers when
implementing STEM-based activities, STEM teachers participating in the survey were
asked to describe their experience in interdisciplinary learning and integrating
technology or engineering elements into chemistry classes. After analyzing the answers
received, a number of difficulties were identified in the use of STEM activities in
Chemistry Lessons due to the availability of resources, limitations in the curriculum,
lack of cooperation in subjects and insufficient preparation or reliability for the
development of tasks integrated into STEM. These challenges reflect structural and
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pedagogical barriers that affect the effective use of STEM approaches in chemistry
teaching. Using the tables created according to the teachers below, it was also found
the specific teaching problems that chemistry teachers face in STEM teaching. Based
on the results of interviews from STEM chemistry teachers, four main types of STEM
activities used by chemistry teachers in the process of teaching chemistry were
identified: experimental works (experimental works), problem-oriented tasks
(problem-based tasks), STEM projects (STEM projects) and the use of technological
tools such as 3D-modeling (technology tools like 3D modeling). As shown in the
column “Potential for STEM integration™, for each type of task, the participating
teachers of technology and Engineering compiled a scenario for the ideal
implementation of STEM components in a chemistry lesson. However, matching this
perfect scenario with a real, data-driven Interview Experience revealed a significant
gap.

Table 3.11 presents the topics of experiments that chemistry teachers used in
their STEM lessons.

Table 3.11 The current STEM activities that teachers use on teaching chemistry
(Experimental activities)
Activities name

Potential for STEM

Integration

Activities type

Experimental
activities

“Determination of hard and soft types of
water”

“Spread of the Black Sea”

“Studying the electrolysis of water”

“Using pH indicators to test acidity”

“Investigating fuel combustion”

“Carrying out electrolysis of copper
sulfate solution”

“Determining the pH of various
household liquids using indicators”

Technology: Processing
results using digital tools
such as spreadsheets and
graphing software (e.g.,
Excel, Logger Pro).
Engineering:

Assembling simple lab
equipment, constructing
basic prototypes like a
filtration system or a
simple electrolysis setup.

“Separating
chromatography”

dyes using

“Constructing a graph of heating/cooling
water and determining phase transition
points”
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According to the Table 3.11, the use of digital tools (for example, Excel, Logger
Pro) rests primarily on time constraints. In addition to explaining the chemical concept,
teachers do not have enough class hours to teach the skills of using software. Since the
main priority in the curriculum is given to chemical education, digital analysis is taken
as an additional, secondary task. This problem is further complicated by the fact that
the technical skills of teachers and students are at different levels and schools do not
have full access to computers and necessary programs for the entire student.

The integration of engineering components, that is, the assembly of simple
prototypes (for example, a water filter), has obstacles of a completely different nature.
A chemistry teacher is often used to explaining ready-made knowledge and solving
problems with a clear answer. And in an engineering task, there will be no “correct
answer”. The student himself must think, make a device, make a mistake and improve
it. At the same time, the teacher should not be a “responder”, but only a “guide”. For
many teachers, this role is new and unfamiliar. And in the process of creating
prototypes of devices, in addition to flasks and reagents, which are usually found in the
laboratory, the necessary simple substances (tubes, wires, plastic containers) may not
be available. That is why many teachers give the development of the engineering
component as homework. This interferes with the implementation of students * creative
ideas. In addition, the most important issue is the evaluation process. By what criterion
should the device created by the student be evaluated? To the way it looks or to how
well it works? Since there are no special assessment criteria that clearly answer these
questions, it is difficult for teachers to give a fair assessment.

Table 3.12 presents the problem-based tasks that chemistry teachers used in their
STEM lessons. The main challenge with using digital tools for research is managing
information. Students can be overwhelmed by the volume of information from a
Google search and struggle to evaluate the credibility of sources. Furthermore, while
tools like Canva and Jamboard are great for visualization, teachers face gaps in student
skills, requiring extra time to teach the tool itself. Finally, these digital tools can easily
become a source of distraction, making it difficult to keep students focused on the core
problem.

Table 3.12 The current STEM activities that teachers use on teaching chemistry
(Problem based tasks)

Activities type | Activities name Potential for STEM
Integration

Problem “How can we reduce air pollution in our | Technology: Using

based tasks city?” digital tools (e.g., Google

42



“What are the environmental impacts of
household cleaning products?”’

“Why can’t you use regular water to
dilute some medications?”’

“Why do fireworks come in different
colors?”

“Why can cleaning products be

dangerous for your skin?”

“Why does ice float in water?”

search, Canva,
Jamboard) to research
and visualize possible
solutions.

Engineering: Designing
and building models or
prototypes to solve the
identified problems (e.g.,
air purifiers, eco-friendly
household product
packaging).

Designing and building prototypes presents a different set of challenges. The
primary issue is project complexity and scope. Creating something like an air purifier
is a major undertaking, and teachers struggle to break it down into manageable steps.
This is compounded by the significant challenge of sourcing and managing materials,
as building physical models requires resources beyond typical lab supplies. Finally,
teachers face the pedagogical challenge of helping students connect abstract scientific
principles to their practical design and framing inevitable prototype failures as a
positive part of the learning process, which is difficult in a grade-oriented system.

Table 3.13 presents the projects that chemistry teachers used in their STEM

lessons.
Table 3.13 The current STEM activities that teachers use on teaching
chemistry (STEM projects)
Activities type | Activities name Potential for STEM
Integration
STEM “Water Purification Methods” Technology:  Creating
projects “Waste-Free Production” digital  designs  and

“Alternative Energy Sources”

“Development of packaging for heat
preservation (for example, a thermal
container) ”

“Research of factors affecting the
reaction rate (presentation with graphs
and video)”

presentations using tools
such as  AutoCAD,
Tinkercad, PowerPoint,
iMovie.

Engineering:  Building
physical models or
systems (e.g., water filter
prototypes, energy-
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efficient devices, heat-
insulating containers).

The primary challenge with design software like AutoCAD or Tinkercad is the
steep learning curve. Unlike basic office tools, these are specialized programs that
require significant instruction time, taking focus away from the science and
engineering principles. Furthermore, this type of software often demands powerful
computers that may not be available in all schools. When it comes to presentation tools
like PowerPoint or iMovie, the challenge is keeping students focused on the project’s
substance rather than style, as they can spend excessive time on animations and effects
instead of on their findings.

When engaging students in STEM projects like “Water Purification Methods”,
“Waste-Free Production”, “Alternative Energy Sources”, “Development of packaging
for heat preservation”, and “Research of factors affecting the reaction rate”, the
educational purpose is to expose them to authentic engineering challenges. These
projects offer hands-on opportunities to develop critical thinking and problem-solving
skills by tackling real-world issues such as designing effective and scalable filtration
systems, optimizing production processes for sustainability, enhancing energy
conversion and storage, creating efficient thermal packaging, and conducting rigorous
scientific experiments.

The biggest engineering challenge in long-term projects is project management.
Teachers must act as managers, breaking the project into milestones and keeping
multiple student teams on track over several weeks. This is compounded by the
logistical hurdle of sourcing and budgeting for specific materials, which are often not
standard school supplies. Finally, managing group dynamics and creating a
comprehensive rubric to fairly assess a multi-faceted, long-term project-including
teamwork, design, and the final product-are significant pedagogical challenges.

Table 3.14 presents the technology tools and 3D printing that chemistry teachers
used in their STEM lessons.

The main challenge in using 3D software for molecular models is translating
abstract scientific rules into a digital format. Students may struggle to accurately
represent complex concepts like bond angles and atomic sizes in a tool like Tinkercad,
leading to scientifically inaccurate models. Furthermore, teachers face a time trade-off,
as they must spend valuable class time teaching the software’s functions instead of the
core chemistry principles. This is complicated by the fact that ensuring every student
has consistent access to a suitable computer can be a logistical hurdle.
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When using recycled or basic materials, the primary challenge is managing
unpredictability. Unlike standardized kits, these materials have inconsistent properties,
forcing students to constantly problem-solve when their chosen materials fail. This
leads to a major assessment challenge: it is difficult to create a fair rubric that can
evaluate a complex LEGO model against a clever prototype made from cardboard and
tape. Finally, there is a logistical challenge for the teacher in collecting, storing, and
organizing a wide variety of “junk’ materials for the class to use.

Table 3.14 The current STEM activities that teachers use on teaching chemistry
(Technology tools)

Activities type | Activities name Potential for STEM
Integration

Technology “Mendeleev’s Periodic Table” Technology: Designing

tools “Atomic Structure” molecular or atomic

3D Modelling | “Inventing a  Filter for Water | models using 3D

Purification” software such as

“Model of a water molecule and other | Tinkercad.

simple substances (3D model from scrap | Engineering:

materials)” Constructing  physical
prototypes using
materials like paper,
plastic, LEGO, or
recycled materials.

In conclusion, the main challenge for chemistry teachers in integrative STEM
teaching is not inventing new activities, but fully implementing even existing,
traditional tasks at an interdisciplinary level. These barriers arise from a lack of
pedagogical skills in engineering design and project management among teachers,
limited time and resources, and the difficulty of fairly assessing complex work.
Therefore, for the successful implementation of STEM, teachers require not just new
ideas, but comprehensive methodological, technical, and administrative support that
enables them to put these ideas into practice.
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DISCUSSION

The aim of this study was to identify the main problems facing chemistry
teachers in integrative STEM learning. The results of the analysis of the obtained data,
including questionnaire analysis, factor analysis and interviews, showed that the
problems are systematic and multi-level. The main difficulties lie not in the
unwillingness of teachers to introduce innovations, but in obstacles related to the
training of teachers, the organizational activities of the educational process and the
quality of methodological support. This chapter presents a detailed discussion of these
results in the context of foreign and domestic scientific research, as well as their
theoretical and practical conclusions for the education system of the Republic of
Kazakhstan.

4.1 Main problems of chemistry teachers: discussion of results on

the first research question

Answering the initial research question about the key issues facing teachers, a
factor analysis of the survey questions grouped the issues into three key factors: 1)
teacher training and resources (TRR), 2) organization and development (OD), and 3)
methodological support (MS). This allows, through three factors, to identify their
problems in STEM teaching due to the different contingent of chemistry teachers.

Teacher Readiness & Resources (TRR): A crucial factor for successful STEM
education is Teacher Readiness & Resources (TRR). This involves both teachers
having the necessary skills and schools having the right materials. No matter how
dedicated, a teacher can’t implement STEM effectively without proper training and
basic supplies. “Readiness” goes beyond just knowing a subject like chemistry; it
includes being good at teaching engineering and technology, and feeling confident
tackling projects. “Resources” cover everything from simple prototyping tools to
computers and special software. This idea is backed by research: Shidiq et al. (2020)
found that a lack of resources and teachers’ limited experience in blending subjects
were major problems. Similarly, Biiber et al. (2023) highlighted insufficient lab
equipment and teachers’ inadequate teaching and tech skills for STEM lessons, also
noting students weren’t ready for STEM either. Their study also noted students’ lack
of preparedness for STEM education. Ultimately, these findings underscore that
addressing STEM integration issues must start with enhancing teacher skills and
improving schools’ resource provisions.

Organization and Development (OD): The second significant factor hindering
STEM integration lies within school administration and the broader education system,
categorized as Organization and Development (OD). This includes systemic issues like
packed schedules, insufficient time for planning interdisciplinary lessons, and a lack of
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collaborative culture among teachers from different subjects. Research indicates
teachers often work in isolation, which makes it incredibly difficult to create truly
integrated STEM projects. The “development” aspect of this factor points to teachers’
dissatisfaction with current professional development programs. Interviews reveal
many courses are too formal and theoretical, failing to provide practical tools teachers
can immediately use in their classrooms. This highlights a critical gap between what’s
expected of modern teachers and the quality of professional development available to
them. Researchers like Imangaliyev et al. (2023) confirmed these issues, noting that
teachers often aren’t adequately prepared for integrated STEM environments, largely
due to a lack of quality professional development focused on interdisciplinary skills.
Zholymbayev et al. (2021) also found teachers were insufficiently ready to teach across
disciplines, particularly those trained in traditional methods who struggle to integrate
subjects like chemistry, physics, and mathematics into a unified learning process. This
disconnect is further corroborated by the National Altynsarin Academy of Education,
whose “concept of STEM education” report explicitly states that the current STEM
education system and the country’s educational programs don’t align, making it
challenging to implement STEM learning effectively.

3. Methodological Support (MS)

The third factor draws attention to the quality of educational and methodological
materials and support. Teachers noted that existing textbooks, manuals and educational
standards are poorly adapted to the STEM approach. The National Altynsarin Academy
noted that there are no special advanced training courses for STEM teacher training in
the country. They rarely have ready-made interdisciplinary projects, and the focus is
on theoretical knowledge within one discipline. This factor also includes quality
trainings and the availability of developed didactic materials. Teachers require STEM
implementation and feel free to use specific instructions, ready-made conditions, or
effective feedback from methodologists. This indicates the urgent need to create a
centralized system of methodological support that will provide teachers with proven
and high-quality educational resources.

Thus, these three main challenges provide a comprehensive answer to the first
research question, indicating that the problem of stem implementation is not an isolated
task of one teacher. This is a systematic call that requires simultaneous changes at the
individual (Preparatory), School (organizational) and Republican (methodological
support) levels.

4.2 a) Comparison of challenges depending on the characteristics of
teachers
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The second research question was aimed at identifying differences in the
perception of challenges by teachers with different work experience, academic degree
and category. The results obtained were very revealing: in most cases, there are no
statistically significant differences between the groups except experience. The most
notable result in this part of the analysis is the statistically significant difference in the
Organization and Development (OD) factor. Teachers with more than 10 years of work
experience (M=3.30) rated these problems as more serious than their less experienced
colleagues (M=2.90). At first glance, this may seem counterintuitive, because one
would expect experienced teachers to be better adapted to the system. However, there
are several possible explanations. More experienced teachers may have faced
ineffective reforms, bureaucracy, and a formal approach to professional development
over the years. Experienced teachers may have a clearer idea of what effective
organizational support and high-quality professional development should look like, so
they are more acutely aware of the gap between ideal and reality. Experienced teachers
are more likely to act as mentors or leaders of methodological associations, which
forces them to delve deeper into the organizational problems of the school. At the same
time, the fact that the challenges of readiness and resources (TRR) and methodological
support (MS) are perceived equally by both groups suggests that these are fundamental,
common problems. Lack of resources, outdated textbooks, or lack of access to
technology is an objective reality for everyone, and neither the experience nor the
enthusiasm of young teachers can compensate for this.

The analysis did not reveal statistically significant differences between teachers
with bachelor’s and master’s degrees in any of the three factors. Despite the fact that
the average master’s scores were slightly higher, the t-test showed that these
differences were insignificant. However, the average score of teachers with a master’s
degree in terms of average scores was higher. From this result, we can see that teachers
with a master’s degree experience fewer difficulties when teaching STEM. This is the
conclusion of Shidig, A. etal. (2020) echoes the results of the study. According to their
data, teachers with higher academic degrees, such as masters and doctors, are more
likely to use STEM methods in their practice.

Similarly, to the previous point, the results of the ANOVA test showed no
statistically significant differences between teachers of different categories (from
teacher to master). This is one of the most important conclusions of this research. This
suggests that the official teacher category assigned based on the results of the
certification does not necessarily reflect his real readiness for modern educational
challenges, such as STEM integration. The category system may be more related to
experience, formal completion of courses, and the ability to prepare documents than to

48



actual practical skills in project activities or interdisciplinary learning. Problems with
resources, organization, and methodological support are common to all, regardless of
the formal status indicated in the certificate. Although descriptive statistics show some
trends (for example, master teachers feel more confident in methodological support),
the lack of statistical significance suggests that these differences are accidental.

4.2 b) Pedagogical challenges at different school levels

When answering research question 2b, which was devoted to comparing
challenges at different levels of school education (secondary, senior, and both levels),
an unambiguous result was obtained. The ANOVA test showed that there were no
statistically significant differences in the perception of challenges in all three factors:
“Teacher readiness and resources” (TRR), “Organization and Development” (OD) and
“Methodological Support” (MS).

This finding is of great importance. It shows that the problems faced by
chemistry teachers when integrating STEM are universal and do not depend on which
class the teacher teaches in 71" or 11", There are several logical explanations for this:

At first, the education system in Kazakhstan is centralized. The State Mandatory
Education Standards (SES), recommended textbooks, certification requirements, and
professional development programs are generally the same for everyone. Teachers at
both the middle and senior levels work within the same rules and restrictions, which
leads to the similarity of their perceived problems. Secondly, schools rarely have
separate, differently equipped chemistry classrooms for middle and senior
management. Laboratory equipment, access to computers, and materials are usually
shared throughout the school. Consequently, the problems with resources (the TRR
factor) and methodological support (the MS factor) cannot objectively differ much.

The fundamental nature of the challenges. The very nature of the challenges-the
need to master new pedagogical approaches (engineering design), the lack of time in
the curriculum, and difficulties in evaluating projects is so fundamental that it overrides
any minor differences that might arise due to the age characteristics of students. The
task of integrating engineering into a chemistry lesson is equally difficult for both an
8th grade teacher and a 10" grade teacher. This is exactly the result of Dong’s et.
al.(2020) is found in a study on Chinese teachers. The author points out that all teachers
face the same difficulties, regardless of which classes the teacher teaches. Despite the
lack of statistical significance, it is worth paying attention to some trends in descriptive
data. For example, middle school teachers reported slightly higher rates of TRR and
MS problems. Although this difference may be accidental, it can be assumed that
middle-level teachers are more acutely aware of the lack of ready-made, age-
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appropriate STEM teaching materials. It may seem more difficult for them to explain
complex interdisciplinary concepts to younger adolescents, which is reflected in their
perception of their willingness and support. However, it should be emphasized once
again that these differences are not statistically significant and require further, possibly
qualitative, study.

Thus, the data obtained strongly suggest that pedagogical challenges in the field
of STEM integration are not a local problem of a particular school level, but a cross-
cutting, systemic difficulty. This means that measures to overcome them (for example,
the development of new professional development programs or the creation of teaching
materials) should be universal and suitable for all chemistry teachers, rather than being
developed separately for middle and senior staff.

4.3 Perception of STEM education by chemistry teachers

The third research question was aimed at examining the current perception of
STEM education by teachers and their views on its integration into chemistry teaching.

1. Positive attitude towards the concept of STEM. The vast majority of chemistry
teachers highly value STEM education. In their opinion, STEM allows students to
develop such important skills as critical thinking, creativity, and functional literacy. In
addition, teachers see this approach as an effective means of connecting theory with
practice and preparing students for future professions. These results show that the
teachers involved in the study have a positive attitude about the STEM learning system
and know how useful it is for students. The same opinion is shared by teachers who
participated in a survey or interview on the works of foreign researchers. (Biiber, A.,
2023) however, Ismail (2019) stated that the teachers participating in the study do not
support this method of teaching due to the lack of methodological support and special
advanced training courses.

2. Systematic barriers to implementation. Despite the generally positive attitude,
teachers note that there are a number of real obstacles to the full implementation of
STEM in schools. Due to the current state of the STEM system, it can be seen from the
responses given by teachers that the STEM learning system is still in development.
And this can explain why the problems below arise. As a result of the analysis, these
difficulties were classified into five main groups:

- Insufficient material and technical base and infrastructure

- High professional workload of teachers and lack of time

- Inconsistency of the curriculum with the STEM methodology (especially the
focus on UNT);

- Lack of methodological training and support from teachers;
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- Lack of educational and methodological resources, especially in the Kazakh and

Russian languages.

It is not only teachers of the country, but also foreign teachers who have noted
that these issues often arise. So, Oztay, E.S et. al. (2022), Biiber, A. The works (2023)
address such issues as lack of time, insufficient material and technical base, lack of
pedagogical and technological knowledge. And the high professional load of teachers
is confirmed by the works of Dong (2020), Ismail (2019). According to Ismail (2019),
the high workload of teachers prevents the organization and successful conduct of
classes. The result of the inconsistency of the curriculum with the STEM methodology
is confirmed by the works of our domestic researchers. Indeed, our training system is
focused on the Unified National Testing System. This is stated in the work of
Zholymbaev (2021). According to Imangaliyev (2023), the two training programs do
not coincide, and for this reason it is difficult to organize lesson plans and training
tasks. Meanwhile, the work of Polgampala (2017) confirms that this problem arises not
only in Kazakhstan, but also in foreign education systems, noting the lack of bilateral
agreement between training programs.

In addition, Ismail (2019) notes that STEM teachers do not receive the necessary
support from the school administration. But, this opinion contradicts the results of this
research work. Although it is stated that there is support from the administration and
colleagues in some schools, it has been found that the systemic problems mentioned
above hinder its full implementation.

4.4 Specific challenges in different types of STEM activities

The fourth research question was aimed at identifying specific STEM activities
that chemistry teachers face the most difficulties in implementing. An analysis of the
interviews showed that challenges are present at all levels-from the simplest
experiments to complex projects. However, the nature and intensity of these challenges
change and increase as the pedagogical task becomes more complex, creating a kind
of spectrum of increasing complexity.

1. Entry level: Modification of traditional experiments

At the most basic level, there are traditional experimental works. The main
challenge here is to overcome inertia and go beyond the usual chemistry lesson. The
difficulties are fundamental: the teacher does not have enough time to add “one more
step” in the form of data analysis in Excel, or the pedagogical confidence to connect a
chemical experience with a simple engineering task. The problems with technology
here are a lack of basic skills and access to computers, and engineering problems are
difficulties in organizing even the simplest prototyping and its subsequent evaluation.
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Studies of the National Altynsarin Academy (2023) were able to prove this. And
explains that teachers have difficulties in using information and communication
technologies due to the lack of training in modern technologies. As for engineering
difficulties, in the vast majority of Foreign Studies, this suggests masala. Dong (2020),
Tantayanon (2024), El-Deghaidy (2015), Oztay (2022) explains this problem by the
fact that teachers do not understand the interdisciplinary relationship between STEM
subjects and do not know how to turn theoretical knowledge into practice.

2. Intermediate level: Problem-oriented task management

When teachers move on to problem-oriented tasks (PBL), the nature of the
challenges changes. The role of the teacher is shifting from an “expert on the content”
to a “facilitator of the learning process”. Now the main difficulty is not in integrating
a single component, but in managing an open research process. The technological
challenges here are teaching students media literacy (how to search and evaluate
information on Google) and the effective use of visualization tools (Canva) without
distracting from the essence of the task. Engineering challenges become more
complicated: from simple prototyping, the teacher moves on to the need to help
students connect abstract theory with a practical solution to a real problem.

3. Advanced level: Implementation of complex STEM projects

At the top of this spectrum are full-fledged, long-term STEM projects. At this
stage, the challenges reach their maximum intensity and move to the project
management level. The role of the teacher is transformed into the role of the project
manager. Tantayanon (2024) notes these issues in his article and believes that teachers
need additional support to implement these issues.

Technological challenges are becoming more specialized: it requires not just the
ability to work in Excel, but the mastery of complex software (AutoCAD, Tinkercad),
which requires both training time and powerful equipment.

Engineering challenges turn into a complex logistical task: it is necessary not
only to find the materials at hand, but also to plan a budget, purchase specific
components and manage resources for the entire team over several weeks. In addition,
there is a need to manage group dynamics and develop a comprehensive assessment
system that takes into account all stages of the project.

Thus, answering the fourth question, it can be argued that teachers face
difficulties in all types of STEM activities. However, the nature of these difficulties is
evolving:

In simple experiments, this is an integration challenge (how to add T and E
components).

In PBL, this is a facilitation challenge (how to manage research).
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In complex projects, this is a management challenge (how to manage resources,
time, and a team).

This confirms the general conclusion of the study: for the successful
implementation of STEM, it is not enough to train teachers in individual methods.
Comprehensive support is needed to prepare them for these new, increasingly complex
roles of facilitator and project manager, and to provide them with the resources and
time to carry out such complex pedagogical tasks.
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CONCLUSION

This dissertation research was devoted to a comprehensive study and
identification of the main challenges faced by chemistry teachers in Kazakhstan when
integrating the STEM approach into the educational process. The aim of the work was
not only to identify the problems themselves, but also to analyze them depending on
the experience, qualifications and level of teaching of teachers, as well as to compare
their perception of STEM with real practice. The conducted research allowed us to
draw a number of key conclusions.

Firstly, the main problems of teachers are systemic and multifactorial. Using
factor analysis, they were grouped into three key categories: “Teacher Readiness and
Resources” (TRR), “Organization and Development” (OD) and “Methodological
Support” (MS). This proves that difficulties are not isolated, but represent an
interconnected set of barriers at the personal, school and national levels.

Secondly, these challenges have proven to be universal for the vast majority of
educators. The study did not reveal statistically significant differences in the perception
of problems depending on the academic degree of teachers, their qualification category
or school level (secondary/senior level). This fact underlines that the problems are
rooted not in the demographic characteristics of individual teachers, but in the
educational system itself, creating equally difficult conditions for all. The only
exception is the more acute perception of organizational problems by experienced
teachers, which only confirms the hypothesis of the accumulation of negative
experience of interacting with an inflexible system.

Thirdly, there was a significant gap between a positive perception of the idea of

STEM and a pragmatic assessment of its implementation. Teachers fully support the
value of STEM education, but they do not see the real conditions for its full
implementation. This dualism is a clear symptom of the “top-down” model of reforms,
where the idea was successfully conveyed, but was not supported by the necessary
resources, flexibility of curricula and high-quality methodological support.

Fourth, the study showed that the nature of challenges evolves depending on the
complexity of STEM activity. At the level of simple experiments, the main difficulty
is the integration of T&E components; at the level of problem-oriented tasks, the
facilitation of the research process; and within the framework of full-fledged projects,
integrated project management. This suggests that the teacher is constantly forced to
learn new, increasingly complex roles for which the professional development system
does not prepare him.

Recommendations

The results of the study are of great practical importance. They point to the need
to move from formal training to comprehensive teacher support, which should include:

54



For educational authorities: The revision of curricula in order to integrate
flexible time blocks for project activities and reduce the pressure from the preparation
for the UNT.

For advanced training institutes: Development of practice-oriented courses
focused on teaching engineering design techniques, project management and the use
of digital technologies.

For the school administration: Creating conditions for teacher collaboration and
purposeful improvement of the material and technical base.

The theoretical contribution of the work is to create a detailed, empirically based
picture of barriers to the introduction of STEM in the context of Kazakhstan’s
educational system, which can serve as a basis for further comparative research.

Ultimately, the success of STEM education in Kazakhstan does not depend on
the enthusiasm of individual teachers, but on the willingness of the system to provide
them with real tools, time and support to implement this complex but extremely
important approach. Overcoming the identified barriers requires systematic,
coordinated efforts at all levels of the educational hierarchy so that the gap between the
desired future and the present can be successfully bridged.
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SHORTCOMINGS AND LIMITATIONS

When interpreting the results of this dissertation research, it is necessary to take
into account a number of limitations that could affect the conclusions reached.

One of the most significant and revealing limitations was the difficulty in
forming a research sample, namely, in finding chemistry teachers who consistently and
systematically integrate STEM methods into their practice. During the field stage, it
was revealed that the number of schools and teachers who actually apply an
interdisciplinary STEM approach in chemistry lessons is extremely small. In many
cases, STEM is either taught as a separate group or subject, or its elements are used in
chemistry lessons only sporadically and formally. The fact that such teachers have
proved difficult to find is not so much a limitation of the methodology as an empirical
confirmation of the main problem of the study: integrative STEM education in
chemistry teaching in Kazakhstan is currently an exception rather than a common
practice. As a result, the final sample may have shifted towards the most motivated and
advanced innovative teachers, and their opinions may not fully reflect the situation
among “average” teachers.

Secondly, the study was geographically limited the city of Almaty and the

Almaty region. The specifics of socio-economic conditions, the level of equipment of
schools and methodological support in other regions of Kazakhstan may differ,
therefore, the conclusions should be carefully transferred to the whole country.

Thirdly, the relatively small sample size, formed according to the principle of
“convenient sampling”, does not allow extrapolating quantitative results to the entire
general population of chemistry teachers in Kazakhstan. Statistical data should be
considered as indicators of trends that require further confirmation in larger samples.

Finally, it should be borne in mind that the data was obtained on the basis of
teachers’ self-reports (questionnaires, interviews). Respondents’ responses may
contain an element of social desirability, where teachers could present their views or
practices in a slightly more positive light than they actually are.

Despite these limitations, this study provides a valuable and detailed picture of
the existing problems and serves as an important starting point for further, broader
study of this issue.
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APPENDICES

Appendix 1. Survey questions

MyraJgim peringeri :kymbic oTiHi3 / Years teaching experience:
- 1-5 b1 \ 1-5 years

- 6-10 b1 \ 6-10 years

- 11-30 511 \ 11-30 years

- 30 xbwurman actam \ Above 30 years

Ciznain sxorapsl 6i1im nenreitinis / What is your highest level of education?
- bakanasp \ Bachelor’s degree

- Maructp \ Master’s degree

- NokropanT \ Doctorate

- backa (kepcertini3) \ Other (please specify)

Ci3 :xxymbIc kacaiiTeiH aiimak / Where do you teach:

- Kana \ City

- Aynan \ Region

- Aysur \ Village

Kymbic kacaiiTein MekTeOinHi3ain Tiumi / In which School type do you teach:
- Xaunmer 6i1iM Oepetin mekten \ State school

- Kekemenmik mexren \ Private school

- HUII \ NIS

- BUJI\ BIL

- M'umuasus, munei \ Gymnasium

- ®us-mat OareIThIHAAFEl MekTen \ Physics-Math School

- Napeiaael Oananapra apaanran Mekrer \ School for gifted children
- backa \ Other

Cabak 0eperin Tisini3 / Language of instruction:

- Kazak \ Kazakh

- Arputmisia \ English

- Opsic \ Russian

- Backa \ Other

Ci3 nerizinen Kaii 6ybInra cadak oepeciz? / In which School level do you teach:
- Temenri opta OybiH (7-8-9ceiabin) \ Middle school

- Xoraprs! opta Oybia (10-11-12 ceiasim) \ High school

- backa \ Other
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Cabak OepeTiH CHIHBIOBIHBI3AAFBI OKYIIBI canbl / Number of students in your
class:

- 20 oxkymbrian TeMeH \ Less than 20

- 20-30 oxymrsr \ 20-30

- 31-40 oxymer \ 31-40

- 40 oxymbian xorapel \ More than 40

Myrauim kaTeropusinbiz / Your category:

- [lenaror \ Pedagog

- [Tenaror-moxeparop \ Pedagog-Moderator

- [lenaror-capammsr \ Pedagog-Expert

- [lenaror-3eprreymi \ Pedagog-Researcher

- [lenaror-mebep \ Pedagog-Master

- Kareropusm ok \ No category

- backa \ Other

1. STEM-6inim 6epy TY:KbIpbIMIaMachIMeH KAHIIAJBIKTHI TAHbICCHI3? / HOW
familiar are you with the concept of STEM education?

1 — Mynne tansic emectin / 1’m not at all familiar

2

3

4

5 — Ore xaxcel Taubicbia / Very familiar

2. STEM ooiibiHIIa MeKTeOIHI3Aerl MyFagdiMaepaiH JaHbIHABIK AeHTeiiiH Kajaai
Oarajaicpi3?

How would you rate the quality of specific STEM classes at your school?
1 — Ote Tomen / Very low

2

3

4

5 — Ore xorapsel / Very high

3. Cizain mekTeOiHi3neri apHaiibl STEM cabaKkrapbIHbIH CANIACHIH KAJIAH
Oarajaiicbi3?

How would you rate the quality of specific STEM classes at your school?
1 — Mynaem temen / Very poor

2

3

4

5 — Ore xaxkcel / Very good
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4, STEM anransIKkTap, ic-mapajap KaHIIAJBIKTBI KHi 0TKi3iaeni?

How many STEM education weeks and events are held at your school?

1 — Mymnne etkizinmeiini / Never held

2

3

4

5 — XKui etkizinexi / Frequently held

5. STEM 6inim Oepy GoiibIHIIA x00aJapFa KAHIIAJBIKTBI KATHICACHI3 HEMece
OKYIIBIHBI3AbI KaTbICTpraCbB?

How often do you or your student participate in STEM education projects?
1 — Mynne kateictiaiimbia / | don’t participate

2

3

4

5 — XKui kateicambrd / | often participate

6. STEM kypcTrapbl MeH ceMHUHAPJIAPFA KAHIIAJIBIKTHI KAThICACHI3?

How often do you participate in STEM education courses and workshops?
1 — Mynze kateicniaiimeia / | don’t participate

2

3

4

5 — Xwui kateicambrd / | often participate

7. STEM-6inim Oepyain oKymbLIapabl Ka3ipri djiemMre qaibIHIayaaFbl
MAaHBI3ABLIBIFBIH KaJ1al 0arajiaiceI3?

How do you rate the importance of STEM education in preparing students for
today’s world?

1 — Mynzae manbasl emec / Not important at all

2

3

4

5 — Orte manwiabl / Very important

8. Cizain oiibiHbI3MIA, MeKTeOIHI3 STEM-01iM Oepyai eHrisyre KaHIaJdbIKThl
MalbIH?

How ready do you think your school is to implement STEM education?

1 — Mynnue naiisia emec / Not ready at all

2

3
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4

5 — Tonsix maiiein / Fully ready

9. STEM-6inim Oepy OoiibIHIIA KOCHIMILIA JalLIHABIK/KYPC aJIyFa
KAHIIAJBIKTBI KbI3bIFYIIBLIBIK TAHBITACHI3?

How interested are you in taking additional training/coursework in STEM
education?

1 — Mynzae Kpi3bIFyIIbLIBIK 5KOK / NO interest at all

2

3

4

5 — Xoraps! kei3eFymbsLTBIK / Highly interested

10. Ciznin oiibIHbI3IIA, MeKTen/aliMakTa STEM-0ij1im Oepyai eHriy 0oibIHIIA
Kasipri mapaJjap KaHIAJBIKTBI THIM/Ii?

In your opinion, how effective are current efforts to implement STEM education
in your school/district?

1 — Mynne Tuimai emec / Not effective at all

2

3

4

5 — Ore tuimai / Very effective

11. Kazakcranaarel STEM-6iiim 6epyain skannel skaraaiibIH Kajaai
Oarasaiicbi3?

How do you assess the general situation of STEM education in Kazakhstan?
1 — Ore namap / Very bad

2

3

4

5 — Ore xakcel / Very good

2 0eJim: STEM 06is1imM Oepy 00HMBIHIIA XMMUSI MYFAJIMIEPiHIH MPAKTHKAJIBIK
NAFAbBLIAPBIH Oarajiay

2 part Assessment of practical skills of chemistry teachers in STEM education
12. Ci3 o3 cabarbiHbI3aa Kanaaii STEM akTUBUTHIAPBIH KOJIAHACHI3?
What kinds of integrative STEM activities do you use in your lessons?

- Xobamen xymnic / Project work

- [Ipo6nemansik Tanceipma / Problem-based assignment

- Xumusra apaanrad STEM monyneaep / STEM module for chemistry
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- 3eprxaHainsIK skymbictap / Lab experiments

- PoboToTexnuka / Educational Robotics

- 3D monenpaey / 3D printing and modelling

- Emkaiiceicel / None

- backa / Other

13. XumMusiHbI 02CKA MIHIEPMeH (MAaTeMATHKA, (M3UKA, TEXHOJIOTHs])
HHTErpalusIayia KAaHIIAJIBIKTHI KMbIHAbIKTADMEH Ke3/iececi3?

How often do you collaborate with teachers from other STEM disciplines (math,
physics, engineering) to develop integrated lessons?

1 — Mynne ke3necrieiimin / Never collaborate

2

3

4

5 — XKwui ke3nece anambin / Frequently collaborate

14. Xumust matepuajaaapbii STEM uHTerpanusicbina oeiiMaey KaHIAJIbIKTbI
OHAii?

How easy is it to adapt chemistry materials for STEM integration?

1 — Mynze onait emec / Not easy at all

2

3

4

5 — Ore oHaii / Very easy

15. Xumusinbl STEM asicbIHIa OKBITY Ke3iHae 6acKa MyFajiiMiepMeH

MOHAPAJIBIK 63aPa PEKETTECTIKTIH 00/1ybl KAHIIAJBIKTBI MAHBI3AbI 00JIbIII
TA0BLIAABI?

How important is interdisciplinary interaction with other teachers when
teaching chemistry in STEM?

1 — Mynzae manbeasl emec / Not important at all

2

3

4

5 — Orte manwBabl / Very important

16. STEM 06ij1im Oepy yuuiH OeidiMaesreH OKy MaTepualiapblHbIH
JKeTicmeymrijiiri KAHAaJBIKTBI MAaHbI3IbI M3ceJie 00JbIN TA0bLIAAbI?

How serious a problem is the lack of adapted instructional materials for STEM
education?

1 — Mynne manpi3aet emec / Not a serious problem at all

64



2

3

4

5 — Orte manb3aBI Macere / Very serious problem

17. Men STEM nonaepin kemieHai TypAae OKbITYFAa apHAJIFaH PeCypcTap MeH
sKa0ABIKTApPFa KOJI ’KeTKi3e aJJaMbIH.

I am able to access the resources and equipment for teaching STEM disciplines
Iin an integrated way.

1 — Mynzae xomxketimci3 / Not accessible at all

2

3

4

5 — TonpireiMen kKommxeTiMl / Fully accessible

18. Ciznin mekTeOinizne STEM 6isim Oepy 00iibIHIIIA XUMHSAHBI OKBITY YIIIH
pecypcTap (3epTxaHa ka0 AbIKTapbl, TEXHOJIOTHs1) KeTKIiJIKTI Me?

Do you feel you have adequate resources (lab equipment, technology) to teach
chemistry in a STEM context?

1 — Mynne xetkinikci3 / Not sufficient at all

2

3

4

5 — TonpIk >xeTkimikTi / Fully sufficient

19. Cizre STEM 0iJ1im Oepy 0obIHIIA OUIIKTUIIKTI apTTBIPY KypPCTapbl MEH
ceMHHAPJIAPhl KAHIIAJBIKTHI KOJIKeTiM/i?

How accessible are continuing education courses and workshops in STEM
education to you?

1 — Mynne komketimcis / Not accessible at all

2

3

4

5 — Toneik komketimai / Fully accessible

20. Men unrerpaTuBTi dgicien STEM nonaepin 0ailjiaHbICTBIPA OTHIPBIII,
XUMHS ca0aAKTAPBIH KYPacThIpa aJIaMbIH.

I am able to design chemistry lessons with the connection of STEM disciplines in
an integrative way.

1 — Mynze kypactbipa anmaiimbeia / Not able at all
2
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3

4

5 — ToneirpiMeH KypacThipa anambid / Fully able

21. Men cryaentrepime STEM ko0anapbin THiMai sko0anayra 0arbIT Oepe
aJIaMbIH.

I am able to guide my students to design STEM projects effectively.

1 — Myunze 6arbiT Oepe anmaiimbir / Not able at all

2

3

4

5 — TonwireiMeH OarbiT Oepe anambia / Fully able

22. Men 03 cbinbiObiMAa STEM unTerpanusicbid eHrisy yurin taxipuodeni STEM
MYFaJiMIepPiHeH TIJIIMIepJIiK KOHe KOYYHHT ca0aKTapbIH aJ1a aJ1aMbIH.

I am able to guide with mentoring and coaching from experienced STEM
teachers to implement STEM integration in my classroom.

1 — Mymnne ana anmaiimberd / Not able at all

2

3

4

5 — Toneik ana anamsin / Fully able

23. Ci3nin MekTe0iHi31e HeMece MeKeMeHi3ne xumus myrajimaepine STEM
OaraapJyamMachbiH OKY OaFgapJiaMachbiHa KipIKTipy/Je KAHIIAJBIKTBI KOJIAAy
KepceTiJieni?

How well does your school or institution support chemistry teachers in
integrating STEM into the curriculum?

1 — Mynne kongay kepcetiamerai / Not at all

2

3

4

5 — XKui konmay kepcetineni / Often

24. Xumusa 0oubIHIIA HHTErpaTuBTI STEM cadakTapbId 6TKI3Y YVIIIH

0acCIIbLIBIK TAPANBLIHAH JMicTeMeiK KOJUIAV/IbIH JKeTicneyiijirimen
Ke3/1eCeMiH.

I encounter a lack of methodological support from management to deliver
integrative STEM lessons in chemistry.

1 — Mynzae ke3necken sxokmbia / Not at all
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2
3
4
5 — XKui xe3gecemin / Often

25. Crynenrrepiniz xumusiabl STEM aici apKbLIbI YiipeHyre KaHIAJIbIKTbI
oescenai?

How engaged are your students when learning chemistry through a STEM
approach?

1 — Mynne 6encenni emec / Not engaged at all

2

3

4
5 — Ore Genceni / Actively engaged

26. Xumusn cabakrapbsin STEM azici 0oiibIHIIA OKBITYFA JKOHE TalbIHIATYFA
KAHIIAJBIKTbI YAKBITBIHbI3 HKeTKITIKTI?

Do you have enough time to teach and prepare for STEM chemistry classes?
1 — Mymnne xetkinikei3 / Not enough at all

2

3

4

5 — Tounbik xetkimikTi / Enough

Appendix 2. Interview questions

1. Your vision of STEM education in general

What is the importance of STEM education for you?

What benefits do you think STEM education can bring to teaching chemistry?
What is your personal experience in STEM education? (Courses, seminars,
participation in projects)

2. School situation in the implementation of STEM education

What steps are being taken to develop STEM education in your school?

What are the main obstacles to introducing STEM methods into chemistry classes?
How important do you think the support of the administration, colleagues on STEM
integration is?

3. Difficulties with STEM integration
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What difficulties do you face when integrating chemistry with STEM subjects
(Mathematics, Physics, Technology)?

Are there enough available STEM training materials and resources? What resources
are needed if not enough?

To what extent are the advanced training courses and seminars in STEM education
available to you?

4. Using STEM methods in Chemistry Lessons

Do you have experience in teaching chemistry lessons using STEM methods? Can
you give an example?

6. Recommendations for improving STEM education

What changes do you think are needed to make STEM integration more effective?
What methods and strategies would you recommend to improve STEM chemistry
classes?

Part 2

7. What forms and methods of teaching do you use in your chemistry lesson?

8. What problematic tasks did you use in your lesson? What difficulties did you face?
9. What problems did you face during Project Training, what are your
recommendations?

10. What laboratory work related to stem do you use or can you use in your lesson?
11. Have you used STEM teaching methods in your class, and what methodological
or organizational barriers do you encounter if you use them?

12. What difficulties do you face when integrating chemistry with other disciplines
(the relationship of chemistry with mathematics, physics,biology, ICT)?

13. What topics of chemistry can be studied using the stem method?

14. What are your suggestions for developing STEM learning?
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