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ABSTRACT

STEM (science, technology, engineering, and mathematics) was integrated into
chemistry education; this study focused on project-based learning (PBL) as a
pedagogical tool. The study examined how chemistry teachers conceptualize, design,
and implement STEM-integrated projects and how these practices affect student
engagement, teacher professional development, and student learning. A total of 79
chemistry teachers in Kazakhstan participated in the study using a mixed-method
approach, including surveys, interviews, and classroom observations.

The results indicate that the chemistry teachers are increasingly adopting STEM
principles and focusing on real-world applications to improve student motivation and
learning. The researchers noticed that teachers with advanced qualifications (i.e.,
pedagogical researchers) were more successful at implementing STEM practices, as
they encouraged student-centered learning approaches, such as collaboration,
experimental design, and integrating digital technology. With the aforementioned
projects, the students exhibited increased interest, improved understanding of chemical
concepts, and developed their critical thinking and problem-solving skKills.

Despite the successes of the STEM projects and activities, the teachers
experienced significant challenges related to working in an un-coordinated education
system, limited resources, not enough time to implement integrated PBL, and lack of
institutional and administrative support. These issues inhibited the project-based
teachers from fully embedding STEM practices into their curriculum, particularly in
creating interdisciplinary opportunities and obtaining materials for project
implementation. However, this research indicated that there were several benefits for
both the students' learning and teacher professional development practices by
employing STEM projects regardless of the limitations and challenges presented.

The researchers concluded that programs for professional development for
teacher support, better access to educational resources, and eventually a supportive
framework by the institution were needed to integrate STEM for best practice in
chemistry education. The recommendations offered by the research could provide
insight into the challenges of STEM education and development for policymakers and
educators in Kazakhstan and similar contexts to maximize the opportunities offered by
STEM education.

Keywords: STEM integration, chemistry education, project-based learning, teacher
professional development, student engagement, interdisciplinary teaching.



AHHOTALIUS

JlanHoe uccnenoBanue nocpsmieHo uaTerpanuu STEM (Hayka, TexHomoruu,
WHXXEHEPHUs U MaTeMaTHKa) B IPENoIaBaHUE XUMUH C aKIIEHTOM Ha MCIOJIb30BaHUE
npoekTHoro ooyudenus (PBL) B kauecTBe nmejgarornueckoro HHCTpymeHTa. Llenn
HCCIIEIOBAHUS - U3YUHTh, KaK XUMUKHU-YUUTEIIS KOHIENTYaTU3UPYIOT, MPOECKTUPYIOT
u peanu3ytor STEM-TIpoeKThl, a TakKe Kak 3TH MPAKTUKU BIUSIOT Ha
BOBJICYEHHOCTb CTYACHTOB, MTPOPECCUOHATIEHOE PAa3BUTHE YUUTENICH U yueOHbIe
pe3yabTathl. B uccnenoBanuu npuHsM yuactre 79 xumukoB u3 Kazaxcrana, u
UCITIOJIb30BaH CMEIIAHHBIA METOJ] UCCIIEAOBAHUS, BKIIIOUAs ONPOCHI, UHTEPBBIO U
HaAOJI0/ICHUS 32 YPOKAMHU.

Pe3ynbTaThl HcclienoBaHMs MTOKA3aId, YTO XUMUKHU-YIUTENS BCE Yallle
BHENPSIOT npuHIUIBI STEM, ¢ 0cOOBIM akIleHTOM Ha peajibHOe TPUMEHECHUE 3HAHUIN
JUTSI TIOBBIIIICHUS] MOTUBAIIUU M YYEOHOU aKTUBHOCTH CTYJEHTOB. YUuTeNs ¢ OoJiee
BBICOKOUW KBalH(puUKaIlyei (Harpumep, ne1aror-ucciae0BaTesb) noKa3ai JIydIiue
pe3ynbrathl B ipuMeHeHun STEM-niegaroruk, uCosb3ysi OpUEHTHPOBAHHBIE HA
CTYyJIEHTa CTPAaTETuH, TAKME KaK TpynmnoBas padoTa, MPOEKTUPOBAHNE IKCIIEPUMEHTOB
U MHTETpaius Hu(POBBIX TEXHOIOTUNA. DTU MOAXOAbI TPUBEIHN K MOBBIIIEHUIO
UHTEpeca CTYICHTOB K MPEIMETY, YIYUYIICHHIO X TOHUMAHUS XUMUYECKUX
KOHIETIUH, @ TAKKE Pa3BUTUIO KPUTUUECKOTO MBIIIUICHHUS] K HABBIKOB PEIICHUS
poOJIeM.

Tem He MeHee, YUUTeNs CTOJIKHYJIUCH C CEPhe3HBIMU MPOoOIeMaMy, TAKUMH Kak
HEXBaTKa PECYpPCOB, OTPAHMUYEHHOE BPEMS U OTCYTCTBUE aIMUHUCTPATHBHOM
MOJIICPKKU. ITH CUCTEMHBIE TPOOJIEMBI 3aTPYIHWIH MOTHYIO peanu3anuio STEM-
IIPOEKTOB, 0COOCHHO B TUIAHE MEXKIUCIUTIIIMHAPHOTO COTPYIHUYECTBA U
JOCTYITHOCTH HEOOXOAMMBIX MaTepuaioB. HecMoTps Ha 3TO, UCCie10BaHNE
MO TYEPKUBACT IMOJIOKHUTEIIbHOE BIMsSHUE nHTerpanun STEM kak Ha ydeOHBIH
IPOIIECC CTYJICHTOB, TaK M Ha PO ECCUOHAIILHBIN POCT YUUTEIICH.

[Tomy4yeHHbIC PE3yNBTATH CBUAETEIHCTBYIOT O HEOOXOAMMOCTH MIPOTPaAMM
MOBBIIICHUS KBaTU(DUKALIMY, YIYUIICHHs JOCTyIa K 00pa3oBaTEIbHBIM PeECypcam 1
CO3/1aHUS MOIJIEP/KUBAIOIIEH HHCTUTYUMOHAIBHOM CTPYKTYPBI ISl YCIICIIHOM
uaTerpamuu STEM B penogaBanre XuMuH. ITH BBIBOJIBI MOTYT OBITh TMOJIC3HBI JIJIS
pa3pabOTYMKOB 0Opa30BaTENIbHOM MOJUTHUKY U MeJaroros kak B Kazaxcrane, Tak u B
JIPYTUX CTpaHax C MOJI00HBIMU YCIOBUSIMHU.

KuaroueBsle cioBa: uarerpamnus STEM, npenogaBanne XuMuu, IPOEKTHOE
o0ydeHue, npodecCUOHATILHOE Pa3BUTUE YUUTENICH, BOBJICYEHHOCTh CTYI€HTOB,
MEXIUCIUIUIMHAPHOE 00yUEHHUE.



AHJATIIA

byn 3zeprrey STEM (Fouieim, Texnonorusi, Unxenepus xone MaremaTuka)
MOHJEPIH XUMUS OKBITYFa MHTErpalMsUIay MACENECIH 3epTTeiil, acipece *K0O0albIK
Herizae okpiTy (PBL) TocuniH megarorukanblK Kypajl peTiHle KoJjaHy OOWBIHIIA.
3eprrey xumus MyranmimMaepiHin STEM sxobGanapblH Kanail Kypblll, >Ky3ere achbIpblil
KATKAHBIH, COHJIaii-aK OChl TOXKIpUOENIEPAIH CTYASHTTEPIH KbI3bIFYIIBUIBIFbIHA,
MYFaTIMACPIIH KOCiOM JaMyblHA KOHE OKY HOTIDKENEpiHE Kajlail ocep eTeTiHIH
aHbIKTay bl Makcat eteal. 3eprreyre Kazakcrangarsl 79 XuMusi MyFasiiMi KaTbICTBI, OJ1
aHKeTajay, CyxOaT >KOHE CBIHBINTHI OaKbUIAy CHSKTBI apanac 3epTTey oIiCTepiH
KOJITaH/IbI.

3eprTey  HoTWKenepi xumus  MmyramiMaepiHiy < STEM  mpunnuntepin
KOJJIaHyJaFbl KapKBIHBIHBIH ~ apThINl  KeJle JKAaTKAHBIH JKOHE CTYACHTTEPHiH
MOTHBAITUSCHIH JKOHE OKYBIH apTTBIPY VIIiH HaKThl ©MipMeH OaijlaHbICKaH
KoJgaHOanbl JkoOamapra OachIMIBIK OepeTiHiH KepcerTTi. JKorapbl Ourimi 0Oap
(MbICcalbl, memaror-3eprreyini) myramimaep STEM toxipubenepin xysere aceipyna
YJIKEH TaObICKA YKETTI, 0JIap CTYJICHTTEPIiH OIpJIecim )KYMBIC ICTEYIH, IKCTICPUMEHTTIK
xoOanayapl JKOHE HHUQPPIBIK TEXHOJOTUSIIAPAbl KOJJAAHYAbl KAMTUTBIH CTYACHTKE
OarpITTaFaH OJICTEePJl KOJAAHABL. bysn Tocinaep CTYyACHTTEPIiH IIOHTe JETeH
KbI3BIFYIIBUIBIFBIH  APTTHIPBIN, XWMHUSHBIH HETI3T1 TYXXBIPhIMJAAMaIapblH TYCIHYI1
KAKCapTThl, COHJAN-aK CHIHU OWJay MEH IMpoOJemManappl IIenly JdaFbUIapbiH
JaMBITyFa BIKIAJI €TTi.

Anaiifa, skobamapabl JKy3ere acelpy OapbICBIHIA MYFaJiMIEp pecypcTapiablH
MIEKTEYJIT1, YaKbITTBIH JKETICTICYIIUIIr KoHEe OKIMIIIUTIK KOJIJIaYIbIH 00IMaybl CUSKTHI
alTapipIKTall KUBIHABIKTapFa Tam Ooiabl. by KypbUIbIMABIK Macenenep STEM
KoOaJlapblH TOJIBIK JKY3€re achipyla Keaepri OoJibl, ocipece IIOH apalibIK
BIHTBIMAKTACTBIK TI€H KaXKETTI MaTepHaJiapAblH KOJDKETIMJUIINT TYPFBICBIHAH.
Hlereamen, 3eprrey STEM  wuwHTErpamuschlHbIH ~ CTYACHTTEPHIIH OKYbl MEH
MYFTIMJIEP/IIH KOC10M ©Cyl1 YIITIIH OH 9CEPIiH KOpCeTe/Il.

3epTTey HOTHXKeENepi KociOM gaMmy  OarmapiamanapbiH, OutiM  Oepy
pecypcTapbiHa KOJDKETIMIUTIKTI JKaKCapTyAbl J)KOHE KOJIIAWTHIH WHCTUTYIIHOHAJIBIK
KYPBUTBIMIIBI KamTaMachkl3 eTyniH STEM OKBITyZsl TaOBICTHI Ky3€re achlpy YIIiH
MaHBI3[IbI €KeHIH kepcereni. byn 3eprrey HoTmxkenepi Kazakcram meH ykcac
x)armaigarel O6acka emmaep ymrid STEM OiniMiH THIMII €HTI3yre KaThICTBI MaHBI3IbI
MHCalTTap Oepel.

Kint ce3nep: STEM wuHTerpamuscbl, XUMHS OKBITY, JKOOQIBIK HETI3/€ OKBITY,
MyFaliMAEp/IiH K9Ci0U 1TaMybl, CTYJIEHTTEP/11H KbI3bIFYIIbUIBIFbI, TOHAPAJIBIK OKBITY.
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INTRODUCTION

In contemporary society and education in the twenty-first century, scientific and
technological advancement has fundamentally changed education and provided
opportunities for new pedagogical methods that can prepare students for the
complexities of real-world challenges. Integrated STEM (Science, Technology,
Engineering, and Mathematics) education is foremost an example of an innovative
method of preparing learners with critical thinking skills, problem-solving strategies,
collaboration skills, and digital skills. This emphasis on new learning paradigms is
especially relevant in chemistry; The knowledge and understanding of certain scientific
phenomena is not something that can be shown through abstract scientific knowledge;
Students must connect these facts to the world around them. Traditional modes of
chemistry teaching tend to favor facts, or theoretical knowledge on scientific concepts
that do little to facilitate engagement, interdisciplinary connection, or the development
of functional literacy. In today's education ecosystem, characterized by a digital
transformation and the perpetual growth of scientific and technological advancement,
many educational futurists echo a desire for students to be prepared not only for their
future professions, but to navigate their everyday lives. This desire to produce critically
thinking, adaptable, and competitive citizens is an unmistakable advantage. STEM
fields are being recognized, more and more, as disciplines where students are seeing
relevance in their own lives as well as in a learning and academic atmosphere.
Recognized, and as an integral aspect of the evolution of school education, STEM
integration learning provides opportunities for students to apply an interdisciplinary
knowledge base in a real-world context, promote the ability to think systemically,
stimulate interest in technical and scientific disciplines and develop critical skills such
as problem-solving, teamwork, creativity, and employing scientific and technological
knowledge in an authentic way. In addition, STEM education has also been shown to
lead to improved functional literacy for students, greater life and career opportunities,
and higher levels of self-confidence and resilience in knowledge-based economies. As
a natural science, chemistry has an important part to play in supporting the STEM
movement as it encourages students to make connections to practical applications of
scientific principles that link to engineering solutions, environmental science, medical
applications and technology. While many conventional curriculum and educational
systems teach chemistry, they do so in a traditional way which is based more on
theoretical concepts and speculations without the practical or interdisciplinary context.
Students not being prepared to be able to develop skills that have practical
implementation limits their sense of engagement and motivation to participate in a
scientific and technological career. Therefore it is vitally important to develop
chemistry education projects under the remit of an integrated STEM framework. By
creating chemistry projects that connect to other STEM disciplines teachers can create
worthwhile, applied contextual and engaging learning experiences for student who are
required to consider a real-word problem to address in their project.

STEM education has become a global priority for education reform to educate
students with the competencies required for an increasingly technologically complex
society. One of the challenges faced is with STEM that are grounded on integrated
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science where the students are not only working in a stem environment but also
educationally contributing to the creation of new learning and analyzing flawed and
successful solutions by utilizing problem-solving skills, and innovating skills. These
are important skills both for society and for future economy and development. One of
the pedagogical approaches recognized as valuable in integrated STEM
implementations is Project-Based Learning (PBL). Chemistry projects developed in an
integrative STEM manner were not only able to deepen students' understanding of
chemical concepts but also foster cross-disciplinary thinking, collaborative working
skills and innovate chemical thinking. Such projects link the theoretical to the
functional, and provide concrete skills for students to develop inquiry knowledge and
are intended to be more about learning and connecting than remembering - making
science more applicable and current. To date science educators have and continue to
recognize the effectiveness of a project-based approach, however, there is a relatively
limited body of research examining chemistry projects utilizing integrative STEM.
There is a limited body of empirical evidence on the pedagogy, and limited research
examining the challenges of fabricating integrative STEM projects particularly in terms
of how it affects student outcomes through approaches listed above. Integrating STEM
via project-based learning into chemistry education presents itself as an opportunity to
challenge those limitations of chemistry being project-based via interdisciplinary
connected projects and the dynamic nature of chemistry showcases its functionality;
moving chemistry from a theoretical classroom to everyday life, an efficiency that is
both productive for children and industry as well as society. Nevertheless, at the
moment there is little research or systematic understanding of chemistry projects which
are situated in integrative STEM framework. Most importantly is the situate
understandings of the teachers PCK and where this looks at the PCK of teachers in
their enactment of such projects.

Kazakhstan has undertaken initiatives to promote STEM education together with
a dramatic overhaul of the educational system taking place over the last few years to
create modernization, cultural identity and the integration of a traditionally eastern
country with a more westernized, capitalist driven economy. It is important research
context within which to study and learn about how chemistry teachers enact integrated
stem projects in the classroom context and how their lived experiences and professional
challenges interact with their pedagogical approaches. The experiences of chemistry
teachers interested in integrating STEM through project-based learning will support
curriculum design for the contextual understanding of integrated STEM from teacher's
lived experiences combined with future knowledge and teacher training and policy
development.
Research Problem

Despite global advocacy for STEM education, the actual implementation of
integrated STEM projects in chemistry remains fragmented and under-researched.
There is a noticeable gap in identifying how chemistry teachers integrate
interdisciplinary content into their lessons and how effectively they employ project-
based learning as a method for STEM education. Furthermore, the variation in




teachers’ educational backgrounds, school types, and professional categories may
impact their ability to design and apply such projects effectively.
Aim and objectives of the study

The primary objective of this study is to investigate how chemistry teachers
design and implement educational projects in an integrative STEM manner.
Specifically, this study aims to:

* Examine chemistry teachers’ understanding and perception of STEM integration

in the context of project-based learning;

* Identify the pedagogical strategies used in STEM-oriented chemistry projects;

* Explore how various factors such as teaching experience, school type, and teacher

category influence the implementation of integrative STEM approaches;
* Analyze the challenges and opportunities teachers face when integrating STEM
into chemistry education.
Research Questions:
1. How do chemistry teachers define and approach integrated STEM in project-
based learning?
2. How does project-based learning influence student learning skills and
engagement in chemistry through the STEM approach?
3. What challenges do teachers face when implementing STEM-oriented
chemistry projects?
4, How do teacher characteristics, teaching conditions, and qualities effect in an
implementation of chemistry projects in an integrative STEM manner?
Research hypothesis
1. STEM integration and the use of project-based learning (PBL): When
chemistry teachers have a deep understanding of the concept of STEM
teaching and effectively apply project-based teaching methods, this has a
positive effect on students' interest in the subject, increases their motivation to
learn, and improves their functional scientific culture.
2. The role of interdisciplinary connections and real-world context: Chemistry
projects, which are implemented as part of an interdisciplinary STEM program
and are related to real-world issues (for example, environmental, health, and
technology issues), contribute to the development of students' critical thinking,
creativity, and problem-solving skills.
3. STEM projects designing challenges: The process of developing and
implementing chemistry projects integrated with STEM has some challenges.
4. Professional qualifications and teaching experience of teachers: The level of
professional qualifications (for example, "teacher-researcher”, "teacher-
teacher") and many years of teaching experience significantly affect the quality
of planning and implementation of STEM-based chemical projects.
Significance of the Study

This study holds significance for educational policymakers, curriculum
developers, teacher educators, and chemistry teachers. By examining the
implementation of integrative STEM projects, the study contributes to understanding
how project-based learning enhances interdisciplinary connections in science
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education. It provides evidence-based recommendations for improving STEM
practices in schools and identifies key areas for teacher development. Moreover, the
findings can support the adaptation of chemistry curricula to better align with national
and international STEM education goals.

Delimitations and Scope

The study focuses on chemistry teachers working in various school types across
Kazakhstan. It includes quantitative data from surveys and qualitative insights from
interviews and observations. While the study highlights project-based learning in
STEM, it specifically investigates chemistry projects rather than broader STEM
disciplines. The results are contextual and may not be fully generalizable beyond the
Kazakhstani education system, though they provide implications for similar
educational settings.

Structure of the Thesis

The structure of this thesis is organized in a logical sequence to provide a
comprehensive account of the research process, beginning with the contextual
foundation and culminating in the conclusions and practical recommendations. The
dissertation consists of six chapters:

Chapter 1: Introduction establishes the foundations of the research by presenting
the context and rationale of the research. It formulates the research problem, goals and
questions, emphasizes the importance and relevance of the subject, and defines the
scope and boundaries of research.

Chapter 2: Literature Review provides a critical overview of existing research
and theoretical frameworks relevant to STEM teaching, project-based learning, and
integrating chemistry into interdisciplinary STEM contexts. This chapter identifies the
gaps in the literature that this study seeks to fill.

Chapter 3: Methodology describes the design of the study and the
methodological approach justifying the use of mixed methods. It describes in detail the
procedures for data collection and analysis, including the development of research
tools, sampling methods, and measures taken to ensure validity and reliability.

Chapter 4: Results presents the results of an empirical study. Quantitative data
Is analyzed using appropriate statistical methods such as independent sample T-tests,
ANOVA, and ad hoc analysis, while qualitative interview and classroom observation
data is analyzed using thematic analysis.

Chapter 5: Discussion and Implications Based on Research Questions interprets
the results in relation to the research questions. This chapter discusses the implications
of the findings for pedagogical practices, curriculum development, and teacher training
within the context of integrated STEM education in chemistry.

Chapter 6: Conclusion and Recommendations summarizes the key findings of
the study, draws conclusions aligned with the research objectives, and offers evidence-
based recommendations for educators and policymakers. This chapter also outlines
potential areas for further research.




LITERATURE REVIEW

1.1 Defining STEM

The term STEM, which stands for Science, Technology, Engineering, and
Mathematics, was first introduced by the National Science Foundation back in the
1990s (Bybee, 2010). Since then, this abbreviation has been used widely in education.
However, as Bybee (2010) and Wilson et al. (2022) both point out, even though STEM
Is a popular concept, its exact definition remains unclear. Different schools and
programs interpret STEM in various ways some focus only on teaching science, while
others try to combine science with one other subject like math. In some cases, educators
introduce engineering ideas into lessons but don’t fully involve the other areas. So,
there isn’t a single agreed-upon model of what STEM teaching should look like.
Hourigan et al. (2022) also make an important observation: teaching science alone is
not the same as teaching STEM. In their article, they explain that STEM should not be
reduced to just adding a little bit of another subject into a science class. While this
might be a useful starting point, it doesn’t reflect the truly integrated or
transdisciplinary nature that STEM education aims for. They refer to Vasquez et al.
(2013), who describe the “siloed” approach, where each of the four STEM subjects is
taught separately, with little or no connection between them. Hourigan and colleagues
criticize this method because it leaves students to try to connect ideas on their own,
which is not always effective. Instead, they argue for a more connected, real-world
approach that blends the subjects together in meaningful ways.

The origins of STEM date back to the early 2000s, when policy makers and
educators in the United States realized the growing need to expand students' scientific
and technological knowledge to maintain global competitiveness (National Science
Foundation, 2007). Since then, the STEM framework has attracted worldwide
attention, turning from a policy-oriented initiative into a full-fledged educational
model. Countries such as the United Kingdom, Australia, South Korea, and
Kazakhstan have also adopted STEM-based educational reforms to prepare students
for the demands of a rapidly changing knowledge-based economy (Marginson et al.,
2013).

At its core, STEM teaching emphasizes student-centered, survey-based
learning based on real-world and applied settings. According to Kelly and Knowles
(2016), effective STEM teaching encourages students to ask questions, explore real-
world problems, develop solutions through design and experimentation, and reflect
on their learning processes. This is consistent with the principles of constructivist
learning theories, according to which students actively acquire knowledge through
engagement and application.

Each component of STEM plays a vital role in shaping an integrated learning
experience:



- Science studies the natural world, in the organization of modes it develops a
conceptual understanding from observing, experimentation and analyzing for
future reference.

- Technology is data collection, digital platform management, innovation use,
systematic modelling and focused problem solving.

- Engineering is conceptual thinking, creativity and a systems approach to
working towards the development of a viable practical solution to a human
need.

- Mathematics is the language of models, relationships and reasoning to analyze
data to substantiate findings.

It is also essential to understand that STEM is not merely the sum of its parts. It is
an active and inter-disciplinary structure that allows the learner to make use of
connections from the disciplines. Therefore, STEM as a curriculum approach requires
significant changes in how we teach, curriculum design and how this may be
assessed.

The literature documents (English, 2016; Honey, et al., 2014) that well-developed
and implemented STEM programs can lead to improvements in motivation,
engagement and students understanding of scientific concepts as well as being a
better prepared candidate for work in STEM fields. Additionally, the implementation
of STIM is also increasingly viewed as necessary for economic development and
support to sustainability, innovation and global citizenship education.

Within the framework of chemistry teaching/STEM, chemistry can be a vehicle by
which students apply what they know in chemistry to address or respond to genuine
issues such as, environmental issues, sustainable energy solutions and health
innovations. If applied through project-based learning, chemistry as a study can
promote the way in which students can explore a subject and the importance of
practical and spontaneous learning as well as stimulating positive physical, social and
moral outcomes.

1.2 Integrated STEM

Modern educational methods are increasingly concerned with integrated STEM
(iISTEM) to serve the purpose of being able to closely meet modern social and
economic demands. "Integrated STEM is an approach to teaching and learning that
situates STEM learning and problem-solving in real-world contexts and issues so that
students can make meaningful connections between multiple STEM disciplines in real
time" (Tanenbaum et al., 2016). This approach can be used in all levels of education
from Elementary education to Higher education and enables students to not only gain
theoretical knowledge but apply the theoretical knowledge, increasing the students'
level of interest and understanding of the value of STEM subjects (Tanenbaum et al.,
2016).

Wilson and others. (2022) emphasize that integrated STEM is significantly
different from traditional disciplinary education, where subjects are usually taught
separately. They argue that simply labeling a science lesson as “STEM” is not enough;
true integrated STEM education requires clear interdisciplinary connections between
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science, mathematics, technology, and engineering. Students should clearly see how
knowledge of one discipline can contribute to understanding or solving problems in
another. These interdisciplinary helps students develop a deeper and more holistic
understanding of science and technology, thereby developing comprehensive skills and
competencies (Wilson et al., 2022).

A widely used and practical STEM integration model was proposed by Bybee
(2013), which introduced the concepts of STEM 2.0, STEM 3.0, and STEM 4.0 to
denote the integration of two, three, and all four STEM disciplines, respectively. STEM
2.0, for example, may have students use mathematical computations to address a
scientific question while STEM 4.0 represents fully integrated learning. In STEM 4.0,
students solve complex problems while simultaneously using their thinking developed
in the knowledge of science, technology, engineering, and mathematics. Bybee also
points out that while mathematics and natural sciences tend to dominate practice,
engineering and technology are elements that, overall, are less experienced in
education, especially in primary education. For integrated STEM to be effective, Bybee
asserts the need for effective educational policies, educational planning, and
educational practice for teachers to use integrated and interdisciplinary learning
(Bybee, 2013).

Supporting these notions, a systematic review of the literature written by Portillo-
Blanco et al. (2024) express the value of interdisciplinary project based learning within
STEM. The authors describe how integrated STEM learning supports the development
of core 21st century skills like problem solving, critical thinking, and communication.
Furthermore, through project-based learning, students gain an awareness and a sense
of connection between the curriculum content and its application in real life, which
exponentially elevates their motivation and interest in the STEM disciplines (Portillo-
Blanco et al., 2024).

One challenge of integrated STEM is one that Portillo-Blanco et al. (2024)
identified relating to the transition of implementation of integrated stims. One key
aspect found is a special asymmetry within factor of the project integration, for
example, mathematics often involves a second or additive context rather than the facet
of being integrated as an equal part of the interdisciplinary project.Another significant
difficulty noted is the absence of a common theoretical framework and common
understanding of specific areas of integrated STEM, which hinders both classroom
implementation and overall systematic evaluation.

The studies reviewed by Portillo-Blanco et al., (2024), also discuss positive
results for implementing integrated STEM learning, of which the most relevant to this
review, include increased student motivation, successful completion of coursework,
and improved student interest in STEM subjects such as engineering, technology,
mathematics and the STEM subjects and in particular with females and
underrepresented students. Further, they cite studies that yielded neutral or even
negative results and argue that there is a continuing need for comparative studies which
evaluate the effectiveness of integrated STEM versus traditional disciplinary methods.

Overall, while there are ongoing challenges and complexities, integrated STEM
learning is a viable educational innovation that can effectively prepare students to
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respond to current social issues, develop critical interdisciplinary skills and grow
student's STEM engagement and interest.

Nathan and others (2013) convey that Integrated STEM learning promotes
students' abilities to be part of solving complex problems by placing learning in
authentic contexts that mirror challenges of the science and technology headquartered
professional environments. This is particularly evident in Chemistry teaching where
historical context leads to scientific understanding, and when linked to tangible
situations such as sustainable design or environmental assessment, can enhance
learning.

Reeve (2013) also asserted that integration requires consideration in curriculum
design and meaningful alignment of student learning goals or outcomes across the
disciplines.The educator-participant role and responsibilities become paramount as
they navigate their students through activities that necessitate scientific practices,
technical and media design, technology use, and mathematical reasoning. Integrated
STEM supports not only academic learning, but career preparation benefits as well.
Berland (2013) highlights that integrated STEM is much more than thematic learning
and should involve epistemological practices from each discipline, such as design or
engineering design cycles, scientific research, or algorithmic reasoning. In chemistry,
this could mean involving students in collaborative activities such as developing an
experimental design, analyzing data representations using mathematical tools, and/or
producing chemical technologies leading to rich disciplinary and interdisciplinary
learning.

In their study of integrated STEM programs for secondary schools, Wang,
Moore, Roerig, and Park (2011) noted that students engaged in integrated STEM
projects were more engaged with learning and had deeper conceptual understanding of
chemical concepts; especially projects that had a real-world problem. This is also
supported by Strimel and Grubbs (2016) who recognized that actual integration,
especially through project-based learning methods, improved motivation and academic
performance.

According to Lynch et al. (2017), integrated STEM provides equitable learning
opportunities that promote collaboration, the autonomy of students, and multiple
representations that will meet different learning preferences. More importantly,
providing students with the opportunity to learn and study chemistry in a multi-
disciplinary, context-based learning experience, they may recognize the implications
and relevance of their learning beyond the classroom.

However, while the built-in steam offers multiple advantages, there are also
identifiable issues that are present. Wang and Knobloch (2020) identified systemic
pressures that created obstacles for effective integrated STEM implementation. There
were systemic pressures such as: structured curriculum, lack of interdisciplinary
professional training, and limited time for collaborative planning with their colleagues.
These findings suggest that systemic and political conditions are important factors for
success.

Ultimately integrated STEM represents an evolving and powerful model of
education that deepens the student learning experience by transcending the traditional
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boundary of disciplines. In the discipline of chemistry this model allows you to apply
the theoretical content to real-world issues, develop chemical culture, and develop the
necessary skills that 21st-century apprentices need.

1.3 Integrative STEM approach to chemistry teaching
The emphasis on students receiving quality experience with science, technology,
engineering, and mathematics (STEM) education has intensified in recent years. The
education for qualified specialists in the field of STEM has the purpose of satisfying
modern global needs, that is, to be globally competitive economically; to effectively
use the sustainable energy supply; development of the health care system; development
of technology (Bge et al., 2011). The STEM Integrative approach is a pedagogical
methodological model that connects the education system with the fields of science,
technology, engineering, and mathematics. The STEM Integrative approach
emphasizes interdisciplinary learning to indicate how knowledge is used to solve
specific problems, a departure from traditional learning. The STEM integrated
approach can also be seen as a pedagogical tool to develop critical thinking,
collaborative work, and application of theoretical concepts in practice (Bybee, 2013).
Through STEM integration, students will be prepared and gain experience using
STEM, for example, in applying basic chemistry concepts that are applicable to the
foundation, in lifelong learning. Moreover, the STEM approach is to combine the four
fields of science, encompassing science, technology, engineering, and mathematics,
into a single integrated entity. Thus, the STEM approach can encourage students to
design, develop and use technologies, and improve their cognitive abilities and the use
of scientific knowledge as a basis for studying chemistry. Because STEM learning
allows the interconnection of four fields of science, it can develop students' higher-
order thinking skills and enhance their learning skills in the 21st century. The STEM
approach is necessary as the basis for student success not only at school, but also at
subsequent levels. One of the main advantages of STEM education in chemistry is its
emphasis on hands-on, inquiry-based learning. Instead of passively receiving
information, students actively explore chemical concepts through experiments, project-
based learning, and problem-solving activities. According to Hmelo-Silver (2004),
problem-based learning improves students' ability to analyze and synthesize
information, leading to a deeper understanding of the subject. This approach also
increases motivation, as students see a direct application of chemistry to solve real-
world problems. The use of STEM teaching in chemistry also aids in the development
of interdisciplinary connections. Chemistry is not isolated from other subject areas; it
overlaps with physics, biology, environmental science, and engineering. STEM
projects allow students to see the bigger picture of how chemistry is a part of
technology development and scientific discovery. Krajcik and Blumenfeld (2006) note
that teaching targets cognitive development and career paths in STEM through

interdisciplinary teaching.

The Integrative STEM Method in chemistry teaching is an enormous step
forward for the benefit of both - the teaching, and the learning/knowledge. Chemistry
relates to other STEM related topics, especially as it can provide the mathematical
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foundations to other disciplines that need to interpret or analyze data; and it provides
the foundation for materials science in engineering and uses technology in the area of
conducting tests or experiments (Honey, Pearson and Schweingruber, 2014). Because
of this, chemistry is a valuable and dependable instrument in interdisciplinary STEM
areas. Integrative STEM practices in chemistry are a key aspect of chemistry teaching
because they usually entail involving conceptual understanding into development and
deepening. Integrating STEM into chemistry usually involves inquiries, an
experimental or test aspect, and collaborative inquiry (e.g., Capraro and Slough, 2013
describe filtering systems and chemical reactions and environmental sustainability). In
doing so, students can observe the real value of chemistry, which they observe and they
contribute to the evolution of their deep conceptual understand. Chemistry is a science
to learn to think scientifically and productively and a practice of the disciplines that
involve productive action. Therefore, we can understand that STEM-orientated
practices in chemistry, progress students being productive thinkers, productive doers,
and educators can then build students' learning quality via their relevant abilities as
educators in line with today's national curriculum requirements. Once participating in
learnings in the real life (through a productive practical doer) students construct their
own personal values and they think differently (in comparison to observing from a
distance) regarding the studying material's absorption. Additionally, the productive
practical experience can allow some students to work at becoming a better learner and
or gaining experience learning. This is because, remarkable and exemplary learning is
often presented as the lasting value and memory of learner was "learning by the doing".

Research shows that integrative STEM education develops thinking skills, 21st
century skills, such as communication, scientific literacy, and problem-solving skills
(English, 2016). This encourages students not only to memorize information by heart,
but also to actively participate in the search for information and reading on their own.
In chemistry classes, this approach, when applied effectively, not only assimilates the
necessary material, but also encourages students to solve such global problems as
health problems, energy conservation, and environmental degradation. According to
Margot and Kettler, despite the benefits of STEM Integrative approaches, systemic
barriers often arise when introducing it into chemistry. In particular, the difficulties
associated with the limited time of teachers, the lack of interdisciplinary training and
the lack of planned flexibility of the curriculum. In addition, the need for knowledge
of the educational content (Schulman, 1987) becomes critical, since teachers must be
able to correlate the content with relevant pedagogy in various disciplines.

1.4 Project-based learning in chemistry

Project-based learning (PBL) is an educational model based on learning and
using active and involved methods centered around particular and meaningful projects.
The app in teaching chemistry, for example, is gaining interest as a mode for students
to enhance their conceptual understanding, critical thinking, and inquiry (Thomas,
2000; Rahmawati, 2020) However, unlike memorization/memory-based and teacher-
driven learning approaches, project-based learning focuses students on examining
complex issues, addressing problems together, achieving something, and requiring
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more self-direction and responsibility. In this regard, students are more responsible for
their education since they drive the direction and length of processes when learning
through project-based learning (Krajcik and Blumenfeld, 2006).

Developing students' potential in creating ideas in science is not an easy task. In
order to develop the scientific and technical potential of modern students, it is
necessary to expand opportunities in various fields of education (Suyanto et al., 2012).
One of the areas that need to be improved is the field of Natural Science. This is in line
with Murnawianto et al, (2017) who states that science education can improve the
thinking skills needed in the 21st century. One of the skills required is the skill of the
science process. By applying the science process skills students are able to develop the
knowledge it possesses (Nasrullah et al, 2015). But of course in the process of creating
products, students also need creative thinking skills. Skills in creative thinking are used
primarily in introducing problems and designing experiments, so it is needed by
students (Aktamis & Erign, 2008).

Creative thinking skills are also needed to propose an alternative problem-
solving (Suyanto et al, 2012). To solve a chemical problem it is not enough to rely on
intelligence, it also use creative thinking skills (Sulistiarmi et al, 2016). Creative
thinking skills are required for students in the future (Yunianta et al, 2012). However,
the skills of the science process and the creative thinking skills are still less owned by
the students. Scientific process skills and creative thinking skills can certainly be
generated through appropriate learning models. The appropriate science learning
model for elementary school children is a learning model that adapts students' learning
situations to real-life situations in the community. Students are given the opportunity
to use the tools and learning media that exist in their environment and apply them in
everyday life. Learning at school also sometimes still has not properly developed those
skills. Learning methods that are able to apply the skills of the science process, thus
producing scientific products is project based learning. In simple terms, project-based
learning is defined as a teaching process to relate between technology and daily life
issues that are familiar to students or to school projects. Bédard (2016) mentions that
the project-based learning method is able to develop students' thinking skills, develop
student creativity, as well as to encourage students to work together in a team. In
addition to project-based learning, the current learning needs to keep up with the times.

In the era of globalization one of them by integrating Science, Technology,
Engineering, and Mathematics (STEM). Tsupsors (2009) says that STEM is an
interdisciplinary approach study academic concepts that are engaged with the real
world. By applying the principles of science, mathematics, engineering and
technology, it wise connecting between schools, communities, jobs, and the global
world. STEM model also provide space for the development of STEM literacy. So they
have the ability to compete in the new economic world. The linkage between science
and technology and other science cannot be separated in science learning. STEM is a
discipline of science that is closely related to each other. Science requires math as a
tool in processing data.

Technology and technique is the application of science. STEM approach in
learning is expected to produce meaningful learning for students through systematic
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integration of knowledge, concept and skill. Some of the benefits of the STEM
approach provides students to able to solve problems for the better human beings,
innovators, inventors, independent, logical thinkers, and technological literacy
(Morrison in Stohlmann et al., 2012). Research on STEM integration in project based
learning is still rare. The results of Tseng et al, (2013) revealed that STEM integrated
project based learning can increase students' learning interest, learning becomes more
meaningful, helping students in solving real-life problems, and supporting future
careers. In addition, STEM in project based learning poses challenges and motivates
students for training critical thinking, analysis and enhancing high-level thinking skills
(Capraro et al, 2013). Based on the above description, the purpose of this study is to
analyze the significant differences in the creative thinking skills of the class that apply
the STEM-Based Project Based Learning model with the class that applied the
Learning Based Learning model only. By analyzing the significant differences in the
science classroom process skills to apply STEM-based Project Based Learning model
with a class that implements the Learning Based Learning model only. It also to analyze
the significant improvement of creative thinking skills in the students following STEM
based project based learning model. By applying STEM-based Project Based Learning,
students have an opportunity to explore their scientific and technological literacy. It
can be appearing form of reading, writing, observing, and doing science so that it can
be used to live in society and solve problems encountered in daily life related to the
field of STEM science (Mayasari et al, 2014).

Chemistry as a subject has a unique advantage because it is inherently grounded
in practical work with direct relationships to real world issues. For example, students
working in chemistry on a project-based learning (PBL) project may study a subject
area like environmental pollution, food chemistry, materials, and/or renewable energy.
These projects will usually require students to apply their cross-disciplinary
knowledge, conduct practical experiments in the laboratory, collect and analyze data,
and evaluate results by writing or speaking about their conclusions. Many studies
demonstrate the value and effect of project-based learning in chemistry. For example,
Rahmavati (2020) showed that the app is a significant contributor to students'
chemistry knowledge increases and has a more favorable study attitude in learning
chemistry. Similarly, Calik and Coll (2012) showed that students involved with project
assignments do a better job at conceptual understanding and being involved in
classroom activities.

The chemistry app provides students opportunities not just to increase the
chemistry knowledge of the content, but they will also be developing a number of
transferable skills. These skills include teamwork, interpersonal communication,
planning, time management, and problem solving. These transferable skills can support
students in acquiring STEM-related careers, personal development, and lifelong
learning (Bell, 2010). Gultekin and Dursun (2022) reinforce that project-based STEM
apps robustly contribute to 21st century skills - creativity, critical thinking,
collaboration, and digital literacy, that are becoming more recognized in the emergence
of educational and workforce settings.Project-based learning is also well-suited to
enable STEM learning. Students engage in projects around chemistry that incorporate
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concepts that encompass science, technology, engineering, and mathematics, which
promotes a holistic approach to learning. For example, students may engage in a water
purification project and better understand chemical filtration processes (science),
develop a model system (engineering), and calculate rates or concentrations
(mathematics). Successfully implementing the PBL in chemistry requires proper
planning and support. The ideal chemistry project will align to the curriculum standards
but should also give students the flexibility and freedom to explore the project.
Teachers will facilitate the learning by directing student research, facilitating
discussions, and assisting students to reflect on their process and outcomes. Access to
lab equipment, digital tools, and collaborative spaces will also increase the effective
use of project-based designs in chemistry lab experiments (Baran & Maskan, 2013).
Assessment for the project-based learning component is equally important. Standard
testing may not adequately portray the breadth and depth of potentially student learning
in a project environment. This has prompted recommendations for employing
alternative assessment strategies such as rubrics, portfolios, peer reviews, or reflective
reviews in the project-based learning methodologies (Mergendoller et al., 2006).
Longitudinal studies continued to demonstrate the efficacy of PBL in STEM fields,
including students developing problem-solving skills, scientific culture, engagement
with sustained interest in a STEM career (Krajcik and Shin, 2014). Given that
Importance appears to be growing in interdisciplinary education and preparing the
future workforce to think creatively while employing adaptive problem-solving skills,
PBL in chemistry teaching becomes superior to academic achievement and has
repercussions that extend to innovative and technological growth. Future research can
build on this growing knowledge by improving PBL experience methodologies,
addressing the barriers that currently limit implementation, and fostering evidence-
based frameworks for effective implementation in chemistry curriculum.

However, despite many benefits, there are many challenges associated when
using the app in their development chemistry class. Teachers state a lack of time, a lack
of resources, and inadequate training as barriers to implementing biotechnology in this
instance. In overcoming these barriers, project-based learning has the potential to be a
transformational educational tool for teachers in chemistry education with enough
institutional commitment and support.

In this way, project-based learning complements the goals of STEM teaching in
that the processes focus on inquiry, creativity, and collaboration. If project-based
learning is implemented in chemistry, it can allow students to actively learn while
student-centered learning takes place that engages students to connect scientific
concepts to real-world experiences, relevant to them personally.

1.5 The role of teachers and pedagogical competence in STEM chemistry projects

In our present context of educational change, the teacher's role is becoming
increasingly critical, especially when considering how to implement an integrative
approach to STEM in chemistry teaching. A teacher is much more than a vessel to pass
on knowledge, rather they are a developer of an environment for learning, a mentor, a
facilitator, and an integration link between disciplines. Implementing project-based
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learning (PBL) in chemistry, involves a range of professional and personal attributes,
as outlined by the concept of pedagogical competence. STEM pedagogical competence
requires use of subject knowledge with modern learning strategies, digital and
experimental tools and materials, and the building of activities that encourage inter-
connectedness. Accordingly PCK, as articulated by Shulman (1986), is of vital
importance to consider. PCK refers to a teacher's realization of how to effectively teach
a particular subject. A teacher's PCK is a combination of their knowledge of the subject
area and knowledge of teaching to evaluate which methods would be most appropriate
to aid students learning. In STEM chemistry projects, teachers are expected to design
learning activities based on authentic problems and real-world applications. In the case
of a water purification project, the teacher will need to bring together knowledge of
chemical filtering processes with the engineering design of the project and sectors of
the mathematics associated with it. The teacher then becomes a moderator of
interdisciplinary inquiry.

Moreover, successful implementation of STEM requires well-developed
organizational and communication skills. Teachers must be able to plan the project
cycle, manage time and resources, coordinate group work, and apply evaluation
methods that reflect both the process and the product. As Capraro, and Morgan (2013)
highlight, modern STEM teachers are facilitators and learning coaches who nurture
student creativity, autonomy, and innovation. Professional development is a necessary
condition for teachers to acquire the skills and confidence needed for STEM
instruction. According to Margot and Kettler (2019), many teachers report difficulties
integrating engineering and technology into science lessons. Therefore, systemic
teacher training including interdisciplinary planning, digital tools, and peer exchange
Is essential. Teachers with high pedagogical competence tend to design more complex
and meaningful STEM tasks that foster deep inquiry and high-level problem-solving.
Their involvement has a direct impact on student engagement and the development of
key skills such as critical thinking, independence, and collaboration.

Furthermore, a modern STEM teacher functions as a learning designer, creating
flexible environments where students have choice, work with open-ended challenges,
use digital platforms, and develop unique solutions. This supports ownership of
learning and student motivation. Teachers’ participation in real-life STEM projects
through collaborations with universities, companies, or STEM centers also contributes
to their professional growth and inspires students through authentic role models. This
contributes to the formation of a STEM culture throughout the school.

In addition, teachers play a vital role in shaping students' STEM identity. As
Carlone and Johnson (2007) show, supportive interaction with teachers helps students,
especially from underrepresented backgrounds, see themselves as capable STEM
students. Another important function is the integration of ethical and social issues into
STEM projects. Chemical projects related to environmental, health, or sustainable
development issues promote socially responsible thinking and citizenship.

In the context of Kazakhstan, where STEM teaching is receiving increasing
attention at the policy level, the role of chemistry teachers is becoming particularly
important. As Nurgalieva emphasized (2021), the development of teachers'
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pedagogical skills is crucial for achieving national goals in the field of STEM
integration. However, differences in teachers' professional level, access to
methodological resources, and school support systems continue to determine their
ability to implement effective STEM projects.

Thus, the pedagogical competence of teachers, including knowledge of the
content, interdisciplinary thinking, pedagogical strategy and reflective practice, is the
cornerstone of successful STEM-oriented chemistry teaching. To promote student
engagement, critical thinking, and scientific culture via project-based learning in
STEM learning, support for teachers is important in learning and institutional
resources.

Ultimately, a teacher can also be a STEM leader in a school launch project-based
learning, support colleagues, create opportunities for collaboration, and promote a
culture of innovation. So, the work for the teacher in integrative STEM chemistry
teaching is significantly more than formal education. As such, it takes good pedagogy
skills, willingness to collaborate with others, creativity, and commitment to
professional development. Supporting teachers with training, resources, and
institutional support is essential to help them successfully implement a STEM-based
project in the classroom.
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METHODOLOGY

2.1 Research Design & Approach

This study involved a mixed method approach to examine how project-based
learning (PBL) is incorporated with STEM chemistry teaching. Mixed methods were
selected to provide general insights into trends through quantitative data, and to build
a richer understanding of participants' thinking through qualitative data. Mixed
methods research allowed us to illuminate how the PBL functions when situated in
STEM, when situated in the context of secondary chemistry education. We collected
data in two ways: a structured questionnaire sent to working chemistry teachers (as a
guantitative study), and semi-structured interviews with chemistry teachers and
students who were involved in STEM-related projects (as a qualitative study). The two
data sources allowed us to triangulate our data and enhance the reliability of the study.
The quantitative phase concerned the consideration of measurable indicators such as
the knowledge teachers had about STEM, how often they implement the PBL, and the
perceived impact of their implementation of STEM-related projects. However, the
qualitative phase concerned the lived experiences, beliefs and challenges that were
experienced by the teachers and their students in actual educational circumstances. This
correspondence between quantitative breadth and qualitative depth, made the mixed
method design especially well suited for a research study.
2.2 Research Procedure

The survey study looked at the effectiveness of chemical project development
that uses an integrative STEM approach. There were many steps to the development of
the survey. To start, connecting to the STEM-based project studies in chemistry from
the literature was conducted to find the important features of this type of project
development. From the literature information, quantitative questions were to be
devised where data was collected using a Likert scale to measure teacher experiences,
problems, and perceptions of project-based learning (PBL) in STEM chemistry.
Quality responses would also be developed from open-ended questions.

2.3 Sampling

This study included chemistry teachers and students from four schools located in
Almaty. The participants were selected purposively because of their direct involvement
in STEM project-based learning (PBL). In the sampling of individuals or groups,
teachers who were assigned to teach chemistry classes in the middle and secondary
grades and students in the 8, 9, and 10 grades who were involved in chemistry projects
that integrated subject teaching included in STEM.

The applicants selected from schools revealed, firstly, an emphasis on STEM
teaching and the systematic embedding of project-based learning in chemistry
teaching. Secondly, the teaching staff from these schools had experience developing
and delivering chemistry projects within STEM. Thirdly, students were involved in
projects as part of their school curriculum, and students have also participated in
competitions outside the school curriculum related to STEM. The interaction of the
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students with just these projects provided us with a sense of opportunities and
challenges by examining the effectiveness of project-based chemistry teaching.

The sample of teachers included some with different years of experience in
STEM project-based teaching to include diversity. This was useful to gain insight and
in-depth understandings into how different pedagogical experience impacts project-
based learning in chemistry. Also, the students who were participating also represented
diverse levels of academic success and involvement in different levels of projects
allowing us to gain an insight into the nature of their involvement and challenge in
STEM project-based learning.

The survey related to chemistry teachers included 79 teachers with varied
education level, years of teaching experience, type of school, and language of
instruction. Because of this diverse background of teachers, the research data will allow
for a range of perspectives with a sense of representation in the study of STEM and

integrated chemistry project design.

Table 1 Demographic characteristics of chemistry teachers (survey participants)

Number Percentage
Gender
Female 55 69.6%
Male 24 30.4%
Academic Background
Bachelor (BA) 36 45.6%
Master (MA) 43 54.4%
Work experience
1-5 years 65 82.3%
6-10 years 8 10 %
11-30 years 4 5.1%
above 30 years 2 2.5%
Teaching category
No category 9 11.3%
Pedagogue 44 55.7%
Pedagogue Moderator 17 21.5%
Other (Pedagogue 9 11.4%
Expert, Researcher,
Master)

Table 1 includes a classification of participants based on their professional
teacher categories, which reflect their official certification status according to the
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national educational framework. These include: pedagogue, pedagogue-moderator,
pedagogue-expert, pedagogue-researcher, and pedagogue-master. Each category
signifies a progressive level of professional competence, experience, and engagement
in pedagogical practices and development.

Pedagogue: This is the entry-level teaching position, typically assigned to
educators in the early stages of their career or those who have not yet passed
advanced certification. These teachers may still be developing core teaching
strategies and professional identity.

Pedagogue-moderator: A more advanced level, indicating that the teacher has
met specific criteria for instructional effectiveness and participates in
moderating or supporting the work of less experienced colleagues.
Pedagogue-expert: This category is awarded to teachers with demonstrated
excellence in teaching, typically including active involvement in school-wide
pedagogical initiatives, mentoring, and consistent high-level performance.
Pedagogue-researcher: Represents teachers engaged in continuous professional
learning and educational research. These educators not only implement teaching
strategies but also systematically evaluate and improve them through research-
based approaches.

Pedagogue-master: The highest certification level, reflecting leadership in
pedagogy, innovation in teaching practices, and contributions to the national
education system. These individuals often act as trainers, authors, or curriculum
developers

The survey collected data from 79 chemistry teachers using a structured

questionnaire designed to explore their views on project-based STEM learning. The
participants represented different types of schools and levels of education, which
allowed them to distinguish between experience and context. The survey aimed to
determine how teachers perceive the integration of STEM elements into chemistry
teaching and what problems and advantages they associate with this approach. In
interview study the sample included nine teachers and ten students, ensuring a
comprehensive exploration of both instructional perspectives and student experiences.

Table 2 Demographic characteristics of interview participants (teachers and
students)

Educational institutions | Number of | Number of Teacher categories

teachers students

Pedagogue Pedagogue
moderator
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Table 2 (Continued)

Nazabayev intellectual 5 5 2 3
School of Chemistry
and Biology (NIS ChB)
in Almaty

Total 5 5 5

2.4 Data Collection Instruments

This research used both a survey and interviews to better understand how
project-based learning is used in chemistry lessons within a STEM approach. The main
tool for collecting quantitative data was a questionnaire for chemistry teachers. It aimed
to find out how familiar they are with STEM, how much experience they have with
project-based learning, and what they think about its effect on student engagement,
motivation, and skill development. To make sure the questions were clear and
appropriate, the survey was first checked by STEM education experts. Then it was
tested with a small group of teachers. In light of their feedback, some changes have
been made to improve the wording and focus of the questions. The final version of the
survey was created in Google Forms and distributed online through teacher groups,
social media, and even TikTok educational communities to reach more participants.

2.4.1 Teachers’ survey

The survey was kept open for enough time to gain sufficient responses. The
questionnaire consisted of 11 statements, accompanied by a five-point Likert scale,
which allowed teachers to indicate their level of agreement or disagreement with each
statement. The questions addressed multiple areas, using digital tools, integrating
chemistry with other STEM subjects, and relating lessons to real life.

There were also interviews with teachers and students who were involved in
STEM-related chemistry projects. These interviews provided richer detail and
individual perspectives that we were able to add to the results. The questions for the
interviews were based on prior survey results and previous research regarding STEM
and project based learning.

2.4.2 Teachers’ interview

The interviews were conducted in person and virtually, depending on
accessibility for each participant. Each interview lasted about 30-40 minutes and was
recorded with consent for later analysis. During the interview the teachers discussed
the way they planned and implemented chemistry projects that included elements of
STEM. They described what models and tools they used, the challenges they faced,
and what they thought the projects impacted on students learning. The students talked
about their experiences, what skills they developed, how authentic the projects felt to
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the real world, and what challenges they faced. All interviews were transcribed and
analyzed for common themes and ideas. The findings were compared to the survey
data to add depth to the reports of STEM project-based chemistry learning.
The interview questions were:
1. How do you understand and approach STEM integration in project-based
chemistry teaching?

2. What pedagogical strategies or methods do you apply when planning and
implementing STEM chemistry projects?

3. What impact do you observe on students’ engagement and learning through
STEM-integrated projects?

4. What are the main challenges or barriers you face when conducting STEM-
based chemistry projects?

2.4.3 Students’ interview

In addition to the questionnaire, interviews were conducted with students who
participated in chemistry projects integrated with STEM. The purpose of the interviews
was to gain a deeper and better understanding of how project-based STEM learning
affects student engagement, learning experiences, and the development of specific
skills.
The interviews were structured in such a way as to explore three main areas:

- Understanding the concepts of chemistry: How has participating in STEM-based

projects helped students improve their understanding of key chemistry concepts?

Were the concepts more accessible when applied to real-world situations?

- Practical skills development: How have STEM projects influenced students'
laboratory skills, problem-solving abilities, and use of technology (e.g. Arduino
microcontrollers, sensors)? How did these projects help them connect theoretical
knowledge in chemistry with practical applications?

- Engagement and motivation: Did students feel more involved and motivated in
chemistry lessons because of the project approach? How has working on
interdisciplinary STEM projects influenced their attitudes towards studying
chemistry and natural sciences in general?

The interviews were conducted in person or online, depending on the preferences
of the participants. Each interview lasted approximately 15-20 minutes and was
recorded with the consent of the participants. The data collected during these
interviews provided a wealth of information about students' personal experiences,
challenges, and successes in applying STEM concepts in chemistry.

The interview questions were designed to explore the following:

1. How has a STEM project (for example, an intelligent soil pH sensor, a fruit

ECO-battery) influenced your understanding of chemistry concepts?
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2. What new skills have you acquired by participating in STEM projects?

3. Can you share an example of how the project helped you solve a real problem
using chemistry?

4. Did you feel more motivated to study chemistry after working on STEM
projects? Why or why not?

5. What problems did you encounter during your projects and how did you
overcome them?

6. Do you think that the project approach has helped you learn better than
traditional classroom lessons?

2.5 Data Analysis

2.5.1 Reliability and validity of the Surveys

The internal consistency reliability of the survey was evaluated with
Cronbach’s alpha, which assesses the extent to which all items measure a common
underlying construct. Values range fromOto1, with coefficients above 0.80
considered excellent (Nunnally & Bernstein, 1994). In this study, the Cronbach’s alpha
value was 0.887, indicating that the survey had a high level of reliability. This result
demonstrates the stability and consistency of the responses, ensuring the reliability of
the data collected.

Table 3 Reliability of teacher survey

No. of Scale Reliability Statistics Interpretation
items Cronbach’s alpha
11 0.887 Excellent internal consistency

A high alpha strengthens confidence in the results but does not, by itself,
guarantee that the instrument measures the intended constructs accurately.
Consequently, reliability evidence was complemented by separate validity analyses
(content, construct, and criterion), discussed in the subsequent section, to ensure that
the questionnaire not only performs consistently but also captures the targeted
dimensions of chemistry projects in an integrative STEM approach.
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Table 4 Validity of Teachers™ survey data

Item No. | Expert 1 Expert 2 | No. of valid I-CVI Role in CVI
(3) ratings

1 3 3 2 1 Relevance

2 3 2 2 0.67 Coverage

3 3 3 2 1 Clarity

4 3 3 2 1 Existing methods

5 3 3 2 1 Data suitability

6 3 3 2 1 I__oca! _
applicability

7 3 1 1 0.5 Practicality

8 3 3 2 1 Clear language

9 3 3 2 1 Ease of use

10 3 3 2 1 Reliability

11 1 0.5 Teaching

3 2 .

connection

Scale-Level CVI ( S-CVl/ave) = (1+0.67+1+1+1+1+0.5+1+1+1+0.5)/11=0.91

S-CVl/ave = 0.91 indicates that, on average, 91% of the experts agreed that the
items on the scale are valid. This high level of agreement confirms that the content of
the survey items is aligned with the research objectives and is appropriate for the
study’s context.

2.5.2 Statistical Analysis of Survey Data
The data collected from the survey were analyzed using quantitative statistical

methods. To compare the responses of different teacher groups, two main statistical
tests were used: Independent Samples t-test and One-way ANOVA.

The Independent Samples t-test was used to examine whether there were any
significant differences in responses between two independent groups of teachers. For
example, it allowed us to compare the answers of teachers with different education
levels (e.g., bachelor’s vs. master’s degrees) or different types of schools (general
education schools, schools for gifted students, Nazarbayev Intellectual Schools, and
gymnasium-lyceums). This test is useful because it helps to see if one group tends to
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agree or disagree with certain statements more than the other. One of the main
advantages of using the t-test is that it is simple to apply and provides clear results
when comparing just two groups. It also works well with Likert-scale data that has
been collected from independent samples.

The One-way ANOVA (Analysis of Variance) was used when we needed to
compare the responses across more than two groups. For example, this test helped
analyze the differences between teachers based on their years of teaching experience
(e.g., 1-5 years, 6-10 years, 11-30 years, more than 30 years). The advantage of using
ANOVA is that it allows the comparison of multiple groups at the same time without
increasing the risk of error, which would happen if we ran many separate t-tests.
ANOVA shows whether at least one group is statistically different from the others, and
if a difference is found, further analysis (post-hoc test) can be used to see where exactly
the difference lies. Both tests helped to identify patterns in how teachers perceive
project-based learning within STEM chemistry education. They also allowed us to see
how background factors like teaching experience or education level might influence
teachers’ views and practices. The use of statistical tests added reliability to the
findings and made the analysis more objective and data-driven.
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RESULT & FINDINGS

From the summarizing the survey results, the average scores for each problem
for project-based STEM chemistry integration training were estimated. In order to
better understand the main areas affecting the integration of STEM into chemistry
teaching through project-based learning, the most frequently mentioned issues
identified by the survey participants were summarized.

The definition and approach to STEM integration, student learning and
engagement, and challenges (RQ1, RQ2, RQ3)

Then, each of these key questions was compared against our first three research
questions of interest, which included how each teacher defined and approached STEM
integration, student learning and engagement, and educators' challenges and barriers.
The research question stories provided opportunities to address our three key questions
as illustrated in the results summarized in the following table.

To expand in terms of teachers' perceptions of STEM integration in project-
based instruction, a descriptive analysis was performed using the mean scores for the
eight key issues indicated in the survey.

These issues were systematically aligned with the study’s research questions to
determine how well they reflect the defined aspects of STEM integration, pedagogical
strategies, student engagement, and implementation challenges. The classification of
responses into sufficient and slightly sufficient categories was based on their mean
scores, where values closer to or above 4.0 were interpreted as sufficient, while values
below this threshold but still above neutral were considered slightly sufficient.

STEM literacy (M = 3.83) was interpreted as slightly sufficient. Although
teachers demonstrated moderate familiarity with the terminology and foundational
knowledge of STEM, the mean score suggests that additional support may be required
to enhance full literacy. This issue is directly related to the research question addressing
the definition and conceptual understanding of STEM integration in chemistry.

STEM understanding (M = 4.01) was assessed as sufficient. Teachers expressed
adequate comprehension of interdisciplinary STEM connections and their relevance to
chemistry education. This variable links to both the theoretical definition of STEM and
its pedagogical realization, as reflected in research questions 1.

STEM interestingness (M = 4.05) was categorized as sufficient, indicating that
teachers perceive STEM-based chemistry instruction as engaging and stimulating. This
aligns with the study’s focus on student engagement and learning, highlighting the
motivational potential of integrative STEM projects.
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Table 5 Frequently mentioned key issues from survey findings

Key issues Mean | Relationship Research Questions
to research
guestions
STEM literacy 3.61 1 1-Defining and
. approaching STEM
STEM Understanding 4.01 1,2 integration
engagement
Use of digital technology 3.59 2 3-Challenges and barriers
Time consuming 3.86 3
Teamwork skill 4.05 2
Critical thinking 4.27 2
Difficulty resources 3.78 3
Benefit for real-life 4.13 2
application
Benefit motivation 4.14 2
Administrative support 3.57 3

Use of digital technologies (M = 3.78) was rated as slightly sufficient. While
teachers are incorporating digital tools into instruction, the mean score suggests that
integration is not yet robust. This variable supports research questions related to
pedagogical strategies and challenges.

Time-consuming nature (M = 3.92) was considered slightly sufficient. Teachers
acknowledged that STEM-based project work demands considerable time for planning
and implementation, which may act as a constraint. This finding is related to the fourth
research question concerning practical challenges in the classroom.

Teamwork skill development (M = 4.17) was seen as sufficient, illustrating the
effectiveness of STEM projects in fostering student collaboration. This variable
directly connects with research question 3, emphasizing the value of cooperative
learning in STEM contexts.

Critical thinking development (M = 4.27) received the highest score and was
categorized as sufficient. This reflects strong teacher agreement that STEM-integrated
chemistry projects significantly enhance students’ ability to reason, evaluate, and solve
problems creatively, aligning with research questions focused on pedagogical impact
and student learning.
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Difficulty in resource access (M = 3.77) was interpreted as slightly sufficient.
Teachers indicated that acquiring appropriate materials for STEM projects remains a
challenge. This issue supports research question 4, which focuses on implementation
barriers.

Benefit for real-life application (M = 4.13) was rated sufficient. Teachers
acknowledged that STEM projects make chemistry more relevant by connecting
classroom content to real-world situations. This corresponds to the research question
addressing meaningful learning experiences.

Benefit for motivation (M = 4.14) was also deemed sufficient, indicating that
STEM-based instruction has a positive influence on students’ willingness to engage
and persist. This issue is strongly tied to research question 3.

Administrative support (M = 3.57) was evaluated as slightly sufficient. The low
score suggests that institutional support for STEM project implementation is
inconsistent or limited, which can hinder teachers’ efforts. This again reflects research
question 4 regarding systemic and organizational challenges.

Overall, the results demonstrate that chemistry teachers perceive several key
aspects of STEM-integrated project-based learning such as critical thinking,
motivation, real-life application, and teamwork as sufficiently present in their practice.
However, areas like administrative support, digital technology usage, and resource
availability remain slightly sufficient, highlighting the need for targeted professional
development and institutional backing. These findings reinforce the importance of
designing chemistry projects that not only integrate STEM meaningfully but also
address practical constraints and support mechanisms to ensure their effective
implementation.

In order to explore teachers’ perspectives on the implementation of STEM-
integrated chemistry projects, three teachers were interviewed. Their responses were
analyzed to extract frequently mentioned keywords, which reflect the core ideas and
recurring themes aligned with the research questions. The most commonly used
phrases were grouped into categories and analyzed based on frequency and percentage
of appearance across the interviews.

The Table 6 summarizes the key terms that emerged from the teachers’ answers,
which illustrate their understanding, practices, and challenges related to STEM project-
based learning in chemistry.

Table 6 Frequently mentioned keywords across teacher interviews

Key theme | Frequency | Relations | Percentage Interview Research
hip to Question Questions
interview
Real-life 5 1,2 15.2 % 1-STEM 1-
relevance understandings | Defining
— 2-Pedagogical and
Interdisciplin 5 1,2 15.2 % strategies and approachi
ary methods ng STEM
connection
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Group 5 2 15.2 % 3- Student | integration
collaboration engagement 2-
; and learning | Students'
Student 5 2 15.2% 4-Challenges | learning
motivation and barriers and
Critical 4 2 12.1% engageme
thinking nt
3-
Lack of time 3 3 9.1% Challenge
s and
Assessment 2 3 6.1% barriers
difficulty
Limited 2 3 6.1%
resources
Need for 2 3 6.1%
teacher
collaboration
Total 33 100 %

Semi-structured interviews with five teachers were conducted to explore how
chemistry teachers perceive and implement integrative STEAM methods through
project-based learning. Their responses were analyzed by topic, and key trends were
identified based on the frequency of recurring topics in the interview. The topics
were aligned with the research issues of the study, with an emphasis on relevance,
interdisciplinary integration, collaborative learning, and implementation challenges.
The interview results are presented below.

Real-life Relevance and Student Motivation: All five teachers (100%)
emphasized that STEM-integrated chemistry projects significantly enhance real-life
relevance for students. They noted that when students see how chemistry concepts
apply to everyday phenomena, industries, or environmental issues, their motivation
and curiosity increase. One teacher remarked, “When students experiment with
water purification or analyze food components, they see the usefulness of chemistry
beyond the textbook™. Another highlighted that “students are more motivated when
they work on projects that have visible outcomes or practical implications”. The
unanimous mention of motivation as a key benefit (5 out of 5, 100%) indicates that
STEM integration strongly supports student engagement a finding directly linked to
the third research question regarding student learning outcomes.

Interdisciplinary Connection and Critical Thinking: Four out of five teachers
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(80%) discussed the role of interdisciplinary connections in supporting critical
thinking and deeper learning. They described how projects involving physics,
biology, and mathematics help students develop a more systemic understanding of
scientific problems. For instance, one teacher explained, “In our project on
biodegradable plastics, students used mathematical formulas and ecological
principles to design and test their models. They learned to evaluate data and adapt
their approach.” The emphasis on critical thinking aligns closely with the first and
second research questions on how STEM is conceptualized and delivered in
chemistry lessons.

Group Collaboration and Teacher Collaboration: Group work was another
frequently mentioned benefit, cited by four teachers (80%). They reported that
working in teams helped students develop communication and leadership skills. One
teacher stated, “STEM projects provide an ideal environment for students to divide
responsibilities, share ideas, and learn from one another.” In addition, three teachers
(60%) mentioned the importance of teacher collaboration in planning and executing
interdisciplinary projects. However, they noted that opportunities for joint planning
across departments were limited, with one teacher noting, “We rarely have time to
plan together with colleagues from other disciplines, even though it would greatly
enhance the project quality.”

Implementation Challenges: Time, Assessment, and Resources: Challenges
related to implementation were raised by all teachers, though with varying emphasis.
Three teachers (60%) identified time constraints as a major issue. They explained
that the school schedule and curriculum load often left little room for extended
project-based work. One teacher stated, “Planning and supervising a chemistry-
based STEM project takes time—much more than a standard lesson plan.” Two
teachers (40%) reported having sufficient time due to administrative support or
flexible scheduling.

Assessment was also a constant problem, which was mentioned by three
teachers (60%). They expressed uncertainty about how to fairly and
comprehensively evaluate the results of interdisciplinary student learning. One
participant said, “There is no single heading that covers both chemistry content and
STEM skills such as creativity or problem solving.”

Three teachers (60%) cited limited access to laboratory equipment and digital
tools as an obstacle to effective implementation. This was especially true for those
who worked in government-funded schools. As one of them explained, “without
proper laboratory glassware or simulation software, it is difficult to provide a quality
STEM experience.”

The interview results highlight the multifaceted impact of integrating
chemical projects into the STEM framework. Teachers unanimously recognized that
increasing student motivation and relevance to real life were the main advantages of
this approach. In addition, most recognized his contributions to critical thinking and
collaboration. However, they also identified continuing challenges, including lack
of time, inadequate assessment tools, and limited resources. These results are not
only consistent with the research issues of the study, but also highlight the need for
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systemic support and professional collaboration to ensure the sustainability and
effectiveness of project-based chemistry education integrated with STEM.

Teacher characteristics, teaching conditions, and qualities effect in an
implementation of chemistry projects (RQ4)

For the fourth research question, to determine the effect of teachers™ degree,
school place, teaching level, and student number that teachers taught, their participation
to project work on the implementation of chemistry projects in an integrative STEM
manner, the Independent Samples t-test is used to compare the means of two
independent groups. It allows researchers to determine whether there is a statistically
significant difference between the means of two groups. The test helps to assess
whether the difference in the group means is likely to have occurred by chance or if it
Is a significant difference. ANOVA test is used to find the effectiveness of pedagogical
experience, school type, education language, and categories on implementation of
STEM chemistry projects.

Findings STEM issues significance difference toward teacher degree: To explore
how teacher degree, influence their perceptions of STEM integration in chemistry
education, an Independent Samples t-test was conducted. Participants were divided into
two groups: those with a bachelor’s degree (N = 36) and those with a master’s degree
(N = 43). The test revealed significant differences in several areas, including STEM
literacy, understanding, teamwork skills, and real-life application of chemistry
knowledge, motivation, and the use of digital tools

Table 7 Results STEM issues significance difference toward teacher degree

Variables Bachelor's Master's t(df) P
(N=36) (N=43)
STEM Literacy M=3.17 M =3.98 538 016
(77)
STEM Understanding M= 3.64 M=4.33 559 .025
(77)
STEM Interestingness M =3.78 M =4.26 619 105 n.s
(77)
Use of Digital M=3.44 M= 3.72 672 300 n.s
Technologies (77)
Time-Consuming M =3.53 M=414 518 .009
Aspects (77)
Teamwork Skills M = 3.58 M =444 481 .002
(77)
Critical Thinking M= 3.83 M= 4.63 453 .001
(77)
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Table 7 (Continued)

Difficulty of accessing M =3.42 M =4.09 511 .007
resources (77)
Benefit for Real-Life M =3.78 M =4.42 522 .008
Application (77)
Benefit for Motivation M =3.89 M =4.35 616 097 n.s
(77)
Administrative Support M=3.44 M = 3.67 669 279 n.s
(77)

n.s. - not significance

The results demonstrated statistically significant differences in several variables.
Teachers holding a master’s degree showed a higher level of STEM literacy (M = 3.98)
compared to those with a bachelor’s degree (M = 3.17), t (77) = 2.538, p = .016.
Similarly, they reported a better understanding of STEM principles (M = 4.33vs. M =
3.64), p = .025, and found STEM-based learning more interesting and engaging (M =
4.26 vs. M = 3.78), although the difference here was not statistically significant (p =
.105).

A significant difference was also noted in the time-consuming nature of project-
based learning, with master’s degree holders perceiving it as more demanding (M =
4.14) compared to their bachelor-level peers (M = 3.53), p =.0009.

In terms of teamwork skills, master’s degree respondents rated the development
of student collaboration through STEM projects more positively (M = 4.44) than those
with a bachelor’s (M = 3.58), p =.002. Additionally, critical thinking development was
more strongly recognized by master’s holders (M = 4.63 vs. M = 3.83), p =.001.

There was also a significant perception difference in resource difficulty (M =
4.09 vs. M = 3.42, p =.007) and in real-life application of chemistry (M = 4.42 vs. M
= 3.78, p = .008). However, no significant differences were found regarding the
perceived support from school administration (p = .279) and the motivational benefits
of STEM learning (p = .097).

These findings suggest that higher educational qualifications may enhance
teachers’ understanding and implementation of integrative STEM practices in
chemistry, particularly in terms of recognizing benefits for student collaboration,
problem-solving, and engagement in real-world applications.

Findings STEM issues significance difference toward School Place: To
determine whether teachers’ workplace settings urban (city) versus rural (village)
affect their perceptions of STEM-related issues in chemistry education, an independent
samples t-test was conducted. The goal was to identify potential differences in key
aspects of project-based learning and STEM integration based on the school’s location.

The analysis revealed no statistically significant differences across all tested

variables (p > 0.05), indicating that perceptions of teachers working in city schools and
those in village schools were relatively aligned. For example, teachers in both groups
reported similar levels of STEM literacy, with means of M = 3.59 (city) and M = 3.73
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(village), t(13.7) = -0.3346, p = 0.743. Similarly, understanding of STEM concepts did
not differ significantly between groups (M = 4.04 for city; M = 3.82 for village; p =
0.501).

Teachers from village schools did, however, show slightly higher mean ratings
for digital technology use (M = 3.36 vs. 3.63), perceived difficulty in resource
availability, and real-life application of chemistry content, although none of these
differences reached statistical significance. The same trend was observed in other
dimensions such as critical thinking, teamwork skills, and time consumption required
for project-based learning.

Table 8 Results STEM issues significance difference toward School Place

Variables City Village df | tvalue p
STEM Literacy M= 3.59 M=3.73 13.7 | -0.3346 | .743n.ss
STEM Understanding M= 4.04 M =3.82 14.8 | 0.6904 | .501n.s
STEM Interestingness M= 4.0 M=4.0 17.2 | -1.0012 | .331n.s
Use of Digital M= 3.63 M= 3.36 13.2 | 0.6457 53 n.s
Technologies
Time-Consuming M= 3.9 M = 3.64 16.4 | 0.9414 .36 n.s
Aspects
Teamwork Skills M= 4.09 M =3.82 13.6 | 0.7679 | .456n.s
Critical Thinking M= 4.26 M =4.27 14.3 | -0.0269 | .979n.s
Difficulty of accessing M= 3.85 M = 3.36 15.6 | 15666 | .137n.s
resources
Benefit for Real-Life M=4.1 M =4.27 19.0 | -0.7375 | .47ns
Application
Benefit for Motivation M=4.18 M =391 13.0 | 0.7947 | .441n.s
Administrative Support | M= 3.57 M = 3.55 13.4 | 0.0766 94 n.s

*n.s. - not significance

Overall, these findings suggest that the place of employment—urban or rural—

did not significantly influence how teachers perceive the benefits and challenges of
integrating STEM-based project learning in chemistry. This may reflect the increasing
availability of professional development, digital resources, and national education
reforms that aim to unify STEM approaches across diverse educational contexts.

Findings STEM issues significance difference toward Teaching Level: To
investigate whether teaching level (middle vs. upper school) influences teachers’
perceptions of STEM integration in chemistry education, an Independent Samples t-
test was conducted across various survey items. The analysis compared the responses
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of teachers instructing at middle school level (Grades 7-9) and those teaching at upper
school level (Grades 10-12).
The results indicated that there were no statistically significant differences

between the two teaching levels for any of the measured variables. For example, the
mean scores for STEM literacy were M = 3.48 for middle school teachers and M =
3.74 for upper school teachers, with a p-value of .367, indicating no significant
difference. Similar non-significant results were found across variables such as STEM
understanding (p = .920), STEM interest (p = .914), and the use of digital tools (p =
971).

Although slight differences in means were observed such as higher ratings of
teamwork skills and critical thinking among upper school teachers these differences
were not statistically significant (p > .05). This suggests that both groups of teachers,
regardless of the level they teach, share similar views on the value, implementation
challenges, and benefits of project-based STEM education in chemistry.

Table 9 Results STEM issues significance difference toward Teaching Level

Variables Middle level | Upper Level | df t value
STEM Literacy M= 3.48 M =3.74 75.9 | -0.9153 | .363n.s
STEM Understanding M= 4.0 M =4.03 73.6 | -0.1008 92 n.s
STEM Interestingness M= 4.03 M =4.05 76.1 | -0.1089 | .914n.ss
Use of Digital M= 3.6 M= 3.59 75.9 | 0.0363 971 n.s
Technologies
Time-Consuming M= 3.83 M=3.9 77.0 | -0.305 761 n.s
Aspects
Teamwork Skills M= 3.9 M =421 75.8 | -1.2432 | .218n.s
Critical Thinking M=4.2 M =4.33 74.1 | -0.6018 | .549n.s
Difficulty of accessing M= 3.65 M =3.92 75.4 | -1.0679 | .289n.s
resources
Benefit for Real-Life M= 4.05 M=4.21 75.9 | -0.7129 | .478n.s
Application
Benefit for Motivation M=4.17 M=41 77.0 | 0.3255
746 n.s
Administrative M= 3.7 M =344 76.8 | 1.0522 296 n.s
Support

*n.s. - not significance

These findings may indicate a consistent level of awareness and engagement
with STEM methodologies across different teaching levels, possibly due to shared
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professional development experiences or institutional priorities that promote
integrative teaching strategies school-wide.

Findings STEM issues significance difference toward Teaching Student
Number: To explore whether the number of students in a classroom affects teachers’
perceptions of STEM-related opportunities in chemistry education, an independent
samples t-test was conducted comparing two groups: teachers working with exactly 20
students and those working with more than 20 students.

Table 10 STEM issues significance difference toward Teaching Student Number

Student number | Student number
Variables Smaller (Mean) | Larger (Mean) | df |tvalue P
STEM literacy M= 3.26 M =3.93 77.0|-2.321 | .023
STEM understanding M= 3.82 M =4.20 77.0 | -1.508 |.136 n.s
STEM interesting M= 3.84 M =422 77.0]-1.585 |.117 ns
Use of digital
technology M= 3.47 M=3.71 77.0 | -0.831 |.408 n.s
Time-consuming M=4.03 M=3.71 77.0] 1.361 |.178n.s
Teamwork skill M= 4.03 M = 4.07 77.0]-0.189 |.851 n.s
Critical thinking M=4.11 M=4.41 77.0 | -1.406 |.164 n.s
Difficulty resources M= 3.92 M = 3.66 77.0 | 1.023 |.309 n.s
Benefit for real-life
application M= 4.08 M=4.17 77.0 | -0.420 |.676 n.s
Benefit motivation M= 3.61 M =354 77.0]-0.294 |.770 n.s
Administrative
support M= 3.6 M = 3.52 44,9 | 0.271 |.787 n.s

*n.s. - not significance

The results are presented across several key dimensions relevant to STEM-
integrated chemistry projects. The only variable that showed a statistically significant
difference between the two groups was STEM literacy (t = -2.321, p =.023). Teachers
handling larger groups (M = 3.93) rated STEM literacy more positively than those
teaching exactly 20 students (M = 3.26). This suggests that when managing more
students, teachers may place greater emphasis on developing students’ scientific
language and foundational STEM competencies, possibly due to the need for clearer
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and more structured instruction in larger groups. This finding supports the importance
of embedding STEM literacy into chemistry project design, particularly when
implementing STEM in diverse classroom settings. The findings also indicated a
slightly sufficient literacy level by considering the mean lower than 4.0 and 5.0 which
were accepted sufficient values.

For STEM understanding, the difference was not statistically significant (p =
.136), although the mean score was slightly higher among teachers of larger classes (M
= 4.20) compared to those with 20 students (M = 3.82). This may indicate that project-
based learning in larger groups still contributes to enhanced interdisciplinary
comprehension, although further study is required to confirm this trend. The findings
also indicated slightly sufficient level of STEM understanding for teachers who were
taught less group students, but sufficient for teachers with teaching larger group
students with mean scores

Similarly, STEM interesting received higher ratings from teachers working with
larger groups (M = 4.22 vs. M = 3.84), yet the difference did not reach statistical
significance (p = .117). This implies that students’ interest in STEM topics can be
sustained regardless of class size, especially when the projects are engaging and
relevant to real-world problems. The results indicated that STEM interesting was
perceived as sufficient, reflecting students’ maintained interest in STEM-integrated
chemistry projects regardless of class size.

In the case of use of digital technology, both groups reported relatively similar

experiences (M = 3.47 vs. M = 3.71; p = .408). The slightly higher mean among
teachers of larger groups may reflect a greater reliance on digital tools for managing
and supporting instruction, but the difference was not significant. This underscores the
general importance of digital integration in STEM projects regardless of class size.
However, the findings show that the use of digital technology was slightly sufficient,
which may point to difficulties in managing and integrating digital tools effectively in
larger student groups.
With regard to time-consuming aspects, teachers of smaller groups perceived STEM
instruction as more demanding (M = 4.03) compared to their counterparts (M = 3.71),
but this difference also was not statistically significant (p = .178). This suggests that
time investment is a common concern when implementing integrative STEM
chemistry projects, regardless of student numbers. The data demonstrated that the time-
consuming nature of STEM projects was evaluated as sufficient, meaning that teachers
found the time demands acceptable even with different group sizes.

No significant difference was found in teamwork skills (p = .851), with both
groups assigning nearly identical mean scores (M = 4.03 vs. M = 4.07). This result
reaffirms that collaborative learning remains a key element of STEM project design
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across varying class sizes. The findings support that teamwork skills were sufficiently
addressed, showing that collaborative learning could be facilitated across all class
sizes.

In terms of critical thinking, the difference was again non-significant (p = .164),
although the larger group teachers gave slightly higher ratings (M = 4.41 vs. M = 4.11).
This indicates that chemistry projects designed through STEM integration consistently
foster students’ analytical skills across different learning environments. It was found
that critical thinking opportunities were sufficient, suggesting that STEM projects
effectively encouraged higher-order thinking even in less personalized classroom
environments.

Difficulty in accessing resources was reported slightly more often by teachers of
smaller classes (M = 3.92 vs. M = 3.66), though this was not statistically significant (p
=.309). This may point to the challenge of customizing materials for more personalized
instruction in small-group settings. Nevertheless, the findings indicate that access to
resources was slightly sufficient, implying that resource constraints were more
noticeable in larger groups.

Both groups perceived benefit for real-life application as highly relevant (M =
4.08 vs. M = 4.17), with no significant difference (p = .676). This consistency
emphasizes the strong applied value of STEM projects in chemistry, enabling students
to connect scientific concepts to everyday life. The results showed that the benefits of
real-life application were sufficiently recognized, showing that students were able to
relate their chemistry projects to a real-world context. The results indicated that the
benefits of motivation were appreciable, demonstrating that project-based STEM
education allowed for student motivation and enthusiasm to transferred, regardless of
the classroom size. Motivation benefits were also shown to have no significant
differences (p =.770), as both groups had comparable average scores. In this way, well
designed chemistry-based projects can trigger learning interest, and an enthusiasm for
chemistry learning, regardless of the number of pupils. In summary, administrative
support had the same measure for both groups (M = 3.6 vs. M = 3.52; p = .787), and
they could for the most part interpret institutional support structures as similar across
the different classroom environments. The results indicated that there was a lack of
administrative support, which suggested that the institutional support structures were
not often sufficient in meeting teachers' needs when teaching classes with different
numbers of pupils.

In conclusion, it appears that the number of students in the classroom does not
have an impact on teachers' perceptions of STEM-related dimensions in chemistry
education curricula, with the exception STEM literacy.

This indicates that the integration of project-based chemistry teaching within a
STEM framework can be effectively implemented across different classroom sizes.
These findings reinforce the relevance and adaptability of the study’s central theme
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designing chemistry projects in an integrative STEM manner and suggest that effective
project design can meet STEM goals irrespective of student group size.
Findings STEM issues significance difference toward Project Participation: To

examine how teachers’ participation in STEM-related chemistry projects influences
their perceptions of STEM integration, an Independent Samples t-test was conducted
comparing those who had participated in projects and those who had not. The analysis
included variables such as STEM literacy, understanding, digital tool usage, and
perceived benefits of project-based learning.

Table 11 STEM issues significance difference toward Participation to Project Work

Variables No (Mean) | Yes (Mean) df t value P
STEM Literacy M= 3.56 M = 3.69 60.2 -0.427 | .671n.s
STEM Understanding M=4.16 M =3.76 48.8 1.451 |.153n.s
STEM Interestingness M= 4.02 M =4.07 46.8 -0.184 | .855n.s
Use of Digital M= 3.52 M= 3.72 59.4 -0.662 | .511ns
Technologies
Time-Consuming M= 3.94 M = 3.66 47.1 0.822 | .415ns
Aspects
Teamwork Skills M= 4.16 M=3.72 44.3 1.064 |.293n.s
Critical Thinking M= 4.4 M =4.03 44.4 1.47 149 n.s
Difficulty of accessing M= 3.96 M = 3.48 43.5 1.652 |.106n.s
resources
Benefit for Real-Life M= 4.24 M =3.93 49.7 1.211 |.233ns
Application
Benefit for Motivation M= 4.22 M=4.0 44.3 0.874
387 n.s
Administrative Support M= 3.6 M = 3.52 44.9 0.289 |.774n.s

The results showed that there were no statistically significant differences

between the two groups across all variables, as all p-values exceeded the 0.05
threshold. For instance, the perceived level of STEM literacy was similar between
participants (M = 3.69) and non-participants (M = 3.56), with Welch’s t (60.2) = —
0.427, p=.671. Likewise, the understanding of STEM was rated slightly higher among
participants (M = 3.76) than non-participants (M = 4.16), but the difference was not
statistically significant, p = .153.

Variables such as interest in STEM-based learning, use of digital tools,
perceptions of time consumption, and development of teamwork and critical thinking
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skills also did not show significant differences (p > .05). Although mean scores were
generally slightly higher among participants for most variables, these differences were
not large enough to be considered significant.

These findings suggest that participation in STEM projects alone may not be a
defining factor in shaping teachers’ overall perceptions of STEM integration in
chemistry education. It may indicate the need for deeper engagement, structured
professional development, or other contextual factors to enhance meaningful change
In perception and practice.

Findings STEM issues significance difference toward Teacher Experience: To
investigate whether teaching experience influences teachers’ perceptions of integrated
STEM issues in chemistry education, a one-way ANOVA with post hoc pairwise
comparisons was conducted across three experience groups: 5 years, 10 years, and 11
or more years. The analysis identified a number of discernible differences. This section
details the results of the one-way ANOVA (Welch's) tests to compare the perceptions
of instructional based on working experience.

The teachers with in excess of 11 years of experience had a significantly
enhanced perception of STEM concepts when compared to those with 5 years of
experience (mean difference = -0.929, p = .002), and to those with 10 years (mean
difference = -0.633, p =.0124).

Additionally, they found STEM-based learning significantly more interesting
than the 10-year group (p = .021), and more beneficial in terms of real-life application
than the 5-year group (p = .007). In terms of teamwork, teachers with 11+ years of
experience also perceived a greater development of teamwork skills through STEM
projects compared to both the 5-year (p = .008) and 10-year groups (p = .002).

These results suggest that more experienced teachers are more aware of the
interdisciplinary nature of STEM and its benefits for student collaboration and
relevance to real-life contexts. However, no significant differences were observed
among the groups regarding perceptions of digital technology usage, time
consumption, critical thinking, or administrative support, indicating these variables
may be perceived similarly regardless of experience length.

Overall, the findings highlight that extended teaching experience contributes
positively to deeper recognition of the advantages of integrated STEM instruction in
chemistry classrooms.
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Table 12 STEM issues significance difference toward Teacher Experience

Opportunities Teacher Teacher Mean df t-value Sig.
experience | experience | difference
5 10 -0.176 15.8 | -0.508 | .868 n.s.
STEM Literacy 5 11 above -0.810 8.03 -2.15 140 n.s.
10 11 above -0.633 12.0 -1.41 .366 n.s.
STEM 5 10 -0.295 16.3 -1.02 568 n.s
Understanding 5 11 above -0.929 15.5 -4.15 .002
10 11 above -0.633 13.9 -2.11 |.0124ns
STEM 5 10 -0.0476 | 13.2 | -0.145 .989
Interestingness 5 11 above -1.05 62.00 | -7.57 .01
10 11 above -1.00 9.00 -3.35 021
Use of Digital 5 10 -0.776 16.5 -2.55 .052
Technologies 5 11 above 0.357 571 0.575 .838
10 11 above 1.133 6.92 1.731 261
Time- 5 10 0.141 115 | 0.362 931
Consuming 5 11 above -0.492 6.69 -1.37 406
Aspects 10 11 above -0.633 |13.47| -1.28 0.431
Teamwork 5 10 -0.711 26.4 -3.26 .008
Skills 5 11 above -0.944 14.8 -4.27 .002
10 11 above -0.233 12.7 -1.00 590
Critical 5 10 -0.441 23.2 -2.10 0.112
Thinking 5 11 above -0.675 129 | -3.17 019
10 11 above -0.233 12.7 -1.00 590
Difficulty of 5 10 -0.37 114 | -0.857 677
Accessing 5 11 above -0.103 6.35 | -0.242 .968
Resources 10 11 above 0.267 12.96 | 0.467 .888
Benefit for 5 10 -0.152 17.6 | -0.640 .800
Real-life 5 11 above -0.786 12.4 -3.73 .007
Application 10 11 above -0.633 13.8 -2.43 .070
Benefit for 5 10 -0.237 16.6 | -0.947 .619
Motivation 5 11 above -0,603 6.62 | -1.686 279
10 11 above -0.367 9.09 | -0.926 .638
Administrative 5 10 -0.0444 | 10.7 | -0.0941 995
Support 5 11 above -0.1111 | 6.11 | -0.251 .966
10 11 above -0.0667 |13.32 | -0.108 994

Findings STEM issues significance difference toward School Type: To
investigate whether school type influences teachers’ perceptions of integrated STEM
Issues in chemistry education, a one-way ANOVA with post hoc pairwise comparisons

38




was conducted across four school type groups: Gymnasium, State school, Private
school, and gifted school.

Table 13 Results STEM issues significance difference toward School Type

Opportunities | School type | School type | Mean df t- Sig.
differ- value
ence

Gymnasium | State school 0.352 | 449 | 0.982 | .761 n.s.
STEM Literacy | Gymnasium | Private school | -0.467 | 29.5 | -1.21 | .628 n.s.
Gymnasium | Gifted school | -0.606 | 21.0 | -0.144 | .999 n.s.
State school | Private school | -0.819 | 34.9 | -2.13 | .164 n.s.
State school | Gifted school | -0.413 | 22.6 | -.989 | .757 n.s.
Private school | Gifted school | 0.406 |21.90| -.919 | .795n.s.
STEM Gymnasium | State school | 0.476 | 46.8 | 1.53 | .426n.s
Understanding | Gymnasium | Private school | 0.267 | 28.2 | 0.780 | .863 n.s
Gymnasium | Gifted school | 0.424 | 22.8 | 1.288 | .580n.s
State school | Private school | -0.210 | 34.0 | -0.600 | .931 n.s
State school | Gifted school | -0.051 | 27.4 | -0.154 | .999 n.s
Private school | Gifted school | 0.157 | 23.7 | 0.431 | .973n.s
STEM Gymnasium | State school | 0.308 | 41.6 | 0.973 | .766 n.s
Interesting Gymnasium | Private school | 0.088 | 30.1 | 0.255 | .994 n.s
Gymnasium | Gifted school | 0.222 | 26.9 | 0.732 | .884n.s
State school | Private school | -0.2190 | 33.1 | -0.661 | .911 n.s
State school | Gifted school | -0.085 | 34.3 | -0.302 | .990 n.s
Private school | Gifted school | 0.133 | 23.7 | 0.418 | .975n.s
Use of Digital | Gymnasium | State school | -0.297 | 31.7 | -0.765 | .869 n.s
Technologies | Gymnasium | Private school | -0.611 | 30.9 | -1.434 | .489n.s
Gymnasium | Gifted school | 0.298 | 24.4 | 0.631 | .921n.s
State school | Private school | -0.314 | 31.0 | -0.903 | .803 n.s
State school | Gifted school | 0.595 | 18.3 | 1.476 | .471n.s
Private school | Gifted school | 0.909 | 20.9 | 2.066 | .197 n.s
Time- Gymnasium | State school 0.121 | 33.0 | 0.363 | .983 n.s
Consuming Gymnasium | Private school | -0.556 | 28.9 | -1.67 | .356 n.s
Aspects Gymnasium | Gifted school | 0.222 | 25.4 | -0.577 | .938n.s
State school | Private school | -0.676 | 39.8 | -2.55 | .067 n.s
State school | Gifted school | -0.343 | 20.6 | -1.044 | .726 n.s
Private school | Gifted school | 0.333 | 18.8 | 1.016 | .742n.s
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Table 13 (Continued)

Teamwork Gymnasium | State school 0.702 | 47.1 | 2.38 | .094 n.s
Skills Gymnasium | Private school | 0.244 | 28.7 | 0.774 | .865n.s
Gymnasium | Gifted school | 0.262 | 20.9 | 0.791 | .857 n.s

State school | Private school | -0.457 | 35.4 | -1.411 | .501 n.s

State school | Gifted school | -0.439 | 245 | -1.292 | .576 n.s

Private school | Gifted school | 0.0182 | 22.6 | 0.050 | 1.00n.s

Critical Gymnasium | State school 0444 | 446 | 158 | .401n.s
Thinking Gymnasium | Private school | -0.222 | 30.4 | -0.865 | .823 n.s
Gymnasium | Gifted school | 0.172 | 22.7 | 0.552 | .945n.s

State school | Private school | -0.667 | 45.6 | -2.634 | .054 n.s

State school | Gifted school | -0.273 | 25.0 | -0.886 | .812 n.s

Private school | Gifted school | 0.394 | 18.4 | 1.379 | .527 n.s

Difficulty of Gymnasium | State school 0.152 |33.5| 0.429 | .973n.s
Accessing Gymnasium | Private school | -0.533 |30.8| -1.41 | .506 n.s
Resources Gymnasium | Gifted school | -0.606 |26.9|-1.613 | .389 n.s
State school | Private school | -0.686 |33.5| -2.17 | .153n.s

State school | Gifted school | -0.758 |25.9|-2.433 | .096 n.s

Private school | Gifted school | -0.0727 |23.5| -0.214 | .996 n.s

Benefit for Gymnasium | State school 0.167 |43.8| 0.597 | .932n.s
Real-Life Gymnasium | Private school | -0.100 |31.0| -0.368 | .983 n.s
Application Gymnasium | Gifted school | -0.106 |20.4|-0.312 | .989 n.s
State school | Private school | -0.266 |41.5|-1.008 | .746 n.s

State school | Gifted school | -0.272 |20.9|-0.817 | .846 n.s

Private school | Gifted school | -0.006 |18.3|-0.018 | 1.000 n.s

Benefit for Gymnasium | State school 0.082 |38.7| 0.281 | .992 n.s
Motivation Gymnasium | Private school | -0.156 |30.7 | -0.483 | .962 n.s
Gymnasium | Gifted school | -0.252 |24.2|-0.758 | .872n.s

State school | Private school | -0.238 |32.7|-0.810 | .849n.s

State school | Gifted school | -0.335 |22.7|-1.093 | .697 n.s

Private school | Gifted school | -0.097 |22.7|-0.290 | .991 n.s
Administrative | Gymnasium | State school -0.381 | 34.1| -1.16 | .657n.s
Support Gymnasium | Private school | -0.133 |28.8 | -0.318 | .989 n.s
Gymnasium | Gifted school | -0.303 |24.7|-0.784 | .861n.s

State school | Private school | 0.248 |24.3| 0.662 | .910 n.s

State school | Gifted school 0.077 |20.2| 0.231 | .996 n.s

Private school | Gifted school | -0.169 |24.0|-0.399 | .978 n.s
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The analysis of the Games-Howell post-hoc test results revealed that the type of
educational institution whether Gymnasium, State school, Private school, or Gifted
school did not significantly influence teachers’ perceptions regarding STEM-related
issues in chemistry education. Across all measured dimensions, including STEM
literacy, understanding, motivation, digital technology use, teamwork skills, and real-
life applications, no statistically significant differences were found. For example, in the
STEM literacy dimension, the mean difference between Gymnasium and State school
was 0.352 (p = .761), and between State school and Private school was -0.819 (p =
.164), both not statistically significant. Similarly, in terms of STEM understanding, the
difference between Gymnasium and Private school was minimal (mean difference = -
0.145, p = .863). In other dimensions, such as digital technology use and critical
thinking, the p-values remained above .05, which does not indicate any significant
differences.

This finding is significant in the context of integrated design of chemical projects

in STEM, as it indicates that the STEM integration challenges and opportunities are
always present for chemistry teachers in different educational sites. Despite the type of
school, teachers indicated an equivalent awareness, attitude, and intentions towards
STEM contexts in their chemistry project-based teaching practices. This finding shows
that the need for implementing relevant STEM integration practices is international
rather than situated to the context. This reinforces the idea that identifying chemistry
projects that are flexible, adaptable, and responsive to the different educational
contexts are necessary. In other words, when teachers create chemistry project(s) that
are integrated with STEM, they should pursue universal competencies like critical
thinking, problem-solving, teamwork, and the application of chemistry content and
knowledge to the real world, rather than contextualising the project(s) to different types
of schools.

In effect, the data collected from this section of the study supports the larger goal
of this study: to co-create effective STEM based chemistry projects that are relevant,
inclusive, and useful within a variety of educational contexts.

Findings STEM issues significance difference toward EDU language: This
section presents the results of a special Games-Howell analysis devoted to the study of
whether the language of instruction (Kazakh, Russian or English) influenced teachers'
perception of STEM-related problems in chemistry teaching.

The findings regarding the influence of educational language on STEM issues
are directly connected to the topic of designing chemistry projects in an integrative
STEM manner. According to the results, there were no statistically significant
differences in teachers’ perceptions of most STEM issues based on the language of
instruction (Kazakh, Russian, or English), as all p-values were above .05. For example,
in terms of STEM literacy, the comparison between Kazakh and Russian language
groups showed a mean difference of 0.103 (p = .967 n.s.), and between Kazakh and
English — a mean difference of 0.311 (p = .715 n.s.). Similarly, for STEM
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understanding, the mean differences between language groups remained small and
non-significant (e.g., Kazakh vs. English: mean difference = 0.368, p = .606 n.s.).

Table 14 STEM issues significance difference toward Education language

Opportunities Language | Language Mean df t- Sig.
difference value

Kazakh Russian 0.103 16.4 | 0.245 967

STEM literacy n.s.
Kazakh English 0.311 23.4 | 0.787 715

n.s.

Russian English 0.208 24.7 | 0.403 915

n.s.

STEM Kazakh Russian 0.201 22.4 | 0.727 | .750 n.s

Understanding Kazakh English 0.368 21.3| 0.966 | .606 n.s

Russian English 0.167 24.5| 0.400 | .916 n.s

STEM Interesting Kazakh Russian 0.014 27.1| 0.059 | .998 n.s

Kazakh English 0.286 23.1| 0.834 | .686 n.s

Russian English 0.271 24.1| 0.749 | .737 n.s

Use of digital Kazakh Russian 0.230 16.4 | 0.549 | .848n.s

technology Kazakh English 0.0846 |29.4| 0.258 | .964 n.s

Russian English -0.145 |21.2]-0.312 | .948n.s

Time-consuming Kazakh Russian 0.377 18.6 | 1.27 |.430n.s

Kazakh English 0.211 22.7 | 0.639 | .800n.s

Russian English -0.167 | 26.0| -0.423 | .906 n.s

Teamwork skill Kazakh Russian 0.176 17.6 | 0.567 | .839n.s

Kazakh English 0.489 20.8 | 1.329 | .395n.s

Russian English 0.313 25.9 | 0.717 | .756 n.s

Critical thinking Kazakh Russian -0.167 | 22.7| -0.706 | .762 n.s

Kazakh English 0.458 21.2 | 1.39 |.363n.s

Russian English 0.625 2441 1.74 | .210ns

Difficulty resources | Kazakh Russian 0.206 20.2 | 0.728 | .750 n.s

Kazakh English 1.102 223 | 3.21 011

Russian English 0.896 258 | 2.29 | .076n.s

Benefit for real life Kazakh Russian 0.211 199 | 0.935 | .625n.s

application Kazakh English 0.669 18.6 | 1.86 |.178n.s

Russian English 0.458 23.0 | 1.17 | .481ns
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Table 14 (Continued)
Benefit motivation Kazakh Russian 0.255 18.1 | 0.910 | .641 n.s
Kazakh English 0.380 21.9 | 1.200 | .466 n.s
Russian English 0.625 244 | 1.74 |.210ns
Administrative Kazakh Russian 0.314 18.5 | 0.965 | .608 n.s
support Kazakh English 0.147 23.8 | 0.431 | .903 n.s
Russian English -0.167 | 25.8 | -0.401 | .915n.s

However, a significant difference was observed in the category of “Difficulty of
Resources” between Kazakh and English language groups, where the mean difference
was 1.102 (p = .011), indicating that Kazakh-speaking teachers faced noticeably more
challenges in accessing resources compared to their English-speaking counterparts.
This result highlights a critical barrier in designing and implementing chemistry
projects within an integrative STEM framework. The shortage of accessible,
linguistically appropriate materials in the Kazakh language can hinder the equitable
implementation of STEM-based chemistry projects. Thus, to ensure the success of
STEM integration in chemistry education, it is essential to develop and provide
sufficient Kazakh-language teaching materials.

Findings STEM issues significance difference toward Teacher Category: The
table presents the results of the Games-Howell post-hoc analysis conducted to examine
whether there were significant differences in perceptions of STEM-related challenges
among teachers with different professional categories (No Category, Pedagogue,
Pedagogue-Moderator, Other). Various dimensions were analyzed, including STEM
literacy, STEM understanding, STEM interest, use of digital technology, time-
consuming aspects, teamwork skills, critical thinking, difficulty accessing resources,
perceived real-life benefits, motivational benefits, and administrative support.

The analysis of Table 15 aimed to identify whether teacher category namely,
“No Category”, “Pedagogue”, “Other” and “Pedagogue Moderator” had a significant
impact on STEM-related opportunities in the context of chemistry project-based
instruction within integrated STEM education. While the p-values across all variables
were greater than 0.05, indicating no statistically significant differences among
categories, the mean values allowed us to assess relative strengths and weaknesses
between groups. For STEM literacy, the comparison between “No Category” and
“Pedagogue Moderator” teachers revealed the largest mean difference of -1.451.
Although this was not statistically significant (p = .147), it suggests that teachers with
the “Pedagogue Moderator” qualification rated this opportunity higher than those with
no category. Overall, “Pedagogue Moderator” teachers demonstrated relatively
stronger perceptions in this dimension. In terms of STEM understanding, the
differences across categories were small and statistically non-significant.
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Table 15 STEM issues significance difference toward Teacher category

Opportunities Category Category | Mean | df | t-value Sig.
differe
nce
No category Pedagogue | -0.924 |9.98| -151 465
STEM literacy n.s.
No category Other -1.000 |13.7| -1.455 | .489n.s
No category Pedagogue | -1.451 |10.1| -2.36 |.147n.s
moderator
Pedagogue Other -0.0758 [ 13.0| -0.179 | .998 n.s
Pedagogue Pedagogue | -0.527 [44.7| -1.83 |.272n.s
moderator
Other Pedagogue | -0.451 [13.1| -1.06 |.720n.s
moderator
STEM No category Pedagogue | -0.088 |9.85| -0.164 | .998 n.s
Understanding No category Other -0.444 | 13.7| -0.727 | .885n.s
No category Pedagogue | -0.111 |11.7| -0.196 | .997 n.s
moderator
Pedagogue Other -0.356 |12.6| -0.951 | .779n.s
Pedagogue Pedagogue | -0.022 |32.7| -0.076 | 1.000
moderator n.s
Other Pedagogue | 0.333 |16.4| 0.808 |.849n.s
moderator
STEM No category Pedagogue | -0.222 |9.73| -0.428 | .972n.s
Interesting No category Other -0.667 |15.0| -1.07 |.710n.s
No category Pedagogue | -0.281 |10.7| -0.527 |.951n.s
moderator
Pedagogue Other -0.444 111.0| -1.09 |.704n.s
Pedagogue Pedagogue | -0.058 |37.1| -0.230 |.996 n.s
moderator
Other Pedagogue | 0.385 |12.7| 0.903 |.803n.s
moderator
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Table 15 (Continued)

Use of digital No category | Pedagogue | -0.907 |10.9| -1.98 |.252n.s
technology No category Other -0.778 | 15.6| -1.187 | .643n.s
No category | Pedagogue | -0.523 | 16.5| -0.997 |.753n.s
moderator
Pedagogue Other 0.129 |10.0| 0.243 |.995n.s
Pedagogue | Pedagogue | 0.384 |26.7| 1.080 |.704n.s
moderator
Other Pedagogue | 0.255 |14.3| 0.433 |.972ns
moderator
Time-consuming No category | Pedagogue | 0.316 |10.7| 0.754 |.873n.s
No category Other 0.333 |15.8| 0.572 |.939n.s
No category | Pedagogue | 0.170 |13.9| 0.374 |.981n.s
moderator
Pedagogue Other 0.017 |10.1| 0.038 |1.00n.s
Pedagogue | Pedagogue | -0.146 |30.8| -0.519 | .954 n.s
moderator
Other Pedagogue | -0.163 |12.8 | -0.331 | .987 n.s
moderator
Teamwork skill No category | Pedagogue | 0.090 |12.5| 0.243 |.995n.s
No category Other -0.556 |16.0| -1.17 |.653n.s
No category | Pedagogue | -0.176 | 18.3| -0.409 |.976 n.s
moderator
Pedagogue Other -0.646 |12.3| -1.71 |.358n.s
Pedagogue | Pedagogue | -0.267 |28.8| -0.831 | .839n.s
moderator
Other Pedagogue | 0.379 |18.1| 0.871 |.820n.s
moderator
Critical thinking No category | Pedagogue | -0.093 | 10.1| -0.208 |.997 n.s
No category Other -0.444 1153 | -0.821 | .844n.s
No category | Pedagogue | -0.242 |11.3| -0.521 |.952n.s
moderator
Pedagogue Other -0.351 |11.4| -0.948 | .780n.s
Pedagogue | Pedagogue | -0.148 |37.0| -0.610 | .928 n.s
moderator
Other Pedagogue | 0.203 |13.2| 0.522 |.952n.s
moderator
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Difficulty No category | Pedagogue | 0.230 |13.3| 0.652 913
resources n.s
No category Other 0.444 |13.8| 0.784 |.860n.s
No category | Pedagogue | -0.346 |18.9 | -0.851 |.830n.s
moderator
Pedagogue Other 0.215 |10.1| 0.426 |.973n.s
Pedagogue | Pedagogue | -0.576 |29.8| -1.835 | .277n.s
moderator
Other Pedagogue | -0.791 |13.1| -1.455 |.490n.s
moderator
Benefit for real-life | No category | Pedagogue | -0.068 |23.4| -0.304 |.990n.s
appllication No category Other -0.444 |11.7| -1.18 | .651n.s
No category | Pedagogue | -0.176 |23.8 | -0.570 |.940n.s
moderator
Pedagogue Other -0.376 | 11.4| -1.02 |.743ns
Benefit motivation | Pedagogue | Pedagogue | -0.108 |27.3| -0.360 |.984 n.s
moderator
Other Pedagogue | 0.268 |17.3| 0.628 |.922n.s
moderator
No category | Pedagogue | 0.288 |16.7| 1.01 |.748n.s
No category Other 0.111 |13.7| 0.256 |.994n.s
No category | Pedagogue | 0.098 |18.9| 0.316 |.989n.s
moderator
Pedagogue Other -0.177 |11.4| -0.443 | .970 n.s
Pedagogue | Pedagogue | -0.189 |37.6| -0.733 | ,883n.s
moderator
Other Pedagogue | -0.013 |13.0| -0.031 | 1.000
moderator n.s
Administrative No category | Pedagogue | -0.146 |14.4| -0.427 | .973n.s
support No category Other -0.556 |15.2| -1.170 | .654n.s
No category | Pedagogue | 0.091 |20.1| 0.229 |.996n.s
moderator
Pedagogue Other -0.409 |11.9| -0.993 | .756 n.s
Pedagogue | Pedagogue | 0.238 |30.4| 0.738 |.881n.s
moderator
Other Pedagogue | 0.647 |16.4| 1.405 | .514n.s
moderator
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However, the highest mean scores were again observed among “Pedagogue
Moderator” teachers, indicating that this group generally perceived STEM
understanding more positively than others. Looking at STEM interestingness, no
category stood out significantly in terms of p-value or mean difference. However, the
comparison between “Pedagogue” and “Other” categories showed a small mean
difference (-0.444), suggesting that “Other” teachers may have slightly higher
appreciation for the engaging aspect of STEM, though the result remains non-
significant. With respect to the Use of Digital Technology, the most noticeable mean
difference appeared between “No Category” and “Pedagogue” (-0.907), although this
too was not statistically significant (p = .252). Nevertheless, “Pedagogue” teachers
indicated slightly greater use or acceptance of digital tools in their practice. In the
Time-consuming dimension, mean differences were minimal and p-values were not
significant. The perceptions across all teacher categories were quite similar, suggesting
a general agreement that project-based STEM integration requires time investment.

In the domain of Teamwork skills, the largest difference was between “No
Category” and “Other” (-0.556), indicating that “Other” teachers viewed collaborative
opportunities more favorably. However, due to the high p-values, these trends should
be interpreted cautiously. For Critical thinking, although the values again failed to
reach statistical significance, “Pedagogue Moderator” teachers reported slightly more
favorable scores than others, reinforcing the trend of stronger ratings among this group.
The category comparison for Difficulty of Resources revealed minor fluctuations in
mean scores, with no single group perceiving it significantly differently. However,
“Pedagogue” teachers generally rated this dimension more positively, suggesting they
may face fewer perceived resource barriers. When analyzing Benefit for Real-Life
application, all categories expressed similar perceptions, but once again, “Pedagogue
Moderator” teachers showed marginally higher mean values, highlighting a stronger
alignment with the practical applicability of STEM learning. For Benefit for
Motivation, small mean differences were noted across groups, with “Other” teachers
slightly exceeding others in their perception of motivational benefits, but no statistical
significance was found. Lastly, in the Administrative Support dimension, the highest
mean score was recorded by the “Pedagogue Moderator” group, especially when
compared to “Other” and “No Category” teachers. This again supports the trend that
teachers with more advanced qualifications or roles perceive stronger systemic support
for STEM implementation. In summary, although no statistically significant
differences were found, the overall trend suggests that teachers with the “Pedagogue
Moderator” status consistently demonstrated higher mean scores across most STEM-
related opportunities. This indicates that they might be better prepared or more
positively oriented toward integrative STEM practices in chemistry education.
Conversely, teachers in the "No Category" identified group seemed to achieve
relatively low scores which seem to infer the requirement for improved professional
development or other training. The meaningful results emphasized the need for teacher
qualification support; as a contributor to quality STEM-based project design in
chemistry education.
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Students’ Interview Findings Table

Ne Interview Question Common themes Frequenc
y (out of
5
students)
1 How has a STEM project - Easier understanding | 4/5
influenced your understanding through real-life
of chemistry concepts? context
- Abstract concepts
became clearer
2 What new skills have you - Teamwork 5/5
acquired by participating in - Problem-solving
STEM projects? - Using digital tools
(Excel, sensors)
3 Can you share an example of - Fruit battery lighting | 3/5
solving a real problem using LED
chemistry? - Soil acidity for plant
growth
4 Did you feel more motivated - Yes, due to hands-on | 4/5
to study chemistry after learning
working on STEM projects? - More fun than theory
only
5 What problems did you - Technical difficultes | 3/5
encounter and how did you (e.g. wiring Arduino)
overcome them? - Lack of materials
6 Did the project approach help - Yes, especially in 4/5
you learn better than remembering and
traditional classroom lessons? applying knowledge

The qualitative data collected from six student interviews revealed several

consistent themes that align with the research objectives of this study. The goal was
to explore students’ perceptions of STEM-integrated chemistry learning and its
impact on their engagement, understanding, and skill development.
1. Improved Understanding of Chemistry through Real-Life Application

Most students reported that participating in STEM projects helped them

understand abstract chemistry concepts more easily. For instance, when working on
the fruit ECO-battery project, students noted they could see how chemical reactions




create voltage in real time. This hands-on experience made it easier to grasp ideas
like oxidation-reduction or ion flow, which are typically hard to visualize in regular
lessons.

“Before this project, I didn’t really understand how energy could come from
a fruit. But when we actually connected wires and saw the light bulb turn on — it
finally made sense.” (Student 3)
2. Development of Practical and Interdisciplinary Skills

All students acknowledged gaining new skills through their projects. These
included problem-solving, collaboration, and using digital or technical tools like
Arduino microcontrollers, pH sensors, and Excel for data analysis. The integration
of technology made them feel more confident using scientific equipment.

“I learned how to use sensors and measure soil pH, which | never did before
in school labs.” (Student 5)
3. Real-World Problem Solving through Chemistry

Three students could clearly describe how the project helped solve a real-life
issue. For example, in the intelligent pH sensor project, they used chemistry to
understand soil acidity and decide what type of plant could grow best. Others
described how the fruit battery project showed how natural materials can generate
energy.
4. Increased Motivation and Interest in Chemistry

Most students reported being more motivated to study chemistry after
participating in STEM projects. They explained that applying what they learned
made lessons more interesting and less abstract. Hands-on learning increased their
attention and desire to explore more science topics.
“Chemistry used to be just theory and formulas. Now | feel it can help in real life
t00.” (Student 2)
5. Challenges Faced and Overcoming Them

Students mentioned encountering several challenges, such as difficulty in
using unfamiliar equipment, coding Arduino, or finding suitable materials.
However, they managed to overcome them through group discussions, asking
teachers for support, or watching tutorial videos.
6. Preference for Project-Based over Traditional Learning

The majority of students stated that STEM projects were more engaging and
effective than traditional lessons. They found it easier to remember concepts when
they were linked to experiments or projects. Some also noted that teamwork helped
them better understand the content.

49



DISCUSSION

This chapter discusses the main findings of the study in relation to the four
research questions. By integrating the results from both quantitative (survey) and
qualitative (interview) data, the chapter aims to provide a complete interpretation of
how chemistry teachers conceptualize, implement, and reflect on project-based
learning (PBL) within an integrative STEM framework. The discussion also review
the implications of these findings in the context of secondary education, teacher
competencies, and challenges.

5.1 Teachers’ understanding of integrated STEM through project-based
learning

This study gives valuable insights into how chemistry teachers understand and
view the integration of STEM in teaching. Survey results showed that teachers rated
their understanding of STEM as fairly high (M=4.01), meaning they recognize the
importance of interdisciplinary connections and the relevance of STEM in chemistry
education. This matches the ideas of researchers like Vasquez et al. (2013), who
emphasize that understanding cross-subject connections is essential for successful
STEM teaching. Such understanding helps teachers connect different subjects in
meaningful ways, which deepens students’ learning.

However, teachers rated their STEM literacy slightly lower (M=3.61). This
shows that while teachers are somewhat familiar with STEM concepts and terms, many
may still need more support to become fully confident. This is different from the NRC
(2014) definition, which sees STEM literacy as the ability to apply science, technology,
engineering, and math to understand the world. Without strong literacy, teachers may
find it difficult to fully deliver STEM learning to students.

One important result is that teachers with a master’s degree had a more positive
view of STEM. They rated both STEM literacy (M=3.98 vs. M=3.17) and
understanding (M=4.33 vs. M=3.64) higher than those with only a bachelor’s degree.
This supports research by Guskey (2002), who said that higher education improves
teachers’ skills and teaching quality. Teachers with advanced degrees may understand
complex STEM ideas better and use them more effectively in the classroom.

Interview findings from five chemistry teachers who developed distinct
STEM-integrated projects (e.g., Smart Soil pH Sensor, Plastic-Free Future, Eco-
Battery from Fruits, Clean Air, Healthy Class, and Eco-Brick) show that chemistry
teachers tend to design projects that are directly linked to real-world issues such as
environmental sustainability, waste management, and personal health. These
projects were intentionally selected to reflect students’ daily lives and the global
challenges they are familiar with from soil acidity to biodegradable plastics which
mirrors the argument by Calik and Coll (2012) that contextualized learning fosters
deeper student engagement.

Each of the projects combined interdisciplinary links between engineering,
technology, and mathematics, focusing on key chemical principles. For example, as
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part of the Smart Soil pH Sensor project, students studied acid-base balance by
developing a pH monitoring device using Arduino microcontrollers, applying
abstract concepts to tangible results. This practice is consistent with the integrated
STEM model described by English (2016) and emphasizes the PCK system of
educational content introduced by Shulman (1987), as teachers had to combine in-
depth knowledge of the content with effective educational design.

Similarly, in the Plastic-Free Future project, students studied polymer
chemistry, creating bioplastics from starch and glycerin, integrating mathematical
modeling (biodegradation time) and engineering (mold formation). These projects
reflect survey-based design following the principles of project-based learning (PBL)
discussed by Thomas (2000) and Krajcik and Blumenfeld (2006), where students go
through iterative cycles of questioning, designing, testing, and reflection.

However, teachers recognized the Ilimitations of achieving full
interdisciplinary integration due to lack of time and resources, which echoes the
conclusions of Fitriyana et al. (2021) relatively limited implementation of STEM
practices without system support.

The teachers interviewed used a number of student-centered strategies,
including survey-based learning, experimental design, group collaboration, and
problem solving. In all five projects, it was clear that teachers were deliberately
falsifying open investigations. For example, in the Clean Air, Healthy Classroom,
students created their own air filtration systems and used carbon dioxide sensors to
analyze air quality before and after chemical adsorption, an activity that inherently
combined chemical content with engineering design and numerical analysis. The
findings support the conclusions of Rahmavati (2020) that student-lead
investigations enhance content learning and scientific culture.

The results suggest that chemistry teachers generally perceived STEM
integration as the joining of disciplines through real-world applications. The
participants identified a moderate amount of STEM literacy (M= 3.61) and higher
understanding of STEM pedagogy (M=4.01) indicating teachers may be growing in
their understanding of the importance of STEM in the context of science teaching.

The interview evidence supports this as well. All five discussed the importance
of real-world relevance and interdisciplinary connections in their project planning
(100%). For example, one chemistry teacher said: “When chemistry lessons are tied
to real-world situations, students not only remember the content better but also see its
value.” This emphasis context-based learning demonstrates that teachers approach
STEM integration as an opportunity to connect chemistry to practical problems
across disciplines, including mathematics, biology, environmental science, and
technology.

The alignment of survey and interview findings indicates a shared
understanding among educators that STEM integration is not limited to subject-
matter overlap, but involves a deliberate design of projects that encourage students
to apply knowledge in meaningful, cross-disciplinary contexts. However, the
slightly lower score for STEM literacy compared to understanding suggests that
teachers may still require targeted professional development to confidently articulate
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and apply STEM principles in classroom practice.

5.2 Student learning and engagement in STEM-based chemistry projects

The study found that STEM-integrated chemistry projects have a strong positive
impact on student learning and engagement. Teachers rated real-life relevance
(M=4.13) and motivation (M=4.14) as high. This was also confirmed in interviews,
where all five teachers (100%) said that STEM projects help students see real-world
connections and feel more motivated. This supports Bybee’s (2014) idea that linking
learning to real-world problems increases student interest.

Even more, the development of critical thinking was rated the highest (M=4.27).
This shows that STEM projects help students improve their problem-solving skills.
Teamwork skills (M=4.05) were also rated as strong, showing that students work well
together. In the interviews, 80% of teachers said that group work helped students
improve their communication and leadership. These results support the findings of
Larmer & Mergendoller (2010), who said that project-based learning helps develop
critical thinking, collaboration, and problem-solving.

Interestingly, the number of students in a class only affected STEM literacy
(p=.023). Teachers with larger classes (M=3.93) rated literacy higher than those with
smaller groups (M=3.26). This may mean that teaching larger groups forces teachers
to focus more on helping students build basic STEM language and skills. But for other
areas like interest, critical thinking, and teamwork, class size did not make a big
difference. This suggests that effective project-based learning works well no matter
how many students are in the class.

Another recurrent development was collaboration. Teachers used purposeful
collaborative work, promoting conversations between peers and collaborative
problem solving. In the Eco-Brick project, students collaboratively investigated the
physical and chemical properties of building blocks produced from recycled waste
and engaged in the difficult process of testing and recording data as they considered
and compared the outcomes of their investigations together. This supports Capraro
et al. (2013) emphasis on collaborative work as essential to critical & creative
thinking in STEM contexts.

In addition to collaboration, digital technologies embedded into a number of
projects. In Plastic-Free Future, teachers engaged students in time-lapse videoing the
degradation process of bioplastics "a combination of chemistry and media analysis"
that aligned with a technology enhanced PBL model noted by Tseng et al. (2013).
But as Margot and Kettler (2019) observed, the effective use of these approaches are
reliant on the teacher's STEM competence and we found that there was some
diversity in the skill and knowledge of the teachers teachers that had experienced
training developed more structure to their teaching and greater confidence.

The teachers interviewed in this study claimed that students engaged
enthusiastically and willingly with the STEM integrated chemistry projects.
Teachers reported that students showed greater interest in their learning and
demonstrated improved confidence to apply their scientific learning to real-world
applications. This finding is consistent with the research of Nagsyahbandi and
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Prodjosantoso (2023), who confirmed that interdisciplinary and applied projects
helped develop students' conceptual learning and understanding of chemistry.

In applied projects like Eco-Battery from Fruits, students worked
collaboratively to construct volt meters from everyday fruit and then measure the
output voltage, which allowed students to visualise and analyse the redox reactions
in real time. This kind of learning experience contributes to not only a deeper and
more meaningful academic understanding but also develops pipeline skills like
collaboration, creativity, and critical inquiry skills, which are inherently 21st century
skills.

The teachers also noted that these projects contribute to the formation of
students' sense of belonging and scientific identity. For example, students who
participated in the clean air or plastic-free projects became more caring for the
environment and demonstrated a sense of responsibility in the face of social
problems. These emotional and motivational dimensions are consistent with Sinatra
et al. (2015), who argue that meaningful learning is amplified when students are
emotionally invested.

Nevertheless, systemic limitations (e.g., lack of lab equipment) may still
undermine equitable access, especially for underrepresented students, a concern
echoed in the C-STEM (2020) report. While this was not the primary focus of this
study, the finding suggests that material conditions remain a key determinant of
student experience.

5.3 Challenges and barriers in implementing STEM-integrated chemistry
projects

The findings showed several key challenges faced by teachers when trying to
implement STEM projects in chemistry. The lowest rating was for administrative
support (M=3.57), suggesting that support from school leadership is weak or
inconsistent. This supports findings by Penuel et al. (2016), who stressed the
Importance of administrative support when trying to introduce new teaching methods.

Interview results gave more detail. Most teachers (60%) said that lack of time
was their main problem, especially time for planning interdisciplinary lessons. This
supports what Harris & de Bruin (2019) found that project-based learning requires
more time to plan and deliver than traditional lessons.

Also, 60% of teachers in the interviews said they had problems with assessment.
They found it difficult to fairly evaluate cross-subject knowledge and skills. This
matches findings by Honey et al. (2014), who said that new assessment tools are needed
for STEM learning because traditional testing doesn’t capture all the skills involved.

Access to resources (M=3.77) was also seen as a challenge, especially by
teachers in public schools. About 60% mentioned this in interviews. This supports the
work of Moore et al. (2014), who emphasized that equipment and digital tools are
essential for effective STEM teaching. Without resources, it’s hard for teachers to run
successful projects.

Interestingly, teachers with a master’s degree rated time constraints (M=4.14)
and difficulty accessing resources (M=4.09) higher than those with only a bachelor’s
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degree (M=3.53 and M=3.42). This may mean that more educated teachers are more
aware of the practical problems in implementing STEM, possibly because they are
more experienced or better trained in modern teaching methods.

Despite the success and pedagogical innovation observed, teachers
encountered multiple challenges while implementing integrative STEM chemistry
projects. The most pressing issues reported included:

- Technical difficulties, such as malfunctioning sensors (e.g., Arduino instability
in Smart Soil and Eco-Battery projects);

- Methodological challenges, especially in guiding students through data
interpretation and ensuring that STEM concepts were adequately connected to
curriculum outcomes;

- Organizational barriers, including limited instructional time, lack of materials,
and the need to comply with safety protocols.

These results confirm previous literature that emphasized systemic limitations
(Ejiwale, 2013; Oztay et al., 2022). For example, the inability to access permanent
funding or modern laboratory equipment often prevented teachers from fully
implementing their projects. In addition, the rigidity of the programs and the need to
comply with national standards made it difficult to conduct long-term survey-based
activities.

It is important to note that participation in the STEM project also served as a
catalyst for the professional growth of teachers. Teachers reported that they had
expanded their methodological repertoire, strengthened their trust in digital tools,
and become more thoughtful practitioners. In this regard, STEM teaching has not
only benefited students, but also contributed to the development of teachers'
personalities, a key indicator of sustainable education reform.

Overall, the five teacher-led STEM projects analyzed in this study provide
compelling evidence that well designed chemistry projects that focus on the real-
world can simultaneously support interdisciplinary learning, student engagement,
and teacher professional growth. While structural challenges remain, the
pedagogical potential of STEM integration is evident, especially with the support of
teacher expertise, institutional resources, and a flexible curriculum.

If scaled correctly, these methods can serve as examples for broader
educational innovations in the teaching of chemistry and natural sciences in
Kazakhstan and in similar contexts.

5.4 Influence of teacher characteristics on implementing STEM-integrated
chemistry projects

This question looked at how teacher characteristics affect their ability to use
STEM in teaching chemistry.

There were significant differences based on teacher degree, as discussed above
teachers with a master’s degree showed stronger understanding and implementation of
STEM. This supports the views of Darling-Hammond (2000), who said that teacher
knowledge directly impacts teaching quality.
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However, there were no major differences based on school location (urban vs.
rural) or teaching level (middle vs. high school) (all p > .05). This suggests that teachers
across different contexts face similar challenges with STEM. It might reflect national
policies and reforms that aim to equalize teacher training and support, as mentioned by
organizations like the OECD (2018).

The only significant difference in class size was again in STEM literacy (p =
.023). Teachers with larger classes (M=3.93) rated literacy higher than those with
smaller ones (M=3.26). This supports the work of Blatchford et al. (2007), who studied
how class size affects teaching. In large classes, teachers may need to plan more
structured lessons to meet learning goals and ensure all students understand key
concepts.

Overall, the study showed that chemistry teachers accept and value STEM-based
project learning, especially in terms of developing critical thinking, motivation, real-
life connections, and teamwork. This supports the positive impact of STEM education
on students, as discussed by Bell (2010) and others who emphasized STEM’s role in
building 21st-century skills.

However, some areas like administrative support, technology use, and access to
resources were still only rated as “somewhat sufficient.” This shows the need for better
teacher training and school-level support. It also reflects the importance of systemic
backing for long-term success in STEM education, as noted by Hines et al. (2017).

These results show that while developing meaningful STEM projects is
important, schools and policymakers must also address practical limitations. Future
research could explore how to improve administrative support, develop better
assessment tools, and build teacher STEM literacy in different classroom settings.

The research uncovered several important trends. First, most chemistry
teachers demonstrated a sufficient understanding of STEM integration, with project-
based learning being a commonly acknowledged method to support student
engagement and real-life application. Teachers with more advanced qualifications
and professional categories (e.g., pedagogue-researcher) tended to perform better in
applying STEM pedagogies. However, challenges such as limited resources, lack of
administrative support, and time constraints were reported consistently. Interview
results aligned with survey data, showing that teachers value project-based learning
skills, critical thinking, interdisciplinary connection, and student motivation, while
also citing assessment difficulties and collaboration needs as major concerns.

Another recurring theme was the need for further professional development.
The teachers said that although they were interested in innovation, many of them
had limited prior familiarity with integrating engineering and technological
components into a chemical context. This confirms the recommendation of Oztay et
al. (2022) and 21st Century Education for continuous and focused learning that
focuses on interdisciplinary classroom design and management in the context of
STEM.
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CONCLUSION

This research examines the design and implementation of chemical projects in
STEM contexts, stressing project-based learning (PBL) as a pedagogical tool in senior
level secondary school. This study seeks to examine how chemistry teachers
conceptualized, designed and implemented STEM-integrated projects as educators
shift to interdisciplinary and applied science courses, in addition to exploring the
Impact of various approaches on student learning experiences.

A mixed methods approach was used to best study the research topic.
Information related to 79 chemistry teachers was collected through structured surveys,
then supplemented through teacher and student interviews and classroom observations.
This multi-modal research methodology allowed us to closely examine several
pedagogical elements including methods and models of STEM-based lessons,
effectiveness of STEM integrated projects, and further, explore challenges and
successes during project implementation.

The findings indicate that chemistry teachers are recognizing the significance of
STEM integration. Many indicated that they were using real-world problem-solving
activities to evoke interest and engage the students to participate in learning. The
findings also highlight that chemistry teachers are beginning to engage students more
intentionally with STEM. Various examples were demonstrated: testing water to
determine quality, measuring pH of foods/household items, examining contributions
of household/industrial items on environmental chemical processes. It’s evident that
students are using their chemical knowledge and building links and connections to
math, biology, technology, and digital technology — all main components.

A major finding of this study was the significance of teachers' pedagogical
content knowledge (PCK) in implementing meaningful STEM-based initiatives.
Specifically, teachers who possessed a robust skillset and were sufficiently qualified
pedagogically (including a combination of "pedagogue-researcher"” and "pedagogue-
master') were evidently executing chemistry lessons that integrated STEM in different
subject areas, and even when challenges arose, they took an active learning approach
with clearly mapped out planning and real learning outcomes. Furthermore, the
teachers each employed a number of innovative strategies — such as providing students
with options, the use of regular formative assessment to monitor learning, group work,
and reflective thinking. This resulted in improvement of their pupils' communication,
problem-solving and critical thinking skills.

With respect to the findings, the study overall indicates that applied STEM in
chemistry education can promote students' engagement and improve their
understanding, particularly in context where teachers possessed both strong content
knowledge, knowledge of the pedagogical process, and used creative ways to teach.
Overall, pupils made positive responses towards the introduction of STEM projects to
their chemistry lessons. Interviews conveyed that pupils became more engaged, gained
a better understanding of the subject of chemistry and were more motivated by project
work that associated real-world and cross-subject problems. Students additionally
reported improvements in teamwork and increased confidence in applying their
chemistry knowledge in non-academic situations.
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The study did also acknowledge structural impediments that prevent effective
delivery of STEM-based project work. The key issues identified, and characteristics
common amongst participants included the lack of time in the school timetable,
insufficient laboratory equipment and support materials, limited collaboration across
subject teachers, and the lack of standardized assessment of project learning outcomes.
These issues were documented across a range of educational contexts, including public
schools, and independent schools, and schools for the gifted, which suggests that they
are not location specific but more characteristic of structural issues in the educational
landscape.

In terms of place/location issues, the findings were noted in the survey result,
context had no impact on the responses (neither if they were learning in urban or rural
areas, etc) even if they were public or private sector). The responses suggested an
overall consistent and sustainable level of knowledge and actionability across contexts
highlighting the significant and universal nature of barriers and opportunities that
surround integrative STEM education. The study builds on existing research in STEM
education in a chemistry education context, with actual and real-world data on the
enactment of STEM in chemistry lessons in Kazakhstan. It also identifies that project-
based learning has highly conducive impacts and illustrates the importance of teacher
knowledge, school support, and effective curriculum planning in achieving success
with STEM education.

RECOMMENDATIONS

This research can be useful for different people working in education. It gives
practical ideas and suggestions that can help improve how STEM projects are used in
chemistry lessons.

Chemistry teachers may find this study helpful because it shows how to create
real-life projects that connect chemistry with everyday situations and other subjects
like math, physics, and technology. The study recommends using more group work,
experiments, and technology to make lessons more interesting and meaningful for
students.

School leaders can also learn from this research. It suggests that teachers need
more time for project-based learning and better access to materials and digital tools.
Supporting collaboration between teachers of different subjects is also important for
successful STEM teaching.

The study also advises education decision-makers to make school programs
more flexible. Too much content and not enough time can make it hard for teachers to
try new ideas. It would be helpful to create clear rules for how to assess STEM projects
and give more support to teachers who want to use new teaching methods.

Universities and teacher education programs can use this research to prepare
future teachers. It’s important that new teachers learn how to plan STEM lessons, work
with other subject teachers, and use digital tools before they start teaching in schools.

Finally, this research can be a starting point for others who want to study STEM
education more deeply. Future researchers can explore how students experience STEM
projects or compare different schools to understand what works best.
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In general, this study recommends giving more support to teachers, improving
training, and making the school system more open to new teaching approaches. These
changes can help make STEM education in chemistry more effective and available to
all schools.

LIMITATIONS

Firstly, the study involved only 79 chemistry teachers, which may not fully
represent the broader population of science educators. Although efforts were made to
include teachers from diverse school types and teaching backgrounds, the relatively
small sample limits the generalizability of the findings.

Secondly, the number of schools actively implementing STEM-based project
learning remains limited. As a result, the research was constrained to institutions that
had already adopted or begun experimenting with STEM integration, potentially
narrowing the scope of insights into more traditional or under-resourced schools.

Thirdly, there is currently a shortage of teachers who are professionally trained
in STEM-integrated pedagogies. Many science teachers lack formal experience in
interdisciplinary project-based teaching, which might have influenced the depth and
clarity of their responses during interviews and surveys.

Fourthly, infrastructural and curriculum-related constraints also posed
limitations. Since standardized testing often dominates educational priorities, many
schools allocate limited time and flexibility for interdisciplinary or project-based
approaches, making it challenging to observe STEM integration in authentic classroom
settings.

Lastly, while the study included student interviews, the scope of student
participation was relatively narrow. Future studies may benefit from a more extensive
and diverse student sample to better understand how STEM-based chemistry education
influences learning outcomes, motivation, and long-term engagement
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APPENDICES

N =

Appendix 1
Teachers’ survey questions

How familiar are you with the concept of STEM education?

STEM teaching methods help students better understand chemistry concepts.
Project-based learning makes chemistry lessons more engaging and interesting
for students.

| use digital technologies (simulations, virtual labs, Al tools) in chemistry
teaching during project-based teaching.

Incorporating projects into the learning process promotes the development of
teamwork skills in students.

Students develop critical thinking and problem-solving skills more effectively
when using STEM projects.

There are difficulties in terms of resources and methodology when preparing a
project.

Project-based learning helps students apply chemistry knowledge to real-life
situations.

Implementing STEM projects in chemistry education increases students’
motivation.
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10.The school administration consistently supports the preparation of project-
based extracurricular lessons.

Appendix 2
Teachers’ interview questions

1. How do you understand and approach STEM integration in project-based
chemistry teaching?

2. What pedagogical strategies or methods do you apply when planning and
implementing STEM chemistry projects?

3. What impact do you observe on students’ engagement and learning through
STEM-integrated projects?

4. What are the main challenges or barriers you face when conducting STEM-
based chemistry projects?
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Appendix 3

Students’ interview questions

1.

How has a STEM project (for example, an intelligent soil pH sensor, a fruit
ECO-battery) influenced your understanding of chemistry concepts?

What new skills have you acquired by participating in STEM projects?

Can you share an example of how the project helped you solve a real problem
using chemistry?

Did you feel more motivated to study chemistry after working on STEM projects?
Why or why not?

What problems did you encounter during your projects and how did you
overcome them?

Do you think that the project approach has helped you learn better than
traditional classroom lessons?
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Results STEM issues significance difference toward EDU LEVEL

Independent Samples T-Test
Independent Samples T-Test

Statisti

C
STEMLiteracy {\J"a““'Wh't”ey 538 0.016
STEMUnderstandm {\J/Iann-Whltney 559 0.025
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Independent Samples T-Test

Statisti
c
STEMinteresting 'L\J/I ann-Whitney 619  0.105
UseDigTech 'L\J/'a””'Whimey 672 0.300
Timeconsuming 'CJ/I ann-Whitney 519  0.009
Teamworkskill 'CJ/'a””'Whimey 481 0.002
Criticalthinking 'CJ/'a””'Whit”ey 453 =0
Difficultyresources L'\jl ann-Whitney 511  0.007
Benefitreallifeapp L'\jl ann-Whitney 522  0.008
BenefitMotvtn Ll\jl ann-Whitney 616  0.097
AdminSupport Mann-Whitney 669  0.279

U

Note. Ha W Master # M Bachelor
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Assumptions
Normality Test (Shapiro-Wilk)

W p
STEML.iteracy 0.920 <.001
STEMUnderstanding 0.908 <.001
STEMinteresting 0.898 <.001
UseDigTech 0.913 <.001
Timeconsuming 0.929 <.001
Teamworkskill 0.897 <.001
Criticalthinking 0.844 <.001
Difficultyresources 0.926 <.001
Benefitreallifeapp 0.887 <.001
BenefitMotvtn 0.896 <.001
AdminSupport 0.918 <.001

Note. A low p-value suggests a violation of the assumption of normality
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