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Abstract. The aim of this article is to examine the level of awareness
among students in higher educational institutions regarding the STEM (science,
technology, engineering, mathematics)- innovative teaching method, as well as to
explore therange of activities related to STEM being conducted within universities.
In today’s world, there exists a wide range of modern teaching methods, among
which the STEM method stands out. Based on foreign experiences, it is recognized
as an integrative approach across scientific disciplines, aimed at providing
students with a profound understanding of Natural Science concepts. Robotics,
one of the narratives of the STEM, has seen widespread adoption in schools, but
has only recently begun to be incorporated into higher education institutions.
Currently, the Y. Altynsarin National Academy of Education has introduced
methodological guidelines for the implementation of the STEM approach, and
efforts to establish STEM-focused classrooms and numerous laboratories within
schools and universities are being coordinated by the ministry.

On this foundation, an array of specialized facilities, including 3D modeling
studios, robotics workshops, center, and laboratories, have been established in
both schools and tertiary institutions, integrating into the educational framework.
Furthermore, under the auspices of Chevron, the educational entity “Caravan of
Knowledge” has embarked on the development of the methodological guides
within the ambit of the “STEM Education Development Roadmap for 2021-
2025”. This initiative has led to the organization of STEAM-focused video
lessons, thematic STEM fortnights and scholarly conferences. The undertaken
research has been pivotal in assessing the preparedness levels for implementing
education via STEM methodology, while also evaluating its significance.

Key words: STEM method, innovative approaches, future biology teachers,
biological experiments, STEM, robotics courses, Natural Science directions,
Biology

Introduction

Currently, amidst the advancements in technology and science, the demand
for modern professions in the job market is on rise. A decade or two ago, we
were hardly familiar with roles such as nanotechnologists, microbiologists, and
artificial intelligence experts. Yet, now it’s acknowledged that there’s a significant
shortage of these professionals, who also command high salaries. In response to
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the evolving demands of the times and to address the need for specialists who meet
contemporary requirements, updated educational programs are being developed.

The 21st century marks an era of unprecedented access to information and
advancements in technology, offering individuals significant opportunities for
learning new knowledge, acquiring skills, self-development and enhancement.
Against this backdrop, a variety of innovative educational strategies have been
developed globally, aimed at facilitating effective and deep understanding
of knowledge. One of the most prominent responses to the global demand
for skilled professionals is the expansion of the STEM (Science, Technology,
Engineering, Mathematics) fields. This modern, interdisciplinary educational
approach is designed to address real-world problems and meet global challenges
by seamlessly integrating science, technology, engineering and mathematics,
reflecting a cohesive strategy for preparing individuals to navigate and contribute
to the complexities of the modern world [1].

In the past, the STEM approach may have been considered with less direct
emphasis and viewed as more of a future-oriented strategy. However, nowadays,
education through the STEM lens plays a pivotal role in the educational
frameworks of many leading nations worldwide. Among the countries actively
supporting STEM are the United States Canada, Australia, Hong Kong, Finland,
Germany, the United Kingdom and Sweden. Within these countries, there exist
dedicated governmental bodies and a plethora of initiatives aimed at fostering the
development of STEM education [2].

In Kazakhstan, the abbreviation STEM may not be widely recognized, but
it does occasionally appear in the governmental programs. For example, the Y.
Altynsarin National Academy of Education offers directives on incorporating
STEM education [3], and educational institutions at large may adopt guidelines
to facilitate scientific inquiry among students in STEM fields [4]. These
directives often pertain to curriculum development and the integration of robotics
technology within the realm of STEM.

The advantages of education using the STEM approach include preparing
competitive young individuals as a flexible workforce, nurturing highly skilled
professionals, and enhancing the population’s digital, scientific, and engineering
literacy. Despite the lack of a uniform methodology for teaching STEM in
schools and universities, its international recognition is undeniable. However,
the general awareness of STEM education remains low. Furthermore, there are
discrepancies in understanding the STEM approach and a notable shortage of
qualified professionals to implement STEM education in Kazakhstan’s schools.

International research indicates that the STEM approach to teaching
science subjects significantly boosts students’ theoretical understanding and
practical skills, leading to improved academic performance and increased
interest [5-6]. Schools and universities are now incorporating cutting-edge
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facilities like 3D modeling and robotics, creating labs and centers to enhance
the educational experience. Furthermore, under Chevron’s sponsorship, the
“Caravan of Knowledge” initiative has developed a strategic roadmap for
STEAM education for 2021-2025. This includes the preparation of methodical
guides and the organization of STEAM-focused video lessons, thematic weeks,
and conferences. Additionally, initiatives like “Tanym” and “Jana Talap” aim
to support teacher development in this area. Despite these efforts, Kazakhstan
lacks a formal curriculum for preparing future educators to deliver STEM-based
education effectively. As a result, there’s a notable shortage of qualified teachers
who can apply the STEM approach in educational settings. This highlights the
urgent need for research to assess the readiness and attitudes of future teachers
towards STEM education, to address this gap efficiently.

Materials and Methods

The study’s objective was to uncover the level of knowledge and attitudes
towards the STEM approach among future teachers (senior year students) at the
Kazakh National Women’s Pedagogical University. To achieve this, methodologies
such as questionnaires and detailed analysis were employed. The survey involved
27 students from the “Natural Sciences” faculty following the 6B01509 Biology
Education program and 20 students pursuing the 6B05101 Biology (Scientific)
Educational program. The collected data from these respondents underwent an
extensive analysis (Table 1).

Results and Discussion
The Kazakh National Women’s Pedagogical University hosts 98.7% of the
survey respondents, comprising 47 students.

Table 1 - Question directed towards the students:

Which institution are you studying in?
1. Are you familiar with the concept of “STEM”? |6. Have you ever integrated knowledge
from other fields during biology classes?
2. How do you understand the term of “STEM™? |7. Are the materials and technical resources
at your educational institution sufficient?
3. How laboratory classes are conducted at your | 8. What do you think is necessary to enhance
educational institution? your understanding of biology?
4. Which format of teaching would make natural | 9. Does your educational institution offer
science subjects (biology) more understandable to | courses in robotics?

you?
5. What courses related to your field would you|10. Are you satisfied with the knowledge
like to see offered by the institution? and teaching methods of your instructors?
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Responses to the following questions are illustrated in different types of
diagrams.

In response to the first question, 54.3% of students (as depicted in the first
diagram) are moderately aware of the STEM concept, but lack full understanding.
Thus, it is apparent that there is a general need for students to have a better
grasp of STEM, highlighting the requirement for specific educational materials
or introduction exercises (Figure 1).

Are you familiar with the concept of “STEM™?
No, first time hearing

8,7%
Know it very well
28,3%
Yes, but not fully
Know a little 87%

543%

Figure 1 - Students’ General Familiarity with the STEM Concept

Diagram 2 presents information on how students most commonly
understand the concept of STEM education (Figure 2).

How do you understand the term of “STEM”?

Robotics

2,2%

Other

4,3%

Understanding Science
through experimentation
6,5%

Connecting Science with real-
life 1ssues

4.3%

Generating innovative
solutions and tools

2,2%

Science, technology
78,3%

Figure 2 - Indicators Regarding the Understanding of the STEM Concept
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According to the diagram, 78.3% of students understand the STEM approach
as solving real-life problems with the help of science, technology, engineering,
and mathematics, while 6.5% associate it with understanding science through
experimentation. This suggests that the definition of the STEM concept remains
unclear and is not yet fully established in higher education institutions.

Taking into account the unique and important role that laboratory classes
play in the mastery of natural science subjects, we posed the next question to
determine how laboratory classes are conducted in their educational institutions
(Figure 3).

How laboratory classes are conducted at your educational

institution?

In specialized laboratory § In a traditional format
classrooms I —

In accordance with the . Good

demand of the times

Theoretically, laboratory
lacks many things

In a very good level
Making experiments

Conducted with the aim of
achieving specific results — .
In a medium level

Good, in a satisfactory level y
i _ According to the plan

Figure 3 - Methods of Conducting Laboratory Classes

The findings suggest that most students engage in laboratory activities
following conventional methods, although there is a subset capable of more
innovative work. This indicates a diverse range of methods and proficiency levels
in conducting laboratory tasks. Such insights are significant as creativity is a
foundational element the STEM methodology.

The fourth diagram identifies the most efficient teaching methods that
lead students to achieve the educational objectives by enhancing their active
participation in classes and facilitating a deeper understanding of the topics
(Figure 4).
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Which format of teaching would make your natural science
subjects (Biology) more understandable to you?

If the lecture gives a lecture and assigns

Exploring solutions to
tasks 2.2% —

teal-life problems

Conducting 8,7%
discussions/debates during If the teacher explains the
the lesson X
2 7% topic and mﬂdu_cts the _
’ lesson through interactive
Conducting mini- activities
experiments and 21,7%
presenting them in the
format of presentations or
posters
19,6%

If the class is divided into

groups, experiments are

conducted, then the

tesults are discussed
—_— — 391%

Figure 4 - Students’ View on the Methods of Mastering the Subject

The diagram illustrates that a significant portion of students (39.1%) believe
that learning is enhanced when the class is divided into groups and teachers dissect
experiments, leading to a deeper understanding of the subject matter. Additionally,
21.7% of students feel that their engagement and knowledge increase when
instructors incorporate problem-solving based on real-life scenarios into their
teaching. The main conclusion drawn from these responses in the diagram is
that the most efficient teaching methods involve thoroughly addressing topics
through various activities or tackling real-life issues, thereby enhancing critical
thinking and problem-solving skills. This indicator is crucial as it underscores
the essence of the STEM approach, which involves breaking down disciplinary
barriers and addressing societal issues.

The fifth diagram presents insights into the kinds of courses students
desire to see offered at their educational institutions based on their chosen fields.
Present-day students exhibit adeptness in utilizing smartphones and computers,
facilitating their ease of operation with installed applications [7, 8]. As a result, a
notable portion of students (32.6%) expresses interest in courses that delve into
cutting-edge technologies like 3D modeling, IT applications, MatLab, AutoCAD
software suites, programming languages, and robotics. However, the inclination
towards courses centered on robotics remains relatively modest (8.7%) due
to its recent emergence and students’ potential lack of awareness or hands-on
experience in the field (Figure 5).
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What courses related to your field of study would you like to
see offered by the institution?

Programming langnages
2,.2% —
Mathematical and statistical
software 2.2%

IT technologies
10,9%

Other
2,2%

Courses of self-development
34,8%

Robotics —_
2.7%

3D modelling —
32,6%

Figure 5 - Strategies for Advancing Students’ Educational Proficiencies

Presently, it is widely recognized that a comprehensive grasp of biological

concepts necessitates a solid foundation in disciplines such as chemistry, physics,
mathematics, and programming languages. This understanding is affirmed by over
78.3% of educators. Moreover, the observation of students engaging in integrated
approaches during practical sessions at advanced educational institutions serves
as further evidence of their exposure to this pedagogical strategy. This information
indicates educators’ awareness of the widespread utilization of integrated teaching
methods (Figure 6).
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Have you ever integrated knowledge from other fields during
Biology classes?

No

43% Yes, always do

17.4%

Yes, sometimes do
78,3%

Figure 6 - Level of Application of the Interdisciplinary Linkages
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Enhancing the quality of education undoubtedly requires a well-equipped
material and technical base. Where such infrastructure is well-established,
learners benefit from expanded possibilities and attain higher levels of knowledge,
facilitating research endeavors. The subsequent seventh diagram illustrates
responses pertaining to this matter. It elucidates that while higher education
institutions possess material and technical foundations, there’s a discernible
necessity for their enhancement or modernization (Figure 7).

Are the materials and technical resources at your educational
institution sufficient?

No
6,5%

Medium
50%
Yes

43,5%

Figure 7 - Sufficiency of Material-Technical Base

The following diagram displays responses from students to a crucial
question in our study, emphasizing its relevance to the quality of education. The
majority of students (over 70%) believe that the most effective method to deepen
their knowledge is by reinforcing what they have learned through practical
experiments. This outcome affirms the indispensable role of integrating theory
with practice in the educational process (Figure 8).

‘What do you think is necessary to enhance your understanding of
Biology?

Reinforcing acquired
knowledge through
experimentation.

Reading books,
writing notes

Additional courses,
summer/winter schools.

0 10 20 30 40 .

Figure 8§ - Strategies to Enhance Knowledge
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As indicated above, the implementation of robotics courses in schools
has been widespread, with robotics laboratories established in 16 pedagogical
universities across our country. It’s noteworthy that one of the primary aims
of these endeavors is to bolster the professional preparedness of prospective
educators. This affords students the chance to incorporate elements of STEM
education into their learning. By engaging with robotics, students not only deepen
their comprehension of the subject matter but also cultivate practical skills in
conducting contemporary scientific investigations [10]. Consequently, awareness
regarding the availability of robotics-related courses in higher education
institutions attended by aspiring educators has been studied. The breakdown of
responses to this inquiry is depicted in the ninth figure. Merely 21.7% of students
(those specializing in computer science) are aware of the existence of robotics
courses and their availability for enrollment. This indicator clarifies the lack
of awareness among the majority of students regarding robotics-related topics
(Figure 9).

Does your educational institution offer courses in robotics?

Yes, but they do not
work

Yes, 1t offers
10,9% 21,7%
Other
28,3%
No
39,1%

Figure 9 - Indicators Regarding the “Robotics” Courses

The proficiency of the teacher has a considerable impact on students’
acquisition of knowledge, it is a fact that cannot be overlooked by anyone.
Therefore, today’s educators undergo national or international professional
development programs with the aim of improving their skills.
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Are you satisfied with the knowledge and teaching methods of
your instructors?
Yes, it would be better if
more experiments were
conducted.
Yes, it would be better if

additional materials were
introduced.

Yes,
totally satisfied

Yes, it would be better if
new innovative
approaches were used.

No

0 5 10 15 20

Figure 10 - The level of competence and knowledge of educators

However, according to the tenth diagram, only 45% of students express
complete satisfaction with the teaching methods and the competence and
knowledge of the educators in higher education institutions. The rest of the
students recommend that the incorporation of innovative strategies by educators,
an increase in practical activities, and the introduction of additional resources
could significantly improve their educational experience (Figure 10).

Conclusion

The following conclusions were drawn from the conducted research:

* The concept of STEM is not clearly defined and has not been adequately
developed within higher educational settings.

* While most students perform laboratory work following established
conventional methods, a significant portion has the capacity to undertake tasks at
a creative level. This indicates that laboratory exercises are conducted through a
variety of approaches and cater to different skill levels.

* Students suggest that the most efficient teaching strategies include
enhancing topics with diverse exercises or practical examples from real life,
encouraging analytical thinking and problem-solving.

* A substantial majority of students, about 70%, express the need for
their disciplines to incorporate innovative technologies such as 3D modeling,
information technology, MatLab, AutoCAD, various programming languages,
and robotics.

* Most students are aware of integrated teaching methods.

* Higher education institutions possess material and technical bases, yet
there is a need for their enhancement and modernization.
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* Over 70% of students believe that the most effective way to deepen
their knowledge is through reinforcing what they have learned with practical
experiment and exercises.

* Only 32% of students are aware of robotics courses, indicating a
significant lack of information about robotics among students.

» Students suggest that educators to employ innovative teaching methods,
which offer opportunities for them to become acquainted with both experiments
and informational resources.

Based on the analysis results, we have come to the following conclusion:

1. To implement the STEM approach in the educational process, it is first
necessary to clearly define what STEM is.

2. Within the scope of this definition, it is essential to develop an educational
and methodological complex by integrating the STEM approach into the training
program for future biology teachers.
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BOJIAITAK BUOJIOTI'USI MAMAHJIAPBIHBIH STEAM 9ICTEPIH
OJIAPABIH BIJIIMI MEH OKYBIHA BIPIKTIPYT'E
JNAUBIHJIBIFbIH BAFAJIAY
Cwmarynosa A.E.!, *Kanuesa A.H.2
I %2Ka3ak YITTBIK KbI3/1ap MeIarorukajiblK yHUBEpeuTeTi, AnMarel, Kazakcran

Amnaarna. by makana ®Korapsl OKy OpeIHIAPBIHBIH cTyAeHTTepiHiH STEM
(FBUIIBIM, TEXHOJIOTHUS, MHXKCHEPHs, MaTeMaTHKa) WHHOBAIMSUIBIK OKBITY OJici
TypaJibl XabapIapibIK IeHIeiliH 3epTTeyre, conaii-ak yausepcurerrepae STEM
OarpITBIHAA JKYPTI3UIIN JKaTKaH ic-lapanapiel 3epTrreyre apHanraH. Kasipri
TaHJ1a 3aMaHayy OKBITY SJICTEpiHIH KeH crekTpi O6ap, onbiy iminae STEM amici
epekmreneneni. [llerenmik Toxipubere Heri3aenreH Oyl OJIC FRUIBIMHU TIOHAEP
apachIHAaFbl HHTETPALMSIIBIK TOCUT PETIH/I€ TAHBLIA (bl JKOHE CTYIEHTTEpre TaOUFu
FBUIBIM/IAP KOHLEMIMSIIAPBIH TEPEH TYCIHYII KaMTaMmachl3 eTyre OarbITTajFaH.
PoGororexnuka, STEM kypambiHblH Oip Oeumiri peTiHae, MEKTenTepie
KeHIHEH TapalFaH, OipaK OJ TeK JXKaKbIHJa FaHa JXOFapbl OKY OpBIHIApbIHA
enrizine Oacranbl. Kazipri yakeirta bl. AnThiHCApHH aThIHAAFBI YIITTBIK OiTiM
akagemusicel STEM opiciH eHri3yre apHajfaH oJIICTEeMENiK HYCKaylap/sl
a3ipiesii, COHbIMEH KaTtap Oi71iM MUHHUCTPIIITT MEKTENTEep MEH YHUBEPCUTETTEP/IE
STEM OarbIThIHAAFBI CHIHBINITAP MEH KOIITEreH 3epTXaHanapbsl Kypy OoibIHIIa
Iapayiap/sl YWJIeCTipin OTbIp.

OcslHeri3ne, 3D Monenbaey cTyausiiapbl, poOOTOTEXHUKA IIe0epXaHataphl,
OPTaJIBIKTAap MEH 3epTXaHaap CUSKTHI apHalbl 00OBEKTLIEP KYPBUIBII, O11iM Oepy
KYPBUIBIMBIHA MEKTETITEP MEH >KOFapbl OKY OpPBIHAAPBIHAA eHTi3imye. COHbIMEH
karap, Chevron KoMmaHusCBIHBIH KonjaybiMeH «KyHzaep kepyeHi» Oinim Oepy
yitbimbl «2021-2025 sxpipapra apaanrad STEM Oinimin gameity JKon kaprackDy
asChIH/IAa OJliCTEMENIIK HYCKAyJIbIKTapAbl a3ipieyai Oacragsl. bynm Oactama
STEAM OarbIThiHIaFEl OeliHEMa3MYHIIBI cabakTapiabl, TaKeIpeITHIK STEM
anTaJbIKTapbIH JKOHE FBUIBIMU KOH(EpEHIMsIapAbl YHBIMIACTBIPYFa OKeIIi.
Kyprizinren 3eprrey STEM opicin eHri3yre nallbIHABIK JEHTeliH Oaranayna
’KOHE OHBIH MaHBI3IbUIBIFBIH AaHBIKTAY/IA IEIIYII POJT aTKAP/bI.

Tipexk ce3aep: STEM onici, HHHOBAIUSUTBIK TOCUIAEP, OOMaIIaK OMOIOTHSI
MyFaniMaepi, OMoIOrusIbIK SKkcriepuMenTTep, STEM, poGoToTeXHUKA KypCTaphl,
TAaOUFH FBUIBIMIAP OaFrbITTaphl, OHOIOTHS

OLHEHKA 'OTOBHOCTHU bYAYIIUX CIIEHHUAJIUCTOB B
OBJIACTHU BUOJIOI'NU K UHTET'PALIUU STEM-ITIOJIXO/10B B X
OBPA3OBAHUE U OBYYEHHUE
Cwmarynosa A.E.!, *Kanuesa A.H.2
1 #2Ka3axCKuil HAIMOHAIBHBIHN KCHCKHI TIEIarOTHYEeCKHUI YHUBEPCHUTET,
Anmarsl, Kazaxcran

AHHoTanus. llenbio 1aHHOW cTaThbu SIBISETCA HW3Yy4YEHHE YPOBHS
OCBEJJOMJICHHOCTH CTY/IEHTOB BBICIIMX Y4YeOHBIX 3aBEJCHUH O MeEToje

Series “PEDAGOGICAL SCIENCES”, Number 2 (77) 2025 77



Smagulova A.E., Kalieva A.N.

nHHOBallMOHHOro o0yueHus STEM (Hayka, TEXHOJOIMM, WHXKEHEpUs,
MaTeMaTuKa), a TaK)Ke HCCIIEJOBAHME CIEKTpa JEATEIbHOCTH, CBA3AHHOM C
STEM, mpoBonuMoil B yHHBepcuTeTax. B cOBpeMEHHOM MupE CYIIECTBYET
UIMPOKUN BBHIOOP COBPEMEHHBIX METOJOB OOYy4EHHMs, CPEIU KOTOPBIX METOJ
STEM Beinensiercs. Ha ocHoBe 3apyOeKHOro oOIbITa 3TOT METOA IpU3HaH
MHTErPaTUBHBIM MOAXOJAO0M MEX]y HayYHBbIMU JAMCLUUILIMHAMU, HAIpPaBJICHHBIM
HaTpe10CTaBIeHHUE CTyIeHTaM [ITyOOKOTr0 NOHUMAaHU sl KOHIEIINHI €CTeCTBEHHBIX
Hayk. PobGororexnuka, sBistomascs oaHoM wu3 cocraBmsaommx STEM,
MoJIyynsa HIMPOKOE pacHpoCTpaHEHHE B ILIKOJAaX, HO TOJIbKO HEJIaBHO Hadasa
BHEJPATHCA B BeICIINE yueOHbIe 3aBe/ieHus. B HacTosmee Bpemst HanmonanbHas
akagemusi oOpa3oBanusi umeHH bl. AnteiHcapuHa pa3paborasia METOIUYECKUE
pexomenaauuu o BHeapeHutro STEM-moaxoma, a Takke KOOPAWHUPYIOTCS
ycwus 1o co3nannio STEM-oprueHTUpOBaHHBIX KJIACCOB M MHOTOYHMCIICHHBIX
nabopaTopuil B IIKOJAX U YHUBEPCUTETaAX MUHUCTEPCTBOM 00pa30BaHUSI.

Ha sT0it 0ocHOBe ObUTH CO3/1aHBI CIICIMAIU3UPOBAHHBIE OOBEKTHI, TAKUE KaK
ctynuu3D-mMoaenupoBaHus, MacTEPCKIUE POOOTOTEXHUKH, IEHTPbIUJ1a00paToOpuu,
KOTOpbIE HHTErPUPOBaHbl B 00pa30BaTeIbHYIO0 CTPYKTYpPY Kak B LIKOJIAX, TaK U
B By3ax. Kpome Toro, npu nogaepxke xomnanuu Chevron oOpazoBarenbHOE
yupexaenue «KapaBan 3HaHu» Havaao pa3pabOTKy METOAMYECKUX TOCOOMIA B
pamkax «Jlopoxnoii kapTel pazButust STEM-o6pa3zoBanus va 2021-2025 roasn».
OTa UHMLIMATUBA MPUBEJIa K OPraHu3alii BUIE0YPOKOB, OPUEHTHPOBAHHBIX Ha
STEAM, temarnueckux STEM-IByXHEAETbHUKOB M HAyYHBIX KOH(EpPEHIUH.
[IpoBeneHHOE HCCeI0BaHUE CHIrPaJIO KIFOUEBYIO POJIb B OLIEHKE TOTOBHOCTHU K
BHEJIPEHUIO 00pa30BaHus C UCIoib3oBaHUeM Mmetoponoruu STEM, a Takxke B
OLIEHKE €ro 3HaYUMOCTH.

KaroueBble caoBa: wMeroq STEM, UHHOBalMOHHBIE  ITOAXOJbI,
Oyayuie y4urens Ouonoruu, ouonoruueckue sxcrnepumenTsl, STEM, Kypcbl
pOOOTOTEXHUKH, HAIIPABJICHUS €CTECTBEHHBIX HayK, OMOJIOTUs
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