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Abstract. STEM education is a progressive trend in modern education. Its aim
is to develop students’ critical thinking, research abilities, engineering thinking
based on scientific methods, technical applications, mathematical modelling,
etc. Implementation of STEM approach will expand the boundaries of students’
thinking, bring Kazakhstani education closer to the international standard, and
open new opportunities for students. Statistics on the implementation of STEM
education in the Kazakhstan education system shows that the transition in the
pilot phase began in 2012, in the conditions of updated content in Nazarbayev
Intellectual Schools, Haileybury, Quantum School, etc. However, at the level of
university education this topic is highly significant. The application of STEM-
education technologies in teaching foreign languages is of particular interest.

The article presents an analysis of the results of the international project, which
was funded under the grant program of the U.S. Mission in Kazakhstan. The
article considers STEM education as a means of teaching a foreign language at the
university, which allows to include students in the activities in the natural-scientific
field, thus ensuring the success of future specialists in the world of constantly
changing information technologies. All this is possible due to the interdisciplinary
applied nature of STEM education. In the course of the study, a meta-analysis
was conducted to determine the impact of STEM educational practices on
student learning outcomes in teaching and learning process. The research makes
an overview of universities in Kazakhstan in terms of students” demographics,
language level, etc. Then the context is provided on teacher training, teacher
preparation, lesson planning, a model for planning and delivering instruction
to university students. This context lays the foundation for the development of
an integrated STEM learning module that utilizes STEM + Language learning
approach.
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English language learners make up the fastest growing subgroup of the student population
in Kazakhstan. This significant population needs to master English language as well as become
proficient in the content defined by academically rigorous science and technology. In addition,
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computer science or computational thinking is becoming increasingly important for all students
to become professionals or active members in our informative and very fasting developing
society.

A progressive direction in modern education is STEM education. Its essence lies in the fact
that allows you to develop students’ intellect, research abilities, engineering thinking based
on scientific methods, technical applications, mathematical modelling, engineering design. Of
particular interest is the use of STEM education model in teaching English in universities. STEM
education is not a separate subject, it involves the integration of knowledge from different areas,
thanks to this STEM education can be used in teaching different subject areas. The integration
of knowledge from various fields allows future professionals to be successful in most spheres.
Almost all experts note that progressive technologies increase motivation for learning and
expand basic knowledge in different fields.

Problem Statement

This article highlights the problem and perspectives associated with STEM (Science,
Technology, Engineering, and Mathematics) education and Foreign Language education and
draw attention to the national need for such an interdisciplinary education. The purpose of
the article is to outline these underlying constructs and perspectives for discussion among the
broader educational community. The research and discussion presented here aims to encourage
integrated interdisciplinary studies between English language fields with the STEM subjects by
reviewing current STEM Education literature and programs; current foreign language programs;
pedagogy relating to the integration of the subjects; and any effort to combine the two content
areas. The development of the STEM approach in education begins in the 1990s. Over the years,
the US National Science Foundation first used the acronym SMET, which later changed to the
well-known STEM in 2001. STEM is based on the idea of simultaneously developing skills in
areas such as science, technology, engineering and mathematics. Today, STEM is becoming a
priority in global education, as it allows to study several subjects in a single educational scheme.

In the modernization of the education system in Kazakhstan, the main link can be considered
is updating the content of educational programs, the development and implementation of
new programs that will help ensure a gradual, smooth transition to training focused on the
development of personality, culture of thinking, independence and responsibility for decision
making [1, p. 193-194]. Today the schools, colleges and universities require such programs that
are aimed at forming a high level of technological development.

Our Ministry of Science and Higher Education of the Republic of Kazakhstan is currently
in the process of working with teachers, school leaders, parents and children, to redevelop
the Curriculum. Amongst the objectives of the redevelopment is to become internationally
recognised as providing the highest quality STEM education for all learners across all levels of
education.

Methodology

The methodological part of our project’s research lays the foundation for the creation of
an integrated STEM unit that uses a backward-looking design approach to more clearly define
the links between content and language. The research makes an overview of universities in
Kazakhstan in terms of students’ demographics, language level, etc. Then the context is provided
on teacher training, teacher preparation, lesson planning, a model for planning and delivering
instruction to university students. This context lays the foundation for the development of an
integrated STEM learning module that utilizes STEM + Language learning approach.

A meta-analysis method was used to measure the effects of STEM educational practices in
the national and international teaching procedures and training practices. Meta-analyses can be
conducted using aggregated data, called summary data (SD), or using data collected for each
individual research participant, called individual participant data (IP). This statistical meta-
analysis method combined the results of separate research studies. The meta-analysis method
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included calculating the impact of independent variations on the dependent variable by using
quantitative statistical methods to assess, compare and to integrate quantitative data from
experimental and quazi-experimental studies conducted in any educational field [2, p. 43-44].

Results and Discussions

The present research was conducted within the context of a 6 months STEM Experience
for Teachers project «STEM Content Integrated with Language Leaning Activities (SCILLA)»
in 2020, and it was funded by the U.S. Mission in Kazakhstan, the U.S.-Kazakhstan University
Partnerships Grants Program. The goal of the project was to improve teacher training and
curriculum development for English language teachers, including developing STEM teachers’
English skills to prepare them to teach in English.

It was coordinated by professor D. K. Hartman from Michigan State University. The project
aimed to support Kazakhstan’s efforts to develop STEM education system in Kazakhstan
universities. Administered by American Councils for International Education (American
Councils), this grant was designed to jointly enhance curricula, deliver improved faculty
engagement and educational outcomes, and facilitate joint research and other projects in
Kazakhstan and the United States. Grant funding contained supporting faculty and technical
experts, materials, conferences, forums fees to implement international projects that advance the
specific programme objectives:

- Upgrading the skills of teachers, teaching and learning methodologies of English
language, including STEM education;

- Modernisation of content, teaching and learning pedagogy and curricula such as
commercialisation of research, STEM and innovations;

- Establish Kazakhstan’s institutional capacity to enhance and support international co-
operation with US community colleges, colleges and universities.

Modern education globally aims to bring STEM education into the main stream of
traditional education. This is due to the fact that STEM education allows students to be included
in the language learning activities in the field of science, thus ensuring the success of future
specialists in a world of ever-improving information technologies. All of this is made possible
by the interdisciplinary applied nature of STEM education. Thus, STEM education is one of the
brightest innovations of the 21* century, combining elements of pedagogy of innovation and
pedagogy of art. The effectiveness of this approach is associated with practical implementation
of synergy of different branches of knowledge in the process of education.

Conducting a review of the research literature on English language teaching in integration
with each of the STEM subjects is a challenging task and has been done for math’s education
[3, 4] and science education [5]. This problem is more challenging because it requires an
interdisciplinary approach that goes beyond traditional disciplinary silos.

While there exists substantial academic literature on STEM education, there are fewer
resources and studies on teaching English Learners within a STEM education program model.
Some articles discuss “modification” or “adaptations” to a STEM curriculum to better serve the
needs of English Learners; however, few articles suggest English teaching best practices and
STEM education are mutually beneficial programs. STEM inherently includes experiments,
engineering design, visuals, realia, and technology.

In our estimation, these components are perfect for teaching English Learners because they
bring the curriculum to life in a language-rich and contextualized environment. Conversely,
teaching utilizing ESL methods and best practices enhances the learning of all students because
it focuses attention on the academic English necessary to communicate effectively in these
disciplines. There exists an incredible opportunity to simultaneously teach both STEM subjects
and academic language to all students. These traditionally separate teaching areas actually have
complementary, and mutually beneficial, planning practices and teaching methodologies.

The study examined published and statistically evaluated articles in national and
international scientific journals and doctoral theses, carried out using STEM educational practices
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in the national and international educational process in the period from 2014 to 2021. All works
and papers have the necessary thoroughly researched quantitative data. Doctoral theses without
permission were not included in the survey. During the selection process, the titles and keywords
of scientific papers in Kazakh, Russian and English languages were taken into account: «<STEM>»,
«STEM education», «STEM activities», «<STEM curricula», «<STEM application». As a result of
the research, international and national papers were included in the sub-analysis according to
the criteria when they were reviewed for the purposes of the research. A total of 1200 students
in the experimental groups and 1220 in the control groups were included in the meta-analysis.
The studies were divided into subgroups based on learning outcomes; including the areas of
the discipline in which STEM educational practices were applied. An appropriate form of data
coding for the purpose of the study was developed by us to explore the inclusion the cases of
the studies found in the research into the meta-analysis and its validity, to compare the cases
studies and to identify the statistical information used in the research. In the study, research
coding forms were completed by two academic experts with scientific degrees. After coding, the
forms of both experts were mutually evaluated. As a result of the evaluation, the reliability of
the codes was calculated to be 87% using the formula developed by Miles and Hubermann [6, p.
122]. According to the validity formula, results of 70 % are sufficient for reliability, so according
to this it can be concluded that the coding done for the research identified for the investigation
objectives is reliable.

In our meta-analysis, the impact of STEM educational technologies and STEM-practices on
student learning outcomes was studied in the parameters of learners” academic progress, course
attendance attitudes and academic process skills, the other categories were excluded from the
study. From a practical point of view, the researchers who will work on these topics will be
able to study STEM educational practices over a full period of study by researching different
factors including the impact on different subjects and can conduct meta-analysis investigations.
Moreover, the studies conducted in this meta-analysis were mainly focused on students’ academic
achievements. It is suspected that STEM educational practices among researchers should focus
more on the outcomes of the knowledge achieved.

Theoretical analysis of sources on STEM education has allowed us to identify key features
of integrating STEM subjects with language learning education that distinguish it from the
traditional system of education. The essence of them is as follows:

- STEM subjects, are academically rigorous and language intensive [7, p. 3];

- the integration of STEM-education content with foreign language learning provides an
opportunity for student’ independent training, they learn to identify problems and search for
ways to solve them in an autonomous self-directed manner through active purposeful and
conscious activity;

- students solve problems and through participation in teamwork students have the
opportunity to share their analytical and creative findings and misjudgments with other team
members [8, p. 517];

- STEM education cultivates and encourages mutual support and mutual assistance in
solving learning problems.

Conclusion

The active development of STEM education began in Kazakhstan from 2014. This is
confirmed by the designated transition to the updated content of school education in the context
of STEM within the framework of the State Program for the Development of Education and
Science for 2016-2019. To implement the new educational policy, it is planned to include STEM
elements in the curricula aimed at the development of new technologies, scientific innovations,
and mathematical modelling.

With the release of the State Program for the Development of Education and Science of
the Republic of Kazakhstan for 2020 — 2025 [9], we highlight the importance and perspectives
associated with STEM subjects and language with English learners (ELs).
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Furthermore, STEM education is integrated with the updated content of Education of the
Republic of Kazakhstan, which also uses spiraling form of learning, which involves re-learning
of material throughout the training. This is a new interdisciplinary and project-based approach
to learning, which allows students to strengthen research and scientific and technological
capabilities, develop skills of critical, innovative and creative thinking, problem solving,
communication and teamwork [10, p. 91].

The State program defines its first and main aim as the development of such qualitative
education thatis characterised by global competitive ability of Kazakhstan students to participate
in international research and scientific projects, be ready to defend and discuss the results of
their research and of their practical activity in international conferences; actively communicate
with the colleagues from global community.

In modern national education the participants of the educational process have a wide
choice of means, forms and technologies that allow to form the necessary qualities in students.
Integration of STEM-education and foreign language teaching is fundamentally different from
the traditional system of education. It creates conditions for the development and improvement
of analytical and creative abilities of students, develops independence and teamwork in obtaining
new knowledge.
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STEM-o0pa3oBanue: MHTerpamms KOHTeHTa Ha ypOKaxX aHTAUIICKOTO sI3bIKa
(mpoext SCILLA)

Annoranms. [IporpeccusHbiM HapapAeHNeM B cCOBpeMeHHOM obpasosanun spaserca STEM-
obOpasosanme. Ero nean B TOM, 4TO OHO HO3BOASET Pa3BUBATh KPUTUUECKOE MBIIIAEHNe CTYyAeHTOB
BBICIIIEIT IITKOABI, MICCAeAO0BaTeAbCKIE CIIOCOOHOCTH, MHXKeHEePHOe MEIIIIAeHNe C OIIOPOIi Ha Hay4YHbIe
METOABI, TeXHIYeCcKNe IPUAOKEHNA, MaTeMaTideckoe MoJdeanposanue u T.4. Peaansanus STEM-
I10AXOAa PACHIMPUT IPAHUILBI CO3HAHUU CTYAEHTOB, IPUOAM3UT KazaXCTaHCKOe OOpa3oBaHMs K
MeXAyHapOAHOMY CTaHAAPTY, OTKPOeT repes 0Oy4JaloIIuMILCs HOBble BO3MOXKHOCTHU. CTaTHCTUKa
sHeapenns STEM-oOpasosanus B CHUCTeMy Ka3aXCTaHCKOTO OOpa3OBaHMSI IIOKA3bIBaeT, YTO
repexos B MNMAOTHOM pexume Hadaacsi B 2012 roay B ycAOBMSIX OOHOBAEHHOTO COJepP KaHUs
(HasapOaes Vnreasexryaannsle mkoasr, Haileybury, mkoaa Quantum u T.4.). OgHaxko Ha yposHe
YHMBEPCUTETCKOTO 0OpasoBaHus JaHHAs TeMa SIBASeTCs akTyaabHoll. OcoOblil MHTepeC BBI3HIBAET
npumenenue texnoaoruit STEM-o0pa3osannst B 00y4eHUN MHOCTPAHHBIM SI3bIKAM.

B crathe mpeacTaBaeH aHaAM3 Pe3yaAbTaTOB MEXAYHAapOAHOTO IIPOEKTa, KOTOPBIL Obla
NpopUHAHCUPOBaH B paMKax Irporpammbl rpantos Ilpeacrasureancrsa CIIIA B Kaszaxcrane. B
crathe paccmarpusaercs STEM-obOpasosanne Kak cpeAcTBO IIpeIiojaBaHns MHOCTPAHHOIO s3bIKa B
YHMBEpCHUTETe, KOTOPOe II03B0AsIeT BKAIOYATh CTYAEHTOB B aKTUBHYIO A€ATeAbHOCTh B €CTeCTBeHHO-
Hay4HOI 001acTi, TeM caMbIM oOecrieumBas ycrexX OyAyIuX CIeIMaAuCTOB B MUpPE IOCTOSHHO
COBEPIIeHCTBYIOIIMXCA MHPOPMAITMOHHBIX TEXHOAOTHI. BC€ 9TO craHOBUTCA BO3MOXKHBIM DAarogapst
MeXAMCIUIIAMHAPHOMY IpuKAagHomy xapaktepy STEM-obpasosanus. B xoze uccaesgosanms
OblaA TIpOBeAEH MeTaaHaAM3 C IeAbI0 OIpeAeAuTh BAUsHMe oOpasosaTeabHBIX IpakTuk STEM na
pesyabTaTel OOy4eHus CTy4eHTOB B ydeOHOM Ipolecce. B mccaesoBannm npeacrapaeH KOHTEKCT
oOydyeHMs mperiogabaTteleil, MX IMOAIOTOBKA, ILAaHMPOBaHMUE YPOKOB, MOAeAb IIAaHMPOBaHUA U
IPOBEAEHMS 3aHATUI CO CTy4eHTaMM YHUBEPCUTETOB. DTOT KOHTEKCT 3aKAa/blBaeT OCHOBY AAs
pa3paboTku nHTerpuposaHHOro yueonoro moayas STEM, ucoansyiomiero moaxos STEM + oOygyenne
MHOCTPAHHOMY SI3BIKY.

Karouesbie caoBa: STEM-oOpasosanue, MeTaaHaAW3, pe3yAbTaThl OOY4eHIUs, HaydHOe
oOpasosannue.
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STEM 06iaimi: aFrpIAIIBIH Tiai cabaKkTapbIHAA Ma3MYHADBI OipikTipy
(SCILLA >xo006acbr)

Angatna. Kasipri 6iaim 6epyaeri mporpeccusti 6arbiT — STEM 6iaim Oepy. OHBIH MaKcaThl —
OKYIITbLAaPABIH CBIHI TYPFbIAaH OliAayblH, 3epTTeYIIiAiK JaFAblAapbIH, FRLABIMU dAiCTepTe HeTi3geAreH
UHKeHepAiK oiiAayblH, TeXHUMKAABIK KOAJaHy, MaTeMaTUKaAbIK MoJeAabJey T.0.

STEM TaciaiH eHTi3y CTyAeHTTepAiH caHa-ce3iMiHiH IlleKapachlH KeHeMTil, KazaKCTaHABIK 0iaim
Oepyai XaabIKapaablK CTaHJapTKa >KaKbIHJaTaAbl >KoHe CTyJeHTTep YVIIIH >KaHa MYyMKiHAiKTep
amraanl. Kasakcranasik 0iaim Oepy >xyitecinge STEM 0iaim Gepyai eHrisy craTHCTUKAChl IUAOTTHIK,
pexumre kemry 2012 >KbpILABI >JKaHAPTBIAFaH Ma3MYH >KaFAalibIHAa OacTaaFaHbIH KepceTeai. JereHMeH,
YHIUBEPCUTETTIK 0iaiM AeHreitiHAe OYA TaKBIPBII ©3eKTi 604kl TaObLAaab!. [lleTea TiagepiH oKpITYyAa
STEM 6iaiMm Oepy TeXHOAOTHUsAAPBIH MalijalaHy epeKIle KbI3LIFYIIBIABIK TyAbIPaabl.

Makaaaga AKII-teiy Kasakcrangarsl e©KiaairiHiH TrpaHTTRIK OafgapaaMachl  OOJBIHIIIA
Kap>KblAaHABIPBIAFaH XaAbIKapaAblK >KOOaHBIH HOTUKedepiHe Taajay OepiareH. Makaaaga STEM
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6iaim Oepy yHuBepcuTeTTe IIeT TiAiH OKHITY KypaaAbl peTiHAe KapacThphliaabl, OyA CTyAeHTTePAIH
>KapaTbIABICTaHy FBLABIMAApbIHa OelceHAi KaTbICybIHA MYMKIHAIK Oepedi, coa apKbLAbl OoJalrak
MaMaHAapABIH V3AIKCi3 KeTiagipiareH axmapaTTHIK TeXHOAOTMsAAap dAeMiHJge TaObICKa >KeTyiH
KamMTamacel3 eredi. MyHnbsiH Oopi STEM 06iaim OepyaiH moHapaablK KoA4aHOaAbl CUIIATBHIHBIH
apkacbiHJa MYMKiH 604a4pl. 3eprrey Oaprichinga STEM 6iaim Oepy TexxipuOeciHiH cTyAeHTTEpAIH
OKY >KoHe OKBITY yJAepiciHAeri OKy HoTM KeJepiHe ocepiH aHBIKTay VINIH MeTa-Taljay >KYprisiaai.
3eprTey MyradiMAepai OKBITY KOHTEKCTiH, MyfadimMaepai AaiibiHaay, caDaKThl >KOCIapaay >XKoHe
YHUBEPCUTET CTyJeHTTepiMeH cabaKTap/bl XKOCIapAay >KeHe OTKi3y YAriciH yceiHaAbl Bya KonTekcr
STEM + m1eT TiaiH OKBITY T9CiAiH IalijadaHa OTHIPHII, MHTerpaumsadanraH STEM oxpiTy mMoayain
93ipaeyTe Heri3 Kaalapl.

Tyiiin cesaep: STEM 6iaim Gepy, MeTa-aHaAM3, OKBITY HOTUKeAepi, KapaThLAbICTaHy OOMBIHIIIA
6iaim.
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