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Abstract. This article highlights the vital role of teaching STEM (Science,
Technology. Engineering and Math) in English in Kazakhstani secondary
schools specialized in science and explores teachers’ and students” knowledge
and awareness of STEM education practiced in English. The data reflected in
this article is based on small-scale research held through the survey conducted
among 149 Kazakhstani secondary school learners with in-depth study in math,
physics and biology and interviews with 3 content teachers who practice
teaching STEM subjects in English in schools specialized in science. The results
of the survey demonstrate that students’ general knowledge about a term of
STEM is relatively low. Also, the results of the interview with teachers show
that the STEM approach is applied through English in specialized schools and
participants relate this approach to other methods such as PBL and CLIL. It
provides encouraging expectations for further study and implementation of
integrated STEM education with ELT in Kazakhstani secondary schools.
Keywords. STEM, STEM education, English in STEM., soft skills, integrated
approach, professional English, ELT.

ve ve de

AnHotanusA. B 3Toil cTaThe paccMmaTpuBaeTcss ocodas poib IpernoaBaHHA
STEM (Hayka, TeXHOIOTHA, HHKeHepHs H MaTeMaTHKa) Ha aHIVIHIICKOM A3bIKe
B Ka3aXCTaHCKHX CpPeIHHX IIKOJAaX, CIeLHATH3NPYINIIXCA Ha eCTeCTBEHHBIX
HayKaX, a TaKKe HCCIeIyITCS 3HAHHA H OCBEJIOMIIEHHOCTh YUHTeNeil o
yuamuxcs o STEM-o0pa3oBaHmnn, NpakTHKYEMOM Ha aHIJIHIICKOM fA3BIKE.
JlaHHEBIE, TpHBejleHHBlE B 3TOH CTaThe, OCHOBaHEI Ha HeDOIBIIOM
HCCIIeIOBAaHHH, IIPOBEIEHHOM IIyTeM ompoca 149 ygammxcs Ka3aXCTaHCKHX
CpeIHHX IIKOJI C YITYOJeHHBIM H3YUeHHeM MaTeMaTHKH, (H3HKH H OHOJIOrHm
H HHTEPBB C 3 TMpenoaBaTelIAMI IpPeaMeTOB, KOTOpbIe MPAKTHKYIOT
npenoxaBanne npeaMeroB STEM Ha aHIIHMIICKOM A3bIKe B IIKOJIax
CHEIHATH3NPYIONINXCS HAa eCTeCTBEHHBIX HayKax. Pe3yasTaTel oIpoca
IIOKAa3BIBAOT, YTO 00IIIe 2HaHHA cTyaeHTOB o TepMmuHe STEM oTHOocHTeIBHO
HiBKHe. TakKe pe3ylbTaThl HHTEPBBIO C YUHTEISAMH JIeMOHCIPHPYIOT, YTO
noxxoa STEM Ha aHITIHIICKOM A3bIKe IIPIMeHsAeTCs, H YUaCTHHKH CBS3bIBAIOT
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3TOT noaxox ¢ apyrumu Meroaamu kak PBL n CLIL. Pe3ynbraTsl moka3eiBaroT
HeOOXOIIMOCTh  JajbHelllnero yriyOJleHHOro W3yYeHHA H  BHeIpeHHs
nHTerpuposaHHoro odyuenns STEM ¢ mpenoaaBaHIeM aHITIHIICKOTO 5A3bIKa B
Ka3aXCTAHCKIIX CPeIHHX IIKOJIaX.

Karuessie cioBa. STEM, STEM-o0pa3oBanue, anrmmiickuii a3k B STEM,
ruOKHe HaBBIKH, KOMIUIEKCHBIN IMOIXO0J, MPOo(ecCHOHATbHBIN aHIIHIICKHIL,
[IpenoIaBaHHe aHITIIIICKOTO S3bIKa.

ok sk

Angarna. byt Makana MaMaHIaHIBIPBUIFAH Ka3aKCTaH/IBIK OPTa MeKTenTepe
STEM (Science, Technology, Engineering and Math) OGarbITeiH aFpUTIIBIH
TUNHIe OKBITYABIH MAaHBI3ABl POTIH JKaHe MyFaliMIep MeH OKYIIBLIapablH
STEM 06imim Oepy OaFbITBIH aFBUINIBIH TUTIHIAE KOMIAHYBI TYpajbl 3epTTey
KOPBITBIHABUIAPBIH ~ KapacThpaibl.  Makanajga  YCBIHBUIFAH — JepeKTep
MareMaTHka, OH3HKa >KeHe OHOJOrHsS TISHIEpIH TepeHIETIN OKLITATHIH
Ka3aKCTaHIBIK OpTa MeKTenmTepiH 149 OKYIIBICEI apachiHIa SKYPri3UIreH
cayalHaMaFa JKoHe arTanqFaH OarbiTrarbl MekrenTepae STEM meHzAepiH
arbUIINBIH TUIIHAE OKBITY TaKIpHOecl Oap 3 IoH MyFaliMIMEH KYpIi3UITeH
cyx0aT apKbUIBI HasplIaHFaH IIAFBIH KelIeMIl 3epTTeylepre HeTi3JeNreH.
CayanHama HoTIKelepl OKymbUIapaslH STEM  TepMHHI Typaisl JKalamsl
OLTIMIHIH CalTBICTEIpMAIBl Typle TeMeH ekeHiH Kepcerri. CoHpaii-ak
MyFaTIMIepMeH  KypriziireH — cyxbar  Hermkenept  STEM  amici
MaMaHIAaHIBIPBIIFaH MEKTelTepAe aFbUINIBIH TUIl apKbUIBI KOJIAHBIIAThIHBIH
KeHe Karbicymbutap Oyt Tocurm PBL xeHe CLIL cHsAKTHI Oacka aaicTepMeH
OallIaHBICTHIPATBIHBIH KepceTTl. HaTikenep Ka3aKCTaHIBIK OpTa MeKTenTepe
unTerpamnsianrad STEM Ourim Oepy OarbITHIH aFBUIMIBIH Tl APKBUIBI
OKBITY/IbI OJIaH 3p1 3epPTTey KaKeTTUIITH YChIHAIBL.

Tyitia ce3xep. STEM, STEM 6inim Gepy Garsiter, STEM 1eri arbUIsiH TidL
HKeMIUIIK JafIplIapbl, HHTeTpallsIaHFaH Tocll, KociOH aFbUINIBIH TUII,
aFBUIIIBIH TUIIH OKBITY.

Introduction

Nowadays., humanity is experiencing a rapidly occurring transition period
within the industrial revolution. It can be characterized by huge flows of
information, digital transformation and new technological developments being
invented every day. The main trends of this decade are creative and innovative
thinking, digital technologies, and multifunctionality in the ability to correspond
to new challenges. Undoubtedly, these enormous changes impact the educational
sector as well. The competency to meet the new requirements of society and the
needs of employers led to the emergence of new and adapted educational
programs and approaches such as STEM (Science, Technology, Engineering and
Mathematics). Wahono (2020) defines that STEM education covers teaching,
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learning, and integrating the knowledge and skills of these areas, focusing on the
real-world problem-solving capacity of the learners.

The STEM approach to teaching and learning originated in the 1990s in
the United States and is now being implemented at the state level in countries
focused on growing their own scientific and technical elite. STEM in integration
with the acquisition of the English language is able to provide a number of
positive socio-economic effects, improve employment patterns and bring a
decrease in social tension in the labor market in the regions of Kazakhstan and
prepare an internationally competent generation.

Scientists around the world faced the challenge of developing STEM as a
new approach to teaching that would allow children to see interdisciplinary
connections and apply them 1n practice. According to Kennedy and Odel (2014)
STEM as an interdisciplinary discipline demands that educational tactics must
be different from traditional methods so students could learn indeed. Thus, recent
decades introduced STEM to education - that does not teach individual subjects
but allows them to be learned in conjunction with each other in the framework
of the implementation of complex educational projects.

Furthermore, key influencers to economic growth are specialists in science
and technology who need to comply with international requirements, so
accordingly, know English. The acquisition of Professional English for science
specialists is essential considering the modern demands of the labor market as
well as expanded access to science literature, novelty, and other resources in
English for personal development. As emphasized by Francis and Stephens
(2018), success in STEM for English learners opens new opportunities for better
and stable income and economics. In this case, implementation of the STEM
approach through English could help learners to acquire both content and
language knowledge through soft skills, practice, and application in real-life
situations. Language teachers could take advantage of this skills-oriented
approach and reach appropriate results considering children's interests by putting
them into real-life situations.

Literature review

Almost all educational projects and programs require a needs assessment,
a detailed planning process, and regular discussions with all stakeholders for an
objective evaluation (Day-Miller & Easton, 2009). Currently, STEM is one of
the main trends in education all over the world and one of the peculiarities of
this approach 1s that it can be accompanied by English learning to cover learners’
soft skills or “skills of the 21* century”, including communication, negotiation,
problem-solving, creative thinking, and cross-cultural skills. However, as stated
mn PISA (Program for International Student Assessment) 2018 results,
Kazakhstan shows lower results than the OECD (The Organization for
Economic Co-operation and Development) in reading, math and science.
According to Ministry of Education and Science of the Republic of Kazakhstan
(MoES) (2022) the National Report on the State and Development of the
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Education System of the Republic of Kazakhstan, the transition of secondary
education to updated content will be emphasized considering the weakly
expressed relationship with PISA tasks, i.e. elements of STEM education in the
context.

Nevertheless, many leading secondary schools such as NIS, FizMat, BIL,
and other organizations which practice STEM elements in Kazakhstan show
significantly better results than other schools. As reported by the official website
of Republican Scientific and Practical Center "Daryn" of the Ministry of
Education and Science of the Republic of Kazakhstan (2022), participants from
above mentioned intellectual schools are in the lead according to the republican
subject Olympiads in natural as well as humanitarian sciences.

Overall, the goal of STEM -education is to analyze how this
interdisciplinary and project-based approach can reinforce the scientific and
technological capacity of learners, expand skills of critical, inventive and
creative thinking, problem-solving, communication and collaboration and such
advantages can be brought in the English language. This approach could be a
beneficial tool that fosters learning science through English language acquisition
and vice versa. For example, in Argentinian schools, integrated teaching of
professional content and English has been incorporated into an official teaching
curriculum as a “language-driven” mechanism (Banegas, 2015, p.104). Thus, the
gradual adoption of this approach allows us to develop and improve language
competency among learners.

The development of STEM education is also reflected in Israel's preschool
institutions. The following recommendations were presented at the International
Research Conference "STEAM forward" which was held in Jerusalem in 2014
which are relevant and significant for inclusion in the educational space of all
developing countries of the world:

- STEM education should start from the earliest preschool age.

- The study and development of the English language should be constantly
ongoing. The language of science is English. The introduction of the
English language 1s required in the teaching of subjects in the natural
science cycle as the most significant scientific resources are published in
English. For example, all 100 most influential scientific journals in the
world according to the SCImago magazine ranking publish articles in
English. Nobel laureates speak English.

As reported by applied research conducted in Kazakhstan, there is no
unique method of teaching STEM in schools and universities. STEM 1is taught
differently according to possibilities, the direction of the school and priorities of
stakeholders, etc. (Imangaliyev et al., 2019). In the COVID-19 pandemic
conditions, the country felt the urgent need of staff with critical thinking abilities,
to create digital solutions and products. Therefore, the main approach to
teaching STEM is the integration of STEM techniques and methods to existing
subjects such as problem-solving, teaching through discovery, teaching in teams,
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the personality-oriented approach where English can be used as a target
language.

Also, applied research on STEM in Kazakhstan states that there are many
educational initiatives, such Science stars by the British Council, Maker Space
by US Embassy, Oyla events, Science on stage by FizMat are held in English.
Considering the direct and indirect beneficiaries of such projects, we can
certainly say that popularization of the English language is increasing fast.
Participants involved in such projects can be inspired so that more people are
influenced to learn about STEM through English. As highlighted by
Schleppegrell (2007), it 1s very important to understand that the material taught
in STEM subjects is not separable from the language as the language is the key
tool to have access to the content itself. No information that can be transferred
or learned without language.

As the integrative interdisciplinary approach to learning, STEM offers the
academic scientific and technical concepts to be taught by a student-centered
approach. In schools specialized in STEM subjects, English is used as a means
of communication and medium of instruction, but not as a separate issue that
they need to solve. This simplifies the perception of language learning from a
psychological point of view. Also, a student learns language better by problem-
solving which 1s the core target of STEM. Based on these assumptions, the given
article is aimed to answer two research questions:

1. What are students’ knowledge and awareness of STEM education in schools
specializing 1n science?

2. What are content teachers’ knowledge and awareness of STEM education and
its application through the English language?

Research methods:

The data collection for this small-scale research was conducted in two
stages through a mixed method approach: the quantitative survey from students
and qualitative semi-structured and opinion-seeking interviews from instructors
on awareness of the STEM approach and its applications.

The first stage - survey was done through the online google forms on an
anonymous base among learners with B1 English language proficiency among
participants from 3 Kazakhstani secondary schools specializing in math, physics
and biology. Overall, 149 learners of secondary schools specialized in science
participated in the questionnaire and all of them are currently studying
specialized subjects in Kazakh or Russian. The majority of science students
showed their enthusiasm to learn English through projects or other activities
related to math, physics, and biology. However, as demonstrated in Figure 1.
below, only 19.5 % of participants are familiar with STEM education.
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3. Do you know what STEM is? STEM 6afeitbl Cizre TaHbic na? LD

149 oTBeTOB

@ no/ xoK
@ yes/ne
@ have heard / GypbiH ecTirem

Figure 1. Results of the survey.

The conducted survey claims that learners’ needs mostly require the
integration of their interests. Undoubtedly, children of the digital era concur with
the idea of integrating the English language learning process with science in
practice.

The second stage interviews were conducted with two male and one female
participants of the research (overall three) - content teachers from intellectual
schools of Kazakhstan, Almaty (Participant 1 - math teacher, Participant 2 -
biology teacher, Participant 3 - physics teacher). Interviewees were
acknowledged with the aim of the research, on its confidentiality and that
interview process is not compulsory. Participants’ sensitive data are not
published in open resources, but used to identify their experience in the STEM
approach through English. Interviews were given a link to the Teams platform
for a 15-minute online face-to-face meeting with recording upon participants’
consent. The interview covered the following questions:

1. How do you understand STEM education?

2. Do you use STEM elements in your classes? What elements?

3. Can you please differentiate using STEM education through the English
language from other approaches like CLIL, PBL, EMI?

4. Your opimion about STEM classes in English? Advantages and
disadvantages?

5. Are you knowledgeable and skillful in using STEM education through
the English language? If not, what is needed?

Participants could outline their awareness and views on the integration of
STEM approach and language learning through science projects according to the
open-ended questions. Teachers shared their feedback on the STEM approach as
well as the challenges in widening its applications within educational programs.
Interviewees highlight the positive influence of STEM similar to other reviewed
studies that this approach enhances the academic excellence of the students as
they often participate in international Olympiads and competitions where
English knowledge is mandatory. As emphasized by Participant 3, one of the
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famous questions of students during theory classes 1s “Where do we use this
knowledge in our life?”. Therefore, teachers believe that STEM Education can
help to demonstrate and explain to students the answer to the mentioned
question. The techniques revealed by participants were exercises with calculus
and other equations, digital games, and group work that stressed on content
vocabulary and grammar improvement while applying English language practice
during the classes. Participants 3 and 1 evaluate that teaching the STEM
approach in English can be fulfilled using CLIL and PBL methods. Also, they
reported that the benefit of teaching STEM in English is that both instructors and
students have access to enormous sources of materials e.g. books and relevant
scientific literature, videos, experiment guidelines and newly adopted
technological science platforms, worldwide websites and science communities
of international level etc.

Notwithstanding, Participant 2 highlights the examples of using the STEM
approach offered in English that almost every topic in biology courses requires
knowledge and skills from math and physics, chemistry or even informatics. For
example, when students study the properties of water they learn the molecular
structure of water, types of chemical bonds, polarity and charges. All these
aspects allow teachers to explain the role of water and why it is essential for
human life and the planet. Also, another sample was biomechanics when
students use knowledge about motion and levers to understand how the human
skeleton is adapted for bipedal locomotion. In genetics and ecology. participants
use statistical formulas to assess the validity of predicted models of inheritance
or compare variation in populations. But participants do not provide valuable
examples with exact techniques and elements of how these processes are
explained to students through the STEM approach, which shows a weakness of
experience in using the STEM approach, its teaching methodologies, and
concern about networking with other content and EL teachers.

Moreover, participants concur that challenges exist in broadening this
approach which emphasized the limitations of the study that more expanded
research 1s to be done covering ordinary secondary schools. Firstly, participants
believe that they teach biology, physics or other science to reach and discover
technology and engineering, but not all teachers cannot understand the
connection between them in a simple way and feel uncertain in using the STEM
approach in English as they refer it to CLIL or PBL. Secondly, as reported by
participants, mentioned schools and lyceums implement curriculums specially
designed according to high school biology, physics or math of the United States
that might not be taken into consideration by other organizations.

Participants believe that using English in STEM projects fosters language
learning and studying only during English classes does not fulfill students’ needs
and they have to connect English with their chosen interest subjects, thereby
should have additional learning opportunities. It 1s emphasized that collaboration
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between content teachers and English teachers is required to advance the
performance of such initiatives.

All three participants expressed their understanding of STEM through
English and related this approach to CLIL (content and language integrated
learning) and PBL (project-based learning), using EMI (English Medium
Instruction). However, the STEM approach reflects all these tactics to
demonstrate to students the relevance of practice with theory by non-traditional
methods.

Conclusion:

Based on the survey and interviews, the study needs deeper analyses on
how teaching English through STEM can be appropriately implemented to gain
better results in language proficiency. The survey with science students has
revealed the current state of the ELT in specialized schools and the gaps for
further studies. Also, the interviews with content teachers prove diverse tactics
and perceptions of the teachers while teaching STEM in English. The findings
of the current study are consistent with those of Wang, H. et.al. (2022) who
states that instructors in each STEM discipline propose their individual
perceptions about STEAM and how it can be offered to students which leads to
various classroom proceedings. As a result, new questions emerge for future
studies to explore the perspectives of STEM education:

e Whether current forms of ELT classes offer sufficient STEM elements and
do not limit students’ perceptions.
e Whether teachers of the STEM subjects are competent in STEM pedagogy.

Moreover, Karabay, A. (2017) demonstrates the findings that both STEM
and social sciences students anticipated to achieve better results in English
during the study, but only social sciences students were more adaptable to such
integration and succeeded in it.

Considering that science subjects are primarily taught in Kazakh or
Russian within Kazakhstani secondary schools, there is a need to initiate at least
laboratories where content teachers in collaboration with English teachers could
practice STEM projects through the English language with learners and let them
be acquainted with this approach. The main reason for proposing the STEM
approach is that traditional English teaching methods may not always fulfill the
needs of learners of the natural sciences. An interdisciplinary collaboration of
ELT and science subjects can create a convenient environment to learn language
by discovering laboratory, project-based, and real-life environment
opportunities.
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