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This study examines the integration of English-Medium Instruction (EMI) and translanguaging
practices in STEM education within private secondary schools in Astana, Kazakhstan. Drawing on the
TPACK framework, extended to include multilingual pedagogies, the study investigates how these strategies
support student engagement and comprehension. Using a phenomenological approach, data were collected
through interviews and observations with six teachers across four private schools in Astana. Findings reveal
that translanguaging is commonly used to scaffold content and address language barriers, yet it remains
informal and unsupported by policy. Technology is primarily used for content delivery and it is rarely
aligned with multilingual teaching practices. The separation of these tools limits their potential to foster
inclusive and effective learning. The study contributes a Multilingual TPACK framework and recommends
professional development and policy changes to integrate translanguaging with digital tools in EMI-STEM
contexts. These insights are critical as Kazakhstan expands multilingual education within secondary STEM
subjects.
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Introduction

Kazakhstan’s commitment to multilingual education has grown significantly in recent years,
particularly through the implementation of English Medium Instruction (EMI) in STEM (science,
technology, engineering, and mathematics) subjects. Introduced under the Trilingual Policy in 2007
and reinforced by Kazakhstan’s adoption of the Bologna Process in 2010, EMI is positioned as a
pathway to global integration, scientific literacy, and economic competitiveness (Karabassova,
2020; Manan et al., 2023). While special-purpose schools such as Nazarbayev Intellectual Schools
(NIS) and Bilim-Innovation Lyceums (BIL) have pioneered EMI-STEM implementation with
strong institutional support, private and mainstream schools with less selective admissions face
persistent challenges, including student language barriers, limited teacher training, and a lack of
cohesive multilingual pedagogical strategies (Maximova, 2020; Hajar et al., 2023).

In this context, translanguaging has become a widely used but unofficial classroom strategy. It
allows teachers and students to fluidly move between Kazakh, Russian, and English to scaffold
comprehension and engagement in STEM learning (Garcia & Wei, 2015; Karabassova & Isidro,
2023). While studies have emphasized translanguaging’s value in bilingual education, less is known
about its application in EMI-STEM classrooms, where content demands are high and language
support structures are often weak. Moreover, despite the Ministry of Education's promotion of
digitalization, teachers often report using technology mainly for content delivery—rather than as an
interactive or multilingual support tool (Mustafina, 2016; Drijvers et al., 2016).

The lack of integration between translanguaging and technology represents a missed
opportunity in multilingual STEM education. While both strategies are used independently to
support student learning, they are rarely aligned in a purposeful, theory-driven way. This
disconnection raises the need for a more comprehensive pedagogical model that accounts for
linguistic diversity alongside technological and content-based instruction.
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To address this gap, this study applies the Technological Pedagogical Content Knowledge
(TPACK) framework (Mishra & Koehler, 2006), extended to include translanguaging as a core
pedagogical component (Morales et al., 2022). TPACK traditionally focuses on how teachers
integrate technology into subject-specific instruction, but it has been critiqued for its monolingual
assumptions.

While much of the existing literature on EMI in Kazakhstan focuses on higher education or
elite secondary schools, this study focuses on private, non-special-purpose secondary schools,
where linguistic diversity is high and institutional support varies. The purpose of the research is to
explore how teachers in these settings perceive and implement translanguaging and technology as
part of EMI-STEM instruction. It specifically investigates how these strategies shape student
engagement, comprehension, and equitable access to STEM learning.

Research Questions

1. How do teachers experience the implementation of English-medium STEM education within
Kazakhstani lower secondary schools?

2. What challenges and opportunities do teachers observe for students from diverse
backgrounds in their classrooms?

3. How do teachers promote student engagement to improve academic outcomes?

a. How, if at all, do teachers use translanguaging?

b. How, if at all, do teachers integrate technology?

Guided by a phenomenological approach, the study draws on semi-structured interviews and
classroom observations with six STEM teachers across four schools in Astana. By capturing
teachers’ lived experiences and instructional practices, the study aims to highlight how
translanguaging and digital tools can be more effectively integrated into EMI-STEM frameworks.
The findings contribute to the development of more inclusive educational strategies and inform
teacher training, curriculum design, and EMI policy in Kazakhstan’s evolving multilingual
landscape.

Literature review

English-medium instruction (EMI) in STEM education has expanded rapidly in Kazakhstan,
aligning with global trends and the national Trilingual Policy promoting Kazakh, Russian, and
English (Karabassova, 2020; Manan et al., 2023). In this multilingual context, teaching science and
mathematics through English poses significant challenges for both teachers and students, especially
in non-elite schools with varying linguistic backgrounds and limited support systems (Hajar et al.,
2023; Maximova, 2020).

Translanguaging has emerged as a key strategy in these settings. Unlike traditional code-
switching, translanguaging is a fluid use of the entire linguistic repertoire, facilitating meaning-
making across languages (Garcia & Wei, 2015; Otheguy et al., 2019). It supports comprehension
and student engagement by allowing teachers to explain complex STEM concepts using students’
L1s, such as Kazakh or Russian (Karabassova & Isidro, 2023; Bedeker et al., 2024). Research has
shown translanguaging also boosts metalinguistic awareness and fosters inclusive classroom
environments (Mendoza et al., 2023). However, tensions persist. Translanguaging remains largely
informal and unsupported by national policy, with dominant languages (e.g., English) often
privileged over minority languages (Goodman & Tastanbek, 2020; Sah & Li, 2018). Teachers
report using translanguaging as a workaround rather than a pedagogically sanctioned strategy,
leading to inconsistencies in practice (Karabassova & Isidro, 2023).

Parallel to language challenges, the integration of technology in EMI-STEM has grown,
especially under digitalization initiatives in Kazakhstan (Mustafina, 2016). Technology-enhanced
tools like simulations, videos, and apps are widely used for content delivery but rarely adapted to
multilingual needs (Drijvers et al., 2016). Teacher-centered tech use dominates due to time
constraints, limited training, and English-only interfaces (Williyan & Sirniawati, 2020; Nugroho &
Mutiaraningrum, 2020).
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The TPACK framework (Technological Pedagogical Content Knowledge) provides a lens to
analyze these dynamics (Mishra & Koehler, 2006). TPACK emphasizes the intersection of content
knowledge, pedagogy, and technology. In EMI-STEM classrooms, TPACK is relevant but
incomplete as it lacks attention to language diversity. Scholars have called for its extension to
multilingual contexts, integrating translanguaging as part of pedagogical content knowledge
(Morales et al., 2022; Niyazbayeva, 2023).

Beyond these separate concepts, the framework emphasizes the points where they intersect:

o Technological Pedagogical Knowledge (TPK) about understanding how to use technology to
improve teaching methods;

o Technological Content Knowledge (TCK) as the ability to use technology to deliver information in
an understandable manner.

o Pedagogical Content Knowledge (PCK) as using pedagogical techniques in line with certain subject
requirements (Taopan et al., 2020; Thyssen et al., 2023).

T Context _
-

— —

Figure 1 - The TPACK Framework
Note. The TPACK framework, illustrating the interplay of technological, pedagogical, and content
knowledge is from http://tpack.org.

This study responds to that gap by proposing a Multilingual TPACK framework (Figure 2) by
incorporating translanguaging as a pedagogical component, recognizing that a monolingual TPACK
approach may not fully support students’ comprehension in diverse settings (Morales et al., 2022). While the
study primarily examines the independent roles of technology and translanguaging, it considers their
potential synergy, such as multilingual digital resources, as a secondary interest. This approach aligns with
culturally responsive teaching, promoting equitable learning in EMI-STEM classrooms.
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Translanguaging

Context

Figure 2 - Translanguaging-Integrated Multilingual TPACK Framework
Note. The Translanguaging-Integrated Multilingual TPACK Framework, developed for this study, extends
the TPACK model (Koehler et al., 2013) to incorporate translanguaging practices in multilingual EMI-
STEM classrooms.

While treated as separate strategies in current practice, combining them could address both
linguistic and cognitive demands in STEM instruction. Yet no research in Kazakhstan has explicitly
explored this intersection from the teacher's perspective, particularly in private non-elite secondary
schools.

By examining how teachers experience and apply translanguaging and technology in EMI-
STEM classrooms, this study builds on and extends prior work in CLIL, EMI, and multilingual
education, offering theoretical and practical insights into inclusive, effective teaching in Kazakhstan
and similar multilingual contexts.

Materials and methods

This study employed a qualitative phenomenological approach to explore how EMI-STEM teachers in
Kazakhstan use translanguaging and technology in multilingual classrooms. The research aimed to uncover
the lived experiences of teachers, focusing on the meanings they assign to their pedagogical decisions.
Participants were selected using purposeful and snowball sampling techniques. Six secondary STEM
teachers (biology, chemistry, physics, mathematics) from four private schools in Astana participated. The
four different types of schools were selected according to their language policy and content focus:

e 1 private STEM school whose curriculum prioritized STEM subjects through the adoption an
international curriculum (STEM school)

¢ 1 technology-focused private school that integrates an international curriculum (Tech school)

¢ 1 private school with diverse students whose international curriculum prioritized full EMI immersion
(International school)

o 1 international school following the IB model (IB school)

Data collection involved semi-structured interviews and non-participant classroom
observations. Interviews allowed for in-depth exploration of teacher beliefs and strategies, while
observations focused on real-time instructional practices involving translanguaging and technology.
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Interviews were conducted in the teachers’ preferred language (Kazakh, Russian, or English) to
ensure comfort and authenticity.

Data were analyzed using Braun and Clarke’s (2006) thematic analysis, adapted to a
phenomenological lens. Codes were developed inductively and aligned with TPACK domains and
translanguaging practices. Triangulation between interview and observational data enhanced
validity. This methodology enabled a nuanced understanding of how teachers integrate (or fail to
integrate) technology and multilingual pedagogy in EMI-STEM classrooms.

The findings from this study are presented thematically and aligned with the five research
questions. The first theme explores teachers’ overall experiences with EMI-STEM implementation,
responding to Research Question 1. The second theme focuses on the challenges and opportunities
teachers encounter in multilingual classrooms, addressing Research Question 2. The third theme
highlights strategies teachers use to enhance comprehension and student engagement, directly
related to Research Question 3. Themes four and five explore how translanguaging and technology
are used in practice, responding to Research Questions 4 and 5. A final theme discusses the
disconnect between translanguaging and technology, emphasizing a missed opportunity for
integration. Together, these findings offer a comprehensive view of how EMI-STEM teachers
navigate multilingual and technological demands in their classrooms.

Results and discussions

Teachers’ Experiences with EMI-STEM. Teachers across all school types described EMI-
STEM education in Kazakhstan as experimental and evolving. While the Ministry of Education and
Science of RK promotes English as a medium to foster global competitiveness, many teachers
reported a lack of standardization and resources, particularly in non-specialized schools. Teachers
expressed concern that EMI often prioritized English over content mastery, especially for
newcomers with low language proficiency. Teacher B (Biology, Tech school) shared, “Teachers
usually teach science only theoretically,” underscoring the disconnect between theory and real-life
application.

Despite these constraints, many teachers viewed EMI-STEM as an opportunity to motivate
students and encourage international perspectives. Teacher A, a physics instructor at a STEM-
focused school, supported this view, saying, “Most universities require English proficiency for
STEM majors, so students who learn these subjects in English now will have a much smoother
transition later.” While they acknowledged EMI-STEM’s potential to enrich students’ learning and
prepare them for global opportunities, teachers emphasized the need for, more practical, hands-on
approaches, stronger teacher training programs, improved access to technology and resources across
schools, and clearer frameworks for implementing STEM nationwide.

Challenges and Opportunities

Participants reported a complex mix of challenges and opportunities in implementing EMI-
STEM instruction in multilingual classrooms. One of the most pressing challenges was the
persistent language barrier, especially for newcomer students who lacked academic English
proficiency. This often-required teachers to slow down instruction or repeat explanations in
multiple languages. Teacher F (Chemistry) explained, “When you’re already spending extra time
making sure students understand the concepts in English, there’s not always room for more
activities,” illustrating how linguistic needs directly impacted lesson pacing.

Time constraints were closely linked to another challenge—balancing competing curricula.
Teachers frequently noted the difficulty of reconciling national standards with international
expectations, which created planning overload. Furthermore, many described the shortage of
bilingual STEM materials and the absence of institutional policies supporting L1 use as systemic
barriers.
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Despite these issues, teachers identified valuable opportunities as well. Many noted that EMI-
STEM created access to global knowledge through updated digital resources and international
content. Students were often enthusiastic about using English and engaging with multimedia
platforms, which enhanced motivation. In addition, some teachers highlighted access to professional
development and opportunities for international collaboration as enabling factors. These positive
aspects, however, were usually dependent on the type of school and its resources, underscoring
disparities across institutions. Overall, while teachers saw potential in EMI-STEM to enrich student
learning, they remained constrained by policy gaps, limited materials, and inconsistent training in
both technology and multilingual pedagogy.

Teachers’ Strategies to Encourage Students’ Comprehension and Engagement

Teachers in EMI-STEM classrooms apply a variety of strategies to sustain student engagement and
improve academic outcomes. Given the dual challenge of understanding both complex STEM concepts and
English as the medium of instruction, interactive tasks, real-world applications, and multimodal teaching
emerged as the most commonly used methods. According to teachers, these strategies not only enhanced
comprehension but also appeared to encourage students to participate more actively in lessons.

To address challenges, teachers reported using a range of differentiation strategies, with
translanguaging emerging as a common approach. Many teachers used students’ first languages (Kazakh or
Russian) to check understanding, provide explanations, or scaffold learning when necessary. “I always mix
languages—if students don’t understand a concept in English, T explain it in Russian. Otherwise, they lose
time trying to decipher the language instead of focusing on the content” (Teacher D, Physics, IB school).

Observations confirmed that teachers frequently switched between English and students’ first
languages, particularly during complex explanations or when responding to students' questions (Teacher A,
Teacher B, Teacher D, Teacher E, Teacher F). In several observed lessons, students themselves initiated
translanguaging by asking for clarifications in Kazakh or Russian, after which teachers briefly explained in
the requested language before switching back to English.

Another frequently used strategy was simplifying instructional language while maintaining academic
terminology. Teachers reported that they often rephrased complex explanations into simpler English but
ensured that key subject-specific terms remained unchanged. “T don’t translate scientific terms, but I simplify
the sentences around them. That way, students focus on learning the new vocabulary while still
understanding the concept” (Teacher B, Biology, Tech school). Observations showed that teachers frequently
used shorter, more direct sentences, avoided unnecessary lexis, and provided visual aids to support
comprehension. For instance, in a biology class, the teacher introduced the term "photosynthesis™ and kept
the scientific term in English. However, they simplified the surrounding explanation: "Plants make food
using light. This process is called photosynthesis” (Observation data, Teacher B, Biology, Tech school,
13.01). Visual aids, like diagrams, helped to provide better explanation, helping students connect the term
with its meaning. In another lesson, the teacher avoided complex sentence structures, opting for shorter,
clearer instructions like: "First, measure the water. Then, add the salt. Finally, stir" (Observation data,
Teacher D, Physics, 1B school, 16.01). This allowed students to focus on key content without getting lost in
language complexity.

Peer support was also encouraged as a strategy to help students navigate language difficulties. In some
classrooms, teachers deliberately paired students with stronger English skills with those who struggled,
allowing them to work collaboratively on tasks. “Students learn best from each other—sometimes they
explain things in a way that makes more sense to their peers” (Teacher C, Biology). This was evident in
observed group activities, where students frequently assisted each other by paraphrasing instructions or
summarizing key points in their first language before switching back to English for discussion.

Translanguaging as Pedagogical and Content Knowledge (PCK)

Teachers across different school contexts demonstrated a generally positive attitude toward
translanguaging, recognizing its effectiveness in supporting student comprehension. Teacher-driven
translanguaging was widespread. Rather than viewing it as a barrier to English acquisition, teachers
strategically used students’ first languages (Kazakh or Russian) to scaffold learning, clarify
complex concepts, and maintain lesson flow. Teacher A (Physics, STEM school) noted, “I use
Russian or Kazakh to clarify and then reinforce in English.” While translanguaging helped bridge
comprehension gaps, its absence in assessments and policies limited its official application.
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Student-driven translanguaging also emerged. Students explained tasks to peers in L1 and
translated between languages, fostering peer-to-peer support. Teacher C (Biology, International
school) shared, “Sometimes students translate for each other faster than I can.” Though widely
practiced, translanguaging was not systematized. It functioned as a coping mechanism rather than
an endorsed pedagogical strategy.

Technology as Content and Pedagogical Support (TK/CK/TPK)

Technology was used primarily for content delivery. Teachers frequently cited YouTube
videos, simulations, and tools like PhET or Kahoot to visualize concepts and make lessons
engaging. Yet, these were often used outside classroom instruction or as homework. Teacher D
noted, “We rarely have time to integrate simulations into actual lessons.” This illustrates the
challenge of developing Technological Pedagogical Knowledge (TPK) in EMI contexts.

Apps like Quizlet were popular for vocabulary development. However, digital resources were
mostly English-only. Teachers lacked training in how to adapt technology for multilingual learners.

Barriers included limited training, infrastructure issues, and English-only platforms. This led to
surface-level tech use, often disconnected from translanguaging goals.

Missed Opportunities for Integrating Translanguaging

Despite the widespread use of technology, the results showed little indication that teachers
intentionally combined digital tools and language comprehension. Although some students checked
foreign phrases on their own using bilingual dictionaries or online translation apps, this did not take
place during teacher-directed teaching. Some teachers allowed students to have quick conversations
in their first languages before tasks or summarized English-language video content in Kazakh or
Russian, but these activities were not regularly organized or structured around the use of
technology.

This suggests a gap in teachers’ Technological Pedagogical Knowledge (TPK): while teachers
demonstrated competence in selecting tech resources and adapting explanations to students' needs,
they lacked the training or frameworks to combine digital tools with multilingual strategies. As a
result, EMI-STEM learning is supported by both technology and translanguaging, but they do not
reinforce each other, leading to a fragmented instructional approach.

While existing research (e.g., Mustafina, 2016; Morales et al., 2022) highlights the passive use
of digital tools in EMI settings, this study goes further by identifying a critical gap in the TPACK
framework itself—its failure to account for multilingual pedagogical realities. The findings
demonstrate that translanguaging operates as an essential form of pedagogical and content
knowledge in multilingual EMI-STEM classrooms. As such, this study extends the TPACK model
by proposing the explicit integration of translanguaging into its structure, offering a new
Multilingual TPACK framework that reflects the dual demands of linguistic and technological
mediation in diverse classrooms.

The study's teachers were also concerned that students would become dependent on translation
applications, emphasizing word-for-word conversion over conceptual understanding. This
underscores the conflict between deeper academic learning and technological convenience
(Mustafina, 2016). To bridge this gap, professional development should prioritize training
combining translanguaging and technology within TPACK’s domains. Teachers could adapt
English-only tools like PhET with bilingual annotations or use Padlet for multilingual discussions,
enabling lessons that support translanguaging and reduce cognitive load (Garcia & Wei, 2015). The
Ministry of Education and Science of RK must develop multilingual STEM resources and revise
assessments to value translanguaging, aligning with classroom realities for equitable EMI-STEM
education.

Recommendations for EMI-STEM Education in Kazakhstan

The main recommendation is a Multilingual TPACK framework integrating translanguaging
and technology to bridge their disconnect in EMI-STEM classrooms, enhancing student
engagement and comprehension. Phenomenology, focused on understanding the essence of lived
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experiences (Merriam & Tisdell, 2016), was ideal for exploring how EMI-STEM teachers in
Kazakhstan’s private schools perceive teaching in multilingual classrooms. Unlike surveys, which
collect broad but surface-level data, or case studies, which examine specific contexts,
phenomenology captures teachers’ subjective experiences through in-depth interviews, aligning
with the research questions on their experiences and practices (translanguaging and technology
use). This method’s strength was evident in interviews with six teachers across four schools
(STEM, Tech, International, Innovation). For example, Teacher F’s use of Kazakh equivalents to
teach chemistry revealed how linguistic diversity shapes pedagogical choices, a nuance that
quantitative methods might overlook. This depth informed the study’s findings, such as the
disconnect between translanguaging and technology, guiding a framework that leverages teachers’
experiential knowledge.

Technology (e.g.,
YouTube/simulations)
supports content but lacks
multilingual integration due
to weak Technological
- Pedagogical Knowledge
(TPK). Translanguaging
and technology operate
independently, missing
synergy.

’ J
Translanguaging aids
content comprehension
% (e.g., visuals, realia use,
explanations) to scaffold scaffolding), yet English-
pedagogy, but English-only only assessments restrict its
policies hide this practice, role, limiting deeper STEM
especially in International & learning (Garcia & Wei,
2015).

Teachers use
tre\nslﬂnguu?ing intuitively
(e.g., Kazakh/Russian

schools (Garcia & Wei, Context
2015; Karabassova & Isidro, ontex
2023).

Figure 3 - Multilingual TPACK Framework for EMI-STEM Education
Note. The Multilingual TPACK Framework, developed for this study to integrate translanguaging
(PK/PCK) and technology (TK/CK) in EMI-STEM education, extends Koehler et al. (2013) to address
multilingual support gaps.

Figure 3 shows translanguaging (PK/PCK) and technology (TK/CK) operating separately,
limiting multilingual support. Intuitive translanguaging (e.g., Kazakh explanations) is obscured by
English-only policies (Karabassova & Isidro, 2023), while assessments restrict comprehension
(Garcia & Wei, 2015). Technology’s content support (e.g., PhET) lacks TPK for multilingual
integration (Kelly-Holmes, 2019), necessitating a framework for synergy.

To integrate translanguaging and technology in Kazakhstan’s EMI-STEM classrooms, the
Ministry of Education should recognize translanguaging as a valid strategy, implementing a
framework guiding L1 use (e.g., Kazakh, Russian) to support STEM mastery and English
proficiency (Garcia & Wei, 2015). This framework should include bilingual materials like
glossaries and lab instructions to reduce cognitive load, allow L1 in formative assessments (e.g.,
oral explanations) while maintaining English summative outputs, and launch pilot programs to test
bilingual strategies, informing national reforms (Karabassova, 2018; Williyam & Sarinawati,
2020b). Additionally, developing multilingual resources, such as PhET simulations with
Kazakh/Russian annotations and collaborative platforms like Padlet, can enhance CK and PCK,
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addressing resource scarcity (Garcia & Wei, 2015; Kelly-Holmes, 2019). Furthermore, ongoing,
context-specific training within TPACK should move beyond trial-and-error, focusing on designing
multilingual lessons with digital tools (e.g., translation apps, videos, gamified apps), adapting
English-only tools with bilingual prompts, and using “translanguaging moments” (e.g., L1
clarifications) to scaffold learning, extending TPACK to address linguistic diversity (Mishra &
Koehler, 2006; OECD, 2020; Garcia & Wei, 2015).

Building on this framework, the following recommendations address policy, infrastructure, and
teacher development to integrate translanguaging and technology, aligning with TPACK and
findings. The Table 1 below outlines the proposed framework, detailing strategies for integrating
translanguaging in EMI-STEM classrooms. Each component aligns with TPACK domains to ensure
cohesive implementation.

Table 1 - Translanguaging Integrated Framework

Component Description TPACK Strategies
Multilingual ~ Create and improve Technological - Develop bilingual glossaries for key
Resource STEM materials in Knowledge (TK) + STEM terms.
Development  English and students’ Content Knowledge - Adapt platforms like PhET simulations
L1 (eg, Kazakh, (CK) with L1 subtitless or annotations.
Russian). - Partner with ed-tech providers to
produce multilingual content.
Structured L1 Define when and how Pedagogical - Use L1 for initial concept explanation,
Use to use L1 to scaffold Knowledge (PK) + transitioning to English for
Guidelines comprehension without Translanguaging reinforcement.
undermining  English Knowledge - Encourage L1 discussions in group
goals. activities,  followed by  English
summaries.

- Implement “translanguaging moments”
(e.g., 10-minute L1 clarifications).
Technology- Leverage digital toolsto TK + PK + - Use collaborative platforms like Padlet

Enhanced support multilingual Translanguaging for students to post questions in L1 and

Translanguag learning interactively. Knowledge English, with teachers providing

ing bilingual feedback to scaffold STEM
concepts.”

- Use gamified apps with bilingual
prompts to engage students.
Multilingual Design assessments that PK + CK + - Allow L1 planning in formative

assessment value multilingual  Translanguaging assessments, with final submissions in
processes while Knowledge English.
prioritizing English - Use bilingual rubrics to evaluate
outputs. content and language  progress.

- Incorporate oral assessments to capture
translanguaging fluency.

Note. The Translanguaging Integrated Framework, informed by study findings and Koehler et al. (2013),
proposes TPACK-aligned strategies for multilingual EMI-STEM classrooms.

Kazakhstan’s EMI-STEM policies prioritize English proficiency, often neglecting multilingual
resources that enhance STEM understanding and English development (Garcia & Wei, 2015).
Teachers intuitively use translanguaging (e.g., Kazakh explanations) and technology but lack
training to integrate them cohesively, relying on trial-and-error . To address this, professional
development should embed translanguaging within TPACK, offering ongoing, context-specific
training on designing multilingual lessons with digital tools (e.g., translation apps, Padlet),
balancing content and English goals, and adapting tools like PhET with bilingual annotations
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(Mishra & Koehler, 2006; OECD, 2020). TPACK’s limitation in not addressing linguistic diversity
requires extending it to guide L1 use in digital pedagogies, preventing English-centric
marginalization (Garcia & Wei, 2015). The Ministry of Education should incorporate bilingual
materials (e.g., glossaries, lab instructions) and allow L1 in formative assessments (e.g., simplifying
languages, definitions or translations) to reduce cognitive load while maintaining English
summative outputs (UNESCO, 2021). Structured training with guidebooks and model lessons, plus
pilot programs testing bilingual strategies, can inform inclusive reforms, ensuring translanguaging
supports equitable STEM education (Williyam & Sarinawati, 2020b). These strategies, detailed in
Table 1, align with Multilingual TPACK for student-centered learning.

Conclusion

This study explored how EMI-STEM teachers in Kazakhstani private secondary schools
perceive and implement translanguaging and technology in multilingual classrooms. Through a
phenomenological approach, it uncovered how these strategies are used to support student
comprehension and engagement, but often in parallel rather than as part of a unified pedagogical
model. Translanguaging emerged as a practical and widely accepted method for scaffolding
understanding, particularly when learners struggled with English-medium STEM content. However,
its informal status and absence from policy and assessments limited its full potential. Technology,
while frequently used to enhance instruction and visualize abstract concepts, was similarly
constrained—used more for content delivery than for linguistic or interactive support.

A key contribution of this study is the development of the Multilingual TPACK framework,
which explicitly integrates translanguaging into the domains of pedagogical and content knowledge.
By doing so, the framework acknowledges the multilingual realities of EMI-STEM classrooms and
highlights the need to align instructional strategies with students’ linguistic repertoires. Findings
show that while teachers intuitively blend language support and technology, their practices remain
fragmented due to policy silence, limited training, and the absence of structured tools for
integration.

This study recommends that policymakers recognize translanguaging as a legitimate
instructional approach and embed it into teacher training, curriculum materials, and assessment
design. Technology tools should be adapted or developed to support multilingual learning
environments, ensuring inclusivity and cognitive accessibility. Future professional development
should focus on helping teachers design integrated lessons that draw on both translanguaging and
digital tools within a TPACK framework. In doing so, Kazakhstan’s EMI-STEM education can
evolve into a more inclusive, equitable, and effective system—Dbetter aligned with the multilingual
realities of its learners.
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7K. baiiryioBa

KA3AKCTAHJBIK OPTA MEKTEIITEPJAE AFBIJINIBIH TIJIIHAE OKBITATBIH STEM-
CBIHBINITAPIA M¥FAJIMIAEPAIH TPAHCJIMHI'BU3M MEH TEXHOJIOTUSIJIAP/IBI
HHAUJAJIAHYBIH KABBIJITAYBIH 3EPTTEY

Byn 3eprrey Kaszakcran MekTenTepiHJie aFbUIIIBIH TUTIHIE XKapaThUILICTAHY-FBUTBIMU UK TIOHJCPIH
(EMI-STEM) OKBITYHafsl TPaHCIMHTBH3M MEH TEXHOJOTHSIIAPALIH PpOJiH KapacThipaabl. Kemrinmi
regarorukanbl Kocy apKeutbl kKeHelTiren TPACK (TexHOMOrAsITBIK -TTearornkaabiK-Ma3MYHIBIK OiiMaep)
MoOJIeliHEe CYHEHE OTBIPHIN, 3ePTTEY OChI CTPATErHsIIAPAbIH OKYIIbLIAP/BIH ca0aKTa KaThICYbl MEH TYCIHYIH
KaJlal KOMTANTBIHBIH 3epTTeiini. DeHOMEHONOTHUTBIK TOCUIAI Taiganiana OTBIPBIN, IEpeKTep AcCTaHAaHBIH
TOPT JKEKEMEHIIK MeKTeOiHJe anThl MyFajiMMeH cyxOaT oHe cabak Oakplay apKbUIbI JKHHAJJIBL
Hormxkenep xepcerkenaeit, myramimaep STEM mMa3zMyHBIH OeKiTy KoHE OKYIIBUIAPABIH TYCIHITIH KOJIAAy
YIIiH 0acka Tifre aygapyra JKdi )KYTiHTeHIMeH, Oy Toxipube ami e OelipecMu OONBIT Karyaa KoHe OuTiM
Oepy casicaTel MeH Oaranay >XyieciHAe KepiHiCc Tammaiijapl, omap omi ae Oip Tinmi Oombim kKama Oepeni.
TexHoMorusUIap Ma3MyHJbI JKETKi3y MEH OKYIIBUIAPJABIH KbBI3BIFYIIBUIBIFBIH aPTTRIPY YINIH KEHIHEH
KOJITaHBIIFaHBIMEH, OJlap KONTUIII OKBITY ToXKipuOeciMeH cupek yiracaipl. by Kypangapasl 6ery omapabiH
WHKITIO3UBTI JKOHE THIMII OKBITYIbl BIHTAJAHIBIPY TYPFHICHIHAH OJIEYETiH IMIEKTeWmi. 3epTTey Kem Timmi
TPACK xypbutbiMbiH ycbiHamel xkoHe EMI-STEM koHTekcTiHAe Oacka Tingepre aygapMaHbl IHGPIIBIK
KypalgapMeH OipiKTipy YIIiH KociOM 1aMy MeH casicaTTaFrbl ©3repiCTepi YChIHABI.

Tyiin ce3nep: EMI, STEM, tpaHCIUHTBH3M, MYFaTmIMIEPIiH TPAaHCIMHTBU3MII KaObLIAAYBI,
TPaHCITUHTBU3M/II Mainanany, kentingi oiurim, TPACK moneni, binim Gepyneri TexaHomorusmiap.

7K. Baiiryiosa

N3YYEHUE BOCIIPUATHUA YUUTEJISAMU UCITIOJIb30BAHUA TPAHCINHI'BUSMA U
TEXHOJIOTUHU B STEM-KJIACCAX C IIPEITIOJJABAHUEM HA AHI'VIMUCKOM A3BIKE B
CPEJHUX IIKOJIAX KABAXCTAHA

JlanHOe WuCClenoBaHWE paccMaTpUBaeT pPOJIb TPAHCIWHTBH3MA M TEXHOJOTHH B IPENoJaBaHUU
MPEIMETOB €CTECTBEHHO-HAYYHOr'0 NHKIAa Ha aHrmickoM s3bike (EMI-STEM) B mkonax Kasaxcrana.
[pumensis pacmmpennyro momens PACK, (Moaenb TEXHOIOrHYeCKO-TIeNarorniecko-CcoIep:KaTenbHbIX
3HAHWI), BKJIFOYAIONIYI0 MHOTOS3BIYHYIO TENAarorvKy, OHO HCCIEIyeT, KaK STH TOAXOJbl BIUSIOT Ha
BOBJICYEHHOCTh W 0OydeHue ydanmxcs. Mcmons3ys peHOMEeHOMOrnyeckuii moaxo 1, TaHHbIe ObLTH COOpaHbI
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MOCPEACTBOM HHTEPBBIO M HAONIOACHUIM C MIECTHIO YYUTEISIMH B YETHIPEX YACTHBIX IIKOJIaxX AcCTaHbl.
[lony4eHHble pe3ynbTaThl MOKA3bIBAIOT, YTO, XOTS YUUTEIS YacTO MOJiaraloTcs Ha MepeBOJ Ha IPYrou sI3bIK
Uil 3aKkpervieHus: copepxanus STEM u momnepXKKu MOHMMaHHS YYalIMMUCS, 3Ta MpPaKTHKa OCTaeTcs
HeopMaNbHOW M HE OTpaxkaercs B 0Opa30BaTElbHOM MOMUTHKE W OLEHHBAHUH, KOTOPBIE MO-TIPEKHEMY
OCTAalOTCSi B OCHOBHOM OJHOS3BIYHBIMH. TEXHOJNOrMHM HIMPOKO HWCHONB3YIOTCS U MOIJEPIKKU
MPEAOCTABICHUS KOHTEHTa M BOBJICUCHHUS CTYACHTOB, HO OHH PEIKO COYETAIOTCS C MPaKTUKOU
MHOTOS3BIYHOTO 00y4eHus. PasneneHne STHX MHCTPYMEHTOB OrpaHMYMBAET WX IOTEHIMAl B IUIaHE
COZCHCTBYSI MHKIIO3UBHOMY H 3¢ dexkTuBHOMY 00ydeHHI0. B mccrnenoBannm mpeajgaraerTcsi MHOTOSI3bIYHAS
crpykrypa TPACK u nmaioTcs peKoMEHIAIMH 110 W3MEHEHUIO MPOpEcCHOHATBHOTO Pa3BUTHUS yUUTENed U
00pazoBaTenbHON MOMUTHKH Il MHTETPALMH TPAHCIUHTBA3MA ¢ HU(PPOBBIMU HHCTPYMEHTAMH B KOHTEKCTE
EMI-STEM.

Kniouesvie cnosa: EMI, STEM, TpaHCIMHIBU3M, BOCHpUSTHE TPAHCIWHTBA3MA YUUTEISIMHU,
KCIIOJIb30BAHME TPAHCIMHIBA3MA, MHOrOs3bluHOE oOpa3zoBanue, ™onenb [PACK, TtexHomoruu B
00pa3oBaHuUU.
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