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Abstract
Exploring SFL to Understand Kazakhstani Teacher's Translanguaging Practices in
Mathematics (STEM) Classrooms

Translanguaging has been a research topic of interest for several decades amongst
scholars advocating for multilingualism as a resource. Therefore, the purpose of this study is to
explore systemic functional linguistics (SFL) to understand Kazakhstani teachers'
translanguaging practices in mathematics (STEM) classrooms. To shed light on their
translanguaging practices, the following questions underpinned the study: 1) How do math
teachers' metalinguistic knowledge impact their translanguaging practices in two classrooms?;
2) What is the metalinguistic knowledge that mathematics teachers need to draw on
translanguaging as a pedagogical tool?; 3) When and why do math teachers switch languages?;
and 4) How do these language switches contribute to the scaffolding of content and language?
This qualitative study was based on Halliday's SFL framework and used triangulation of data
such as a questionnaire, document analysis, and interviews. The participants were two NIS
mathematics teachers who have been teaching for two to five years. The findings revealed that
in transformative translanguaging practices, teachers should know different mathematics genres
such as explanations, procedures/instructions, and information reports. Next, the study showed
that teachers in this particular context translanguage because of their students' needs. Lastly, the
study illustrated that teachers' translanguaging practices were content-driven. As a result, there
was minimum space for scaffolding math registers, multiliteracies, and mathematics
metalanguage. The research recommends that future professional development projects focus
on developing STEM teachers' metalinguistic knowledge about their discipline and subject-
specific literacies to open up transformative translanguaging practices inclusive of content and

language.
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AHaaTna

Kazakcranabik Myranimaepinin Matematuka (STEM) CoIHbIITAPBIHAAFBI
Tpancringecy Tinnik Ilpaktukacein Tyciny ymin 2Kyiienik @yHKknuoHa bl

JIunrBucTukanol 3epTrey

bipHeme OHXbUIIBIKTAD OOWBIHIA TPAHCTUINECY KONTULAUIIKTI pecypc peTiHie
KaOBUIIANUTBIH FAIBIMIAP.IbI KBI3BIKTHIPATHIH 3€PTTEY HbICaHbI 00JbIN Keni. Colikecinme, 0y
3epTTeyaiH MakcaThl - MartemaTuka cabarpiHga (STEM) KazakcTanablk MyframiMaepaiH
TPAHCTUIAECY MPAKTHKACHI TYXKBIPHIMIAMACh! YIIIiH KYHeTiK (pyHKIIMOHAIb TUHT BUCTHKAHBI
(OK®JI) 3eprrey. Ocbl MakcaTKa KeTy OapbIChIHIA ‘‘MaTeMaTHKa MYFaliMAEpiHiH
METAJIMHTBUCTUKAJIBIK OUTIMIEpP] OJapJbIH CHIHBINTAFBl TPAHCTUIACCY MPaKTUKAChIHA Kaai
ocep eteni?” mereH cypak KOWbUIIbI. Herisri cypakka Koca, TOMEHJEri yII KOCAJIKbl CYpak
KOJITaHBUIABL: TpaHCTUIAECY Al MeAaroruKalIbIK Kypasl peTiHe MaifanaHy YIIiH MaTeMaTHKa
MyFajimMiepiHe KaHIall METaJTMHTBUCTUKAIBIK OLTIM KakeT Oonaapl?; XKapaTbulbiCTaHy IMOHI
MyFalliMJiepi KalllaH >koHe He cebenTeH Oacka Tiire aybicaabl?; by TUIIiK mpakTUKanap mnoH
MEH TUIIIH AaMyblHa Kamai biknan ereai? byn camansl 3epTrey cayanHamachl, Ky>KaTTapabl
Tanmay *koHe cyx0aT TYpiHAe MATIMETTEp TPUAHTYISLUSACHIH KOonanein, Xammaenaiy KOJI
TEOpHUSCHIHA HETi3AeN . 3epTTeyre KaThICYIIbIap MEKTENTEe €Ki KbUITaH Oec KbUIFa JACHiH
cabak Oepy Toxipubeci Oap MaTeMaTHKa MOHIHIH €Ki MyFalliMi 0OJbl. 3epTTey HOTHXKelepi
TpaHc(hOpMaTHBTI TUIIIK TOXIprOeH1 KOJ1J1aHy YILIiH MyFalliMICpAiH
Ipolielypaiap/HyCKayJIbIKTap jKOHE aKIapaTThIK XKaHPJIap CUAKTHI 9p TYPIIi )KaHpIapAbl KaKChI
Oimyi Kepek ekeHiH kepcerTi. OraH Koca, Oy Typrbla MyFaliMIep ©3 OKYIIbUIapbIHbIH
KaXETTUTIKTepiHe OaiIaHbICThl TpaHCTUIAeCyAl KoiiaHa anaabl. COHBIMEH KaTap, 3epTTey

HOTIDKECT MyFaJiMIEpIiH ayJapMa NpPaKTUKAchl TEK MOHJI JAMBITyFa OaFbITTaJIFaHIbIFbIH
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kepceTTi. OchUtaiiia, MaTeMaTHKAJIBIK PETUCTPIIep MEH METATLIAl KOJIJaHyAbIH MUHUMAIIbI
KEHICTIrt Oap eKeHi aHBIKTANIbl. 3epTTey MyFajimuaepliH 3 moHzaepi OoibiHmma (STEM)
METaTiAIK OLTIMIEpiH JaMbITy YIIiH OuUTiKTimikTi apTThipy (BA) OarmapiamarnapbelHaH ©Ty
MYMKIHIITIH ~ KapacThlpy KEpekTiriH yceiHaabl. JKoHe ge, JKkaHpFa  Heri3aeireH
OarmapiamManapIplH MaTeMaTHKa MYFaTiMJIEpiH KaXeTTI MEeTaTUIIIK OUTIMMEH >XKoHE MOHJIK

cayaTThUIBIKIICH KaJlall a0 IbIKTAUTHIHABIFBIH J1a 3ePTTEY KaxkeT.

Hezizei mepmunoep: xaHp, MaTeMaTUKAJIBIK PETUCTP, METATHHTBUCTUKAIIBIK O17TiM,

TpaHcTinaecy, Gpuia, TeHOp, MOY/I.
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AHHOTanus
N3yuyenne CucreMHo PynknuonanbHoi JIuarsucrukn 1 lonsrus Ipakrtukn

Tpancsaspiuune Kazaxcranckux Yuureseit B Kinaccax Marematuku (STEM)

Ha nmpoTshkeHMM HECKONbKUX —JAECATWICTHH TpaHCSA3bluMe ObUIO  MPEeIMETOM
UCCIIEIOBaHMs, NPEACTABISBIIMM MHTEpPEC MJI YYEHBIX KOTOpBIE BOCIIPUHUMAJH
MHOTOsI3bIYMe Kak pecypc. Takum oOpa3om, Ienb JAaHHOTO HUCCIEIO0BaHHS — NPUMEHUTh
Cucremnyro @ynkuuoHanbHyto JlunrBuctuky (COJI) amsg  OCMBICACHUS MPAKTHKU
TpaHcs3buns KazaxcTaHCKMX yunuTesIel Ha ypoKax €CTECTBEHHBIX HAayK, TAKUX KaK MaTeMaTHKa
(STEM). [na o»TOM 1enM  MCCIEAOBaHME CTaBUT  ciexyrommii  Bompoc:  Kak
METAJIMHIBUCTUYECKHE 3HAHUS YUUTENIEH MAaTEMAaTUKH BIMSIOT Ha UX IPAKTUKY TPAHCA3BIYHE B
KOHTeKcTe JBYX KiaccoB? Kpome Toro, Obl1o comocTaBieHO TpH moj Bompoca: 1. Kakue
METATMHIBUCTHYECKUE 3HAHUS MOTPEOYIOTCS YUYHTEISIM MaTeMaTHKH YTOOBI MCIIONb30BaTh
TpaHCSI3bIlUME B KAueCTBE IENAarormyeckoro MHcTpymeHrta? 2. Korma u nouemy yuutens
€CTECTBEHHBIX HAyK MepexXo T Ha Apyroil si3pik? 3. Kak 3TH A3bIKOBBIE CMEHBI CITIOCOOCTBYIOT
PacCKpBITHIO CcOJepKaHus M s3blka? JlaHHOE WCCIeoBaHHE KAaueCTBEHHOTO TUMa ObLIO
ocHoBaHO Ha C®JI Xannuzaes ¥ UCIOIb30BaJI0 TPUAHTYJIALIMIO JAHHBIX B BUJIE AHKETHI, aHAJIN3a
JOKYMEHTOB U HHTEPBBIO. Y YaCTHUKAMH HCCIeI0BaHUs ObLIHN JABa MpEnojaBaTessi MaTeMaTHKU
n3 HMUIII, xoTopele mIpemojar0T B JAHHOM WIKOJIE OT JBYX JO IATH JeT. Pe3ynabpTaTsl
UCCIICIOBAHMS TIOKA3alM, YTO JUIl HCIOJb30BaHUS TpaHC(HOPMATUBHON TPAHCI3BIYHON
NPAaKTUKU YYHUTEIs JOJDKHBI OBITh O3HAKOMIIEHBI C PA3IMYHBIMHU SKaHPAMH, TAaKUMH Kak
NpOIelypbl/UHCTPYKIIMK ¥ HH(OPMAIIMOHHBIE OTUeTHl. Jlanee, uccieqoBaHue MoKasaio, YyTo B
JAHHOM KOHTEKCTE YYHMTENsl MCIOJIB3YIOT TPAHCSA3bIUYUE OMUPAACh HA MOTPEOHOCTAMH CBOUX

YUCHUKOB. I/I, HAKOHCI], UCCICAOBAHNUC IIOKA3aJI0, YTO MCPCBOAYCCKAA ITPAaKTUKaA y‘-IHTCHGﬁ
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OpPHEHTUPOBaHA TOJIBKO HA COIep)KaHUE KOHTEHTA; TAKUM 00pa30oM, CYIIECTBYET MHHUMAJIbHOE
IIPOCTPAHCTBO JUIsl UCIIOJB30BaHUsI MAaTEMAaTHYECKUX PETUCTPOB U MeTas3blka. MccnenoBanue
IIpeaIoyiaraeT, YTo CIEIYyeT pPAacCMOTPETh BO3MOXHOCTb IIPOBEACHMSI IOBBILICHHE
kBamuukarmii  (IIK) 1o pa3BUTHMIO MeTas3bIKOBBIX 3HAHUM NpenojaBaTeNel Mo HUX
mucuutuinHam (STEM). Kpome Toro, He06X01uMo U3y4nTh, KaK MPOTpaMMbl, OCHOBaHHBIE Ha
KaHpaX, MOTYT TOJEpXKaTb Y4HUTElIed MaTeMaTUKH HEOOXOIUMBIMU METas3bIKOBBIMU

3HAHUSAMU U IIPEAMETHOU IPAMOTHOCTBIO.

Knioueswie mepmunsvl. KaHp, MaTeMaTUYEeCKUM PErucTp, MCTAJIMHTBUCTHYCCKUC 3HAHUA,

TpaHcs3bIune, Gpuia, TeHop, MOY/I.
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Chapter 1: Introduction

Migration and population flows have become a global norm that has resulted in
linguistic contact, creating conditions where successful integration requires proficiency in a
new country's language (Esser, 2006). Such transnational and international flows blur
linguistic boundaries, with clear ramifications for education because homogenous school
spaces have become multicultural and heterogeneous. Therefore, a central issue in
multilingual education research is to consider the ability of schools and teachers to cope with
linguistic diversity (Probyn, 2009, 2015). In addition, the hegemony of English as a global
language has resulted in an increased interest in English as a subject and as a medium of
instruction (Goodman et al., 2020). Interestingly, English as a medium of instruction (EMI) is
beginning to take hold in post-Soviet countries like Kazakhstan, where governments have
adopted multilingual and trilingual education policies. As a result, globalization processes
have increased English's value in Kazakh education (MOES, 2015).

In Kazakhstan, the trilingual education policy stipulates the Kazakh, Russian, and
English languages usage in schools (Landau & Kellner-Heinkele 2012, as cited in Bahry et al.,
2017). For instance, teaching through English is now a requirement for science, technology,
engineering, and mathematics (STEM) subjects. However, as Syzdykbayeva (2017)
highlights, it is worrying that there is a lack of research on how the trilingual educational
reform will be implemented and developed in Kazakhstan. In addition, teachers are now
adopting a content and language integrated (CLIL) approach through EMI placing disciplinary
and linguistic demands at the center (Karabassova, 2020). While these policy changes are
commendable, teachers' home language and previously teaching STEM content through either

Kazakh or Russian hold unintended consequences for CLIL pedagogy. Since STEM teachers
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are now required to make substantial shifts in their pedagogy, this research has had as a focus
the pedagogy of such teachers and how their EMI classroom contexts might result in

their shifting between languages, a term coined as translanguaging in the literature (Garcia &
Wei, 2014).

Current research on the use of translanguaging in the Kazakhstani context has focused
on teachers' beliefs and their perspectives associated with the home language (L1) role in EMI
classes. For example, a study investigating pre-service education students' beliefs on
translanguaging found that they considered translanguaging a resource; however, the majority
preferred the maximum use of English (Tastanbek, 2019). Similarly, a comparative study
about the role of the Kazakh, Russian and English medium of instruction illustrated that even
though teachers preferred using one language, translanguaging in the classroom was inevitable
because both teachers and their students switched to the L1 for meaning-making
(Amaniyazova, 2020). Moreover, Alzhanova (2020) explored EMI content teachers'
translanguaging perspectives and found that they preferred the Russian and English languages
because they viewed Kazakh as not required in education. Finally, Abdrakhmanova (2017)
explored teachers' and students' perceptions of using their L1 in English language and science
classes. This study showed that despite teachers' monolingual language teaching preference,
they used translanguaging to check their students' understanding of the topic, give examples,
and elaborate on technical and new vocabulary.

However, what is not yet evident in the Kazakhstani research literature is the
implementation of translanguaging as an intentional pedagogical tool where language support
is a planned and scaffolded teaching strategy (Probyn, 2019). Another gap relates to how
STEM teachers' L1 metalinguistic knowledge impacts their translanguaging practices in CLIL

classes. Moreover, none of the studies to date has drawn on a linguistically-informed theory to
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shed light on what is needed to effectively use translanguaging as a pedagogical tool (Harman,
2018). Consequently, this study focused on two STEM teachers in the mathematics discipline
to explore their L1 metalinguistic knowledge of mathematics and how this contributes to

translanguaging pedagogy in their CLIL classes.

1.1. Statement of the Problem

Globally, debates about EMI in CLIL classes are often complex and contested (Floris,
2014). This complexity is emerging in the Kazakh educational context because trilingual
education has resulted in EMI adoption for STEM subjects (Zharkynbekova et al., 2013).
While this switch is commendable, STEM teachers' home language and experience of teaching
through either Kazakh or Russian now mean that they must make a considerable linguistic
shift to English, a foreign language for both them and their students. Therefore, this thesis has
focused on EMI in two CLIL classes to illustrate how teachers and learners shift between
languages during math lessons. As a result, this research intended to shed light on the
translanguaging practices in two mathematics classrooms because translanguaging can
contribute to a deep understanding of content and promote language development (Garcia &
Wei, 2014, p. 64).
1.2. Purpose of the Study

The purpose of this study was to investigate STEM teachers' metalinguistic knowledge
of mathematics and how it impacts EMI instruction and translanguaging practices in two
Grade 10 Classes. This study has drawn on a Systemic Functional Linguistics (SFL) lens to
investigate teachers' translanguaging practices in two CLIL classrooms to understand how
language is used in these mathematics classrooms. For this reason, the participants were two

math teachers from one Nazarbayev Intellectual School (NIS) who displayed the following
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characteristics:(a) have more than two years of experience teaching mathematics through EMI;
(b) being a native speaker of the Russian and/or Kazakh languages. It was anticipated that
these participants could provide rich data on implementing EMI and translanguaging practices

in this context.

1.3. Research Question

To shed light on the impact of EMI in two math classes, the underpinning research
question and sub-questions of this study are:
How does math teachers' metalinguistic knowledge impact their translanguaging practices in
two classrooms?

- What are the metalinguistic knowledge that mathematics teachers would need to draw

on translanguaging as a pedagogical tool?

- When and why do math teachers switch languages during EMI instruction?

-How do these language switches contribute to the scaffolding of content and

language?
1.4. The Rationale and Significance of the Study

This study is significant for several reasons. First, it contributes to the current literature
associated with translanguaging as a pedagogical tool in EMI contexts. However, where
previous studies in Kazakhstan focused on teachers' beliefs and perceptions, this study focuses
on math pedagogy in EMI contexts (Abdrakhmanova, 2017; Alzhanova, 2020; Amaniyazova,
2020; Tastanbek, 2019;). Another significance of this study is that it sheds light on the
metalinguistic knowledge associated with mathematics and the consequent implications for
translanguaging. Furthermore, the SFL framework that draws on Field, Tenor, and Mode

foregrounded the genres, linguistic features, and registers necessary for mathematics pedagogy
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in EMI contexts because teachers and learners are "learning a language, learning through
language, learning about language" (Halliday, 1993, p. 113). Finally, the study also sheds light
on how mathematics registers and disciplinary literacies can inform pre-service teacher
training and future professional development programs.
1.5. Definitions of Key Terms

Genre is defined "as staged, goal-oriented social processes. Staged, because it usually
takes us more than one step to reach our goals; goal-oriented because we feel frustrated if we
don't accomplish the final steps; social because writers shape their texts for readers of

particular kinds" (Martin & Rose, 2008, p. 6)

A mathematic register is "a set of meanings appropriate to a particular function of
language, together with the words and structures that express these meanings" (Schleppegrell,

2010, p.46).

Metalinguistic knowledge is explicit knowledge about the language features and how

they are used (Enns, 2017).

Translanguaging as a pedagogical tool and a pre-planned proactive approach provides
"safe spaces for students to adopt their multilingual repertoire for learning purposes"

(Canagarajah, 2011, p. 8 as cited in Anwaruddin, 2018).

The field foregrounds the content of a topic visible in the participants, circumstances,
and processes that helps us to understand the who, where, and how. For example, when people

use particular lexico-grammatical features such as mental verbs and elements of cohesion,
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these are ideational metafunctions that allow us to understand what is occurring in the text

(Nagao, 2019, p. 2).

Tenor is how people use language to build relationships with others (Schulze, 2015).
Language users make different language choices to connect with others, show affinity toward

something, and negotiate power relationships (p. 114).

Mode refers to the method language users choose to share information and organize

text or content to make meaning (Schulze, 2015).

1.6. Chapter Outline

This thesis consists of five chapters. First, this introduction chapter provides insights
into the context and background associated with translanguaging in CLIL classrooms. It also
covers the purpose and significance of the study and the research questions that have guided
this project. Then, Chapter Two, the literature review section, introduces the existing literature
on translanguaging, research studies that link translanguaging with SFL, and finally
foregrounds SFL research studies in education. The third chapter, the methodology section,
focuses on qualitative research as a method, the research tools and the data analysis frame that
underpins the study, and most importantly, the ethical considerations that underpin the
research project. Chapter Four presents the data, the data analysis, and a discussion of the
findings revealed from the data. Lastly, Chapter Five, the conclusion chapter, summarizes the

research findings, provides recommendations and situates the limitations of the project.
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Chapter 2: Literature Review

Chapter One introduced the problem statement, significance, and research questions
associated with translanguaging in the Kazakhstani context. This chapter foregrounds the
theoretical and conceptual underpinnings that guide this project's research problem and
analytical framing. First, in section 2.1, I present conceptualizations and definitions of
translanguaging and trace its historical roots and development. Following this, I explore
translanguaging practices in contexts such as the United States (US), South Africa, the United
Kingdom (UK), and Kazakhstan. Here, I also review research studies that have combined
translanguaging with an SFL framework. Secondly, in Section 2.2, I introduce SFL as a
functional language theory, then present research studies highlighting the use of SFL in
content-based pedagogy, mathematical disciplinary knowledge, and professional development.
In Section 2.3, I briefly illustrate some critiques against the SFL theory and conclude with the
advantages the use of SFL holds for my research project.
2.1. Translanguaging

In the last decade, there has been a growing interest in students' L1 and how their
multilingual repertoires can be a resource in language teaching (Creese & Blackledge, 2010;
Garcia, 2009; Garcia & Wei, 2014; Garcia & Lin, 2016). For instance, Creese and Blackledge
(2010) showed that students' L1 fosters translanguaging practices that provide "an avenue for
the reproduction of social, community, and pedagogic values and goals" (p.112). Garcia and
Wei (2014) argue that multilingual speakers draw on their linguistic repertoires in various
social spaces when they confront a complex variety of spoken languages. Therefore, the
researchers oppose monolingualism and argue for students' linguistic repertoires as resources

to facilitate meaning-making. For this reason, the literature shows a shift from concepts such
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as code-switching and code-mixing towards the use of translanguaging as a pedagogical tool
in contexts such as Europe, Africa, and the US (Hornberger & Link, 2012; Nikula & Moore,
2016; Probyn, 2019). However, because translanguaging is used as a theoretical frame in
research and conceptualized as a resource that can guide pedagogy, it is a complex and often
contested term (Leung & Valdes, 2019). As a result, it is necessary to provide some

background to the historical roots of translanguaging.

2.1.1. Tracing the Historical Roots of Translanguaging

The notion of translanguaging first emerged in 1980 in Northern Wales when the
dominance of English resulted in fears about the Welsh language being endangered or
threatened (Lewis et al., 2012). In this context, Cen Williams purposefully used both the
Welsh and English languages in the classroom and illustrated how they offered a linguistic
bridge that facilitated the understanding of both subject content and learners' proficiency in the
two languages (Baker, 2001). For instance, in the Welsh context, reading in the classroom was
done in English, and then students' L1 (Welsh) was used for oral or for the completion of
writing tasks. Therefore, using two languages in the classroom, even though not termed
translanguaging, supported the minority language and helped learners maintain their native
language. This means that sound knowledge of two languages and a languaging pedagogy
hold advantages when classroom input and output acknowledge the various linguistic
repertoires of learners (Baker & Wright, 2017). Since then, the effectiveness of switching
languages in the classroom has become a firm argument for those who view multilingualism

as a resource (Creese & Blackledge, 2010; Garcia, 2009).

In multilingual research, the term code-switching emerged as a lens to show language

contact in multilingual contexts, resulting in users alternating between two or more languages
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in a conversation. The definitions illustrated that code-switching is "a switch from one
language code to another that rests on the assumption that bilinguals have two separate,
bounded language systems" (Garcia & Kleifgen, 2018, p. 89). In addition, Brice (2000)
highlighted that "code-switching can serve specific classroom functions, that is, as linguistic
markers to indicate topic shifts providing translations or giving word substitutions instead of
giving a full definition" (p.21). Therefore, code-switching in the classroom highlights the way
shifts in various language codes can also be used as tools to overcome language barriers in
classrooms. However, Garcia (2014) argues that codes-witching only focuses on "a shift or a
shuttle between two languages" and offered the term translanguaging as an alternative because

it treats language practices of multilingual people as flexible and fluid (p. 22).

Garcia (2009) put forward the concept of translanguaging when researching Latino
students' language practices in the USA. The results of this research illustrated that
translanguaging is not centered only on the language but also on multilinguals' multiple
discursive practices that allow them to make sense of their multilingual world. Furthermore,
translanguaging is a naturally occurring instinct or response of bilingual and multilingual
speakers, making their translanguaging practices inseparable from their being (Garcia & Wei,
2014). Consequently, in the past two decades, translanguaging has been a robust term in
research projects because it defies previous assumptions about languages as separate entities;

thus, it represents flexibility, multimodality, and heterogeneity in language pedagogy.

Interestingly, the notion of translanguaging as a pedagogical tool has gained
prominence in the research literature associated with classroom pedagogy (Cenoz & Gorter,
2017). On this point, Wei (2017) states that it can form the foundations of effective

"pedagogical practice" (p.7) and argues for the reconsideration of the role of the L1 in second
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and foreign language learning. Therefore, translanguaging is not only about shifts in language
practices, but it offers a transformative and re-semiotization process that can facilitate the use
of languages for creative and critical co-construction of knowledge. For example, research
highlights how people utilize their native languages in Singaporean and New Chinglish
communication to create a new type of speech that transformed the English language (Wei,
2017).

However, Canagarajah (2011) points out that teachers unconsciously apply
translanguaging practices; thus, it is not an intentional pedagogical strategy. For this reason,
research that foregrounds the use of translanguaging as a pedagogical tool might not draw on
semiotic mediation, zone of proximal development, and Bernsteinian concepts of visible and
invisible pedagogies (see Christie, 2005 for an overview). Therefore, translanguaging as a
pedagogy needs to make explicit the didactic and pedagogical notions of the subject content.
In fact, Canagarajah (2011) argues that "The pedagogical side is underdeveloped in general"
(p.8). Consequently, it is necessary to shed light on the use of translanguaging in school

contexts.

2.1.2. Translanguaging in School Contexts

In the US context, Hornberger and Link (2012) argue that it is essential to recognize
that translanguaging and transnational literacies create new spaces that value students and their
families' multilingual repertoires. They state that despite the growth in immigrant student
populations, the No Child Left Behind Policy does not consider changing demographics. Their
research highlights that even though bilingual and two-way immersion schools promote good
quality education, high-stakes testing practices value monolingual ideologies. For example, it

promotes educational success to local citizens whose first language is English while denying
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epistemic access associated with the multilingual repertoires of L2 students. As a result,
denying such knowledge can be especially detrimental in content subjects if the multilingual
repertoires of learners do not count as a resource towards the scaffolding of language and
content.

In different European countries, there has been a growing body of research on
integrating language and content. This research includes bilingual content teaching, bilingual
subject teaching, and content-based language teaching, and these most often appear under the
umbrella of Content and Language Integrated Learning (CLIL) (Cammarata & Haley, 2018;
Cenoz et al., 2013). CLIL draws on a dual-focused approach where content subjects infuse
language learning (Cenoz et al., 2013, Dearden, 2015). As a result, translanguaging in this
context acknowledges students' L1 and incorporates their linguistic repertoires into flexible
learning processes because it draws on both the foreign language and mother tongue in CLIL
classes

In the UK, research conducted in a Gujarati and Chinese community language school
revealed that teachers and students used flexible language practices, hence questioning the
monolingual assumptions of bilingual schools and demonstrating the importance of
translanguaging (Creese & Blackledge, 2010). In this study, teachers were using
translanguaging to engage their students in conversation and classroom activities. The findings
illustrated that translanguaging opened up space for students to become active participants
rather than passive listeners. Also, both teachers and students used whatever "signs and forms"
helped create new forms of communication (p.112). As a result, this research pointed towards
translanguaging as incorporating multilingual learners' whole linguistic repertoire, which

offered more significant meaning-making potential in EMI contexts. However, the extent that
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translanguaging made visible the elaborate and restricted codes needed for successful
academic performance was underexplored (Bernstein, 2003).

Translanguaging has also impacted post-colonial contexts, such as in Africa, where
many countries have maintained the former colonizer's language as the official language in
education (Heugh, 2015; Pluddemann, 2015). In South Africa, Probyn (2019) demonstrated
the challenges connected with post-colonial ideologies and the hegemony of the English
language at one rural school where learners have to switch to English as a medium of
instruction (MOI), regardless of their level of proficiency in this language. This case study
research in one eighth-grade science classroom revealed that one teacher who used the
isiXhosa and English languages in the science classroom offered learners more opportunities
to learn science than those who preferred to use English only. Thus, the findings show that
switching to English MOI negatively impacted those studying in their native African and other
languages. Interestingly, the study also highlighted that teachers used students' L1 to bridge
science assessments in English.

Research studies illustrate the advantages of using students' full linguistic repertoires in
Hong Kong CLIL classrooms in Asia. For example, Lin and He (2017) showed how
translanguaging informed pedagogical practices had positive implications for affirming Grade
Nine Pakistani, Nepalese, and Indian minority students' identities. In addition, it showed how
one teacher whose linguistic knowledge differed from her students' opened up a meaning-
making space in the CLIL classroom because the students' home languages served as a
resource in pedagogical scaffolding of the content. Translanguaging was the primary
pedagogical strategy to scaffold biology content; it allowed students to use their L1 and

highlight content-specific words important in understanding the lesson. The results shed light
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on how translanguaging contributed towards the students' meaning-making when they
switched between languages to understand the complex content of a biology lesson.

In the Kazakhstani schools, the medium of English for science subjects underpins
science, technology, engineering, and math (STEM) subjects. To become globally
competitive, Kazakhstan switched to a trilingual education policy in 2017, which mandated
EMI in STEM classes from Grade Five in experimental schools (MoES, 2015; Zhilbayev et
al., 2019). However, research highlights teachers' limited English language proficiency, their
misperceptions of CLIL, and Kazakh students' ability to comprehend STEM content in a
foreign language (Karabassova, 2020). In fact, the international literature highlights that
teachers' limited subject literacies can result in challenges with integrating both language and
content and a stronger preference for focusing on content in CLIL classes (Koopman et al.,
2014; San Isidro, 2019).

Interestingly, CLIL researchers have advocated Systemic Functional Linguistics (SFL)
in CLIL classrooms to improve teachers' subject literacies, enhancing their pedagogical ability
to develop language and content (Llinares & McCabe, 2020; Morton, 2010). SFL views
languages as a semiotic resource explaining how language is used and structured in content
subjects (Forey, 2020; Llinares & McCabe, 2020; Morton, 2010). Therefore, the relevance of
SFL in CLIL pedagogy needs attention because it offers a linguistic framework that connects
language use in its socio-cultural contexts and provides a metalanguage to speak about
language use in STEM subjects. As a result, SFL can offer linguistic resources for

translanguaging pedagogies.

2.1.3. Translanguaging and SFL
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SFL theory gives centrality to plurilingualism and translanguaging because learners'
linguistic repertoires function as resources to scaffold discipline-specific methods of
knowledge construction (Harman & Khote, 2018). This plurilingual underpinning can
empower both teachers and learners because it considers learners' cultural and linguistic
backgrounds as resources for scientific sense-making; thus translanguaging is, "both a 'social
and cognitive activity" (Garcia & Wei, 2013, p. 40). Therefore, when drawing on SFL: 1)
STEM teachers can situate mathematic language in social and cultural contexts; 2) they can
offer their learners access to the powerful metalinguistic knowledge of STEM discourses. For
example, in CLIL classrooms, teachers can use translanguaging to make explicit how nouns,
verbs, and other subject-related terms signal the topic or its content. They can use a
metalanguage associated with STEM grammatical choices to foreground disciplinary literacies
in STEM classes.

In South Africa, Heugh (2015) draws attention to the connection between
translanguaging and genre-based pedagogy in multilingual contexts. She argues that
purposefully integrating translanguaging and genre-based pedagogy can serve as explicit
pedagogy for engaging students in productive learning processes. For example, she argues that
if students are explicitly inducted into the STEM genres using their linguistic repertoires to
make sense of disciplinary literacies, translanguaging will bridge "epistemological access
between the everyday world of local contexts and scientific knowledge the school curriculum"
(p-280). Also, Probyn (2014) has demonstrated how teachers can use translanguaging as
"bridging discourse" across modes, allowing students to get an opportunity to learn science.

Similarly, in the US, Harman, and Khote (2017) researched how the sustained use of
SFL and translanguaging can challenge the deficit positioning of 10" Grade bilingual students.

The study focused on how translanguaging pedagogy allowed for movement between students'
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mother tongue and academic registers within the EMI classroom. The study found that SFL
can support bilingual students in interpreting, using, and embodying rich cultural repertoires in
their everyday lives to scaffold academic discourses. As a result, an SFL frame can make
visible the restricted codes through translanguaging as a pedagogical tool because "educational
failure is linguistic failure" (Bernstein, as cited in Walker, 2010).
2.2. SFL as Theory and Analytical Frame

Halliday, who developed Systemic Functional Linguistics (SFL), views language as a
semiotic resource, emphasizing that language has a purpose, is context-dependent, and
functions as a meaning-making resource (Halliday, 1993; Harman, 2018). SFL originated in
the Australian context as part of the Disadvantaged Schools Program (DSP) that focused on
developing teachers' metalinguistic skills (Cope & Kalantzis, 1993). The DSP focused on the
metalinguistic knowledge of the genres, especially developing students' understanding of
school genres (Gebhard & Harman, 2011 p. 49). In addition, SFL genre-based pedagogy has
influenced teachers' professional development programs dating back to the 1990s, resulting in
linguistically-informed testing criteria known as "scaling," which now guide the current
national Australian English curriculum (White et al., 2014). For more than three decades, SFL
researchers have been interested in the educational needs of linguistically diverse students.
They have been influential in addressing the linguistically-based inequalities associated with
minority languages (White et al., 2014).

Furthermore, an SFL perspective states that schooling consists mainly of linguistic
processes because "learning language" and "learning through language" are simultaneous
(Schleppegrell, 2010). Therefore, second language (L2) students' language abilities are

continuously assessed in English language tasks. Therefore, without a linguistic pedagogy
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underpinned by decontextualization, explicitness, and complexity, their academic challenges
are essentially linguistic complications. Accordingly, SFL based approaches can inform
teachers' pedagogy because they create spaces where students are inducted into the different
types of STEM genres and their associated registers, such as explanation, argumentation,
information reports, explanation, and procedural reports.

Interestingly, SFL researchers argue that learning at schools is done primarily through
language, yet that the language of school tasks is seldom explicitly discussed or taught
(Schleppegrell, 2010). Even more interesting is that SFL educational linguists have combined
Halliday's view of language as a meaning-making resource with Vygotsky's (1978) theory of
the social environment as a fundamental mediator in learning new concepts (Harman, 2018).
Therefore, SFL theory offers practical terms referred to as metalanguage to explain the
relationship between linguistic choices and the situational contexts in which the language is
used (Halliday & Matthiessen, 2014). Thus, understanding a language means understanding
how people use the language in context. For example, when writing an email message to a
friend, one would choose particular lexico-grammatical functions, which are different from
those used when writing an email message to inquire about a job. As a result, SFL genre-based
pedagogy, built on the idea of language use as functional, makes explicit how human
experience becomes visible in language use within a context of culture and situation (see

Figure 1 that follows).

Figure 1

Language use in the context of science
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Note. Figure 1 illustrates how the language is constructed and used from Martin & Rose, 2003,
p.17.

Firstly, the context of culture represents potential types of genres that are recognizable
among the members of a particular culture (Schulze, 2015). This means that people
unconsciously change their language use according to the social context to suit the purpose
and specific linguistic features accepted within the cultural context before participating in any
communication. For SFL, genres are a "staged, goal-oriented social process": (a) 'social
because we participate in genres with other people; (b) goal-oriented because we use genres to
get things done; (c) staged because it usually takes us a few steps to reach our goals (Martin &
Rose, 2003). The conceptualization of genre can be robust in EMI STEM contexts. If teachers
know the genres of their disciplines, they can make explicit the metalanguage, stages, and
purpose of knowledge production in STEM subjects.

Secondly, the context of the situation is about the more immediate environment of the
text. It foregrounds the register's linguistic choices based on three metafunctions: field, tenor,
and mode (Halliday & Hasan, 1989; Halliday & Webster, 2004; Schulze, 2015). The context

of the situation can assist teachers in scaffolding the way language changes in various domains
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such as in the formal, informal, technical, familiar, and specialized contexts. For example, the
registers of STEM genres can be highly specialized and technical compared with informal
registers in everyday spaces. To understand the register of a particular context of situation,
teachers would need knowledge of (a) the field which refers to the processes, participants, and
circumstances; (b) the tenor, which refers to power-relations between the speaker and the
audience and (c) the mode which is the method of delivery (written, spoken, multimodal)
(Halliday & Hasan, 1989; Schulze, 2015). Consequently, knowledge of genres and registers in
subject-related contexts is critical, especially in the STEM subjects, because of the dominant
use of abstract and technical linguistic choices (Schleppegrell, 2004).

Thirdly, SFL connects and makes explicit the discourse semantics associated with
purpose and audience. For example, STEM subjects are usually described as "thing-oriented"
because personal feelings, relationships, and values are avoided, which means no or limited
use of personal pronouns, informal language, conjunctions in favor of passive voice,
nominalization, and formal language (Schleppegrell, 2004, p.117). For this reason, the
challenges that students in EMI STEM classes face reflect linguistic issues because each
subject has its own "expectations in terms of the genres that students will read and write, and
each genre is constructed through grammatical resources that construe the disciplinary
meanings" (Schleppegrell, 2004, p.113). As a result, combining the context of culture, the
context of situation, and discourse semantics can make explicit the relationship between

registers and knowledge production in STEM subjects.

The formal registers that characterize STEM content and the importance of linguistic
decontextualization and intentional scaffolding have become prominent in research projects.

For instance, in the US, Schleppegrell (2013) focused on metalanguage and illustrated the
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importance of making visible the difference between formal and informal registers when
teaching in EMI contexts. This design-based research included data from English language
learners (ELL) in Grades two to five classes. The findings showed that learners quickly
develop informal registers while interacting with people in their home and the everyday
environment, but the formal, academic registers of schooling require explicit instruction. As a
result, in this context, teachers' professional development was underpinned by genre-based
pedagogies to illustrate the disciplinary language in STEM classes because the language of
mathematics evaluates students' math understanding and their language proficiency (Veel,

1999).

2.2.1. Mathematics, Registers, and Disciplinary Linguistic Knowledge

The focus of SFL on language as a social semiotic was instrumental in illustrating the
linguistic complexity of mathematical terms and how it contributes to mathematical processes
and genres such as argumentation (Halliday, 2000). For example, mathematical arguments use
abstract language, are precise, to the point, and mathematically logical (Forman et al., 1998).
Marks and Mousley (1990) argue that mathematics is the language of numbers and
multimodal because it combines written and oral communications, gestures, drawings, and
diagrams. Additionally, O'Halloran (2005) highlighted how mathematical registers foreground
processes, representations and symbolism, and their role in construing mathematical meaning.
Therefore, even mathematics consists of metalinguistic registers that are predictable and have
unique text types and genres. As a result, SFL-based pedagogy can be instrumental in making
explicit the language of math, especially in contexts where teachers and students learn
through a language they are not proficient in (Accurso et al., 2017; Segerby et al., 2018;

Herbel-Eisenmann et al., 2013).
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Research studies at the primary school level illustrate the advantages of SFL-based
pedagogy in mathematics teaching. For instance, the research explored how the combination
of reciprocal teaching and SFL can create a pedagogic design for developing students'
reasoning for specific math tasks (Segerbyet al., 2018). This study included one 45-year-old
male mathematics and science specialist who teaches eighteen students in a Swedish Grade 4
classroom. The data included triangulation of classroom observation, diary notes, and students'
notes. They found that an SFL-based pedagogy expanded the students' language awareness
and developed their mathematical register for reasoning.

At the secondary school level, a study conducted with 55 secondary school math
teachers in the US investigated the impact of an SFL-based pre-service training on their
metalinguistic knowledge of mathematics (Accurso et al., 2017). The findings pointed out that
these participants demonstrated expertise in SFL pedagogy, which was visible in their ability
to scaffold math disciplinary content, set clear expectations for their students, and develop
math disciplinary language knowledge to provide explicit and practical feedback. Therefore,
what is needed is more empirical-based research to show the extent to which SFL can improve
teachers' metalinguistic knowledge of mathematics. As a result, professional development
programs associated with genre-based pedagogies have drawn interest because they focus on

developing teachers' knowledge of mathematical genres, registers, and multimodal symbols.

2.2.2. SFL and Professional Development (PD)

In many international contexts, PD projects draw on SFL to develop STEM teachers'
metalinguistic knowledge of their disciplines (Fang & Coatam, 2013; Humphrey, 2017,
Schleppegrell, 2018). In Sweden, the SFL Reading to Learn Project offered school-based

support, highlighting increased literacy levels of immigrant students for whom Swedish was a
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foreign language (Acevedo, 2010). Similarly, a European Union project, the Teacher
Learning for European Literacy Education (TeL4ELE, 2011-2013) in five countries with 2450
students in ninety-seven classrooms, found that learners improved by "an average of 14.3% on
their writing and 9% on their reading" (Coffin et al., 2013, p. 3). Also, in Spain, research
studies highlight that SFL holds advantages for improved CLIL pedagogy (Llinares & Morton,
2010, 2017). Finally, in Asia, the induction of teachers into SFL genre-based pedagogy
positively impacted EMI in Singaporean classrooms, particularly in international literacy tests
(Kramer-Dhal, 2008). In Hong Kong, SFL-based pedagogy sheds light on how explicit
scaffolding positively impacted learner results in CLIL classrooms (Lin, 2015; Polias & Forey,

2016; Wu & Lin, 2019; Lin, 2020).

Moreover, in the USA, SFL research shows the advantages of developing teachers'
disciplinary knowledge (Buxton et al., 2019; Gerbhard, 2019). Accurso's (2017) review of
SFL based PD programs provided a valuable snapshot of SFL-based pedagogy associated with
STEM teaching. This review investigated the impact of SFL on the development of teachers'
disciplinary linguistic knowledge (DLK) and its implications for classroom practice. Also,
Gebhard (2010) describes three teacher education programs in the US and highlights how
SFL-based training enhanced teachers' knowledge of academic registers. The study revealed
that an SFL approach enabled linguistically-based discussions about knowledge production in
STEM subjects. It also provided linguistic-based support for emergent L2 writers and

developed greater teaching confidence among the participants.

Santiago Schwarz and Hamman-Ortiz (2020) reviewed SFL-based pedagogies
associated with student writing in disciplinary or content subjects and found that SFL was

useful in US contexts. Here, four distinct themes, namely, (1) composing genre-specific texts;
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(2) mastering the academic language and literacy skills; (3) learning content across academic
disciplines; (4) developing critical language awareness. Interestingly, the study revealed that
the SFL-informed approach to teaching science enabled students to move beyond simply
classifying the three rock types to understanding the interrelation between their unique
components and the different processes that lead to their formation. In addition, research that
focused on putting SFL theory into practice showed that students improved their recognition
of how language is used and developed their metalanguage (Schulze, 2015). Consequently,
research about SFL-based pedagogy in disciplinary contexts is a useful analytical lens to shed
light on the registers or disciplinary literacies associated with mathematical teaching and

learning.

2.3. Critiques of SFL

Heugh (2015) states that genre pedagogy is often criticized as dull and formulaic when
teachers misinterpret its use. Secondly, content teachers may find it too complex and consider
that they are not teaching language, leading to a static reproduction rather than a critical
analysis of disciplinary discourse. However, successful PD programs associated with genre
pedagogies illustrate the advantages of developing students' critical language awareness about
the power relations hidden in the language (Rose & Martin 2012; White et al., 2014). Despite
the criticism of SFL, it can provide teachers with a good understanding of academic language.
Thus teachers could be better prepared to design language-focused and instructional
scaffolding to accelerate English language learners' academic literacy development (Schulze,
2015). Also, when the second language is less familiar, it becomes more demanding to
comprehend and understand the subject language because it differs from everyday language

(Schleppegrell, 2004). Furthermore, making the grammatical and lexical choices that realize
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academic contexts requires expertise and a desire to engage in those contexts and knowledge
of the highly regarded grammatical and lexical choices (Schleppegrell, 2004). Therefore,
despite criticisms of SFL, its potential shows more significant advantages for teachers and
learners because it makes explicit the relationship between language and subject-specific

content.

2.4. Conclusion

In conclusion, this chapter presented the theoretical and conceptual underpinnings
guiding my research problem and the analytical framing. First, in section 2.1, I gave
definitions of translanguaging, traced the historical roots of translanguaging and its
development. Then, I explored translanguaging in the US, South Africa, the UK, and
Kazakhstan, followed by research studies that combine translanguaging and SFL. Secondly, in
Section 2.2, I introduced SFL theory, then presented SFL research studies associated with
content-based pedagogy, mathematical disciplinary knowledge, and professional development.
Lastly, this chapter provided some critiques against the SFL theory and concluded with the
advantages SFL holds for my research project. The next chapter will describe the research
design, data collection tools, sample and site selection, and ethical considerations that guided

this study.
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Chapter 3: Methodology

The previous chapter presented the literature that underpins this study, where I traced
the roots of translanguaging and then explained SFL-based pedagogy associated with
translanguaging and mathematics. In Chapter Three, I will now situate the methodological
paradigm that informed this research project. Therefore, this chapter foregrounds the
qualitative research literature to justify my decisions for the research design, the research site,
and the participants. Finally, it highlights the ethical considerations taken to protect my
participants' anonymity and confidentiality.

3.1. What is Research?

Research is a systematic "process of steps used to collect and analyze information to
increase our understanding of a topic or issue" (Cresswell, 2014, p. 17) or simply "trying to
find answers to questions" (Dornyei 2007, as cited in de Silva Joyce & Feez, 2016, p.227).
Generally, there are three types of research methodologies: qualitative, quantitative, and mixed
methods, each with its own epistemology and ontology that impact data collection, data
analysis, and interpretation (Creswell, 2014). For example, quantitative research investigates
cause-effect phenomena, whereas mixed-method research involves qualitative and quantitative
research methods in a single study. In addition, qualitative research focuses on research that
promotes a deep understanding of a social setting from the research participants' perspective
(Creswell, 2014; Creswell & Creswell, 2018). As a result, qualitative research offers a fluid
reality where a researcher can interpret how individuals or groups participate and experience
various situations or contexts, and it requires researchers to search for multiple interpretations

or "multiple frames of reference and systems of meaning-making" (McGuirk & O'Neill, 2016,

p. 10).
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This thesis is based on a qualitative research design because it offers an interpretative
frame into the world of other people and their perspective of their social context; thus, it
provides a holistic understanding of the particular phenomenon under the study (Bloomberg &
Volpe, 2019). There are two essential advantages of using qualitative research: (1) its
flexibility because the researcher can modify and change the instruments and revise the
research question; (2) using multiple data tools offers an opportunity to triangulate the results
based on reliability, trustworthiness, and validity. In addition to that, open-ended questions
and the multimodality of resources (text and image analysis) as emerging methods make this

research design unique (Creswell & Plano, 2018).

3.2. Research Design
This research project will follow a qualitative research design to better understand
teachers' translanguaging practices in two mathematics classrooms (Creswell, 2014). Hence,
the study aims to shed light on a particular classroom context and the participants' interactions
therein; thus, a qualitative paradigm underpins this study. However, each context is different;
Patton (1985) explains that the purpose of qualitative research should be to:
... understand situations in their uniqueness ... a particular context and the interactions
there ... not attempting to predict what may happen ... but to understand the nature of
that setting, what it means for participants to be in that setting, what their lives are
like, ... what the world looks like in that particular setting (as cited in Merriam, 1998,
p.- 1).
Therefore, this study applied purposeful sampling within the qualitative research
design because I anticipated that it would provide a deeper understanding of the phenomenon,

the specific research site and allow the participants to freely describe their unique social
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setting (Creswell, 2014). This type of sampling can provide a thick description because the
researcher as an instrument describes the location, the participants, and their experiences in
detail to offer interpretations that will help the reader generate an interpreted meaning of the

setting and the participants (Bloomberg & Volpe., 2019).

3.3. Research Site

The research was conducted at one Nazarbayev Intellectual School (NIS) school in
Nur-Sultan. The participants were from two different education backgrounds that provided
contextually rich data about these participants' teaching methods and translanguaging
practices. Therefore, the selected participants described what their world looks like in a NIS
setting and provided rich comparative data about EMI implementation in mathematics
classrooms. However, access to the research site depended on several factors, such as
permission of the school dean and the teachers' agreement to participate in research. To gain
entry into this context, [ emailed the department head to request permission to introduce my
research project to all mathematics teachers. However, I couldn't personally visit the school
because of restrictions due to the Covid-19 pandemic. Nonetheless, I provided potential
participants with an information sheet about my study, including my contact details. I
requested that they email me should they wish to participate in the proposed research project.
Once potential participants were confirmed, they received additional information and consent
forms that explained the purpose, research method, instruments, and measures to protect their

identities.

3.4. Participants
The purpose of this study was to explore Kazakhstani STEM teachers' translanguaging

practices. The initial participants were two biology teachers from one NIS and one mainstream
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school, but due to Covid-19, I had challenges finding participants from mainstream schools.
For this reason, the participants were two mathematics teachers from one NIS school in Nur-
Sultan city in Kazakhstan, selected according to the following two characteristics: (1) to have
more than two years experience of teaching mathematics through EMI; (2) to be a native
speaker of the Russian or/and Kazakh languages. I anticipated that these two teachers with
different educational backgrounds would give rich data on EMI implementation and its

similarities and differences in the two classrooms.

3.5. Data Collection Instruments

A significant feature of qualitative research is that the researcher is the primary
instrument for collecting and analyzing data (Merriam, 1998). Therefore, the researcher forms
a deep connection with the participants, which could pose several threats to the validity of a
study. For instance, the researcher's personality, educational history, culture, and social
background could impact the interpretation of their participants' actions, beliefs, and values
(Vierra & Pollock, 1998). Therefore, to counteract such validity threats, this study included
various research instruments aligned with the notion of triangulation, strengthening the
reliability and validity of the data (Creswell & Creswell, 2018). As a result, I included three
research tools: document analysis, semi-structured interviews, and qualitative questionnaires.
Document Analysis

Fraenkel and Wallen (1993) define document analysis as" the analysis of a document's
written or visual contents" (p. 389). My secondary data included analyzing documents such as
the math syllabi that shape these two teachers' practices in the classroom and sample tasks

from a mathematics textbook that illustrated disciplinary language. Finally, teachers'
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homework samples were collected. The analysis of these documents sheds light on the
mathematical genres and their associated registers.
Audio-recorded Semi-structured Interviews

It is essential to understand that conducting interviews requires "the careful asking of
relevant questions" for researchers to validate their understanding of observations or
questionnaires (Fraenkel & Wallen, 1993, p. 385). However, due to Covid-19, I was unable to
conduct classroom observations. However, these interviews shed light on math teachers'
perspectives and beliefs about EMI because the purpose was to "find out what is on
[participants'] mind - what they think or how they feel about something" (Fraenkel & Wallen,
1993, p.385).

Furthermore, I conducted semi-structured interviews because I had a broad idea of the
context of the research site. Therefore, I did not have a predetermined set of questions because
I wanted to understand the research problem from the participants' perspective (Nunan, 2005).
Thus, I designed an interview schedule consisting of broad questions that allowed the
participants to recount their experiences. I encouraged and elicited contextual examples when
I was unsure about the participants' sense-making of EMI in the mathematics classroom (see
Appendix C).

Qualitative Questionnaire

According to McLafferty (2010), qualitative questionnaires allow for gathering
original information about participants, their practices, experiences, beliefs, and values that
underpins the decisions they make in their unique contexts. For this reason, I supplemented the
interviews with a qualitative, multimodal questionnaire to triangulate the teachers' responses.
The first section of this questionnaire focused on the teachers' backgrounds, such as their age,

educational background, training, experience, and professional development. (see Appendix
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A). The second section focused on these teachers' EMI experiences, the languages used in the
classroom, and their attitude towards using students' language repertoires when teaching
mathematics.
3.6. Data Collection Procedures
Once I identified the participants who agreed to participate in the study, I emailed them

an information letter and consent form. I invited and thanked them for agreeing to participate
in the study. The information letter provided details regarding the purpose of the research and
additional features of the research project. Once I formed a rapport with the participants, I
requested that they send the required secondary data for document analysis. Then, I asked that
they complete the questionnaires, which I analyzed to identify potential translanguaging
practices that provided a context for the interview because clarification and additional
explanations informed the interview schedule. We collaborated on and confirmed an
appropriate time to conduct interviews with the teachers. Due to Covid-19, I had to complete
the interviews via my mobile phone, and each interview lasted approximately 30-35 minutes.
3.7. Data Analysis Framework

This study has drawn on an SFL analytical frame that included field, tenor, and mode for
document analysis and appraisal resources (tenor dimension) to shed light on teachers'
metalinguistic knowledge of mathematics and their perceptions translanguaging in the
Kazakhstani context. See Figure two below for the analytical frame that focused on how
language was used and how it was structured for use to achieve the purpose of the

mathematical text.
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Figure 2
An adapted version of the SFL

framework
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The above frame informed both the document analysis for coding and the text

annotation associated with purpose, structure, and language features to illustrate the

mathematics genres, mathematical registers, and disciplinary literacies that our mathematics

teachers would need for more effective translanguaging and EMI practices. Then, the

emoticons in the questionnaire were coded for affect, judgment, and appreciation to make

associations with the teachers' attitudes and beliefs about translanguaging. Finally, the

recorded and transcribed interview extracts were coded and analyzed for patterns related to

30

evaluative resources such as affect, judgment, and appreciation to shed light on when and why

teachers switch languages in their mathematics classrooms. As a result, in analyzing the data

sets, I captured how language users "describe their feelings and attitudes towards aspects of

the world" (Martin & Rose, 2008, p. 137).
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3.8. Anonymity and Confidentiality Procedures

This research project adhered to the established ethical standards governing research;
however, ethical issues are especially critical when conducting qualitative rather than
quantitative research (cited in Dornyei, 2007). Therefore, I have taken all the necessary
precautions to follow the ethical guidelines governing research to minimize any potential risks
before, during, and after the data collection process. Most importantly, the Graduate School of
Education at Nazarbayev University approved my ethics application. Moreover, I have taken
precautions to keep all data strictly confidential, and I informed and reminded the participants
about the confidentiality and anonymity measures taken in this study. Hence, I changed all
participants' names and replaced them with codes to protect their anonymity. Essentially, I
informed the participants that (1) all the study-related documents, research data, and protocols
would be saved on a password-protected USB flash drive, (2) be kept in a password-protected
computer or locked office to ensure their confidentiality, anonymity, and their school

identity.

3.9. Conclusion

This chapter presented the methodological paradigm that informed this research
project. Therefore, this chapter foregrounded and defined the qualitative research literature
that justifies my research design decisions, the selection of the research site and the
participants, and finally, the ethical considerations to protect my participants' anonymity and
confidentiality. The chapter that follows will present and analyze the data and discuss the

findings.
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Chapter 4: Presentation, Analysis, and Discussion of the Data

The previous chapter focused on the methodology, the research tools, and the ethics
that underpin this research project. As mentioned in Chapter 3, this qualitative research
inquiry intended to provide an in-depth account of translanguaging in two EMI mathematics
classrooms. An SFL analytical frame underpins this study and included field, tenor, and mode
for document analysis and appraisal (tenor resources). These tools informed the design of the
qualitative questionnaire and the analysis of the conducted interviews to shed light on the
perceptions of mathematics teachers towards translanguaging in the Kazakhstani context. As
a result, the triangulation of data provides validity and reliability for the study.

This chapter presents the data, the analysis of this data, and the discussion of the
findings. First, I present the qualitative questions (4.1), then the document analysis to shed
light on the genres, language features, and disciplinary literacies associated with mathematics
(4.2). The interview extracts follow this to illustrate the participants' experiences of EMI in
mathematics classes (4.3). Finally, this chapter concludes with a discussion of the findings
(4.4).

This study consisted of two participants from one school in an urban area in
Kazakhstan. According to research ethics, the participants have been named Participant A and
Participant B to protect their anonymity and safeguard their privacy rights. The following
section presents the results of the qualitative questionnaires.

4.1. Presentation and analysis of the qualitative questionnaire

The purpose of the multimodal questionnaire was to shed light on the participants'

profile, educational backgrounds, and their beliefs about the impact of EMI in mathematics

teaching. It consisted of 15 questions about their biographical information, their language
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usage in the mathematics classroom, and their feelings about EMI in mathematics learning. As
a result, the instrument included a combination of language and emoticon descriptors drawn
from SFL's APPRAISAL system (tenor) because these emoticons shed light on how language
users "describe their feelings and attitudes towards aspects of the world" (Martin & Rose,
2008, p. 137). See Figure three for the representation of each emoticon (positive-appreciative-
neutral-unsatisfied-negative).

First, the questionnaire revealed that both participants were aged between 25-30 years
and had worked at NIS for two to five years. Participant A is a male with a Bachelor in
Mathematics from the only autonomous university in Kazakhstan; at the time of data
collection, he was registered for a Masters in International Development at a university in
Russia. On the other hand, Participant B is a female who graduated with a Bachelor's in

Mathematics at another well-known university in Kazakhstan (see Table 1).

4.1.1. Participants’ profile

First, the questionnaire revealed that both participants were aged between 25-30 years
and had worked at NIS for two to five years. Participant A is a male with a Bachelor in
Mathematics from the only autonomous university in Kazakhstan; at the time of data
collection, he was registered for a Masters in International Development at a university in
Russia. On the other hand, Participant B is a female who graduated with a Bachelor's in
Mathematics at another well-known university in Kazakhstan. Interestingly, both participants
revealed that they have not participated in recent professional development programs (see

Table 2).
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Table 1
Participants’ Profile
Name Gender Age  Teaching Education Context
experience
Participant  Male 25- 2-5 NU (bachelor); PFUR NIS
A 30 (master’s)
Participant  Female 25-  2-5 ENU NIS
B 30

4.1.2. Teachers' and Students' Language Repertoires in the Classrooms

Section 2 of the questionnaire focused on the language repertoires of participants and
their students. The data revealed that Participant A chose Kazakh and Russian as his first
language, whereas Participant B only referred to Kazakh as her first language. The data also
illustrated that both the Kazakh and Russian languages are the first languages of their students
while English is the language of teaching in both classrooms. However, the previous MOI in
Participant A's classroom was Russian, whereas Participant B indicated both Kazakh and

Russian as being her previous MOI (see Table 2).

Table 2

Teachers' and Students' Language Repertoires in the Classrooms

Name Participants' first Students' first Current Previous MOI

language(s) language(s) MOI
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Participant ~ Kazakh/Russian Kazakh/Russian English Russian

A

Participant ~ Kazakh Kazakh/Russian English Kazakh/Russian
B

4.1.3. Teachers' Perspectives of Language use in STEM Classes

The third part of the questionnaire consisted of five questions that focused on teachers'
perspectives of language use in their subjects. The purpose was to shed light on their attitudes
towards using their students' first language. In this section, participants had to circle the
emoticons scaled from positive to negative. The first one was most positive, and the last one

being most negative (see Figure 3).

Figure 3

Emoticons
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The first question focused on teachers' feelings about teaching STEM through EMI.
For this question, participant A chose the "positive" emoticon. At the same time, Participant B
stated her opinion in written form by writing, "Good because there are many materials and
sources for teaching." In addition, Participant A was positive about EMI, while Participant B

noted, "In general good, but students sometimes have problems with understanding."
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Furthermore, both participants indicated that they are using the Kazakh and Russian languages
while teaching mathematics. They allow their students to use their first languages, which are
also Kazakh and Russian. Interestingly, Participant B highlighted that she uses these languages
to explain mathematical terms. In contrast, Participant A highlighted three different reasons
for switching languages, such as changing languages to teach mathematical terms, provide
instruction for activities, and remind students about their behavior. Lastly, the questionnaire
included items associated with participants' attitudes towards using students' first languages
during EMI mathematics teaching. Here, Participant A chose the "appreciative" emoticon, and
Participant B wrote: "students start learning math entirely in English only from Grade 9;

therefore, they sometimes use their first language".

Figure 4

Participant B's Response
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4.1.4. Discussion of Qualitative Questionnaire

Interestingly, the questionnaire revealed how local school challenges associated with
EMI have resulted in multilingual social practices where math teaching and learning have
offered teachers and students spaces to use their multilingual repertoires to negotiate meaning.

For example, both participants indicated their positive affect (feelings) towards EMI teaching
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and the use of students' first languages. Even more interesting is that the participants draw on
their students' linguistic repertoires to introduce subject-specific terms and explain activities.
Thus, they displayed a positive affect on students' L1 and an appreciation for the availability
of English materials to facilitate effective EMI in their math classes. Furthermore, allowing
students to use their first languages shows that participants are applying a student-centered
approach rather than a teacher-centered one because using students' first language will
empower them to be active participants rather than passive listeners (Garcia & Wei, 2014;
Creese & Blackledge, 2010). This languaging practice shows their tolerance towards their
multilingual students' needs that can contribute to content and language learning because
students' home language is utilized as a resource when scaffolding mathematics content (Lin
& He, 2017). As a result, the questionnaire revealed positive affect associated with languaging
or translanguaging in these two mathematics classes because both teachers were flexible about

using their learners’ L1.

4.2. Presentation and analysis of documents

This section will present the syllabus, a sample from students' textbooks, and teachers'
home tasks. I have included these documents to explore the metalinguistic knowledge of
mathematics both teachers and students would need within this context to implement an

explicit translanguaging pedagogy.

4.2.1. Subject Syllabi

The document below forms part of the teachers' syllabus for NIS mathematics 10=
grade (Figure 5). See Table four for the analysis of the mathematics syllabus that illustrates

how language is used and how language is structured to achieve its communicative purpose.
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Figure 5

Mathematics Syllabus Guide for Teachers

Summary
Trigonometric Functions & Networks

Subject Year Start date Duration
Mathematics Grade 10 Week 2, January 4 hours

Description
Unit #3

Key and Related Concepts

> Key Concept/Heriari koHuenuunsi/ Knouesasi KoHuenuusi

Key

Concept/
Heriari
KoHuenuunsy/
Knouesasn
KoHuenuusa Definition
\}.\ Relationships are the connections and associations between properties, objects, people and ideas-including
~ the human community's connections with the world in which we live. Any change in relationship brings
Relationships consequences-some of which may occur on a small scale, while others may be far reaching, affecting large

networks and systems like human societies and the planetary ecosystem.

¢ Related Concepts / lNaHAaik koHuenuusnap / NpeameTHble KoHuenuuu

Model, Pattern

Table 3
Analysis of the Mathematics Syllabus Guide for Teachers

Purpose: To give information trigonometric functions and networks

Information Genre

How is language used in the document to achieve its purpose?

Layout of information, key Structure- it has several sections with related
concepts, listing, and various fonts  information in each and additional data to support the

information provided
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Audience-math teachers’ Formal language, not addressing the audience directly
unequal relationship with the Key concepts translated which is indicative of the
audience context

Use of Russian and Kazakh

How is language structured for use to achieve its purpose?

Field Education-mathematics, Noun phrases and process, circumstances

specifically Trigonometric ~ (Trigonometric function, model, pattern)

function
Tenor Mood: declarative It is declarative because it primarily consists of
Modality: no modality statements that convey information about the grade,
hours, and focus of this topic.
No modality because the text uses passive voice and
uses no personal pronouns.
Mode Written Title, headings, and subheadings, bold font shows

written because language is formal and technical

nominalization- connections, associations.

From an SFL perspective, this document is an information report genre because it
provides information about trigonometric functions, key concepts, or related terms to teach a
lesson.

Firstly, the structure shows information about the title, grade, start date, duration, and

explanations of the key concepts. Therefore, it has a clear, informative purpose that is visible



TEACHERS’ TRANSLANGUAGING PRACTICES IN STEM 40

in the definitions and related terms. Secondly, the language in this genre functions as an
information report because it outlines the requirements, situates the audience, and provides
supporting information. Thirdly, the language structure indicates the social purpose because
the structure clarifies that the topic is trigonometric functions and networks, followed by five
subheadings that function as a guide for teachers. The audience is teachers because the
document outlines a set of requirements about the subject, guides the teaching of this subject,
and uses formal language that creates an unequal relationship with the audience. As a result,
the language structure illustrates that the overall purpose is to direct the teachers towards
teaching students about trigonometric functions and networks.

The field consists of nouns, processes, and circumstances such as trigonometric
functions indicating education in general and the subject of mathematics specifically.
Therefore, the language is structured to make the field explicit because terms such as model,
pattern, function, and network align with the text's purpose and context. Furthermore, the tenor
of this text is formal because it does not use personal pronouns. Finally, the mode of this text
illustrates a written discourse because nominalization such as "connections, associations"
show modified nouns that usually indicate a formal, written discourse to increase "coherence
and cohesion" (Schulze, 2015).

The next document for analysis is a Grade 10 student textbook.

4.2.2. Mathematics Textbook

The document below forms part of the students' book for NIS 10:-grade mathematics.
This extract has been taken from the book's introductory section because it sheds light on

language use in textbooks associated with mathematical teaching.
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Figure 6

Mathematical Register for Writing a Mathematical Exploration

Table 4

WRITING A MATHEMATICAL EXPLORATION 13
WRITING A MATHEMATICAL EXPLORATION

In addition to sitting examination papers, Mathematics SL students are also required to complete a
mathematical exploration. This is a short report written by the student, based on a topic of his or
her choice, and should focus on the mathematics of that topic. The mathematical exploration
comprises 20% of the final mark.

The exploration should be approximately 6-12 pages long, and should be written at a level which is
accessible to an audience of your peers. The exploration should also include a bibliography.

Group work should not be used for explorations. Each student’s exploration is an individual piece
ofwork.

When deciding on how to structure your exploration, you may wish to include the following
sections:

Introduction: This section can be used to explain why the topic has been chosen, and to include any
relevant background information.

Aim: A clear statement of intent should be given to provide perspective and direction to your
exploration. This should be a short paragraph which outlines the problem or scenario under
investigation.

Method and Results: This section can be used to describe the process which was followed to
investigate the problem, as well as recording the unprocessed results of your investigations, in the
form of a table, forexample.

Analysis of Results: In this section, you should use graphs, diagrams, and calculations to analyse
your results. Any graphs and diagrams should be included in the appropriate place in the report, and
not attached as appendices at the end. You should also form some conjectures based on your
analysis.

Conclusion: You should summarise your investigation, giving a clear response to your aim. You
should also reflect on your exploration. Limitations and sources of error could be discussed, as well
as potential for further exploration.

The exploration will be assessed against five assessment criteria. Refer to the Mathematics SL.
Subject Guide for more details.

Analysis of the Mathematical Exploration Document

Purpose: To give information and the procedures for performing a mathematical

exploration

mixed genre

41

How is language used in the document to achieve the purpose?

Written information and Structure- definition, information about task requirements,

instructions about a strategies for task completion, and assessment criteria

mathematical exploration
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Audience

math- students’ language is

both formal/informal

The text clearly outlines the "SL students."

Equal relationship with audience-when giving instructions
because they use modality such as may, should, and can.
Unequal when giving information
Unequal because they are using processes such as required
and should (because if you do not follow the process, your

task may be undervalued) for assessment criteria

How is language structured for use to achieve its purpose?

Field Education- Noun phrases and process, circumstances
mathematics (mathematical exploration, complete, comprises 20% of final

mark)

Tenor Mood: imperative  Statements of information about mathematical exploration or
and declarative education such as assessment. Commands or requests such as
Modality: medium required/should when giving instructions about the structure
modality of mathematical investigation by using medium modality

(should (levels of intensity of probability and obligation)) that
creates an equal relationship as if it is requested, but students
must do it to pass

Mode Written Title, headings, and subheadings, bold font shows written

because it helps the audience to follow the text
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Nominalization- investigation, limitation, exploration shows

formality of written discourse

This text can also be classified as a mixed genre because it provides information
associated with mathematical exploration, a set of instructions for task completion, and the
assessment criteria for measuring success. Firstly, its social purpose is evident in how the
language is structured for use in this text. For instance, it starts with a clear title, “WRITING
A MATHEMATICAL EXPLORATION,” followed by a definition of mathematical
exploration with five bold subheadings that elaborate on this information. Also, it has a set of
suggestions (instructions) to successfully perform the specific task, concluding with the
assessment criteria. Therefore, this is a curriculum genre with a series of stages about a
specific math task or assessment because the language is structured to give information and a
set of instructions associated with assessment and student evaluation. Secondly, the audience
is students as indicated by its purpose and reference to “students, mathematics students" and
the use of personal pronouns such as “you” and “your” that function as references to the
students. Thirdly, the language use situates the field consists of nouns, processes, and
circumstances such as “mathematical exploration, required to complete, comprises 20% of
final mark’’ and terms such as “graphs, diagrams, calculations, mathematics’’, which is
indicative of the subject of mathematics and the completion of this particular task. Therefore,
the language is structured and used in the field domain to situate the social context and
audience and text’s purpose. Fourth, the tenor of this text is both formal and informal. For
example, personal pronouns such as “you, your,” the declarative mood visible in the
statements of information, and the use of modality such as “should/shouldn’t” create an equal

relationship with the audience. Here, language conveys the imperative mood (instructions)
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stipulating the task assessment for the students. However, the tenor changes and becomes
more formal when processes such as explore, examine, and investigate have been modified to
nouns “exploration, examination, and investigation’’ that provide some clarification and
specification about how to complete a mathematical exploration successfully. Finally,
language usage demonstrates that it is a written mode because nominalizations such as
“exploration, examination, and investigation’’ show formality and a context-reduced domain
associated with mathematical pedagogic goals. The assessment constitutes the “content” of the
mathematics syllabus.

Next, samples of the participants’ homework tasks are presented and explained.

4.2.3. Teachers' Homework Tasks

This document illustrates samples of students' home tasks taken from the two
participants. The purpose of analyzing the homework tasks was to describe the required

language features and genres.

Figure 7

Sample Homework Tasks
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Participant A
3 At the Mawson base in Antarctica, the mean monthly temperatures for the last 30 years are:
Month Jan | Feb | Mar | Apr [ May [ Jun | July | Aug | Sept | Oct | Nov

Temperature (°C)

) | 0 4 9| -14|-17|-18| =19 =17 | =13 | -6

a Find a sine model for this data without using technology
Use Jan=1, Feb =2, and 5o on

b How appropriate is the model?

4 Some of the largest tides in the world are observed in Canada’s Bay of Fundy. The difi
between high and low tides is 14 metres, and the average time difference between high ¢
about 12.4 hours.

a Find a sine model for the height of the tide H in terms of the time .

b Sketch the graph of the model over one period.

5 Revisit the Opening Problem on page 232

The wheel takes 100 seconds to complete one \ .
green hig
revolution. Find the sine model which gives the height R )
of the light above the ground at any point in time, it o)
i)
Assume that at time ¢ = (), the light is at its lowest , \ [\
N 0 m\
point \ | /
| BN B g
T
\2m
A\

Participant B

2,14, 46,48

How much compound interest is earned by investing €20000 at 127 p.a. if the investme
a4 year period?

2 What will an investment of ¥30000 at 10% p.a. compound interest amount to after 4
b How much of this is interest?

=

How much compound interest is eamed by investing $80 000 at 9% p.a. if the investment
3 year period?

What will an investment of ¥100000 amount to after 5 years if it earns 8% p.a. compound
annually?

o

What will an investment of £45000 amount to after 21 months if it earns 7.5% pa. com
quarterly?

What initial investment is required to produce a maturing amount of £15000 in 60 months
given a guaranteed fixed interest rate of 5.5% p.a. compounded annually?

Table S
Analysis of Participants’ Homework Task

Participant A
Purpose: To provide instructions for

completing a specific task

Participant B
Purpose: To provide instructions for

completing a specific task

How is language used in the document to achieve the purpose?

A row of numbered tasks with subsections
in Latin alphabetic numbering that use
questions, cases, and pictures that depict

tasks

A row of numbered tasks with subsections in
Latin alphabetic numbering with six
questions and sub-questions that foregrounds

the task
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Audience-students/unequal relationship

Audience-students/hidden unequal

relationship

How is language structured for use to achieve its purpose?

Field: Education-Mathematics
Noun phrases and process, circumstances
(find, sine model, without using a

calculator)

Field: Education-Mathematics
Noun phrases and process, circumstances
(compound investment, earn, four-year

period)

Tenor: Mood: imperative- requires students
to execute specific actions

Formal language, not addressing the
audience

Unequal relationship with the audience
because of imperative words such as find,

sketch, assume, no modality

Tenor: Formal language, not addressing the
audience

Hidden unequal relationship because it
requires the students to complete the given
cases

Mood: imperative

Modality: no modality It requires students to

do specific actions
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Mode: Multimodal Mode: Written List, central questions, and
It uses both pictures and written language; sub-questions shows written because it helps
therefore, it is multimodal. the audience to follow the text

List, central questions and sub-questions,
italic font helps the audience to follow the

text

Both homework samples are part of curriculum genres associated with teaching and
learning. The purpose of both texts is to evaluate learning; this is visible in the use of the
imperative (find, assume, revisit, sketch) and interrogative (what? how much?) moods, which
means that students are required to complete a task if they want to demonstrate achievement of
the content. Therefore, both texts reveal elements of a procedure that provide a clear set of
sequenced directions or numbered questions for task completion.

The field is mathematics because of the mathematical symbols, terms such as "mean"
and "sine," and the use of percentages, numbers, and words. Following that, the tenor is formal
because there are no personal pronouns, and the use of nominalizations renders both samples
formal. Participant A's document revealed an imperative mood because of processes such as
“find” and “complete.” At the same time, the second text is interrogative (Participant B) as it
uses questions and complex sentence structures. For this reason, the language is abstract and
lacks human participants (find sine versus you must find sine), which is a common feature in
mathematics textbooks.

Interestingly, the mode dimension shows the difference between these two homework
tasks; for example, Participant A's homework task is multimodal drawing on words and

images to negotiate meaning, whereas Participant B uses the written mode only. Therefore,
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Participant A's homework task shows how the linguistic, symbolic, and visual components
contribute to mathematics discourse and register. In contrast, Participant B's homework task
resembles a behaviorist approach visible in the decontextualized mathematic formulas that
encourages regurgitation.

Finally, these homework tasks demonstrate a detached, formal, and authoritative voice
that one would expect in a “mathematics register [which is] the meanings that belong to the
language of mathematics (the mathematical use of natural language, that is: not mathematics
itself), and that a language must express if it is being used for mathematical purposes”

(Halliday, 1987, p. 175).

4.2.1. Discussion of document analysis

The document analysis revealed various genres such as the mathematics syllabus, an
excerpt from a textbook, and teachers' homework tasks. Yet, they all contained similar
purposes of giving information or directions to achieve a specific goal. Therefore, some of
these documents had dual social purposes classified as mixed genres. First, the teachers'
syllabus and students' textbooks displayed common patterns such as headings in bold, divided
sections, highlighted words, the use of descriptions, and nominalization. Interestingly these
features were missing in the teachers' homework tasks, which were sequenced as a list of
numbered questions and tasks indicating that "the function and form of disciplinary genres are
sometimes transformed in the context of schooling serving pedagogical and didactic
functions" (Rezat & Rezat, 2017, p. 4202).

Secondly, the field drew on grammatical metaphors such as nominalization and
technical mathematical terms that foregrounded the math-specific context in all these

documents. Therefore, the field demonstrated mathematical discourse where language,
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symbols, and the choice of visual images functioned as three semiotic resources that
simultaneously conveyed mathematical sense-making.

Thirdly, to achieve the purpose, in each document, the language used mainly
foregrounded an unequal relationship with the audience through imperative sentences that
directed the audience to complete specific tasks. For this reason, effective translanguaging in
mathematics classrooms would require teachers who are knowledgeable about mathematics
genres, mathematical registers, and discourses and how semiotic resources such as language,
symbols, and image jointly negotiate mathematical meaning. Furthermore, knowledge of the
mathematical registers can facilitate intentional translanguaging or explanations about register
choices and visual grammar associated with tables, graphs, figures, and charts because
mathematics examines students' mathematical sense-making and knowledge of mathematical
discourse (Veel, 1999). Consequently, teachers should be aware of the field and tenor's
register choices necessary for negotiating the meaning of mathematical knowledge in school
contexts, such as subject-specific terms and phrases associated with nominal phrases and
relational clauses (Accurso et al., 2017).

4.3. Presentation and Analysis of Interview Data

This section presents the interview data analysis to shed light on the participants' use of
translanguaging (when and why) and their beliefs about the impact of language in
mathematics teaching. The interview schedule consisted of seven questions. The data revealed
three main themes associated with translanguaging: challenges in EMI math classes, math

pedagogy and language, and the rationale for translanguaging.

4.3.1. Challenges in EMI Math Classes
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Contextual factors impact EMI and language practices at this school. These factors
seemed to have affected the implementation of EMI. For example, EMI was delayed in
Grade 8 and only started in Grade 9.

Extract 1:

Due to the fact that the school was established not so long ago, not all of the school

population is ready for the English language. Therefore, there is a transition that

until eighth grade, everyone is taught in their own language of instruction and

starting from the ninth grade, all subjects are switching to English (Participant A,

January 19+, 2021).

The extract illustrates that the school was established recently, impacting the school
and students' readiness to be taught through EMI. To combat this contextual dilemma, EMI
subject teaching only starts from Grade 9. However, this switch to EMI at a later grade does
not come without its challenges.

First, students' English language proficiency impacted their basic interpersonal
communication skills (BICS) (Cummins, 1990).

Extract 2:

In the past the teachers of the ninth grades have encountered the problem: the fact

that pupils do not understand anything in English in the classroom (Participant A,

January 19+, 2021).

This extract implies that students did not possess the primary English language
proficiency needed for daily social interactions. The language used in these everyday social
interactions is context embedded and normally face-to-face; thus, switching to EMI could
be cognitively demanding, making the specialized registers and metalanguage of
mathematics even more problematic and challenging.

Secondly, the teachers translated the teaching materials into English, but whether they

make explicit the specialized mathematics discourses remain questionable.

Extract 3:
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Therefore, literally ... all mathematics ... has to be translated into English and the
entire ninth grade to spend some simple translated things. Their knowledge is
duplicated into English, this creates an extra burden, respectively, for the senior
classes (Participant A, January 19+, 2021)

Interestingly, teachers commented on the duplication of the knowledge component
into English. Again, it raises questions about scaffolding the math registers and language
usage in the mathematics classroom. For example, the participants commented that
explanations of mathematics could sometimes be challenging.

Extract 4:

There are no problems in terms of preparing the material and the lesson there are

no problems, but in terms of the explanation of the materials, sometimes, on my

part, there are also a few difficulties ... so in terms of explanation, difficulties may
arise...sometimes not all words we use are in English, sometimes we switch to

Russian to explain something (Participant B, January 21+, 2021)

From Extract 4, we see difficulties in EMI teaching and learning mathematics for both
teachers and students. Generally, the extract illustrates that the different levels of L2
proficiency create significant language problems in mathematics classrooms. For this reason,
there seems to be a preference for using the Russian language for academic purposes and
especially for mathematical sense-making.

Extract 5:

However, the Russian language is still dominant. Because if some things are not

clear, difficult to understand, then English isn't used for a while, perhaps in a

classroom where the lesson lasts not 20 minutes, but 60 minutes it would be somehow

different, but so far we have this kind of situation. In the 10th grade Kazakh
classrooms, there is already a dominant role of the English and Russian languages

as supporting languages (Participant A, December 12+, 2020)

Translanguaging in this context draws on the medium of the Russian language. This
means that Russian and English dominate when switching between codes, whereas

translanguaging requires students' full linguistic repertoires, including the Kazakh

language.
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Finally, students' ability to cope with mathematical learning in English seems
terminology-focused in Grade 9. Thus, learning the math content was associated with
challenges in understanding new terms and unfamiliar words.

Extract 6:

1 taught in 7th grade, and at that time, it appeared that I was giving some things

incorrectly, and I learned it from colleagues after the event had happened.

Respectively, this affected their communication in Russian, as well as their

mathematics. Well, it turns out some new terms; cause difficulties when we read

written tasks and unfamiliar words sometimes (Participant A, December 12+, 2020)

Extract 7:

Well, yes, because they have been teaching in English since the ninth grade, and

that's why in the two ninth grades, they study the terminology, and then they have the

main terminologies in the ninth grade and in the 10th grade, it is already easier for

them (Participant B, January 21+, 2021)

In the previous extracts, the teachers' perspective associated with students' mathematical
sense-making is merely seen as knowledge of terminology that suggests some behaviorist
values related to math learning and teaching, thus creating opportunities for mathematical
sense-making associated with a more profound comprehension of mathematical discourses. As
aresult, languaging between everyday and school-based mathematical literacies is omitted

when teachers focus only on decontextualized mathematical words, concepts, and vocabulary

translations.

4.3.2. Math Pedagogy and Language

In this section of the interview, the participants described a typical mathematics lesson.
Interestingly, both participants appeared to be using inquiry-based and student-centered
approaches to math teaching, but they also illustrated how language impacts their pedagogy.

Extract &:
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Initially, we don't tell them that the function F from X, the X equals X2, will have a
parabola graph, and all this is discovered by students themselves. They do not know
what the periodic behavior of functions is, that is, the periodicity of functions, but
thanks to this example, they already see a wave-like function which is similar to that
function. The lesson process is built so that, if possible, every nuance of the
mathematical formula (term) should be revealed to the students in the process of
discussion or in the process of independent work (Participant A, December 12+,

2020).

The participants seem to be aware that the mathematics discipline requires problem-
solving skills. Their responses indicate that they create mathematics classrooms that value
students’ independent thinking about how mathematical problems work. Furthermore, their
pedagogy would probably enhance students' comprehension because they create learning
spaces where their students can use their thinking and creativity in solving math problems. As
a result, in this context, there was a paradigm shift from the previous Russian educational
system that valued the memorization of facts and taking notes to one that encourages students
to communicate, discuss and solve math problems among their peers.

Furthermore, their inquiry-based pedagogy is encouraged at the school level because
criteria-based assessment (CBA) underpins NIS pedagogy and evaluation principles.

Extract 9:

There are four different criteria that are required in teaching in this NIS. Those are

ABCD (said in English) criteria. A is for knowledge and understanding, B is the

discovery of patterns using students' knowledge. C is for communication, and D is the

application of mathematics in real life (Participant A, December 12+, 2020).

This extract shows that the NIS assessment system emphasized mathematical content,
communication, and using mathematics for real purposes. For example, teachers would have
to encourage students to display mathematical knowledge and understanding that would have
to be communicated and applied in class and real-life contexts. As a result, there is a socio-

critical orientation to the mathematics curriculum that values student-centered pedagogy and

life preparation at the institutional level. This orientation was also visible in the extract that
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shows a preference for equal teacher-student relationships, thus strengthening the student-
centered orientation of the school. However, what is less obvious are the strategies teachers
need to scaffold both language and content in mathematics classes.

However, despite the teachers' inquiry-based pedagogy, the interview revealed that
students' ability to understand math content was more than language or EMI.

Extract 10:

According to the development at the level of mathematics, it happens that someone

learns mathematics better, someone worse. And the one who learns mathematics

better, then he reads the topic and basically understands it. Therefore, it is easier for

those to understand it in English and for someone with the same level of English to

not understand what is happening there (Participant A, December 12+, 2020)

In this extract, the teachers indicated that mathematical understanding is connected to
EMI and commented that even though students might have similar English language
proficiencies, math could be more straightforward for some students while it remains
challenging for others. As a result, struggling students' mathematical sense-making goes
beyond language, and the extract below demonstrates how teachers deal with this issue.

Extract 11:

1t is also solved by the method of differentiation, that is, someone gets... everyone is
given general examples, someone gets easier examples, and also, this is done in a
way that is not noticeable for a student; everyone is given examples with medium
complexity. Then, someone who has coped with medium complexity examples is
immediately given difficult ones. Those who couldn't solve them are given a number
of easy examples so that through them, they can come to the solution of medium
complexity examples (Participant A, December 12+, 2020).

The transcript reveals that teachers practice ability grouping to prepare mathematics
tasks for three levels: easy, low, and medium. Even though differentiated teaching is an
approach that caters to different abilities, it can hold unintended consequences for
mathematical identity construction because students in the lower streams could become

negative, impacting their motivation to learn mathematics.
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4.3.3. The Rationale for Translanguaging in the Mathematics Classroom

The participants provided insights into how EMI is implemented in the local context
and shed light on their languaging strategies to cope with the curriculum demands of learning
mathematics through English. Firstly, Russian and English provide students with mathematical
sense-making opportunities associated with the topic and content. For instance, from Grade 8§,
translanguaging strategies facilitate the switch to EMI MOI in grade nine.

Extract 12:
So what is happening at the moment is that we are using the CLIL method as much as
it is possible. So for presentations, everything is in English, and everything is
duplicated and explained in Russian, respectively, as soon as they see the
presentation, all the information that is on the presentations is duplicated, that is, the
first thing they see is the topic of the lesson and the topic of the lesson is explained in

the Russian language and some necessary explanations are also provided
(Participant A, December 12+, 2020).

From this extract, we can see evidence of translanguaging using Russian and
English because the materials are in English while the explanations are in Russian. It seems
that translanguaging is conceptualized as a translation between the two languages to
facilitate learning in CLIL classes. Therefore, despite EMI, the teachers acknowledge their
students' multilingual repertoires as a resource to maximize the latters’ meaning-making
potential. If these translations of materials go beyond word-level subject terms, they would
likely facilitate effective CLIL implementation because it would include the register and the
metalanguage of mathematics. However, translanguaging appears to be related to the
translation of content.

Referring to Grade 10, the participants commented the following:

Extract 13:
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In the 10th grades, the lesson, basically, in terms of the theoretical component, is
similar to the previous, that is, again, at the presentations, they see the topic of the
lesson, this topic of the lesson is necessarily indicated as to why it is needed and how
it is applied, that is, the same as in the eighth grade, but everything is in English.
Sometimes, however, some things are selectively duplicated into Russian when it is
necessary because, well, there is still a difficulty for students to understand
everything in English (Participant A, December 12+, 2020)

This extract shows a stronger focus on EMI in Grade ten because the lessons are in
English only combined with translations of materials if necessary. Again, translanguaging
provides an opportunity to facilitate students' sense-making of the translations of the topic,
the purpose, and explanations associated with the application. Therefore, despite notions of
inquiry-based pedagogy, teachers only draw on translanguaging to translate content; they
did not indicate how they use language to scaffold students' mathematical understanding of
the content and the language.

Additionally, the participants indicated that translanguaging takes place mainly in
Criterion C of Criteria Based Assessment. Therefore, translanguaging occurs to develop
students' communication skills in association with mathematics.

Extract 14:

That is, in order to cover Criterion C, the effectiveness of communication of

mathematics is just the same method that is applied where the information is given in

English; the definitions, goals of the lesson, some examples, and rules are given, and

all this is translated by the student into Russian and immediately explained in his own

language. The use of mathematical terminology is for the development of Criterion C,
and if there are tasks on the slide, then the students accordingly solve the task

(Participant A, December 12+, 2020)
Extract 14 illustrates that students communicate in the target language; however, it mostly
takes place through the medium of Russian. This is similar to the Welsh context where

students received teaching in the target language and conversation occurred through their

L1 (Garcia & Wei, 2014).

56



TEACHERS’ TRANSLANGUAGING PRACTICES IN STEM

Furthermore, differentiated teaching is another reason for applying translanguaging
associated with streaming students' mathematics abilities.
Extract 15:

The first difficulty is solved by the method of differentiation where we give (the

tasks) for some of the students completely in English, for someone we simultaneously

translate in Russian, of course, they don't know that we are translating for them

(Participant A, December 12+, 2020)

As we can see, differentiated teaching results in translanguaging that is related to the
translation of materials. Interestingly, the Kazakh language also has its place in the
mathematics classroom.

Extract 16:

When we translate mathematical terms in English into Russian, and it's not quite

clear what is the theme, then if we will tell it in the Kazakh language, it becomes

clear, and it is the only use of Kazakh (Participant A, December 12+, 2020)

This extract illustrates a triple translanguaging practice that takes place using
students' entire linguistic repertoire. Furthermore, it shows the dominance of the Russian
and English languages and the minimal use of the Kazakh language. Finally, students'
English language proficiency seemed to necessitate the use of translanguaging. Therefore,
in these mathematics classrooms, teachers adopt flexible pedagogy to create languaging
spaces that mediate complex cognitive tasks. As a result, teachers are aware of the
advantages of viewing multilingualism as a resource in math pedagogy.

Extract 17:
for some students of basic language and mathematical abilities that is another
matter...therefore, it is still allowed to use the Russian language well, or Kazakh
wherever it is more convenient in order to better convey all this information.

Therefore, it is often necessary to duplicate information into the Russian or Kazakh

language, the second language of instruction, so that students understand better and
(then) everything goes in English (Participant A, December 12+, 2020)
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From the above extract, it is clear that teachers foreground students' limited language
proficiency and limited mathematical sense-making as the factors to "duplicate information."
They believe that the translations facilitate meaning-making and that “everything would go in
English.” However, a translanguaging pedagogy requires students to learn new language
practices; thus, "new ways of languaging is more difficult than just learning new subject
content," and yet this new language discourse has not been considered (Garcia & Wei, 2015,
p- 229). As a result, their attempts are commendable but, transformative translanguaging

practices require more than just translations or producing content in the target language.

4.3.4. Discussion of Interview Data

Overall, the interview results suggest that teachers face various contextual level
challenges associated with EMI in mathematics classes. The primary reason for these
challenges is that this is a recently established school; thus, they were relatively unprepared
for EMI implementation in Grade 8. For this reason, students' differing English language
proficiencies result in translanguaging practices to counteract their challenges in
understanding mathematical content through EMI.

Secondly, according to the interview analysis, translanguaging is mainly used to
translate the topic, purpose, and math content. Therefore, teachers' translanguaging practices
would not provide their learners with more opportunities to learn STEM (Probyn, 2019). For
example, translanguaging goes beyond simple translations and code-switching and uses
students' linguistic repertoires to create meaning-making (Garcia & Wei, 2015). Yet, in this
translanguaging space, language usage did not develop meaning-making but offered

opportunities to translate mathematical content. Nevertheless, similarly to Lin and He's (2017)
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study, teachers' math content translations allowed students to use their L1 and offered a
gateway to content-specific words important for sense-making.

Thirdly, translanguaging offered a strategy to support the participants’ students' limited
English skills. These teachers infused inquiry-based pedagogy and differentiated teaching
using translanguaging to provide new possibilities for their students' mathematical sense-
making.

Finally, the teachers applied translanguaging to develop communication skills, and it
offered a space for students to become active participants in the learning and teaching process
(Creese & Blackledge, 2010). As a result, students could use their full linguistic repertoires, be

it Kazakh, Russian, or English, to communicate and make sense of the math content.

4.4. Presentation of findings

This section provides the main findings from three data sets: the qualitative
questionnaire, documents, and interviews and draws on the SFL resources of tenor and
appraisal, which are affect, judgment, and appreciation.

Firstly, the questionnaire analysis revealed that local school challenges associated with
EMI have resulted in multilingual strategies for math teaching and learning, enabling teachers
and students to use their multilingual repertoires meaning-making. For example, both
participants indicated positive affect (feelings) and judgment towards teaching through EMI
and the use of students’ first languages. In addition, the teachers possess the following
features: positive affect (student needs), judgment (English language proficiency), and
appreciation (English books and resources) towards translanguaging practices. Therefore, they
were flexible in using their students' L1. As a result, students’ L1 and the availability of

English materials facilitated EMI in their math classes.
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Secondly, the document analysis revealed that the mathematical genres were mostly
procedural and informational documents. These genres foregrounded abstract language,
register choices, and mathematical discourses, impacting students' mathematical
sensemaking. Furthermore, the field drew on grammatical metaphors such as nominalization
and technical mathematical terms highlighting the math-specific context. Therefore, the field
demonstrated that mathematical discourse associated with three semiotic resources such as
language, mathematical symbols, and visual images simultaneously convey mathematical
meaning. Consequently, teachers should be aware of the register choices in the field and tenor
to effectively translanguage the mathematical knowledge and subject-specific terms
encapsulated in nominal phrases and relational clauses.

Finally, the interview analysis also revealed the importance of teaching math registers
explicitly because the participants indicated that even though some students had the same
English language proficiency, they did not all perform at the same level. Such varying
performance could be attributed to mathematical register, which can impact students’
mathematical sense-making because those who are successful might come to school prepared
for the language of schooling, making it easier to acquire the registers of their various subjects
(Schlepegrell, 2014). The main reason for translanguaging was students' need for translations
and code-switching to facilitate their understanding of mathematical content. Therefore, both
participants showed a positive affect towards using students’ L1 in EMI mathematics
classrooms in the interview. In addition, while applying differentiated teaching, their
translanguaging practice shows their appreciation for fostering positive student identities. As a
result, the interview indicated participants’ positive feelings towards translanguaging
associated with facilitating students' understanding of the content but not developing their

proficiency in both languages (Williams, 2002).
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4.5. Discussion of Findings

This study explored the translanguaging practices of two mathematics teachers at one
NIS school in Kazakhstan. To shed light on mathematics teachers' translanguaging practices,
this study used a Systemic Functional Linguistics (SFL) lens to illustrate how language
functions as a semiotic resource in these two mathematics classes. The previous section
highlighted the findings obtained from the three research tools, the qualitative questionnaires,
documents, and interviews. This section discusses the study results concerning the literature
reviewed in Chapter 2 and the three underpinning research questions.

4.5.1. What Metalinguistic Knowledge do Mathematics Teachers need to draw on
Translanguaging as a Pedagogical Tool?

The language of math includes specific linguistic choices that construct a particular
reality for a specific social purpose (Halloran, 2005). For example, the documents revealed a
range of information and procedural mathematics genres. Some were mixed genres because
they had dual social purposes of giving information and a set of directions to obtain a
particular goal. In addition, the documents showed that language items, visuals, and
mathematical symbols simultaneously negotiate meaning, resulting in a small interpretative
space (IS) and a direct semantic effervescence (SE) (Halloran, 2005), which makes math
solutions and their procedures appear straightforward. Therefore, to implement effective
translanguaging practices, math teachers should have genre knowledge about how language
functions in the field dimension in nominalization, graphs, figures, and charts. Also, teachers
need to understand how language changes in the tenor dimension are primarily imperative
because “the abstract nature of the processes and participants and the style of production of the

text contribute to the dominating tenor” (Halloran, 2005, p.198). Furthermore, the mode
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written, spoken, and multimodal, and teachers would need knowledge of how language
changes in these different modes (Halloran, 2005). As a result, teachers' must have
metalinguistic knowledge about mathematics genres, registers, and discourses and how
semiotic resources such as language, symbols, and images jointly negotiate mathematical

meaning.

In addition, the interviews revealed that the teachers face various EMI-related
challenges in the mathematics classroom. Firstly, students' English language proficiency
resulted in translanguaging, while issues related to math understanding resulted in
differentiated teaching methods. Secondly, the teachers revealed that English language
proficiency was not always a criterion for success, suggesting that mathematics involves
students' math understanding and language proficiency (Veel, 1999). For example, even
though some students were proficient in the English language, their challenges can be
associated with the "grammar of mathematical symbolism is not generally understood"
(Halloran, 2005, p.15). Furthermore, the visual grammar associated with mathematical images
such as diagrams, figures, and graphs needs explicit translanguaging to "explain how the
systems are organized, to make very specific meanings which provide a link between the
linguistic description of a problem and the symbolic solution" (Halloran, 2005, p.15). As a
result, the teachers' challenges foregrounded their limited ability to draw on transformative
translanguaging practices that would make explicit the way mathematical registers, symbols,

and language jointly offer meaning-making resources (Garcia & Wei, 2015).

4.5.2. When and Why do Math Teachers Switch Languages?
The questionnaire revealed that both participants mainly use students' L1 for

explaining mathematical terms. However, this practice does not coincide with translanguaging
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as a pedagogical tool, because as Wei (2017) outlines, translanguaging is not only about
switching languages when it is needed, but it is a transformative, re-semiotization process that
promotes the use of languages for the creative and critical co-construction of knowledge.

Despite this, the interviews revealed that the Grade 8 teachers' and students' switch for
both content and language because of the CLIL approach features and a gradual transition to
total EMI. Switching to complete EMI can contradict the main aim of translanguaging: to
contest monolingual assumptions (Garcia & Wei, 2014). Nonetheless, this Kazakh context is
similar to CLIL classrooms in Hong Kong because students' home languages serve as a
resource and the participants also switch for assessments because "effective communication of
mathematics" (school designed the CBA) requires students to display good communication
skills (Lin & He, 2017).

In Grade 10, teachers switch because of the content, but it seems like selective
translation based on the needs of their students. However, the selectivity of such translations
does not create translanguaging as a pedagogical tool because translanguaging goes beyond
simple translations (Garcia & Wei, 2015).

Finally, they switch to differentiated teaching because of students' diverse English
language proficiencies. As a result, the teachers only switch languages to translate subject-
specific content in this context, but their responses indicated a limited ability to scaffold math
register and metalanguage. However, translanguaging is not just about giving students access
to the content; thus, transformative language practices associated with bilingual education
were lacking in this context (Garcia & Wei, 2015).

4.5.3. How did these Language Switches Contribute to the Scaffolding of Content and
Language?
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Interestingly, the documents revealed NIS institutional approach to translanguaging
because the information about lesson planning included Kazakh, English, and Russian. This
type of translanguaging associated with the translations of materials was also visible in the
interviews where the topics, purposes, and terms were translated to students' L1. For example,
the teachers made a concerted effort to use students’ L1 to facilitate content drawing on the
translations of vocabulary and subject-specific terminologies; thus, they are competent in
translanguaging in the field dimension. Similarly, the early versions of CLIL lacked a balance
between content and language (Coyle, 2007). Likewise, Karrabassova (2020) pointed out
that CLIL in the Kazakhstani context is heavily concerned with language rather than with a
content. However, there should be a balance between the two when teaching. Accordingly,
teachers should concentrate not only on translations of the content but also on teaching how
language is used to negotiate the meaning of a particular topic to make it visible and
comprehensible for learners' language development.

Furthermore, the documents illustrated differences in the participants' homework tasks.
For instance, both participants attempted to facilitate mathematical content. However, one
teacher displayed a more remarkable ability to include opportunities for his students to engage
with multimodality, such as written texts, symbols, and visuals (Halloran, 2005). These
multisemiotic resources have their own role in construing mathematical meaning and
mathematical registers (Halloran, 2005). Therefore, this homework task showed some
evidence of infusing mathematical registers and content. Nonetheless, both teachers would
benefit from explicit language scaffolding because this would expand students’ language
awareness and develop their mathematical register for reasoning (Segerby et al., 2018). For
example, the research conducted by Accurso et al. (2017) showed that SFL-based pre-service

training helped teachers to set clear expectations for their students, enabled them to develop



TEACHERS’ TRANSLANGUAGING PRACTICES IN STEM 65

math disciplinary language knowledge to provide explicit and practical feedback.
Furthermore, a PD project on SFL pedagogy has highlighted the benefits of improved CLIL
pedagogy (Llinares & Morton, 2010, 2017). Teachers should attend PD programs that focus
on developing their knowledge of mathematical genres, registers, and multimodal symbols
(Accurso et al., 2017).
4.6. Conclusion

This chapter presented the analysis of the qualitative questionnaire, documents, and
interviews. It has also illustrated the emerging themes and findings across the data sets.
Finally, it foregrounded the discussion of the results of the three research questions and the
literature about translanguaging and SFL. In the following chapter, I will summarize the main
findings, make recommendations for further research, and highlight some limitations that

impacted the research project.

Chapter 5: Conclusion

The previous chapter focused on the analysis, discussion, and findings from three data
sets: qualitative questionnaires, documents, and interviews offered triangulation to achieve
reliability and validity of the research findings. These data collection tools illustrated the
metalinguistic knowledge that mathematics teachers should have in EMI instruction for
effective translanguaging practices in two Grade 10 classes. For this reason, the study
investigated the metalinguistic knowledge that mathematics teachers would need to implement
translanguaging as a pedagogical tool. In addition, it illustrated when and why these math
teachers switch languages and how these switches contribute to the scaffolding of content and

language.
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In this final chapter, I foreground and summarize the main conclusions of the study, which
were: (a) the metalinguistic knowledge that mathematics teachers need to draw on to use
translanguaging as a pedagogical tool;(b) the main reasons for translanguaging;(c) the role of
translanguaging in scaffolding content and language. Furthermore, this chapter presents the
implications of the results, the study's limitations and provides recommendations for further

research.

Metalinguistic Knowledge that Mathematics Teachers Need

Firstly, to draw on transformative translanguaging practices, teachers should be acquainted
with different genres such as procedures/instructions and information reports. For example, two out
of the four documents analyzed were associated with procedures, and one was a mixed genre while
the other was an information report. They should also know mathematical registers related to the
field, tenor, and mode. This type of knowledge is essential because it would enable them to move
beyond the translation of terminology towards making explicit grammatical metaphors such as
nominalization (equation, triangulation, addition, subtraction) that converts processes into nouns. In
addition, knowledge of the mode dimension would allow these teachers to shed light on
multimodality in mathematics because the discipline consists of linguistic, symbolic, and visual
components that jointly negotiate meaning. Therefore, with the appropriate metalinguistic
knowledge, teachers might make explicit how mathematics genres, registers, and discourses draw on

semiotic tools such as vocabulary, symbols, and visuals to negotiate mathematical content.

Reasons for Translanguaging

The data illustrated that teachers’ translanguage because of their students’ needs. In

Grade 8, they switch for both content and language because of the CLIL approach acting as a
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gradual transition towards English-only content in later grades. In Grade 10, they switch
language selectively to ensure that their students gain the knowledge associated with the
content. Interestingly, the study also found that these teachers have positive affect and
judgment towards EMI teaching and the use of their students’ L1. Nonetheless, even though
these teachers were flexible and made ample use of translanguaging strategies, they only
translated subject-specific terms and words to teach the mathematical content.

Scaffolding Content and Language

As mentioned above, the study found that teachers practiced translanguaging that is
only content-driven. Thus there is only minimal space for the scaffolding of math register and
metalanguage. Therefore, translanguaging practices within this context are associated with
translations and language switches to provide students with opportunities to make sense of
math content. Thus, language scaffolding and the registers of mathematics were generally
unexplored. Consequently, there is a need for explicit language scaffolding because it can
expand students’ language awareness and develop their mathematical register associated with
reasoning, problem-solving, and their metalanguage to construct logical arguments.

5.1. Implications of the findings
The findings from the data sets hold several implications for education policymakers,

school administrators, and mathematics teachers.

Education policy-makers should recognize that effective EMI and CLIL
implementation requires more than just English language proficiency courses. For example, if
STEM teachers have acquired the appropriate English language proficiency, then the next step
should be developing their metalinguistic knowledge of the STEM disciplines. Therefore, PDs

need to include training to scaffold the language and their subject's content explicitly. By
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doing this, flexible language practices such as translanguaging might have transformative
pedagogical implications. For example, teachers will be able to plan their language switches
related to mediation and make visible the language codes of STEM subjects so that their
learners can make sense of both the language discourse and the content. Also, it will help
teachers to be selective in their translanguaging methods and provide a space for teaching both

content and language simultaneously.

5.2. Recommendations for further research

The results of this study suggest that mathematics teachers need to have a solid
understanding of how language works within their discipline. Thus, effective CLIL
implementation would be challenging for teachers and their students without appropriate
training and systematic support. Therefore, follow-up research should explore how in-service
genre-based programs can equip mathematics teachers with the necessary metalinguistic
knowledge and math subject literacies. Secondly, research should explore current
translanguaging practices in longitudinal studies to inform future CLIL professional
development. Finally, research should explore pre-service mathematics teacher education
programs to shed light on how it includes subject-specific literacies, mathematics register, and

multiliteracies discourses related to mathematics symbols and images.

5.3. Limitations

The scope of this study was the translanguaging practices in two Grade 10
mathematics classrooms. It only included two participants and one NIS school in an urban
context in Kazakhstan. Therefore, this study was a small-scale research project that was
relatively short, and due to Covid-19 restrictions, I could not conduct observations at the

school. For this reason, the study could not shed light on the actual translanguaging practices
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employed in these two classrooms. Therefore, the results of this study cannot be generalized
due to the uniqueness of the research site and participants. Nonetheless, the study offers
possibilities for exploring the translanguaging practices in STEM classes in greater depth,

informing future CLIL professional development programs.
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Appendix A: Qualitative questionnaire

Purpose:

A.
1.

I

University/College

Personal details: Please indicate
Your gender

Male

Female

Other

Your age

20-30

30-40

40-50

50-60

Teaching experience
2-5

5-10

10-20

20-30

. Your higher educational institutions

Degree: BA; MA; PhD

Major

83

5.

Y our school context



TEACHERS’ TRANSLANGUAGING PRACTICES IN STEM 84

C.
10.

NIS
State mainstream school
Have you ever trained in professional development programs? If yes, fill the blank

with the name of the program.

Languages in the classroom: Please indicate

Your first language? (The language that you’re speaking from birth)
Kazakh

Russian

Other

Your students’ first language/s

Kazakh

Russian

Other

The current language of instruction in your class
Kazakh

Russian

English

The language of instruction in your class before English
Kazakh

Russian

English

Language and math learning

How do you experience teaching math through EMI?

SIOIOINI

11. How do you think? What do your students experience math learning through EMI?
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QOO0

15.

. Do you use Kazakh/Russian languages while teaching?

Yes
No

. When do you use them?

instruction of activities
remind students’ their behavior
mathematical concepts

I don’t switch

. Do you allow your students to switch to their L1?

Yes

No

Other (sometimes, rarely)

What is your opinion on using students’ mother tongue (Kazakh/Russian) while

teaching content?

SIOIBINI
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Ankema
Henw:
A. JIuunvie oannvie: Ioxncanyiicma ykasxcume
1. Bam non
o Myxckou
o Kenckuii
o /[pyroun
2. Bam Bo3pact
o 20-30
o 30-40
o 40-50
o 50-60
3. OmnbIT npenoaBaHus
o 2-57er
o 5-10 ner
o 10-20 ner
o 20-30 ner
4. Beicmue yueOHbIe 3aBeICHUS B KOTOPBIX BBl 00yYaHCh
YHusepcuteT/Konneax CreneHb: bakanasp; CneymanbHOCTb

Maructp; Kangmaat

HayK

86
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B.
7.

O

O

O

B xaxoM M3 HMKE yKa3aHHBIX ILIKOJIaX BbI Ipenojaere?
NIS

l'ocynapctBennas 06meoOpa3zoBaTeNibHas IIKOJIA

87

Bb1 kora-au0y1p 00ydanuch 1o mporpamme nobiiieHus kpanupukauuu? (Ecau oa,

YKa)KUTE B 10JI€ Ha3BaHUE NporpamMMmel.. Eciu ne npoxoounu, npomyCTUTE BOIPOC)

Hzviku: Hoxcanyiicma ykasxcume
Bam poanoit s361k? (SI3bIK, HA KOTOPOM BBl TOBOPUTE OT POKICHMUS)
Kazaxckuii
Pycckuit
Apyroi
PonHoii/ble A3bIK/M BalllUX YYEHUKOB
Kazaxckuii

Pycckuit

Apyroi

. Texymmii si3pIK 00y4YeHHUs B BallleM Ki1acce

Kazaxckuit
Pycckuit

Apyroi

26. S13pIk 00y4eHus B BallleM KJIacCe IO BHEAPCHUS aHTIHICKOTO

O

O

O

Kazaxckuit
Pycckuit

Apyroi

C. H3yltenue A3bIKO6 U MamemamukKku

9.

Kaxk BbI 0THOCHTECH K MPENOJaBaHUIO MATEMAaTUKU Ha AHTJIIMIICKOM SI3bIKE?

SIOISINI
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10. Kak Bamm y4eHUKH OTHOCUTCS K 0OYUYEHHUIO MAaTEeMaTHKH Ha AHIJIIMACKOM s3bIKe?
11. Ucnonp3yere Jin BO BpeMst 00yueHUs Ka3aXCKUK / pycCKUN S3bIKU??

o Jla

o Her

o Korga BbI ux ucnons3yere?

O TP ONMUCAaHHUU 3aJJlaHUI

O 4TO OBl HAIIOMHHUThH YYCHUKaM 00 UX OBEJCHUU

O U1 MaTeMaTHYECKUX TEPMHUHOB

o Sl He ucnoaB3yI0 APYTUE A3BIKU KPOME AHIIIMHCKOIO

12. Pa3pemiaere i1 BBl CBOUM yUYEHUKaM HCIIOJb30BaTh CBOM POJIHOM A3BIK?

o Jla

o Her

o /Mpyroe (uHoraa, peako)

13. Kak BBl OTHOCHTECH K UCTIOJIB30BAHUIO POIHOTO SI3bIKA YUAIIUXCs (Ka3aXxCKui /

PYCCKHIT) IpH NPENoJaBaHUU MaTepUaIoB?

SlOIBIN
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Cayannama

Maxcamuwr:

A.
1.

O

3.

Yuusepcuret/Komnemk

7Kexe oepexmep:
Ci3/11H KBIHBICHIHBI3
Ep

olien

backa

Ci3/1iH XKacChIHBI3
20-30

30-40

40-50

50-60

OkpITy TOXipHbOEci
2-5

5-10

10-20

20-30

Ci3 OKbIFaH XKOFapbl OKY OPBIHAAPHI
JHopexe: bakanasp;
Maructp; FbUIBIM

KaHIUAThI

MamaHIBIK

&9
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o
9.
10.

Temenneri MexTenTepaiH KalchIChIHAA cabak Gepeci3?
NIS

MeMIeKeTTIK JKanmbl 011iM OepeTiH MEeKTel

Ci3 6imim Oepy OarmapiamachkiHa KaThIChIT KepaiHi3 6e? (Erep kaTteickaH 00JicaHBbI3,

90

60c >xonFa OGarapiaMaHbIH aTayblH kKa3bIHbI3. Erep KaTbicracaHbl3, CypaKThl OTKI3iI

KiOepiHi3)

Coinvinmazel minoep:

Ciznix aHa TimiHi3 Kagaain? (Ci3 TyFaHHAH COMNEHTIH TiN)
Kazak

Opsic

backa

OKy1IbIIapbIHBI3IBIH aHa TLT1/epi

Kazak

Opsic

backa

. Ci311iH CHIHBIOBIHBI3IAFBI OKBITY TiMi

Kazak
Opsic
backa

. AFBUIIIBIH TiJIiHEH OYPBIHFHI Ci3/1iH CHIHBIOBIHBI3AAFEI OKBITY TN

Kazak
Opsic
backa
Tinoep men mamemamuka NoHIH OKbIN YUPEHY

JXKapaTbuibIicTaHy MOHIH aFbUILIBIH TUTIHAE OKBITYFa Kallail Kapaiichiz?

SIOISINI
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11.

Ci3iH OKyIIBUIAPBIHBI3 MAaTEeMATHKA MTOHIH aFbUIIIBIH TITTIHAE OKBITYFa Kaslai

Kapaiip1?

SIOIBINI

12.

14.

Ci3 oKy 6apbIChIHIA Ka3aK / OpBIC TLAEPIH KOJIJaHachl3 6a?
s
Kok

. Ci3 onap/sI KamaH KoJijaHachI3?

TaTChIpMaapabl cUNaTTay OapbhIChIHIA
OKYIIBUIAPIbIH MiHE3-KYJIKbIH €CKTEepiHe Tycipyre
MaTeMaTHKa TePMHUHJEPIH TYCIHIIpYe

MeH aFbUIIIBIH TUTIHEH 0acka TUTAep/i KOJIJaHOaiMbIH

. OKymIsIIapbIHBI3Fa ©3 TULIEPIH KOJIaHyFa pyKkcat oepeci3 6e?

Hs

Kok

Backa (keiine cupek)

Cabak MaTepuaIapblH OKBITY OapBICBIHIA CTYICHTTEPIH aHa TiTiH (Ka3akK / OpbIC)

KOJIZIaHYbIHA JETE€H KO3KapachIHbI3 KaHaa?

SIOIBINI
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Appendix B: Document analysis framework

Purpose: To provide a clear set of directions for completing a specific task

How is Language used in the document to achieve the purpose?

Structure

Audience

Relationship with audience

How is Language structured for use to achieve its purpose?

Field Noun phrases and process, circumstances

Tenor Mood:

Modality:

Mode Written,
Spoken,

Multimodal

92
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Appendix C: Interview questions

1. Describe one of your mathematics classes.

2. What language plays the most significant role in your mathematics class, and why?
3.How are you experiencing mathematics classes through EMI?

4. How do you think your student is coping with mathematics learning in English?

5. What advantages do the EMI offer (if any) for you and your students?

6.What challenges do the EMI offer (if any) for you and your students?

Probe question: How does your school perceive this practice?

1. Mamemamuxa cabaxmapuiybl30bly OIpiH CUNAMMAHbI3.

2. Ci30iy mamemamura cada2vlvl30a Kail mil Maybl30bl pojl amkapaosl Heane Heze?

3. Azvinubin mininde Mmamemamuxa cabakmapvii Kaiai emxizeciz?

4. Oxyubliapbiybl30blH MAMeMaAmuKa cadaKmapvlt a2ulliublH MiliHOe OpbIHOAY2ad WAMACH
Jrcemin dcamolp oen ounaticwvlz 6a?

5. Ci30iy otibiybizwa cizee dcane Ciz0iy OKYUbLIAPLIHBIZEA ALLIUbIH MITIHOE OKbIMYOblH
KaHOall apmulKWbLIbIKmapul oap (ecep 6ap boaca)?

6. Aevinubln miniHoe OKblmy cizee JHcaHe Ci30iH OKYUbLIAPbIHbI32A KAHOAU Macele mMy2bl3ad0bl
(e2ep bap 6o1ca)?

Koceivma cypak: Cizdiy mekmebiniz 6yn maxcipubeni Kaniau Kadowlioatiowvt?

1. Onuwume 00uH U3 6aUUX 3AHAMUL NO KAACCY MAMEMAMUKU.

2. Kakoii a3vix uepaem naubonee 8adxcHy10 poib Ha 8aueM YPoKe MamemMamurky u noiemy?
3. Kaxoewl sawu owywenus no nogooy npenooasanus MamemMamuKki Ha AH2IUNCKOM A3blKe?
4. Kaxk, no eawemy MHeHUIO, 8aul YYEHUK CNPABIAEMCS C UZYYEHUEeM MAMEeMAMUKYU Ha
AHRTUUCKOM 53bIKe?

5. Kaxue npeumywecmea npeonazaem o6yyeHue Ha aHeIUCKOM A3bIKe (eciu maKosvie
umeromcs) 0J1a 8ac U 8AUUX YUEHUKO8?

6. Kaxue npobnemvl docmasnsem obyuenue Ha aH2IUUCKOM A3bIKe (eCau eCmb) 8am U aULUM
VUEHUKOB?

JlonoJIHUTENBHBIN BONPOC: A Kak 8auia WKOLA 60CNPUHUMAEH 1Y NPAKMUKY?



