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Abstract
The notion of multilingual students’ first language has been advocated as a resource in 
mathematics learning for some time. However, few studies have investigated how imple-
menting students’ L1 in the teaching practice impacts multilingual students’ mathematics 
learning opportunities. Based on a 9-month-long ethnographic study conducted in Iran, we 
investigate what a long-term shift from mathematics teaching in the language of instruc-
tion (Persian) to mathematics teaching that includes students’ first language (Turkish) may 
mean in terms of learning opportunities. In language positive classrooms, students’ sociali-
zation into mathematics and language includes using students’ first languages and paying 
explicit attention to different aspects of language use in mathematics. Among other things, 
socialization events provide possibilities to share explanations of mathematical thinking. 
The results of this study suggest that using students’ first languages may reinforce other 
language positive socialization events and provide mathematics learning opportunities dur-
ing individual assignment activities. Furthermore, the results suggest that the conceived 
value of mathematics education in the local communities changed with the introduction of 
students’ L1 in the teaching practice. Consequently, this study indicates that using students’ 
first languages in mathematics classrooms may be a key issue in multilingual contexts.

Keywords Multilingualism · Language as a resource · Socialization · Mathematical discourse

1 Introduction

The notion of using multilingual students’ first language (L1) as a resource in mathemat-
ics learning has been advocated to establish equitable mathematics learning opportunities 
for multilingual students (e.g., Chronaki et al., 2022; Ryan & Parra, 2019). As a guiding 
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principle for mathematics instruction, the use of first language as a resource means that 
multilingual students can use a wider range of their language repertoires than what is 
possible when monolingual norms that privilege the language of instruction (L2) prevail 
in the classroom (Planas & Setati Phakeng, 2014). In mathematics classroom practices, 
the flexible use of students’ L1 is not disconnected from other dimensions of language 
use (Barwell, 2020). Therefore, principles for mathematics instruction that enhance lan-
guage from perspectives other than the flexible use of students’ L1s are also relevant in 
multilingual contexts (Barwell, 2020; Erath & Prediger, 2021). Despite a growing body 
of mathematics education research on language-related issues and multilingualism, de 
Araujo et al. (2018) and Erath et al. (2021) concluded that few studies have attended to 
how the implementation of suggested language-enhancing principles may change teach-
ing practices and influence students’ opportunities to learn mathematics. There is a par-
ticular lack of studies that report on what a long-term shift from mathematics teaching 
in the language of instruction (L2) to the inclusion of students’ L1 in teaching practices 
means in terms of multilingual students’ learning opportunities (de Araujo et al., 2018; 
Erath et  al., 2021; Schüler-Meyer, 2017). Moreover, many studies about language and 
language use rely on findings from Western contexts. However, cultural norms influence 
what principles may support students who learn mathematics in different contexts (Bar-
well, 2020; de Araujo et  al., 2018; Xu & Clarke, 2019). Therefore, to understand how 
implementing students’ L1 impacts mathematics learning opportunities across a wide 
range of classrooms, studies conducted in non-Western contexts could provide important 
dimensions and perspectives (Erath et al., 2021; Xu & Clarke, 2019).

Consequently, previous research has identified (a) few studies attend to shifts to 
include students’ L1 in the mathematics teaching practice, (b) few long-term studies 
have been conducted, and (c) the contexts in which multilingualism has been studied 
need to be broadened. The present study addresses these limitations by reporting on a 
9-month-long ethnographic study conducted in two Iranian secondary schools where the 
use of students’ L1 (Turkish) was implemented as part of the teaching practice.

To investigate what a long-term shift from mathematics teaching in the language of instruc-
tion (Persian) to include the students’ L1 (Turkish) may mean in terms of learning opportuni-
ties, we draw on the notion of language positive classrooms developed by Barwell (2020). In 
language positive classrooms, students’ socialization into mathematics and language includes 
paying attention to different aspects of language use, which could be supported by the imple-
mentation of language-enhancing principles. Following Barwell (2020), we view learning 
mathematics as socialization into the discourse of mathematics. Hence, specific events when 
socialization into the discourse of mathematics may occur—socialization events—are math-
ematics learning opportunities. We asked the following questions in this study:

1. How are mathematics learning opportunities enhanced with the inclusion of students’ 
L1 in the teaching practice?

2. How did teachers and students experience the shift to include students’ L1 in the math-
ematics classroom in terms of learning opportunities?

The remainder of this paper is organized as follows. Section 2 reviews the literature 
on learning opportunities in multilingual mathematics classrooms. Section  3 presents 
our theoretical considerations. Sections 4 and 5 attend to multilingualism in the Iranian 
educational context and methodology, respectively. In Section 6, we present the results, 
which are discussed in Section 7.
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2  Enhancing learning opportunities in multilingual mathematics 
classrooms

Flexible use of the language of instruction and students’ L1s in hybrid language practices is 
an essential strategy to support mathematics learning for multilingual students (de Araujo 
et al., 2018; Erath et al., 2021; Planas & Seteti Phakeng, 2014; Schüler-Meyer, 2017).

By flexible use of language, we refer to functional and dynamic flow among the lan-
guage repertoires available to the speaker. The notion of translanguaging (García & Li, 
2014) captures how multilingual speakers’ language repertoires function as social resources 
without clear boundaries. Translanguaging highlights socio-political dimensions of flexible 
language use that position all languages as equally valuable (Garcia & Li, 2014).

Students’ active participation in mathematical discourse is often regarded as an indi-
cator of learning opportunities (Erath & Prediger, 2021). Some studies have reported on 
how a temporary implementation (one or a few lessons) of flexible language use changed 
multilingual students’ participation in mathematical discourse in terms of increased stu-
dent activity and agency. And how the implementation made positionings for multilingual 
students as knowing subjects available (Chronaki et al., 2022; Ryan et al., 2021; Schüler-
Meyer et al., 2019), which positively influenced the sense of self (Chronaki et al., 2022; 
Langer-Osuna & Nasir, 2016; Ryan et al., 2021).

A prerequisite for increased student participation when implementing flexible language 
practices is that teachers manage to create a safe “zone of comfort” where multilingual stu-
dents feel free to express themselves and experiment with their language resources as they 
participate in mathematical discourse (Mackinney, 2022). A short-term intervention study, 
in which a monolingual (German-only) classroom practice was shifted into a multilingual 
practice (German and Turkish), found that multilingual Turkish-speaking students were ini-
tially reluctant to use Turkish in mathematical discourse. To establish flexible language use 
in the classroom, the teacher had to invest in Turkish and a hybrid language use to show that 
Turkish was valued and “safe” to use before the students started using Turkish themselves 
(Schüler-Meyer et al., 2019). Similarly, other studies have shown that merely “allowing” mul-
tilingual practices in the mathematics classroom is not enough to enhance learning opportu-
nities; teachers must plan for and enact in-the-moment moves to support students in leverag-
ing their language resources to make meaning of mathematics (DiNapoli & Morales, 2021).

A shift to include students’ L1s in mathematics instruction alone does not necessarily 
provide more and richer learning opportunities that socialize multilingual students into the 
discourse of mathematics (Barwell, 2020; de Araujo et al., 2018; Erath et al., 2021). How-
ever, flexible use of the L2 and students’ L1 supports the enhancement of opportunities 
where students can participate in activities that involve making statements, taking part in 
discussions, and making descriptions to engage in their own or other students’ reasoning, 
which supports their conceptual understanding (Moschkovich, 2018). However, as pointed 
out by Xu and Clarke (2019), the advocacy of students’ participation in mathematics class-
room discussions and dialogue draws on studies conducted in Western contexts based on 
Western ideals. Xu and Clarke (2019, p. 144) argued that suggested teaching principles 
ought to “be sensitive to the constraints and affordances that culture places on practice”.

In multilingual mathematics classrooms, the use of embodied mathematical pedagogies can 
play an important role (Chikiwa, 2021; Liu & Takeuchi, 2023). The results of a case study 
conducted in South Africa showed that all forms of teacher gestures that indicate and refer to 
real objects and locations may support multilingual students’ socialization into the discourse 
of mathematics (Chikiwa, 2021). Another study, conducted in a multilingual elementary 
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classroom in Canada, investigated a shift from a “normalized” pedagogy to an embodied peda-
gogy as part of a professional development intervention (Liu & Takeuchi, 2023). That study 
found that when the multilingual students had the opportunity to use their embodied resources, 
the students expanded their agency for mathematics learning (Liu & Takeuchi, 2023).

Including students’ L1 in the teaching practice requires that teachers invest in the value 
of students’ L1s so that students feel safe to use their L1 (Mackinney, 2022; Schüler-Meyer 
et  al., 2019) and plan for and enact in-the-moment moves to support students’ flexible 
use of L1 and L2 resources (DiNapoli & Morales, 2021). A shift to include students’ L1 
could increase student participation and agency (Chronaki et al., 2022; Ryan et al., 2021; 
Schüler-Meyer et al., 2019), which, in turn, can provide a positive sense of self (Chronaki 
et al., 2022; Langer-Osuna & Nasir, 2016; Ryan et al., 2021). Discursive (Barwell, 2018, 
2020; Erath & Prediger, 2021; Moschkovich, 2018) and embodied (Chikiwa, 2021; Liu & 
Takeuchi, 2023) dimensions also need to be recognized to enhance learning opportunities.

3  Theoretical considerations

The present study investigates how the shift to include students’ L1 in mathematics class-
rooms may provide learning opportunities for multilingual students. To tease out what the 
shift means regarding learning opportunities, we use the notion of socialization events that 
Barwell (2020) identified as significant moments of explicit socialization into the discourse 
of mathematics. The discourse of mathematics includes discursive dimensions of diverse 
argumentation, such as conjecturing, making explanations, posing problems and questions, 
and reasoning (Barwell, 2018, 2020; Erath & Prediger, 2021; Moschkovich, 2018).

Mathematics classroom cultures that actively pay attention to languages (L1 and L2) and 
mathematical practices may provide grounds for socialization into the discourse of math-
ematics (Barwell, 2020). In classroom cultures, which Barwell (2020) named language 
positive classrooms, the use of students’ L1 is encouraged. In language neutral classrooms, 
by contrast, little or no attention is paid to socialization into language practices. To study 
moments of significance in socialization processes in language and mathematics that charac-
terize language positive (and language neutral) mathematics classrooms, Barwell (2020) used 
the notion of socialization events. Moments that may be of particular significance for sociali-
zation into the discourse of mathematics, such as participating in discussions that involve 
argumentation and/or the use of signs or gestures, are referred to as socialization events (Bar-
well, 2020). Since participation in socialization events offers rich possibilities to learn math-
ematics, we see socialization events as mathematics learning opportunities. Consequently, 
we consider moments of explicit socialization (learning opportunities) as instances when stu-
dents actively and productively engage in the discourse of mathematics (Barwell, 2020).

In practice, classroom cultures are seldom or perhaps never solely language positive 
or language neutral. Rather, at different moments, they comprise different proportions of 
socialization practices that characterize the classroom culture (Barwell, 2020).

How the socialization events unfold in the classroom relates to multilingual students’ 
opportunities to engage in mathematical discourse. Following Barwell (2020, p. 172), 
we present the seven socialization events and how they may unfold in language positive 
classroom practices (Table 1).

Barwell (2020) exemplified attention to features of mathematical discourse as teach-
ers reformulating students’ utterances, while teachers prompting students to use “gener-
ically appropriate forms”—such as when explaining the solution of a problem—would 
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refer to mathematics classroom genres. In practice, reformulating a student utterance may 
also mean prompting students to use “generically appropriate forms.” The choice of utter-
ances constitutes the discourse and vice versa. Hence, in practice, it is difficult to distin-
guish between mathematical genre and mathematical discourse. Therefore, we consider 
the notion of “encounters with mathematics classroom genres” as part of the socialization 
event “explicit attention to features of mathematical discourse.”

According to Barwell (2020), socialization is usually considered in terms of com-
municative and interactive activities. However, there are also situations where students’ 
participation is low and they are unwilling to participate in interactive activities. We 
use the socialization event “moments of reduced participation” to consider students’ 
reduced or active participation in socialization events.

4  Multilingualism and the Iranian educational context

Iran has historically been a multilingual and multicultural society, with Persian as a dominant 
part of Iranian culture. Iran is the motherland of different ethnic and linguistic groups that 
speak languages including Persian, Turkish, Lorish, Arabic, Kurdish, and Balochi. However, 

Table 1  The seven socialization events and practices in language positive classrooms (adapted from 
Barwell, 2020)

Socialization event Practices

Students’ use of home languages Home languages are regularly heard; students refer 
to or use their home language during mathematics 
discussion

Occurrence of nonstandard accents, pronunciation, 
or orthography

Students’ different “nonstandard” accents, pronun-
ciation, spelling, and punctuation in L2 are pre-
sented and are explicitly related to standard norms 
through various socialization practices

Explicit attention to features of mathematical 
discourse

Second-language learners actively participate in 
socialization through the use of various features of 
mathematical discourse; relations between more 
formal and informal mathematical discourses are 
made visible through a variety of socialization 
practices

Encounters with mathematics classroom genres Engagement with mathematical genres is inclusively 
supported through specific socialization practices

Use of gestures in mathematical interaction Gestures are actively used by second-language learn-
ers and teachers in socialization processes; explicit 
links are made between gestures and other aspects 
of mathematical discourse

Explaining mathematical thinking Second-language learners are supported by various 
socialization practices to jointly develop explana-
tions or accounts of mathematical thinking

Moments of reduced or active participation Reduced participation. Silence; short responses to 
closed questions; display of hesitation or reluc-
tance to participate. Active participation. Students 
actively participate in mathematics classroom 
interaction, taking extended turns or sequences of 
turns and initiating exchanges with the teacher or 
other students
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when modernization policies began with the founding of a European-influenced Ministry of 
Sciences in 1858, Persian became the sole language of instruction in schools despite the lin-
guistic diversity of the population (Hoominfar, 2014; Kalantari et al., 2020). Although Arti-
cle 15 of the Iranian constitution, so-called “ethnic equality,” explicates, “The people of Iran, 
regardless of their ethnicity and tribe, have equal rights and the race, language, and the like 
will not be a privilege in itself”, there is no systematic program that gives a role to indigenous 
languages to be taught in the educational system (Hoominfar, 2014). However, multilingual-
ism is often overlooked in conventional teaching and learning methods in Iranian education, 
although it is an essential factor influencing student performance. On average, according 
to the TIMSS studies (1995–2007), 37% of Iranian eighth-graders reported that they either 
occasionally speak Persian or not at all. Reported data in the 2007 TIMSS showed that more 
than half (57%) of students at low-achieving schools confirmed that their L1 was different 
from the language used in the TIMSS assessment, while 89% of individuals from the high-
achieving schools reported that their L1 was Persian (Mohammadpour et al., 2015).

The present study was conducted in a Turkish-speaking context, the largest ethnic 
minority in Iran. In Iran, non-Persian speaking students have lower academic success in 
years of schooling. For example, 50 percent of students with Turkish as L1 fail reading and 
writing courses in Persian (Hoominfar, 2014), and non-Persian students suffer from insuf-
ficient communication skills (Kalantari, 2012). Although some studies have indicated that 
this is caused by the monolingual policy (Jahani Asl, 2007), little research has been done to 
investigate multilingual education for Iranian students.

5  Methodology

The research design was based on an ethnographic study to investigate social activities 
(James & Prout, 2003), such as those that connect to socialization practices in mathemat-
ics classrooms. We attempted to collect detailed information by involving, interacting, and 
engaging in direct dialogue with the teachers (Reza and Saeed) and students over 9 months 
(that is, one academic year) in a natural environment.

5.1  Participants

The study was conducted at two secondary schools in Zanjan province, Iran. Both public 
schools are in rural areas and include grade 8. Two mathematics sessions were held every week 
in both classes. The students in the two classes were aged 12 and 13. There were eight students 
in class A (four boys and four girls) and 11 in class B (seven boys and four girls). All students 
were born where they had their education. They came from families with similar socioeconomic 
status and similar historical and traditional roots in Zanjan, with their L1 being Turkish. Seven 
of the students were also fluent in Persian (L2). None of the parents had a university education. 
In this study, all personal names have been replaced by pseudonyms to preserve confidentiality.

This study included all students (19) in the two classrooms. Consent was obtained from stu-
dents’ principals and parents. Before asking for consent, the research aims, methods, estimated 
time, etc. were explained to the participants. The teachers participating in this study, Reza and 
Saeed, were multilingual, with Turkish as their L1 and Persian as their L2. Reza has a PhD in 
mathematics and nine years of mathematics teaching experience in multilingual classrooms. 
Saeed holds a bachelor’s degree in mathematics with 24 years of teaching experience in multi-
lingual classrooms. Before the shift, their teaching practices included Persian only.
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5.2  Ethical considerations and the shift to include L1

The main motivation for conducting this research was to develop an intervention to 
reduce the high academic dropout in multilingual regions compared to monolingual set-
tings in Iran (Fardinpour, 2011; Hoominfar, 2014; Mohammadpour et  al., 2015) and 
how to alleviate it. The second author of this study is a multilingual (Turkish as L1, Per-
sian as L2) Iranian teacher-researcher. He was born and raised in Zanjan province and 
has been a student in multilingual environments for 12 years and has 13 years of expe-
rience teaching mathematics in multilingual settings.  The other authors are research-
ers interested in how multilingual students could use their L1 in teaching and learning 
mathematics. This ethnographic study began with a 2-day workshop with mathematics 
teachers. The second author talked with 17 multilingual mathematics teachers about the 
challenges commonly faced in mathematics classes like the ones they were teaching. 
The teachers mentioned challenges with teaching and learning mathematics in multilin-
gual classes and disengaged students. For example, some teachers, students, and parents 
face challenges with textbooks written in Persian as many people in Zanjan province are 
not fluent in Persian.

5.3  Making the shift to include students’ L1s

Most of the teachers emphasized the need to make shifts in the teaching practice and the 
need to include the L1 in the classrooms. Reza and Saeed, who appear in the present study, 
were particularly interested in developing teaching practices that support multilingual stu-
dents. Therefore, the second author and the two teachers prepared to implement an inter-
vention based on introducing L1 in the teaching practice. This shift included providing 
opportunities to increase communication in L1, applying ordinary and concrete examples 
in L1, using and encouraging visualizations, creating situations for reasoning and guess-
ing using equivalents to explain difficult Persian terms, and installing posters on the walls 
of the two classrooms in L1 with phrases such as “we will be able to learn mathematics 
well in Turkish” and “mathematics and its learning are beautiful, especially with Turk-
ish” (Fig. 1). The practices were introduced step-by-step and performed during the research 
period.

Fig. 1  Posters installed on the walls of the classrooms in L1 (Turkish)
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Before the shift to include students’ L1, the students were informed that this was an 
attempt to enhance participation and enjoyment in mathematics learning to provide learn-
ing opportunities. Before the shift (the first 3  months of the 9  months), the focus was 
mostly on identifying the current state; after the shift (the last 6 months of the 9 months), 
the focus was mainly on identifying the consequences and experiences of the shift. Also, 
in the last 3 months of data collection and after recording two excerpts, each student was 
invited to participate in a recorded audio interview.

5.4  Data collection

During the 9-month period, data were collected continuously from classroom observations, 
photos, audio and video recordings of interactions and communications in the mathemat-
ics classrooms, and semi-structured interviews with the students and their mathematics 
teachers (Table 2). Audio and video recordings were used to capture student–student and 
teacher–student interactions in small groups or whole-class mathematics activities. The 
audio and video recordings were selectively transcribed verbatim. The interviews with 
teachers were conducted in L1. Also, both languages were used in conversations and inter-
views with students so that students could use any language they preferred to express their 
opinions, experiences, and suggestions. All interviews and conversations with the teachers 
and the students were made by the second author. Most of the questions were the same for 
both teachers in four interviews and for each student in 19 interviews. With the permission 
of the teachers, the second author worked and interacted with the students either individu-
ally or during small-group work. He often worked with small groups of students on various 
language-related and mathematical problem-solving activities. After a short period of time, 
the students felt comfortable with his presence in their class and students often asked him 
to help and contribute to their conversations. The second author was an active “participant 
observer” and engaged in classroom life by teaching, listening, observing, and asking ques-
tions to gather data that would connect to the research questions and support the students’ 
learning. In this way, he interacted with the students as they participated in their mathemat-
ics lessons.

Table 2  Overview of data material

Material Activity Quantity

Field notes Classroom interaction 43 (pages)
Field notes Teachers’ workshop comments 14 (pages)
Field notes Conversations (informal interviews) with two teachers 

(Reza and Saeed)
30 (pages)

Field notes Conversations (informal interviews) with the students 50 (pages)
Photos Students’ activities and discussions 39
Video recordings Student group discussions 4 (60–70 min each)
Video recordings Student–teacher discussions 7 (30–40 min each)
Audio recordings Interviews with students 19 (10–15 min each)
Audio recordings Interviews with two teachers (Reza and Saeed) 4 (15–20 min each)
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5.5  Data analysis

To trace how the shift to using students’ L1 in mathematics in the two classrooms may 
provide learning opportunities for the students, we coded the data material using Barwell’s 
socialization events. We operationalized learning opportunities as instances when students 
actively engaged in mathematics classroom interaction. The socialization event moments 
of participation refers to this dimension of a language positive mathematics classroom. The 
other six events relate to how socialization events support participation. We began the cod-
ing process by paying attention to the socialization event moments of participation because 
those moments inform whether the shift to include students’ first language influenced their 
participation. We coded instances of student participation during observations (including 
field notes, photos, and video recordings) during the 9 months. We also coded teachers’ 
and students’ talk in interviews about participation in mathematics classroom interac-
tion. We used the codes “active participation” and “reduced participation.” By quantifying 
the number of times the codes occurred informs whether the shift to include students’ L1 
changed participation. We proceeded with the analysis by using the other six socializa-
tion events (codes used were “the use of L1, pronunciation, mathematical discourse, ges-
tures, and explaining”) to refine (if possible) how the observed or described participation 
unfolded through the other six socialization events that Barwell (2020) identified as indica-
tors for language positive classrooms. After that, we chose two transcribed recordings of 
class interactions (one transcribed recording from each class) published previously (Malaki 
et al., 2022) and re-analyzed them to understand how the shift to include students’ L1 in 
the teaching practice shaped learning opportunities. We chose the two transcribed video 
recordings for two reasons. First, they represent two mathematics topics that the teachers in 
this study recognized as challenging for their multilingual students: algebra and geometry, 
more specifically, congruent shapes (two shapes that fit precisely on each other). Since the 
teachers found these two topics challenging, it was fascinating to investigate how a shift to 
include students’ L1 may influence the emergence of and students’ participation in sociali-
zation events. The second reason is that, based on the whole-data material analysis, these 
two video recordings are typical of students’ interactions at the end of the 9 months.

6  Results

We start this section by focusing on shifts in moments of participation that the use of stu-
dents’ L1 generated. We then consider how the teachers and the students experienced the 
shifted moments of participation in learning opportunities. Finally, we provide an in-depth 
analysis of how the socialization events unfolded during two whole-class interactions at the 
end of the 9 months.

6.1  Shifts in moments of participation

Before the shift, the language of teaching was limited to Persian, as that is the language 
of mathematics textbooks. Reza and Saeed believed that using Persian commonly leads to 
reduced participation in the classrooms, assignments, and mathematical discourses.

One of the authors carefully checked students’ attendance and absence checklists. Before 
the shift, students had frequent absences, which gradually decreased after the inclusion of 
Turkish. Some students who attended mathematics class often sought permission from the 
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teacher to leave the class for various reasons. After the shift, this process decreased signifi-
cantly. It is important to note that the last 3 months of the 9 months coincided with a busy 
agricultural season in the Zanjan province, during which students are frequently absent 
from school to help with farming. Therefore, a higher frequency of absences compared to 
the first 3 months of the project would be normal. Despite that, as Table 3 indicates, the 
frequency of absences is lower after the shift.

Before the shift, some students in two classrooms copied answers from mathematics 
solution books for both in-class and at-home assignments (Fig. 2). After the shift, they dis-
cussed, solved the assignments, and wrote their solutions themselves (Fig. 3). The students 
themselves noticed this change. For example, Mehran said, “Previously, many students and 
I did not solve the assignments by ourselves. Now, by using Turkish, we discuss with the 
teacher and each other about different solutions.” Ali said, “Before using Turkish, I would 
copy the answers of the assignments from my classmates or textbook solutions. Now, I 
don’t and solve them with the help of my friends and the teacher.”

After the shift, close-knit friendships were formed among students and their teach-
ers. Mahta and Negin shared that their friendship developed due to having used Turkish, 
and Armin was happy with the formation of friendly relations. The number of questions 
asked and explanations to the teacher were improved for the students before and after the 
shift. Table 4 shows changes in the number of asked questions and explanations provided 

Table 3  Change in the number of absences and permission to leave the class before and after the shift

Names Number of 
absences in the 
first 3 months 
of the project 
before the shift

Number of 
absences in the 
last 3 months of 
the project after 
the shift

Number of 
permissions 
to leave the 
class in the first 
3 months of the 
project before 
the shift

Number of 
permissions to 
leave the class the 
last 3 months of 
the project after 
the shift

Class A Hasan 3 1 5 1
Mohammad 5 1 10 3
Kasra 3 0 6 2
Ali 2 1 1 0
Rojin 4 0 1 1
Sara 3 0 2 1
Negin 5 1 2 0
Shadan 3 0 1 0

Class B Amir 4 2 6 3
Leila 1 1 1 0
Yashar 6 1 9 4
Hosein 2 0 0 0
Yegane 2 0 2 0
Farhad 5 2 7 2
Armin 4 1 4 0
Mehran 3 1 2 0
Arsalan 4 2 5 1
Mahta 1 0 1 0
Parmin 3 1 2 0
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Fig. 2  A picture of the assignments copied by Hamed from the mathematics solution books before the shift

Fig. 3  A picture of the assignments done by discussion by Hamed after the shift
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voluntarily before and after the shift in classes A and B. Note that all the questions asked 
before and after the shift are related to mathematics.

Based on the comments of 14 students, we found that, to ask a question or present their 
opinions, these students had to make their sentences in Turkish and then translate them into 
Persian. For example, Yashar said, “I make the question in my mind in Turkish and then 
translate it into Persian to ask.” Amir said, “I get tired of constantly translating my ques-
tions and sentences from Turkish to Persian. I prefer not to speak.”

Before the shift, it was observed on several occasions that students were not interested 
in presenting their mathematical thinking. They lowered their heads or preferred to hide 
behind the person in front of them. In one of the sessions, when the teacher asked the stu-
dents to recapitulate a discussion about interior angles, the students did not respond.

6.2  Shifts in experiences of learning opportunities

Before the shift, Reza, Saeed, and 13 teachers (workshop teachers) indicated that the teach-
ing strategies that they planned in Persian usually did not generate learning opportunities. 
For example, students were not interested in participating in discussions conducted in 

Table 4  Change in the number of asked questions and explanations provided voluntarily before and after 
the shift in classes A and B

Names Number of 
asked questions 
before the 
shift (the first 
3 months out of 
9 months)

Number of 
asked ques-
tions after the 
shift (the last 
3 months of 
9 months)

The number of 
explanations 
provided volun-
tarily before the 
shift (the first 
3 months out of 
9 months)

The number of 
explanations pro-
vided voluntarily 
after the shift (the 
last 3 months of 
9 months)

Class A Hasan 13 24 3 7
Mohammad 4 21 0 5
Kasra 11 26 3 6
Ali 16 29 5 7
Rojin 11 15 1 5
Sara 13 23 2 8
Negin 7 22 2 7
Shadan 9 20 1 4

Class B Amir 9 13 2 3
Leila 21 23 8 8
Yashar 5 19 0 4
Hosein 19 29 6 7
Yegane 12 19 4 6
Farhad 9 20 1 4
Armin 10 18 1 3
Mehran 13 22 3 7
Arsalan 10 15 2 4
Mahta 17 21 7 9
Parmin 11 24 3 7
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Persian. After the shift to include students’ L1, Reza stated that he never expected such an 
outcome regarding students’ participation, the number of questions asked, and the number 
of students volunteering to present.

In the interviews, many students emphasized the opportunities that the use of their 
L1 opened for them to engage in the discourse of mathematics with peers and teachers. 
For example, Mohammad said, “Previously, we could not discuss, ask questions and say 
what we did not understand, but today we can pour out freely our views to the teacher or 
others in the classroom.” Farhad said, “My fear and anxiety about asking questions has 
decreased.”

For some students, the learning opportunities provided  by the shift enhanced experi-
ences of being mathematically knowledgeable. For example, Kasra pointed to the writings 
on the whiteboard and told his teacher, “That part of the writing is my idea; let me explain 
more.” In another position, Mohammad, after explaining his mathematical thinking, said, 
“Did I explain well? I can solve more complicated examples. When the teacher or class-
mates ask me to explain something to them, and I explain it well, I get a sense of pride, and 
this makes me very happy.” After the shift, the students were encouraged to think about 
comments and give feedback when discussing with each other. They thought about their 
classmates’ comments and reflected on their contributions. For example, in item 14 of 
Excerpt 1, Ali used Kasra’s comment and explained his mathematical thinking. Then Kasra 
improved his explanations with the help of Ali’s comment, and finally, Ali completed these 
explanations correctly. Mehran said, “Turkish helped us work together as a team and enjoy 
ourselves while doing mathematics.” Sara stated, “Turkish allowed us to discuss, present 
our comments and points of view, and learn more from peers.”

Students’ experiences in shifted learning opportunities are also related to the emotional 
experiences of mathematics class. For example, Arsalan said, “Because teaching mathe-
matics in Persian is dull and monotonous to non-Persian speaking students, using Turkish 
changes the learning environment to be amusing and fun.”

Parmin reported, “I was not interested in mathematics, but now I enjoy participating 
in mathematics discussions with Turkish words.” For some students, the enjoyment was 
related to success. Rojin stated, “Turkish made me see mathematics as enjoyable and easy 
to learn.” It is essential to mention here that several students emphasized the use of Persian 
(L2) alongside Turkish (L1); they believed that both Persian and Turkish should be used 
simultaneously in the classroom and realized that using only one language can be problem-
atic. For example, Leila said, “We should use Persian alongside Turkish because when we 
enter universities in Persian-speaking cities, we have to use Persian.” Shadan said, “In the 
future, we can find a suitable job if we speak Persian well.”

6.3  In‑depth analysis of socialization events at the end of the 9 months

We conducted an in-depth analysis of two whole-class interactions to illuminate how 
socialization events unfolded at the end of the 9 months; see Excerpts 1 and 2.

6.3.1  Students’ use of home languages

After including Turkish in the teaching practice, Turkish was used frequently and flexibly, 
although the prescribed language of instruction was Persian. Excerpt 2 demonstrates the 
flexible use of Turkish and Persian in the mathematical discourse after the shift. In item 
1, the teacher seems to follow Amir’s use of Turkish to encourage the students to use the 
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mathematical concept of Yerbeyer. Hosein (item 3) responds to the teacher’s question in 
Turkish. After that, the teacher uses Persian except for the word Yerbeyer (items 4, 7, 9, 
14, 18). Hosein follows this practice (item 11), while Leila uses Turkish only in items 13 
and 15. In item 16, the teacher introduces the Persian word for congruent (Hamnehesht) 
by paying attention to translation practices that the students seem to be familiar with. This 
seems to prompt the students Yashar (item 19), Leila (item 20), and Hosein (item 21) to 
use the Persian word Hamnehesht. It is interesting to note that before the teacher intro-
duced the Persian word Hamnehesht, Leila used Turkish only (items 13, 15) while after the 
introduction of Hamnehesht, she used Persian only (item 20). Hosein, on the other hand, 
used only Persian except for the concept Yerbeyer before the teacher had introduced the 
Persian word Hamnehesht (items 11, 21).

In Excerpt 2, the flexible use of students’ L1 provided a moment of significance for 
socialization into the discourse of mathematics because the students participated in dis-
cussions that involved argumentation about congruent shapes. Moreover, there are 
sequences of turns (e.g., items 10–13 and 19–21) where students interact without the teach-
er’s support. This indicates some level of autonomy in participation in the discourse of 
mathematics.

6.3.2  Occurrence of nonstandard accents, pronunciation, or orthography

In class A, the teacher wrote the algebraic expression A + D + C on the whiteboard and 
then asked the students to pronounce A, D, and C. The students accurately pronounced 
A (/ə/), D (/d/), and C (/sē/) in English. Using English in connection to algebraic expres-
sions is a common practice in Iran. The students’ pronunciation of A (/ə/), D (/d/), and 
C (/sē/) provided a moment of participation because it provided an opportunity for them 
to orally engage in classroom interactions in contrast to keeping silent. The pronunciation 
event transformed into a socialization event that highlighted features of mathematical dis-
course when the teacher suggested A as Alma (apple), D as Dash (stone), and C as Soghan 
(onion), which was repeated by Hasan (Table 5, item 1). Hasan substituted the algebraic 
symbols A, D, and C with three words that have meaning in students’ L1, that is, Alma, 
Dash, and Soghan. The substitution was facilitated by the pronunciation of the letters A, 
D, and C in English is the same as the pronunciation of the first letters of Alma, Dash, and 
Soghan. Here, the socialization event of pronouncing A, D, and C according to standard 
norms extended beyond students’ accurate pronunciation. By substitution, the pronuncia-
tion activity transformed into an activity where A, D, and C came to represent objects. The 
pronunciation activity that illuminated moves between specific objects and the symbolic 
representation in algebraic expressions provided opportunities for the students to be social-
ized into the practice of using algebraic expressions. Here, it is necessary to acknowledge 
that in the discussion of algebra, the use of the beginning letters of actual objects has been 
noted as a problematic way of introducing variables (MacGregor & Stacey, 1997); how-
ever, in the classrooms, the use of objects has helped to open up conversations.

6.3.3  Attention to features of mathematical discourse

In class A, the teacher invited students to participate in mathematical discourse by present-
ing key terms and symbols; for instance, by saying, “Let us make an assumption. Assume 
that A is Alma, D is Dash, and C is Soghan. With this assumption, tell me your ideas about 
A + D + C.” This assumption made a relationship between concrete/informal and abstract/
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formal explicit. The students drew on the informal/formal relationship throughout the dis-
cussion about algebraic expressions (see Table 5). Consequently, the practice of making a 
relationship between the informal and the formal explicit by means of students’ L1 gave 
the students the opportunity to be socialized into the discourse of algebraic expressions. 
Further, the practice of making a relationship between the informal and the formal explicit 
by means of students’ L1 moved the interaction from being highly teacher-structured to 
student-led participation (see, for example, Table 5, item 14).

In class B, after the teacher put his two hands together as a sign of the same shape and 
the students called them Yerbeyer, he first asked the students to provide examples of Yer-
beyer shapes (Table 6, items 8–13). In the next step, the teacher used some ordinary Turk-
ish words that the students knew the Persian equivalents that supported their understanding 
of Yerbeyer as Hamnehesht (Table 6, items 16–18). The teacher then asked the students to 
provide examples of Hamnehesht shapes. In this part, the students repeated the same exam-
ples and called them Hamnehesht shapes (Table 6, items 19–21). By means of students’ 
L1 and later their L2, the teacher brought attention to features of mathematical discourse 
about congruent shapes. This teaching practice provided opportunities for socialization 
into the discourse of mathematics because it allowed the students to actively participate in 
the activity about congruent shapes.

6.3.4  Use of gestures in mathematical interaction

In addition to explaining, discussing, and writing, the teachers and students used ges-
tures. For example, in class B, the teacher put his left palm on his right palm and asked, 
“What is the relationship between my left and right hand?” By doing so the teacher 
made a link explicit between the gesture of putting his hands together and the math-
ematical notion of congruity. As shown in Excerpt 2, the teacher’s gesture appeared to 
be an entry to participation in mathematical discourse and prompted students to give 
examples of congruent shapes (Yerbeyer shapes) (Table 6, items 7–8). In addition, the 
notion of the two hands completely overlapping and hence being congruent was used 
by Yegane (Table 6, item 10) to justify her claim about the mosaic tiles being congru-
ent. Yegane confidently pointed to two mosaic tiles with her hands and said, “Because 
if we take the mosaic tiles and put them on each other, similar to your hands, they 
will fit exactly on each other” (items 8–10). She demonstrated her mastery by showing 
two mosaic tiles with her hands and persuaded her teacher well by means of her oral 
explanations together with her hand gestures. Further, by using gestures in the teaching 
practice, the teacher concurrently licensed gestures as part of mathematical discourse. 
In both classes, the students used gestures to point to various objects, whiteboards, and 
their own and each other’s writings. For example, as shown in Excerpt 2 (item 13), one 
of the students pointed to two mathematics books with her hands and said, “These two 
books are congruent.” Another student pointed to two windows with his hands and said, 
“Both class windows are congruent” (Fig. 4). The socialization event use of gestures in 
mathematical interaction appeared to motivate the students to reason and dispute their 
classmates’ viewpoints. Consequently, the use of gestures appeared to provide opportu-
nities for socialization into forms of mathematical argumentation, which is part of the 
discourse of mathematics.
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6.3.5  Explaining mathematical thinking

In class A, in the practice of teaching and learning algebraic addition, the teacher 
used formal algebra symbols such as A, D, and C. To re-contextualize the general for-
mal symbols, he used verbal representations of ordinary objects beginning with the 
same letter as the formal symbols. He said, “Assume that A is Alma, D is Dash, and 
C is Soghan. With this assumption, tell me your ideas, ….” He invited the students to 
present their comments, ask their questions, and explain their mathematical thinking 
(Table 5). Using Turkish, they could explain their mathematical ideas, ask questions, 
volunteer to present, participate in mathematical interactions, and so on. The re-con-
textualization practice together with the use of students’ L1 provided opportunities for 
the students to jointly develop explanations about algebraic expressions. Table 5 shows 
how each student was able to explain their mathematical thinking in Turkish (items 1, 
2, 9, 14, 21).

In class B, one of the obstacles faced by students was the complex and unfamiliar term 
congruent. When the teacher put his left palm on his right palm to allow the students to 
engage with the concept of congruent, he asked [Daste chapam nesbat be daste rastam 
nagoordo?] using both Persian and Turkish. Using L1 and gestures prompted the students 
to explain their mathematical thoughts in their L1 (Table 6, items 8–13). The teacher then 
used equivalents to encourage the students to express in Persian what they had explained 
in Turkish (Table 6, items 19–21). To answer questions, the students constantly looked 
around, looking at each other and at different objects as if trying to find something. For 
example, Leila said in Turkish, “Manim riyazi kitaboom, Hoseinin reyazi kitabinan Yer-
beyer dilar” [My mathematics book is congruent with Hosein’s]. After the teacher used 
the equivalent words, Leila said in Persian, “Ketabe riyaziye man ba ketabe riyazeye ham 
kelasihayam Hamnehesht hast” [My mathematics book is congruent with my classmates’ 
mathematics books] (Table 6, items 13–15, 20). Consequently, the practices of using ges-
tures, objects, students’ L1, and claims and/or questions that invited students to provide 
mathematical explanations shaped socialization events where the students developed their 
mathematical thinking together.

Fig. 4  Amir points to two 
windows with his hands and 
explains, “Both class windows 
are congruent”
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7  Discussion and conclusion

This 9-month-long ethnographic study, situated in a multilingual educational setting in 
Zanjan in Iran, where the language of instruction is Persian, contributes with knowledge to 
three under-researched dimensions (see de Araujo et al., 2018; Erath et al., 2021; Schüler-
Meyer, 2017) of how a shift to include students’ L1 (here Turkish) in the teaching practice 
may enhance learning opportunities.

First, the present study shows how a shift to include students’ L1 in the teaching prac-
tice may unfold. The results confirm that the inclusion of students’ L1s in teaching prac-
tices can enhance learning opportunities in the classroom for multilingual students (de 
Araujo et  al., 2018; Erath et  al., 2021; Planas & Seteti Phakeng, 2014; Schüler-Meyer, 
2017). Although the changed teaching practice focused on the inclusion of the students’ 
L1, many of the socialization practices that Barwell (2020) identified in language positive 
classrooms emerged when the inclusion of students’ L1 was made. This finding may sug-
gest interconnected relations between the seven socialization events and their language 
positive practices. Previous studies have demonstrated that a shift to include students’ L1s 
in mathematics instruction alone does not necessarily provide more and richer learning 
opportunities (Barwell, 2020; de Araujo et al., 2018; Erath et al., 2021). Our results show 
how language positive socialization events may be reinforced by the implementation of 
the socialization event “use of students’ home languages.” For example, “explicit atten-
tion to mathematical discourse” was reinforced by using the Turkish words Alma, Dash, 
and Soghan. In the same vein, gestures reinforced the discourse of mathematics when the 
teacher put his two palms together to demonstrate the meaning of the concept ‘congruent’ 
while verbally explaining the Persian word Hamneheshti is “congruent” with the Turkish 
word Yerbeyer. This result indicates that using students’ L1s could reinforce other lan-
guage positive practices, which suggests that using students’ L1s is a key issue. Further 
studies are required to clarify the relation between implementation of flexible language 
use of students’ full language repertoires and other language positive practices. In addi-
tion, this finding suggests that it is worthwhile for teachers to invest time in facilitating 
zones of comfort (Mackinney, 2022; Schüler-Meyer et al., 2019), where multilingual stu-
dents feel free to use the full range of their language repertoires. This is important particu-
larly since many students in the study experienced increased learning opportunities due to 
the shift to include their L1 in the teaching practice. However, little is known about how 
to support teachers in establishing such classroom practices.

Second, the present study provides a long-term perspective on a shift to include stu-
dents’ L1, which is a perspective that is scarce in current research (de Araujo et al., 2018; 
Erath et al., 2021; Schüler-Meyer, 2017). The present study confirms findings from short-
term studies (e.g., Chronaki et al., 2022; Ryan et al., 2021; Schüler-Meyer et al., 2019) 
that the inclusion of students’ L1s enhances learning opportunities over longer periods. 
While a short-term consequence of a shifted teaching practice may be visible in the class-
room since they are connected to teaching more directly, out-of-school activities that 
relate to mathematics learning opportunities may be less explicit in immediate classroom 
interaction. One such change may concern engagement with assignments. Here, after the 
shift, students engaged with their assignments in productive ways that supported learning 
and allowed for mathematical discussions in the classroom. Another dimension, which 
little is known about, is how a shift to include students’ L1 in the teaching practice influ-
ences students’ attendance in mathematics class. Based on the long-term perspective, the 
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present study shows that students and their parents value mathematics education higher 
in relation to the value of, for example, labor in the agricultural sector when mathemat-
ics teaching employs flexible language practices. This is an important finding because 
it shows how the conceived value of mathematics education in local communities may 
change with the introduction of students’ L1 in the teaching practice.

Third, the present study broadens the contexts in which multilingualism has been 
studied. In the Iranian context (and in many other contexts), multilingualism has his-
torically been the norm, but this changed to the benefit of a monolingual norm due 
to colonialism (Hoominfar, 2014; Kalantari et al., 2020). We suggest that a systematic 
program that recognizes indigenous languages in the educational system (Hoominfar, 
2014) enhances mathematics learning opportunities for students in these contexts.

The present study was conducted in a classroom where teachers and students shared 
the same L1, which may make a shift to include students’ L1 in the teaching practice 
appear quite easy. Considering the positive influences that the implication of students’ 
L1 in mathematics teaching practices appears to have in this context, further inves-
tigations should focus on principles that can be employed to enhance students’ L1s in 
contexts where classrooms comprise a broad range of L1s which may diverge from the 
teachers’ L1. Such investigations would honor the socio-political dimensions of flexible 
language that, for example, Garcia and Li (2014) emphasized to position all languages 
as, at least a bit more, equally valuable.
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