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This study examines whether a teacher and his learners increase their use of gestures and home-language 

when they have different perspectives in noticing the structure of a pattern. Previous studies either fo- 

cused on teachers’ or students’ use of gestures. This study, however, looks at both the teacher’s and 

students’ adaptive use of gestures and home-language during classroom-talk. Ten sessions were video- 

and-audio-recoded and then transcribed. A mixed approach was adopted to analyze classroom-talk. One 

teacher and his twenty-four students in a multilingual grade seven classroom participated in this study. 

English was the instructional language and the participants were multilinguals with Lebanese colloquial 

Arabic as their native spoken. The findings show that the teacher and learners adaptively increased their 

use of home-language and gestures to foster common understanding of commonalities in figural pat- 

terns. The findings have implications for training teachers in multilingual classrooms to help them how 

to orchestrate classroom-talk effectively. 

© 2022 Elsevier Inc. All rights reserved. 
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. Introduction 

Classroom-talk plays cognitive, cultural, and social roles in in- 

olving learners either to develop or to hinder their understand- 

ng. As a lesson unfolds during classroom-talk, there are moments 

here the discourse that exists between the teacher and learners 

ometimes fails to progress or to have an effect on learning. Dur- 

ng those moments, the learners and the teacher face challenges to 

stablish common ground. While the learners sometimes face diffi- 

ulties - and even fail - to understand a new concept, the teacher, 

n the other hand, may fail to notice the learners’ reasoning ( El 

ouhayar and Jurdak, 2013 ; El Mouhayar, 2019b ). The difficulties 

hat the teacher and learners occasionally face during classroom- 

alk are due to a lack of common ground of mathematical knowl- 

dge, which may be lost or not yet established ( Alibali et al., 2013 ).

hus, establishing a shared understanding between the teacher and 

earners is fundamental for teaching and learning. 

Research (e.g. Evans et al., 2011 ; Nathan et al., 2007 ; 

aulus, 2009 ) has focused on how common ground is established 

uring communication in various instructional contexts includ- 

ng communication in multilingual mathematics classrooms. This 

ine of research on communication in multilingual classrooms has 

een the focus of numerous studies in different countries (e.g. 
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arwell, 2005 ; Barwell et al., 2016 ; Farrugia, 2009 ; Halai, 2009 ;

im & Presmeg, 2011 ; Planas & Setati, 2009 ; Planas & Setati- 

hakeng, 2014 ) due to its centrality in teaching and learning 

 Alexander, 2008 ). Within this line of research, particular attention 

as given to teaching mathematics during classroom-talk where 

alk (specifically language) in multilingual classrooms plays a fun- 

amental role in learning and teaching ( Adler, 2006 ; Barwell, 2016 ; 

oschkovich, 2002 ; Planas & Setati, 2009 ; Planas, 2021 ). 

The present study focuses on classroom-talk in a multilin- 

ual mathematics classroom, with a special focus on gestures and 

ome-language as resources to establish and maintain a shared un- 

erstanding of the structure in growing linear figural patterns in 

 multilingual classroom. Learning about the structure of a figu- 

al pattern is rich in representations and in developing learners’ 

lgebraic reasoning but it is also challenging for learners. A figu- 

al pattern consists of diagrammatic representations with specific 

eatures whose structure can be configured in a particular way 

 Rivera, 2010 ). Below is an example of a figural pattern selected 

rom the El Mouhayar (2021a) . The figural pattern in Fig. 1 repre- 

ents a growing linear pattern with two as the constant difference 

etween consecutive steps. This pattern consists of a representa- 

ion with a structure that can be configured as follows: the num- 

er of squares in the bottom row is equal to the figural step num- 

er, whereas the number of squares in the top row is equal to one 

https://doi.org/10.1016/j.linged.2022.101088
http://www.ScienceDirect.com
http://www.elsevier.com/locate/linged
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Fig. 1. An example of a growing figural pattern. 
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ore than the figural step number. Consequently, the number of 

quares in figural step n is equal to n + (n + 1). 

The structure also refers to commonalities - similarities and dif- 

erences (invariants and variants) - of a figural pattern. For in- 

tance, similarities in Fig. 1 correspond to the constant elements 

f the pattern, which are formed of the three squares that appear 

n figural-step 1 as an inverse L-shape. This inverse L-shape ap- 

ears in each consecutive step. Differences, on the other hand, cor- 

espond to the varying elements of the pattern. In Fig. 1 we can 

ee that two squares are added to the right of the inverse L-shape, 

hus forming a new column for each consecutive step. 

This study explores classroom-talk during abductive episodes 

ia two lenses: gestures and home-language in the context of 

oticing commonalities (similarities and differences) in growing 

inear figural patterns in a multilingual mathematics classroom. 

bductive episodes are segments that correspond to noticing the 

tructure in figural patterns. By adopting the two lenses, the pur- 

ose of this study is to examine how a teacher and his students 

se gestures and home-language to promote common ground in 

oticing the structure in figural patterns. In particular, this study 

ddresses whether the teacher and learners increase their deploy- 

ent of gestures and home-language during classroom-talk when 

rouble spots ( Alibali et al., 2013 ) occur. Trouble-spots in this study 

re abductive episodes in which the teacher and student(s) have 

ifferent perspectives in noticing the structure of a pattern. By ad- 

ressing trouble spots, this study particularly fits within the re- 

earch line that Alibali et al. (2013) suggest on whether “teachers 

nd students use gestures adaptively in micro-interventions across 

 range of content areas and grade levels. However, this prediction 

ust be tested in future research” (p. 437). This study, however, 

oes not only focus on the adaptive use of gestures but also on 

he adaptive use of home-language in a multilingual classroom en- 

ironment to elicit a shared understanding of the structure in fig- 

ral patterns. 

The study was conducted in a private school in Lebanon, a 

iddle-eastern country of approximately 4 million inhabitants, in 

hich private pre-college education serves almost 60% of K-12 stu- 

ents whereas the public school system provides almost tuition- 

ree education to 40 % of students ( Jurdak & El Mouhayar (2014) .

n Lebanon, mathematics is taught in a foreign language (English 

r French in almost all public and private schools) based on a 

anguage-in-education policy that was established in 1926 during 

he French Mandate. The classroom in which the data was col- 

ected is a grade 7 multilingual classroom with English as the lan- 

uage of instruction located in a moderately sized private school in 

 suburb in the greater Beirut area serving middle socio-economic 

ackground students. 

This study is characterized as having a perspective of social- 

emiotics with an emphasis on the multimodal phenomenon in 

eaching and learning mathematics. This framework is essen- 

ial when exploring classroom-talk ( Mercer, 2010 ), specifically in 

ultilingual mathematics classrooms due to challenges that the 

eacher and learners may face in using a foreign language as a 

anguage of instruction ( Adler, 2006 ). This study takes into ac- 

ount a spectrum of resources including home-language, gestures, 

nd representations within the cognitive, physical, and perceptual 
2 
imensions that the teacher and students use in the context of 

oticing commonalities in figural patterns during classroom-talk 

 Radford et al., 2009 ). To this end, I seek to anchor this research

n the use of gestures and home-language during classroom-talk 

o elicit meaning-making of similarities and differences in figural 

atterns from a social-semiotics perspective. 

. Theoretical background 

.1. A social-semiotics perspective on the role of classroom-talk as a 

eaning-making tool to elicit shared understanding in teaching and 

earning 

This study adopts a social-semiotics perspective with a focus on 

ultimodality as a phenomenon to inform the methodological and 

nalytic approach. The rationale for adopting this theoretical ap- 

roach is that communication in a classroom setting is intrinsi- 

ally multimodal ( O’Halloran, 2011 ). Multimodality of classroom- 

alk, includes gestures, visual representations, writing, and lan- 

uage ( Jewitt, 2011 ). One of the main aspects of social-semiotics 

s that it focuses on sign making as a social process, which entails 

ow resources are used by individuals in a specific social context 

or meaning-making ( Jewitt, 2011 ). 

Social semiotics distinguishes between two components: sign 

nd mode. A sign is an element that individuals use in their com- 

unication to manifest meaning. For instance, the stop-sign is a 

raffic sign in various cultures used to notify drivers to stop driv- 

ng and not to continue before making sure it is safe to proceed. 

 mode is a way to represent an element (e.g. language, ges- 

ures, figures, others). To elicit shared understanding in classroom- 

alk, some modes such as languages, gestures, and representations 

re foregrounded. As a result, they form a characteristic mode 

f classroom-talk. Social semiotics theory does not exclusively re- 

ate to analyzing signs but it also concerns the development of 

hared understanding. From a social-semiotic perspective, common 

round during classroom-talk develops over time with variations 

etween the teacher and students since the meanings of a partic- 

lar concept are not identical for all participants. 

This study seeks to understand ways in which the teacher and 

earners develop a shared understanding of similarities and differ- 

nces as signs related to the structure in figural patterns. When 

iscrepancies occur in classroom-talk between a student’s original 

nderstanding of a sign and a contextual element (including the 

eacher’s intended meaning-making) – a moment which we will 

dentify as a trouble spot ( Alibali et al., 2013 ) – the teacher and

tudents must negotiate or sort out the incongruity. This negoti- 

tion is an ongoing, context-related, and unique meaning-making 

rocess ( Wenger, 1998 ). In this study, negotiating the structure of a 

gural pattern occurs whenever students and/or the teacher expe- 

ience misalignment between their assigned meanings to concepts 

f similarities and differences in figural patterns. Based on previ- 

us learning experiences and what the new or alternative learning 

xperiences are subjecting the students to, they need to negotiate 

nd sort out their assigned meaning with the teacher to resolve 

he discrepancies thus reaching common ground. 
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Talk is a ‘social mode of thinking’ ( Mercer, 2004 ) and one of

eachers’ ‘mediational toolkit’ ( Wertsch, 1998 ) to orchestrate com- 

unication ( Littleton et al., 2010 ), including gestures ( Jewitt, 2011 )

n a classroom context. Talk has temporal ( Mercer, 2010 ) and con- 

extualized ( Vygotsky, 1978 , 1986 ) features in which students’ con- 

ributions are valued, not only in terms of correctness but rather in 

he quality of the contribution itself. Accordingly, talk is conceived 

s effective or not. Moreover, understanding classroom context can 

id in discussing meaning-making of shared understanding by in- 

eractants (teacher and learners). In the context of pattern recog- 

ition, this is specifically important because of the abstract nature 

f grasping commonalities in figural patterns and the unfamiliar 

anguage associated with the meaning-making process related to 

oncepts of similarities and differences ( Radford, 2008 ). Engaging 

tudents actively and efficiently in the process of meaning-making 

hile scaffolding their use of mathematical language is central to 

ffective mathematics learning. 

.2. Home-language as a resource to elicit a shared understanding of 

he structure of figural-patterns 

Recent work in sociolinguistics of multilingualism and mathe- 

atics education on multilingual classrooms discusses the diver- 

ity of language use in multilingual contexts as a resource for 

eaning-making ( Adler, 2006 ; Barwell, 2018 ; Moschkovich, 2002 ; 

lanas & Setati, 2009 ; Planas, 2018 ). A common perspective be- 

ween those studies views the usage of more than one language 

n multilingual classrooms as productive rather than a weakness. 

imilarly, other research findings (e.g. Barwell, 2018 ; Planas 2018 ) 

uggest that home language is also a resource to establish com- 

on ground. Conceptualization of language as a resource of 

eaning-making makes explicit the different relations between not 

nly languages but also other multimodal resources for meaning- 

aking, such as gestures and representations ( Prediger et al., 

016 ). Previous research (e.g. Barwell et al., 2016 ; Planas & Se- 

ati, 2009 ; Planas, 2018 ) has identified various potential benefits 

or actuating multilingual learners’ home-languages as a resource 

or learning. Research shows that among the possible benefits are 

earners’ increased involvement in classroom-talk and improved 

ources for meaning-making. 

One of the ways to connect or move between languages 

s identified in the literature as translanguaging. It is a nat- 

ral phenomenon through which multilinguals move between 

anguages during a conversation or at the level of an utter- 

nce ( Farrugia, 2009 ). Research studies in multilingual contexts 

n various countries (e.g. Adler, 2006 ; El Mouhayar, 2021a , 2020 ; 

arrugia, 2009 ; Halai, 2009 ; Planas & Setati, 2009 ; Setati, 2005 )

alue the use of translanguaging as a strategic resource for 

eaning-making and to deal with challenges, which result from 

sing a foreign language in teaching mathematics. Findings in 

hose studies report that teachers resort to translanguaging as a 

killful and deliberate mode of instruction. Those studies report 

hat teachers and students use their spoken language (home lan- 

uage) and the language of instruction to engage meaningfully 

n classroom-talk to develop shared meaning-making. Accordingly, 

revious research has identified various functions for translanguag- 

ng as a resource to bridge between students’ colloquial language 

nd the language of instruction for meaning-making (e.g. Bose & 

houdhury, 2010 ; Farrugia, 2009 ; Halai, 2009 ; Setati, 2005 ). Some 

f those resources involve the teacher’s reference to translanguag- 

ng to: (1) make the content accessible to students; (2) refer to 

athematical technical terms; and (3) connect language and other 

epresentations (visual such as drawings, concrete including ges- 

ures) ( Setati, 2005 ). 

The current study explores how the teacher and students use 

ome-language, gestures, and representations as meaning-making 
3 
ools for knowledge construction. This focus intersects with recent 

esearch ( Barwell, 2018 ; Planas, 2018 ; Uribe & Prediger, 2021 ) that

xplores the “epistemic role of language as a tool for thinking and 

nowledge construction, specifically for students’ meaning-making 

rocesses” ( Uribe & Prediger, 2021 , p. 3). The researcher in this 

tudy also shares Prediger’s and her colleagues (e.g. Uribe & Predi- 

er, 2021 ) view that the epistemic role of language is not only lim- 

ted to translanguaging as a communicative tool, but it entails lan- 

uage connections for meaning-making, including learners’ every- 

ay resources as well as connections between various representa- 

ions and gestures ( Moschkovich, 2008 ; Prediger et al., 2016 ). 

There is evidence in mathematics education literature that 

lassroom-talk supports students to enhance their reasoning, 

pecifically during lessons that involve exploratory talk ( Ponte & 

uaresma, 2016 ). Taking this perspective into consideration, the 

urrent research studies how a teacher and his students establish a 

hared understanding of similarities and differences in figural pat- 

erns during classroom-talk in a multilingual environment. 

.3. Gestures as a resource to negotiate meaning-making 

Researchers in different fields have studied gestures for a vari- 

ty of purposes and they have used various methodologies. Never- 

heless, the majority of research on gestures has studied how ges- 

ures are utilized in communication. Within this line of research, 

 large number of researchers in education consider that a ges- 

ure conveys meanings and is an essential constituent of com- 

unication and thinking ( Edwards, 2009 ; Goldin-Meadow, 2003 ; 

akoff & Núñez, 20 0 0 ; McNeill, 1992 , 20 05 ; Radford, 20 03 , 20 09 ;

hein, 2012 ). Accordingly, there is consensus that gestures are es- 

ential semiotic resources that can be deployed to develop re- 

ations with other semiotic resources (e.g. discourse or verbal 

anguage, written language, graphs, figures, etc.) in teaching and 

earning mathematics ( Radford, 2003 ). 

Research in mathematics education perceives gestures as a re- 

ource for meaning-making ( Alibali et al., 2013 ; Arzarello et al., 

0 09 ; Edwards, 20 09 ; Goldin-Meadow et al., 1999 ; Nathan & Al-

bali, 2011 ; Shein, 2012 ; Valenzeno et al., 2003 ). In particular, 

estures constitute an essential means for mathematical reason- 

ng and communication because they provide meaning that com- 

lements, in a different form, the meaning produced by talk 

 Edwards, 20 09 ; Goldin-Meadow, 20 03 ; Lakoff & Núñez, 20 0 0 ;

adford, 2009 ). 

Researchers in mathematics education argue that a gesture 

s a key component of the semiotic resources that the teacher 

nd learners use in their communication during instruction 

 Alibali et al., 2013 ; Arzarello, 2006 ; Radford et al., 2009 ). Some

tudies focus on teachers’ gestures during classroom instruc- 

ion ( Alibali & Nathan, 2012 ; Bieda & Nathan, 2009 ; Goldin- 

eadow et al., 1999 ; Radford, 2009 ; Rasmussen et al., 2004 ; Singer

 Goldin-Meadow, 2005 ; Shein, 2012 ). Specifically, various studies 

ocus on how teachers’ gestures are used in communication dur- 

ng classroom-talk (e.g. Alibali et al. 2013 ; Arzarello et al., 2009 ; 

hein, 2012 ). Those studies provide evidence that gestures are im- 

ortant resources that can be used by teachers to develop stu- 

ents’ reasoning and elicit shared understanding. Using gestures 

as shown that it helps teachers improve their instruction and pro- 

ote students’ learning ( Alibali & Nathan, 2007 ; Elia, 2018 ; Goldin- 

eadow et al., 1999 ; Nathan, 2008 ; Shein, 2012 ). 

Within this line of research, several studies (e.g. Arzarello et al., 

009 ; Elia, 2018 ; Goldin-Meadow et al., 1999 ; Shein, 2012 ) fo-

us on the relationship between gestures and discourse and 

heir impact on teaching and learning. The findings suggest that 

estures and associated discourse are perceived as complemen- 

ary forms of resources that the teacher and students capi- 

alize on to support the development of shared meaning (e.g. 
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Table 1 

Forms (dimensions) of gestures (adapted from Alibali et al., 2013 , p. 427). 

Dimension Description 

Pointing gestures Indicate objects or locations, typically with an extended finger or hand (e.g., pointing to a component in a figure representing a step number of 

a growing figural pattern to indicate invariant elements) 

Representational 

gestures 

Depict aspects of semantic content via handshape or motion trajectory, either literally – iconic – (e.g., representing the invariant elements of an 

X-shape growing figural pattern by tracing the X shape along its invariant elements) or metaphorically – metaphoric – (e.g., representing the 

invariant elements of an X-shape growing figural pattern by moving the hand in a circular motion trajectory around the five squares located 

adjacent to each other in the inner part of the pattern). 

Writing gestures Writing or drawing actions that have an indexical or pointing function (e.g., Drawing a rectangular border around two rows of a growing figural 

pattern to indicate its invariant elements) 
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rzarello, 2006 ; Edwards, 2009 ; Goldin-Meadow, 2003 ; Kita, 2000 ; 

cNeill, 2005 ; Radford, 2003 ). This is particularly important in 

ultilingual environments where the deployment of multiple lan- 

uages is perceived as a resource for meaning-making ( El Mouha- 

ar, 2021a , 2020 ; Moschkovich, 2008 ; Barwell, 2018 ; Planas, 2018 ),

pecifically when gestures represent or point to structural relation- 

hips in figural representations that may be difficult to communi- 

ate verbally. 

To this end, the present research considers that gestures are 

onstituent of thinking and they complement discourse during 

lassroom-talk. In the following subsection, I distinguish between 

arious dimensions of gestures based on the literature. 

.4. Dimensions of gestures 

Previous research (e.g. Sabena, 2008 ) relates gestures to move- 

ents of hands and fingers. Previous research (e.g. Goldin- 

eadow, 2003 ; McNeill, 1992 ) also relates gestures to discourse. 

or example, McNeill (1992) considers gestures as “spontaneous 

ovements of the arms and hands and are closely synchronized 

ith the flow of speech” (p. 11). More recently, research distin- 

uished between the movement of hands and what this movement 

epresents. For instance, Novack and Goldin-Meadow (2017) define 

estures as representational actions: they are representational as 

hey “represent something other than themselves and they are ac- 

ions in that they involve movements of the body” (p. 653). In this 

ense, using hands to treat objects is not viewed as gesturing. In 

his study, the characterizing mark for a gesture requires that the 

ovement of the hand: (1) be made during a communicative act 

f classroom-talk between the teacher and one or more students, 

2) not a functional act on the teacher, a student or an object. 

Scholars distinguish between various dimensions of gestures 

ased on: (1) alternations in handshape, movement, or position 

f the hands and (2) their meaning in association with the cor- 

esponding utterance. To construct a framework for gestures in 

he context of classroom-talk and to attribute meaning to gestures 

ithin this framework, different gesture dimensions (pointing, rep- 

esentational, and writing) are adopted in this study ( Table 1 ). Dis- 

inguishing between various dimensions of gestures is based on a 

oding scheme initially developed by McNeill (1992) and later de- 

loyed by researchers in other studies (e.g. Alibali & Nathan, 2007 ; 

libali et al., 2013 ; Goldin-Meadow, 2003 ; Shein, 2012 ). 

This study focuses on pointing, representational, and writing 

estures since the context of noticing the structure in a pattern 

ends itself to those forms (dimensions) of gestures. For instance, 

ointing, which allocates particular meaning to a location in space 

 McNeill, 2003 ), is one of the prominent dimensions of gestures 

 Kita, 2003 ; Engberg-Pedersen, 2003 ). In the context of this study, I

rgue that students cannot distinguish between different parts of a 

gural pattern without looking and pointing at it. Thus, I hypothe- 

ize that in the context of teaching and learning structure of figural 

atterns, the teacher and students frequently use pointing to refer 

o similarities and differences in figural patterns. More specifically, 
4 
 assume that the pointing gesture will be used during classroom- 

alk to refer to similarities and differences more than other dimen- 

ions. 

. Rationale and research questions 

More research is required to have a more desirable understand- 

ng of the role of gestures in association with discourse to promote 

eaning-making in multilingual mathematics classrooms. There is 

 gap in the literature regarding this issue since previous research 

ocuses on teacher’s gestures and ignores learner’s gestures. I argue 

hat classroom-talk entails both the teacher’s and learners’ input. 

ccordingly, I systematically explore both the teacher’s and learn- 

rs’ gestures and discourse during classroom-talk in the context of 

egotiating meaning-making of commonalities of figural patterns. 

he findings of this study have implications for contexts in which 

he society is multilingual such as the case of various countries 

nd regions in the world. For example, the findings of this study 

ay motivate comparative research within and across countries 

here the multilingual nature of language presents unique aspects 

f classroom-talk to compare the variations in the usage of ges- 

ures in association with discourse in noticing structure of patterns 

r other mathematical topics. 

Variations in which teacher and learners notice commonalities 

f the same pattern would result in trouble-spots. For this reason, 

ncreased usage of gestures, in association with home-language, 

lay an essential semiotic means during classroom-talk in the mul- 

ilingual classroom context. 

This study extends previous research in the context of pattern 

eneralization, which is well researched and is seen as a route 

o develop students’ algebraic reasoning (e.g. Radford, 2008 ). Ex- 

loring patterns, specifically structure, is one of the core con- 

epts described in Principles and Standards for School Mathematics 

 NCTM, 20 0 0 ). Determining commonalities is the first step in the 

eneralization process and abduction constitutes the first level of 

eneralization ( Radford, 2008 ). Failing to notice commonalities in 

bduction levels will cause a failure to reach generalization. More- 

ver, ddifferences in noticing the structure of a pattern may re- 

ult in trouble-spots in which the teacher and learner(s) would re- 

ourse to gestures and home-language, as semiotic resources, in 

rder to ground shared understanding and address disparity in 

oticing the structure of the pattern. The question that emerges is 

o what extent different forms of gestures, associated with home- 

anguage, help to develop shared understanding when the struc- 

ure of a pattern may be noticed differently in a multilingual class- 

oom. 

In light of this discussion, there is a need for further investi- 

ation into gestures and associated home-language in mathemat- 

cs classrooms due to the fundamental impact of both resources 

n students’ learning, specifically their intertwined role as a tool 

o promote students’ understanding. Within this perspective, this 

tudy aims to explore: (1) the teacher’s and learners use of ges- 

ures and home-language as resources to elicit a shared meaning 
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f commonalities in figural patterns and (2) whether there is vari- 

tion, in terms of frequency, in the use of gestures and home- 

anguage when trouble-spots occur. The following research ques- 

ion guided this study: 

• How do the teacher and learners use gestures and home- 

language when trouble-spots occur to elicit a shared meaning 

of commonalities in figural patterns in a multilingual classroom 

during classroom-talk? 

The hypothesis that was adopted in this study is that the 

eacher and learners would recourse more frequently to gestures 

nd home-language during trouble-spot episodes than in episodes 

n which there is no disparity in noticing the structure of the pat- 

ern. Findings in this study will provide evidence to advocate for 

he validity of this hypothesis. 

. Methodology 

.1. Setting, participants, and data sources 

In Lebanon, mathematics is taught in a foreign language (En- 

lish or French in almost all public and private schools) based on a 

anguage-in-education policy that was established in 1926 during 

he French Mandate. This policy has been maintained till nowa- 

ays due to several reasons. Among those reasons is globalization, 

he economy that is influenced by tourism, access to higher edu- 

ation, Lebanon’s geographical location in the Middle East, socio- 

olitical image, etc. Accordingly, Lebanese mathematics classrooms 

re multilingual since there exist more than two languages (collo- 

uial Arabic, modern standard Arabic, English, and/or French as the 

anguage of instruction). 

The data analyzed for this study were collected in a grade seven 

athematics classroom in a moderately sized private school in a 

uburb of the greater Beirut area serving middle socio-economic 

ackground students as judged by the school tuition level. This 

chool was selected since it had a good reputation (due to the 

igh percentage of success in the national brevet/ grade 9 exam) 

nd because private schools serve 60% of Lebanese students. This 

chool followed the national mathematics curriculum, which is 

dopted by most private as well as public schools. English was the 

nstructional language in the selected school, and the participants 

ere multilinguals with Lebanese colloquial Arabic as their native 

poken language and English as a foreign language. The partici- 

ants were one teacher and his twenty-four students in one class- 

oom. 

The school at which this study was conducted is representative 

f many schools in Beirut, and indeed the country, in the limited 

esources made available for teaching mathematics, the dominant 

se of colloquial Arabic at home (as opposed to foreign languages 

uch as English or French), the kind of certification and in-service 

raining received by its teachers and classroom size. The language 

olicy at the school mandated that mathematics be taught in En- 

lish, as a foreign language as soon as students enter grade one. 

All students from the grade seven classroom participated in the 

tudy as an intact class. There were 24 students. The students were 

2 years old and included girls and boys. Students sat in the class- 

oom at desks that seated two students each. All desks were ar- 

anged facing forwards toward the teacher and the blackboard. 

Conducting research based on one case does not provide the 

ame extent of generalizability as further approaches do. Neverthe- 

ess, a case study may shed light on important themes in teaching 

nd learning environments ( Stake, 1995 ), particularly when mathe- 

atical activities are systematically analyzed at a micro-level. The 

ase study is built on the assumption that students in multilin- 

ual classrooms have limited skills in English, as a language of 

nstruction, especially in classroom-talk. Consequently, the teacher 
5 
nd those students may capitalize on deploying gestures and home 

anguage as semiotic resources in their communication during 

lassroom-talk. 

The data analyzed for this study constitute a part of a larger 

tudy on generalization of patterns during classroom-talk in mul- 

ilingual classrooms in grade seven and the resources that the 

eacher and students draw on, especially their home-language and 

estures, as they engage in pattern generalization. A criterion for 

electing grade seven is that algebra is first introduced in this 

rade level. Pattern generalization is chosen because it is implicitly 

nd/or explicitly connected to algebraic reasoning ( NCTM, 20 0 0 ). 

xploring growing figural patterns is a new topic for students in 

rade seven and they had no experience in generalizing figural pat- 

erns. In previous years, the students had some experience in look- 

ng at repetitive patterns. Tasks that involve the students in notic- 

ng structure in growing figural patterns are new for the students. 

Ten fifty-five minutes sessions in grade seven were videotaped. 

ideotapes were transcribed verbatim and the transcriptions for 

he larger study were divided into (1) sessions; (2) patterns; (3) 

eneralization tasks (near or far generalizations); (4) episodes; (5) 

tterances; (6) classroom-talk or group work; (6) interaction type 

nd; (7) interlocutor (interactants). Data for the larger study were 

ubjected to coding. One level of coding divided sessions into 

atterns and types of generalization tasks ( Stacey, 1989 ), which 

ere later classified as generalization level episodes ( El Mouha- 

ar, 2019a , 2020 , 2021a , 2022 , 2021b ). According to El Mouha-

ar (2019a) , episodes are segments of a session that correspond 

o a particular generalization level based on Radford’s taxon- 

my that distinguishes between various levels of generalization 

 Radford, 2003 ) in a near or far generalization task ( Stacey, 1989 ).

he analysis from the larger study ( El Mouhayar, 2020 , 2021a ; 

022 , 2021b ) shows that 23.3% (32) of the episodes were at the 

bduction level, which involves grasping a local commonality ob- 

erved on some steps of the pattern ( Radford, 2008 ). Thus, an ab- 

uctive episode constitutes a segment of classroom-talk in which 

he teacher negotiates with the students the meaning-making of 

imilarities and differences of figural patterns. For the current 

tudy, I only consider the 32 episodes that correspond to the 

bductive level. The duration of time for the majority of these 

pisodes was about one minute. On the other hand, several other 

pisodes were about two minutes and a few episodes lasted more 

han two minutes. 

.2. Coding and data analysis 

For this study, further coding was done. Transcriptions corre- 

ponding to abductive episodes were divided into: (1) language 

sed within an utterance; (2) gestures associated with utterances; 

nd (3) trouble-spots. 

An abductive episode was coded as a trouble-spot when 

earners commit errors, hesitate or show a difference in 

heir understanding with the teacher. This coding aligns with 

libali et al.’s (2013) definition of trouble-spots “as points dur- 

ng the lesson when students display lack of understanding” (p. 

25). Even though I adopt this definition; however, trouble-spot 

n this study corresponds to an episode, rather than a point, in 

hich shared meaning between the teacher and learner(s) regard- 

ng structure in a figural pattern has not been yet recognized. 

 point during a lesson is limited to a particular student’s or 

eacher’s utterance whereas an episode in the context of pattern 

eneralization is a section of a lesson that corresponds to a par- 

icular level of generalization ( Radford, 2003 ). While the duration 

f time for a point is limited to seconds, it may extend to one or

ore minutes during an episode. Based on the adopted definition 

n this study, abduction level episodes were analyzed qualitatively 

o distinguish between episodes in which trouble-spots occurred 
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3

nd episodes in which there was no disparity in noticing the struc- 

ure in the pattern. 

An episode during classroom-talk can be conceived as an activ- 

ty that has internal coherence ( Wells, 1999 ), which in this study 

orresponds to an abduction level based on Radford’s taxonomy 

 Radford, 2003 ). 

An utterance is a unit that represents a complete idea, which 

ontributes to the continual production of mathematical discourse 

 Barwell, 2016 ). Each utterance was coded based on the language 

sed and for the interaction function it serves ( Wells, 1999 ) by ask-

ng what each utterance is serving and the source of the utterance 

teacher, student(s)). I distinguished between three types of utter- 

nces: (1) English-only utterances; (2) Arabic-only utterances; and 

3) mixed language utterances whenever there is a mix of Arabic 

nd English. 

To analyze gestures as one component of communication, hand 

ovements of the interactants, who were involved in the discourse 

uring classroom-talk (specifically the teacher and a selected stu- 

ent), were identified in association with each utterance. Ges- 

ures were distinguished from one another based on alternations 

n the form of gesture, interlocutor, and content of an utterance. 

able 1 was used to code gestures in association with each utter- 

nce during classroom-talk in abductive episodes. The frequency 

f each gesture was counted to explore differences in the usage of 

estures during trouble-spot abductive episodes (TSAE) versus non- 

SAE. Frequency concerning other gestural movements, different 

rom the ones considered in Table 1 , is not counted even though 

hose movements are taken into consideration to describe forms 

f gestures associated with the same utterance. For example, beat 

estures, which involve “up-and-down rhythmic movements that 

o not depict semantic content, but instead align with the prosody 

r discourse structure of speech” ( Alibali et al., 2013 , p. 428), are 

ot counted, although they are considered in describing form and 

eaning of gestures when redundant gestures of the same form 

ccur in association with the same utterance. Functional acts on 

n object, even if it is a mathematical object, are not identified as 

estures that were coded in this study. For example, writing al- 

ebraic expressions on the board or drawing a figure to continue 

he pattern is different from gestures that were coded as writing. 

lso, the movement of hands, including pointing, to invite a stu- 

ent to the board is perceived as a functional act on the student 

nd therefore it is not considered a gesture. 

.3. Reliability of coding 

To establish reliability in coding episodes, trouble-spots, the 

anguage within an utterance, gestures associated with each utter- 

nce, two research assistants coded the data under the supervision 

nd guidance of the author. We met to discuss the coding scheme 

efore they started coding. Then, the assistants coded transcripts 

f three sessions and discussed their choices of coding until they 

eached a shared understanding of the codes. The assistants then 

nalyzed the transcript of a fourth session independently. Findings 

f the coding were shared, and the two assistants discussed dif- 

erences in coding until they reached a consensus. Another tran- 

cript coding was conducted independently using the transcript of 

he fifth session. The interrater reliability between the two coders 

uring this stage was more than 80%. 

.4. Data analysis 

This study presents: (1) quantitative analyses of teacher’s and 

tudents’ use of home-language and gestures as semiotic resources 

o promote a shared understanding of similarities and differences 

n figural patterns and (2) qualitative analyses of representative 

pisodes to unfold how the teacher and students use gestures 
6

nd home-language during classroom-talk to elicit a shared un- 

erstanding of structure in figural patterns. The analysis also fo- 

uses on comparing the use of home-language and gestures dur- 

ng classroom-talk in TSAE and non-TSAE. Focusing on the abduc- 

ive level episodes of growing figural patterns during classroom- 

alk and in the same classroom guarantees that there is an extent 

f resemblance in the context of discourse and gestures being ex- 

mined. 

Frequencies, independent samples T-test, and bar graphs includ- 

ng error bars were used for the quantitative analysis to show reg- 

larities within each of TSAE and non-TSAE as well as to study 

imilarities and to contrast variations in language use and gestures. 

ualitative analysis served to select representative excerpts around 

he guiding question stated for the study. A qualitative analysis 

as done to identify trouble-spots and to get a picture of how 

he teacher and students used gestures and home-language dur- 

ng classroom-talk to elicit a shared understanding of structure in 

gural patterns. 

A multimodal approach was used to analyze the data. This ap- 

roach helped to perceive communication as a unit formed of dis- 

ourse and gesture. For this purpose, I deployed an inductive con- 

ent analysis method that entailed both qualitative and quantita- 

ive approaches ( Grbich, 2012 ). While previous studies on develop- 

ng shared understanding in multilingual classrooms and teacher’s 

ole in orchestrating classroom-talk helped me to develop theoret- 

cal sensitivity ( Strauss & Corbin, 1990 ), the analysis was grounded 

n the data generated in this research. 

. Findings 

.1. The extent of teacher’s and learner’s use of gestures and 

ome-language in TSAE and non-TSAE 

Across the ten sessions, a total of 32 abductive episodes were 

dentified of which 10 (31.25%) were classified as TSAE. Even 

hough trouble-spots did not occur regularly across abductive 

pisodes or sessions, the average number of utterances in TSAE 

as larger than that of non-TSAE. The number of utterances in the 

SAE was 168 whereas that of non-TSAE was 139 yielding an av- 

rage of 16.8 utterances per TSAE and an average of 6.3 utterances 

er non-TSAE. An increase in the number of utterances per TSAE 

ay lead to an increase in the number of gestures and the fre- 

uency of reference to home-language. 

In alignment with the hypothesis in this study, the teacher 

nd learners produced more gestures in TSAE than in non-TSAE 

M = 16.8 gestures in TSAE vs. M = 4.91 gestures in non-TSAE), 

 (30) = 4.425, p = .0 0 0, one-tailed. These episodes also differed

ignificantly in number of: (1) Arabic words (M = 58.9 Arabic 

ords in TSAE vs M = 13.95 Arabic words in non-TSAE), t (30) 

 4.773, p = 0.00; (2) utterances referring to Arabic only or mix 

f Arabic and English (M = 10.1 reference to Arabic in TSAE vs 

 = 2.64 in non-TSAE), t (30) = 4.913, p = 0.0 0 0 and (3) utter-

nces (M = 16.8 utterances in TSAE vs M = 6.32 utterances in non- 

SAE), t (30) = 4.207, p = 0.0 0 0. Thus, the teacher and students de-

loyed more gestures and more reference to home-language (col- 

oquial Arabic) during TSAEs than in non-TSAE. 

The forms of gestures that the teacher and students deployed 

uring TSAE and non-TSAE were also explored. The most frequently 

sed gestures were pointing gestures. Variations, in terms of fre- 

uency and percent, in the deployment of gesture types were sim- 

lar during TSAE and non-TSAE. In abductive episodes, the teacher 

nd students used a total of 262 gestures and among these, 61.1% 

160) were pointing, 33.6% (88) representational, and 5.3% (14) 

riting gestures. In non-TSAE, the teacher and students used a to- 

al of 145 gestures and among these, 60.0% (87) were pointing, 

3.8% (49) representational, and 6.2% (9) writing gestures. In TSAE, 
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Fig. 2. The average number of gestures for each form in TSAE and non-TSAE. Error bars represent standard errors. Note. ∗ p ˂ .05, one-tailed. 

Fig. 3. Tile pattern. 
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he total number of gestures was 117 of which 62.4% (73) were 

ointing, 33.3% (39) representational, and 4.3% (5) writing. Addi- 

ionally, the average number of gestures for each form was cal- 

ulated in TSAE and non-TSAE ( Fig. 2 ). Overall, the teacher and 

earners used more deictic and representational gestures in TSAE 

han in non-TSAE. The difference for each of the pointing and 

epresentational gestures was significant: (1) pointing gestures (t 

30) = 3.824, p = .0 0 05, one-tailed and (2) representational ges- 

ures t (30) = 4.067, p = .0 0 0, one-tailed. The difference in the

riting gestures was not significant. 

.2. Qualitative illustrations of classroom-talk to elicit a common 

nderstanding of similarities and differences of figural patterns 

The analyzed episodes in this study show that gestures along 

ith home-language were used by the teacher and the learners to 

stablish a shared meaning of commonalities by delineating com- 

on referents of similarities and differences in figural patterns. 

he usage of gestures and home-language adaptively and sponta- 

eously to establish a common ground allowed to promote stu- 

ent learning. Below I present and analyze two representative ex- 

erpts of classroom-talk to demonstrate the quantitative findings. 

he selected excerpts are representative such that one corresponds 

o TSAE whereas the other corresponds to non-TSAE. The episodes 

n this study were selected to illustrate contrast and to empha- 

ize discrepancies that were highlighted in the quantitative analy- 

is. The students that I refer to in the representative excerpts are 

ssigned pseudonyms. 

In presenting those episodes, I adopt the following conven- 

ions to illustrate how gestures and utterances are related during 

lassroom-talk. Utterances are numbered by lines. The following 

etters (p: pointing, r: representational, w: writing) are deployed 

o classify types of teacher’s or students’ gestures. The description 

f each gesture is illustrated in italics whereas underlined words 

nd statements refer to the translation of used colloquial Arabic 

o English. I also used the following notations for utterances "[…]" 
7 
efers to exclusion of some words or lines, "…" designates a pause 

f 3 or more seconds, and "," or "." refers to a pause of less than 3

econds. 

.2.1. Example 1: teacher’s and students’ use of gestures and 

ome-language to elicit a common ground of commonalities in 

gural patterns during TSAE 

The first excerpt illustrates a TSAE, which took place during ses- 

ion 1 and addressed the tile pattern ( Fig. 3 ). The episode was

oded trouble-spot due to differences between the teacher’s and 

 student’s noticing of the invariant elements of a growing figural 

attern. This episode exemplifies the teacher’s and learners’ usage 

f home-language and gestures as meaning-making resources dur- 

ng an abduction episode to elicit a common ground in noticing 

he structure of a pattern. The teacher and students used a mixture 

f home-language (colloquial Arabic) and English (the language of 

nstruction) in the majority of their utterances during TSAE. 

During this episode, the teacher used an overhead projector to 

resent the first three figural-steps of the tile pattern ( Fig. 3 ). 

 Teacher: My dear students take a good look at this pattern, 

focus on the first figure, then take a look at the sec- 

ond and third … Try to figure out what is happen- 

ing? What is changing? What is fixed? 

 Teacher: Maggie 

 Maggie: Plus four [ in each ] figure 

 Teacher: Plus four and? 

 Maggie: [ in each ] figure 

 Teacher: We are adding four squares in each figure, that’s 

what Maggie is saying. 

 Teacher r : […] [ What do you think ] something 

that doesn’t change? It’s always fixed; it’s con- 

stant… constant means [ it doesn’t change ]. 

It remains as it is. ( Fig. 4 ) 
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Fig. 4. The teacher moves his hands away from each other with palms facing down- 

wards in association with “constant means ”. Then he moves his hands 

downwards with palms facing downwards in association with “it remains as it is”. 
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 Teacher: Jerald 

 Jerald: The shape of the figure 

0 Teacher: What do you mean? Can you come to the board 

and show us? […] 

1 Jerald 

p : ( Fig. 5 ) 

ig. 5. Jerald approaches the board and points with his right-index finger to the 

quare located at the extremity of the bottom- right diagonal of figural-step two. 

2 Teacher p : [ This doesn’t change ]? ( Fig. 6 ) 

Fig. 6. The teacher imitates Jerald’s gesture using his left-index. 
8 
3 Jerald 

P : No, that does not change ( Points with his right-index 

finger near the square located at the extremity of the 

bottom-right diagonal of figural-step 2 ) 

4 Teacher p : [ But that one ] doesn’t exist in figure one 

( Fig. 7 ) 

ig. 7. The teacher repeats the same gesture described in the previous figure and 

hen points with his left-index finger at the square located on the bottom-right 

iagonal in figural-step 1. 

5 Jerald 

p : The original squares are not changing ( Points below 

the middle square in figural-step 2 ) 

6 Teacher: What do you mean by the original squares? 

7 Jerald 

pr : [ These two ] ( Fig. 8 a and b) 

ig. 8. Jerald points first with his right-index finger at the square located in the

ottom-right diagonal in figural-step 2 and then moves his one finger indexical ges- 

ure to the square located in the bottom-right diagonal in figural-step 1 and then 

oves his finger back to the same square that he pointed at in figural-step 2. 

8 Teacher p : You mean [ this one ]? ( Fig. 9 ) 

ig. 9. The teacher points at the square located in the bottom-right diagonal in 

gural-step 1. 

9 Jerald: Yes, there is nothing being added to the figure 

0 Teacher p : [ I understand from you ] that this is the 

only square which doesn’t change? ( Fig. 10 ) 
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Fig. 10. The teacher is still pointing at the square located in the bottom-right of 

figural-step 1. 
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1 Jerald 

pr : No, [ In this ] figure…X shape ( Fig. 11 a and b) 

ig. 11. The teacher makes consecutive representational gestures in the form of X 

hape and pointing with his two-index finger. The first movement goes along the 

op-right diagonal to the bottom-left diagonal in figural-step 2 and then the second 

ovement goes from the top-left diagonal to the bottom-right diagonal. 

2 Teacher: X shape…

3 Jerald: [ And that ] does not change….it stays constant 

4 Teacher p : So, what do you mean? [ That those ] two 

squares do not change? ( Fig. 12 ) 

ig. 12. The teacher points with his two-finger indexical gesture at figural-step 1 

uch that one finger points at the square located on the top-right diagonal and the

ther finger points at the square located on the bottom-right diagonal. 

5. Jerald: Nods approvingly and then goes back to his place 

This episode started when the teacher asked the students to 

escribe what they notice in the figural pattern in terms of sim- 

larities and differences. Maggie exhibited in her response (line 3) 

 focus on the numerical difference between consecutive figural- 

teps of the pattern. Maggie used colloquial Arabic in her dis- 

ourse to refer to the adverb ‘each’ (lines 3 and 5), which pro- 

ided a generative action function with its repetitive character. Ac- 

ording to Radford (20 0 0) , adverbs of generative action function 

re linguistic mechanisms used to express actions whose distinc- 

iveness is that it has a repetitive characteristic, which is essential 

or generalization. “Always” is another example of this function. 
9 
he teacher paraphrased Maggie’s response (line 6) before asking 

 specific question: "[ What do you think ] something that doesn’t 

hange? It’s always fixed; it’s constant". With this paraphrasing 

ollowed by a question, the teacher echoed to position Maggie’s 

erception of variations in terms of numerical difference between 

onsecutive steps of the pattern. This form of echoing was not an 

xact restatement of Maggie’s numerical recursive strategy, but a 

eliberate recognition of an implicit meaning missing in her re- 

ponse – the constant - that the teacher decided to make as the 

mphasis of attention. 

The teacher’s utterance in line 7 was associated with represen- 

ational gestures. The teacher produced two representational ges- 

ures in association with his question. The teacher moved hands 

way from each other with palms facing downwards in association 

ith “constant means ريغتيب ام (it doesn’t change)”. This 

esture is very similar to the way we move our hands in daily life 

o indicate “no” in a sharp and definite manner. This representa- 

ional gesture is specifically iconic because it depicts aspects of se- 

antic content via handshape or motion trajectory literally. Then, 

he teacher moved hands downwards with palms facing down- 

ards followed by a beat gesture upwards –downwards repeated 

everal times in association with “it remains as it is” with palms 

till facing downwards. This beat gesture simulated the abstract 

oncept of constant via the physical action of moving hands up and 

own in close movements. Producing consecutive representational 

estures – iconic followed by metaphoric beat gestures – might aid 

he students to ground the abstract concept of constant (similari- 

ies) in a familiar gestural act. Thus, acting in this way might aid 

o elicit a shared understanding of the constant. 

The use of “constant” and its meaning "always fixed"; "it 

oesn’t change"; "it remains as it is" in the teacher’s utterance (line 

) allowed the students to respond. Jerald’s response (line 9) fore- 

rounded a perceptual apprehension, which involves noticing the 

attern as a single gestalt ( Rivera, 2013 ). The teacher asked Jerald 

o "show" how he perceives the shape of the figure as constant 

line 10). This request for “showing” sets the stage for a more vi- 

ual and detailed demonstration of Jerald’s mathematical percep- 

ion of the constant. In response to the teacher’s invitation to show 

im the constant, Jerald referred to colloquial Arabic in his dis- 

ourse in addition to gestures and drawings to describe his notic- 

ng of the constant. Jerald’s response might be interpreted as gen- 

ral if only his verbal response were considered "The shape of the 

gure" (line 9). However, after observing his gesture (line 11), his 

esponse is interpreted as particular. The student grounded his re- 

ponse by pointing at the square located in the extremity of the 

ower-right diagonal of figural-step 2, marking it as a subject of 

xamination. Jerald’s lingering of his pointing promotes attention 

o this square, which had an incorrect status as a constant in the 

eacher’s perception. 

Then, the teacher grounded his question (line 12) by pointing 

t the square located in the bottom-right diagonal of figural-step 

, making it a focus of inquiry. The delay in pointing stresses the 

ttention to this square, which according to the teacher’s percep- 

ion, did not exist in figural-step 1. The teacher’s attempt failed to 

et Jerald to recognize the varying nature of the square located in 

he bottom right diagonal in figural-step 2 (line 13). The teacher 

hen reframed Jerald’s response by juxtaposing it with the square 

ocated on the bottom-right diagonal in figural-step 1 to suggest 

hat the square gestured by Jerald is not a constant element of the 

attern. In line 14 the teacher used home-language again to refer 

o the word “but” and the deictic “that one”. The word “but” in- 

icated contradiction in Jerald’s response —attributing the square, 

hich was pinpointed by Jerald, to the varying elements of the 

attern and disputing the fact that it existed in step 1. This in- 
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Fig. 13. Jerald’s noticing of invariant elements (highlighted in orange) in the tile pattern. (For interpretation of the references to color in this figure legend, the reader is 

referred to the web version of this article.). 

Fig. 14. Teacher’s noticing of invariant elements (highlighted in yellow) in the tile pattern. (For interpretation of the references to color in this figure legend, the reader is 

referred to the web version of this article.). 
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ication of contradiction showed a disparity between the teacher’s 

nd Jerald’s noticing of the constant in the tile pattern. 

From here (line 17), the teacher and Jerald deployed code- 

witching and colloquial Arabic in their discourse for various func- 

ions, particularly, to foster common ground in noticing the invari- 

nt elements of the tile X-pattern. In particular, colloquial Arabic 

as used for deictic functions to show the constant elements of 

he pattern. Jerald again deployed a pointing gesture repetitively to 

irect the teacher’s attention to the square(s) located on the right- 

ottom diagonals of figural-steps 1 and 2 until pausing at the latter 

uggesting to the teacher that these are "the original squares that 

re not changing". Note that Jerald’s reiteration of the pointing ges- 

ure created a pattern of observing and comparing ( Shein, 2012 ) 

hat provides the background for showing his perception of the 

onstant elements of the pattern. The teacher once more deployed 

 pointing gesture to direct Jerald’s attention to the square located 

n the bottom-right of figural-step 1 and kept pausing at this rep- 

esentation, asking Jerald whether "this is the only square which 

oesn’t change" (line 20). Jerald argued that the constant is not 

imited to one square, but rather it is the X shape in figural-step 2 

lines 21 and 23). Jerald supported his verbal response with a rep- 

esentational gesture to illustrate his perception of the constant. In 

ine 21, Jerald used a representational gesture in the form of an X 

hape to depict features of similarities in the Tile pattern ( Fig. 3 ).

his gesture presumably helped the teacher and other students to 

ee his perspective in noticing the structure of the pattern. More 

pecifically, Jerald made a representational gesture that seemed 

ike pointing; however, his gesture provided a supplementary stra- 

um of the meaning of his noticing of constant. Jerald traces the di- 

gonals of figural-step 2 emphasizing it is the X shape, which does 

ot change. The student’s pointing gesture was echoed as a point- 

ng gesture by the teacher (line 24) in response to the gesture for- 

erly embodied by Jerald. The teacher then deployed a more pre- 

ise language of "those two squares" and a more complex pointing 

esture by deploying the thumb and index fingers to designate the 

ends” of the top and bottom right diagonals in figural-step 1 (line 

4). 

This episode was coded TSAE due to this disparity in notic- 

ng commonalities that can be associated with subjectivity in per- 

eiving patterns in general and, more particularly, in differences 

n the teacher’s and student’s noticing of structure in the figu- 

al pattern. While Jerald noticed the square in the bottom-right 
10 
iagonal of figural-step 2 as an invariant element of the pattern 

 Fig. 13 ), the teacher attributed this square to the varying elements 

f the pattern. For the teacher, the constant elements of this pat- 

ern are the squares that constitute figural-step 1 and are adjacent 

o each other ( Fig. 14 ). The disparity in noticing the constant was

ddressed by discourse and gestures, which helped in making vis- 

ble the differences between the meanings given by the teacher 

nd Jerald to the constant. Deployment of gestures facilitated stu- 

ents’ access to the teacher’s noticing of the constant. In particu- 

ar, capitalizing on the deployment of pointing gestures and home 

anguage as semiotic resources in grounding the teacher’s and stu- 

ent’s discourse provided an essential role to situate this discourse 

ith the figural representations of the figural pattern. 

In quantitative terms, the teacher and students in this episode 

roduced 14 gestures with 196 words for a rate of 7.14 gestures 

er 100 words. They also used 23 colloquial Arabic words in the 

96 words for a rate of 11.73 per 100 words. 

.2.2. Example 2: teacher’s and students’ use of gestures and 

ome-language to promote shared meaning of commonalities in 

gural patterns during non-TSAE 

The second excerpt illustrates a non-TSAE, which also took 

lace during session 1 and addressed the square pattern ( Fig. 15 ). 

he episode was coded non-trouble-spot since there was no dis- 

repancy between the teacher’s and a student’s noticing of dif- 

erences in the growing figural pattern. This episode exemplifies 

he teacher’s and learners’ usage of home-language and gestures 

s meaning-making resources during a non-TSAE to elicit common 

round in noticing the structure of a pattern. 

. Teacher: What’s happening? 

. Teacher: Ali 

: Ali: [ teacher, that means ] in every row we add 

two squares. 
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. Teacher: We are adding two squares every row. How are we 

adding two squares? Both on the same side? 

. Ali rp : In row three it will be eight squares…six plus two 

equals eight. [there is in] row three ، eight. 

We are adding in each row two squares. ( Fig. 16 ) 

ig. 16. Ali makes a representational gesture followed by a pointing gesture. While 

itting in his seat, Ali makes a representational gesture using his pen along row

hree that he has already drawn on his copybook. Then he stands up and points

ith his pen towards the figural pattern presented on the board. 

. Teacher p : We are adding for each row two squares. How are 

we adding two squares? Both on the same side? 

( Fig. 17 ) 

ig. 17. The teacher points with his two hands, palms open, upwards towards the 

ight-side of the figure drawn on the board. 

. Ali p : One on this side and one on this side ( Points to- 

wards the right side using the pen) 

. Teacher: [so], one on the left and one on the right. 

. Teacher: Okay Ali. 

Classroom-talk during this episode started with the teacher 

sking the students to identify similarities and differences of the 

quare pattern. Ali, the selected student, focused on the differences 

y specifying that two squares are being added in each row (line 

). In his follow-up (line 4), the teacher reiterated Ali’s response 

nd then initiated a new exchange by asking whether the two 

dded squares are located on the same side. Ali did not respond to 

he teacher’s question regarding the location of the newly added 

quares but rather focused on specifying the number of squares in 

ow three. Then, Ali used colloquial Arabic, gestures, and the fig- 

ral representation that he has drawn on his copybook as well as 

he figure represented on the board to highlight the varying ele- 

ents of the pattern and to validate his response. Ali’s represen- 

ational gesture followed by a pointing gesture served a grounding 

unction by connecting his verbal utterance to the figural represen- 

ation of the pattern. The student grounded his response by sliding 
11 
is pen along the squares located in row three of the figural repre- 

entation, drawn on his copybook, marking it as a subject of exam- 

nation and making visible his perception of the added squares in 

ach row. After validating the student’s response, the teacher re- 

eated his question (line 6) with a pointing gesture towards the 

ight side of the figure on the board. Ali responded by stating that 

ne square is being added on each side of the row with a pointing 

esture to the right side of the figure. 

The gestures used in this episode relate the verbal utterance 

o the perceptual background by referring to objects, thus provid- 

ng another layer of meaning to verbal utterances. For instance, 

he reference to the deictic form “same side”, associated with the 

eacher’s pointing gesture, served to focus attention on “structural 

escriptors of the figure” ( Radford, 20 0 0 , p. 249). This reference 

sually involves much use of gestures to focus attention on a spe- 

ific location in a figural representation that physically exists and 

hat can be visually attainable. This was not the case for Ali be- 

ause of the distance between the board and his seat. 

The discourse marker "[ so ]" (line 8) in the teacher’s feedback 

tterance, at the end of this episode, validates Ali’s perception of 

he variant elements and implies the closure of the discourse re- 

arding the structure of the pattern and an end to the abduction 

evel episode. 

In quantitative terms, the teacher and Ali in this episode pro- 

uced 4 gestures with 95 words for a rate of 4.21 gestures per 100 

ords. They also used 5 colloquial Arabic words in the 95 words 

or a rate of 5.26 per 100 words. 

To this end, the findings in this study show that pointing is the 

ost frequently used form of gesture followed by representational 

estures. The teacher and learners used those gestures to indicate 

imilarities and differences in figural representations. Analysis of 

he two episodes shows that by grounding similarities and differ- 

nces in the figural representations of patterns, the teacher and 

earners can establish a shared understanding of structure. 

How might gestures and home-language serve to ensure a 

hared focus on meaning-making of similarities and differences of 

gural patterns? The theory of social-semiotics suggests some ex- 

lanations and interpretations for this question. In what follows, I 

onsider the theoretical explanations for the findings of this study, 

ocusing on this core issue: the teacher’s and learners’ adaptive use 

f home-language and gestures during trouble-spots as resources 

o establish a common understanding of structure in a multilingual 

lassroom environment. 

. Discussion, implications and conclusion 

In this study, I analysed teacher’s and learners’ use of home- 

anguage and gestures as resources in classroom-talk to develop 

ommon ground in noticing structure in figural patterns. This re- 

earch addresses a gap in the literature. The assumption that I 

ave adopted is that the teacher and students would increase their 

se of home-language and gestures as resources to elicit com- 

on ground of the structure in growing figural patterns when 

rouble-spots occur. The findings show that the use of both re- 

ources helped the teacher and learners to ensure a joint noticing 

f commonalities in figural patterns as episodes unfolded. In ad- 

ition, the teacher and learners adaptively increased their use of 

ome-language and gestures to efficiently foster common under- 

tanding of commonalities in figural patterns. This finding suggests 

hat home-language and gestures are key resources to promote 

hared understanding of commonalities, specifically when trouble- 

pots appear during classroom-talk. 

I have selected the concept of structure in figural patterns, not 

nly because of its difficulty but also because of its richness and 

mportance in mathematics. Studying structure is a core mathe- 



R.E. Mouhayar Linguistics and Education 71 (2022) 101088 

m

a

g

s

s

h

a

t

o

e

s

s

t

t

s

t

t

a

l

t

a  

G

V

e

u

a

i

c

g

i

t

i

m

i

i

s

i

g

e

t

t

h

e

t

i  

P

fi

l

p

t

t

s

t

a

l

e

m

M

r

t

f

N  

s

c

c

b

t

t

c

m

t

m

t

d

T

t

p

i

t

s

c

s

a

m

e

p

l

t

i

t

a

w

p

i

t

c

m

R

A

A

A  

 

A

A  

A

A

E

E

E

E  

E

atical concept that cuts across different mathematical domains 

s well as other domains from different fields. 

The empirical assertion of this study is that the frequency of 

estures and home-language becomes progressively greater by rea- 

onable assumption to develop a common ground during trouble- 

pot episodes, specifically, when the teacher and learners do not 

ave a shared perspective in noticing the structure – similarities 

nd differences – in a figural pattern. A plausible explanation for 

his finding is that the teacher and learners increase their use 

f gestures and home-language as resources during instructional 

pisodes in which there is a further need for support to develop 

hared meaning. It seems that the gestures that the teacher and 

tudents performed along with their discourse conveyed meaning, 

hus providing insight into their reasoning. This finding reveals 

hat the teacher and learners used home-language and gestures 

pontaneously without the teacher’s training or explicit guidance 

o learners on how to draw on both resources. 

It seems there is an implicit mutual agreement between the 

eacher and learners during classroom instruction that gestures 

nd home-language are resources that they can deploy to estab- 

ish their common understanding. The findings regarding the adap- 

ive use of gestures align and extend other’s findings in the liter- 

ture ( Alibali et al., 2013 ; Arzarello et al., 2009 ; Edwards, 2009 ;

oldin-Meadow et al., 1999 ; Nathan & Alibali, 2011 ; Shein, 2012 ; 

alenzeno et al., 2003 ). Previous studies either focused on teach- 

rs’ (e.g. Alibali et al., 2013 ) or students’ (e.g. Marrongelle, 2007 ) 

se of gestures. This study, however, looks at both the teacher’s 

nd students’ adaptive use of gestures during classroom-talk dur- 

ng trouble-spots, in the context of figural patterns in a spe- 

ific grade level. The findings show that the increased use of 

estures, particularly pointing and representational gestures, dur- 

ng trouble-spot episodes can be construed as resources for the 

eacher and learners to elicit a shared understanding of structure 

n figural patterns. Alibali et al. (2013) argue that teachers’ aug- 

ented utilization of pointing gestures when trouble-spots occur 

s to direct the attention of students toward particular mathemat- 

cal objects and/or relationships. The findings in the current re- 

earch support this finding and extend it to the context of notic- 

ng similarities and differences in figural patterns in a multilin- 

ual classroom. The analysis also shows that the teacher and learn- 

rs used representational gestures, to a large extent, as a tool 

o elicit a shared understanding and to depict aspects of seman- 

ic content of similarities and differences in figural patterns via 

andshape or motion trajectory. Similarly, the teacher and learn- 

rs seem to implicitly perceive that home-language is a resource 

hat they can use to develop a common ground and foster learn- 

ng (e.g. Barwell, 2018 ; Moschkovich, 20 02 , 20 08 ; Planas, 2018 ;

rediger et al., 2016 ). This assertion is also in support of previous 

ndings in research concerning mathematics education in multi- 

ingual classrooms ( Moschkovich, 20 02 , 20 08 ). The assumption in 

revious studies is that gestures and home-language are resources 

hat both the teacher and learners deploy during instruction to es- 

ablish a shared understanding. 

In light of the above discussion and from a multimodal per- 

pective, this study shows that translanguaging, visual represen- 

ations and gestures are modes that characterize classroom-talk 

nd that are used to elicit a common understanding of simi- 

arities and differences in figural patterns. Researchers in math- 

matics education have argued that connections between these 

odes constitute a resource for meaning-making ( Barwell, 2018 ; 

oschkovich, 2008 ; Planas, 2018 ; Prediger et al., 2016 ). Recent 

esearch ( El Mouhayar, 2022 ) provides evidence for the connec- 

ions between various modes of communication as a resource 

or meaning-making, specifically during trouble-spots ( Alibali & 

athan, 2012 ; El Mouhayar, 2021b ). To this end, the findings in the

tudy report that classroom-talk has to manifest the mechanism of 
12 
onnections among various modes of communication to develop 

ommon ground. In particular, fostering a shared understanding 

etween the teacher and learners during classroom-talk involves 

he use of language and gestures as two separable but complemen- 

ary tools that would constitute a resource for meaning-making. 

The percentage of occurrence of trouble-spots in this study is 

onsiderable. For this reason, I assume that trouble-spots are mo- 

ents that mathematics teachers usually face in classroom instruc- 

ion. This assumption aligns with findings in previous research in 

athematics education ( Alibali et al., 2013 ). Accordingly, I suggest 

hat the teachers need to have the appropriate resources to use 

uring classroom-talk to efficiently elicit common understanding. 

he findings in this study have implications for training teachers 

o help them how to orchestrate classroom-talk effectively. By ex- 

loring the teacher’s and learners’ practices during classroom-talk 

n a multilingual environment and considering those practices on 

he basis of empirical research on fostering common ground, re- 

earchers can suggest novel instructional approaches to improve 

ommunication during classroom-talk. For instance, the findings 

uggest that the teacher and learners can adjust their gestures, 

s well as home-language, to effectively elicit common ground of 

athematical concepts such as structure in figural patterns. 

In conclusion, the findings in this study need to be further 

xplored in future studies. For instance, future research can ex- 

lore the effectiveness of gestures and home-language on students’ 

earning during classroom-talk in various mathematical contexts 

o better understand how factors, surrounding classroom sites, 

nfluence the development of shared-meaning. What happens in 

hese classroom contexts is strongly likely to influence teaching 

nd learning. Within this line of research, gestures intertwined 

ith home-language can be studied using experimental-design ap- 

roach. Researchers in mathematics education could design lessons 

n ways to evoke semiotic conflicts based on previous literature 

hat address learners’ understanding and misunderstanding, in- 

luding misconceptions and errors in specific mathematical do- 

ains and topics. 
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