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Abstract
When language is defined narrowly in mathematics classrooms, racially and linguisti-
cally minoritized students in classrooms could be systematically positioned as “learners 
of deficiency.” Recent scholarship calls for expanding the notion of language to empha-
size embodied expression of mathematical ideas. Taking a critical perspective to under-
stand racialized experiences of using languages in disciplinary learning spaces, this article 
proposes the reconceptualization of embodiment as a language for racialized multilingual 
learners. This study was conducted in a Grade 1 classroom in a linguistically and racially 
diverse school in Canada. Through a series of professional development sessions, we 
worked with an experienced teacher to redesign the normalized and institutionalized peda-
gogy toward greater mobility of racialized multilingual learners’ bodies, which was inter-
twined with their intellectual liberation. Focusing on the spatiality of pedagogy, the previ-
ously restrictive areas in the school were transformed into a place that augments embodied 
expression of mathematical ideas and agentive participation of minoritized learners. The 
analysis focused on the embodied discourse that participating racialized multilingual 
students used to actively engage in mathematical discussion. Our findings show that the 
designed pedagogy, characterized by the spatial and temporal expansion of the learning 
environment, offered more spaces for uncertainty and spontaneity with the decreased con-
trol of the teacher as an explicator. Our article furthers anti-colonial approaches to under-
stand the intersection of racialized bodies and language in mathematics education.

Keywords Early mathematics learning · Embodiment · Discourse · Racialized multilingual 
learners

Mathematics pedagogy can be enacted spatially. From implicit pedagogy actualized as 
desk arrangements to normative bodily postures in the classroom, spatial configurations 
are salient parts of pedagogical contexts. Official policy, assessment, and curriculum in 
mathematics education have been shaped through the underlying white normativity and 
have largely ignored the voices of racially and linguistically minoritized people (Davis & 
Jett, 2019). Within this macro context, spatial configurations of classrooms could reinforce 
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racial and linguistic hegemony by normalizing bodily movements and behaviors that are 
(il)legitimate as expressions of mathematical competence (Gholson & Martin, 2019; Nasir 
& McKinney de Royston, 2013). Dominant gazes toward behaviors of minoritized students 
in school spaces could lead to policing, surveillance, removal, and even criminalization 
of racialized bodies (Love, 2014). For racialized multilingual learners, bodies are part of 
the language of mathematics, yet can be masked and become illegible under the dominant 
classroom spaces (Takeuchi & Dadkhahfard, 2019). In this article, we question the hegem-
onies inscribed in school spaces that influence how bodies of racialized multilinguals are 
seen, regulated, or liberated in institutionalized school settings. We aim to understand the 
spatial configuration in which these learners’ multilingual identities come to the surface 
through embodied discourses.

In this article, we use the term racialized multilingual learners to emphasize the cou-
pling of race and language. As Kayumova and Tippins (2021) showed, historically margin-
alized languages in racialized communities are seen as obstacles to be fixed in the school 
contexts, while the benefits of multilingualism are afforded to white children. Flores and 
Rosa (2015) urged us to gauge this coupling of race and language by examining language-
minoritized peoples’ racial positioning through interactions that mark their linguistic prac-
tices as being deviant from white, monolingual norms. Naming and categorizing learners 
can perpetuate ideologies around language and mathematics (Phakeng, 2016). Immigrant 
and refugee learners have often been categorized as “English language learners (ELLs)” in 
schools in the USA and Canada for their developing proficiency in the dominant instruc-
tional language. This labeling of ELLs has been questioned as it emphasizes the deficits 
of racialized multilingual learners. Therefore researchers have advocated for an alternative 
asset-oriented framing that could highlight learners’ mathematical and scientific capabili-
ties (Civil, 2014; González-Howard & Suárez, 2021). Efforts toward asset-oriented framing 
should not stop at the level of replacement of terms (e.g., from “ELLs” to “emergent bilin-
guals/multilinguals”) but rather should aim for anti-colonial movements to challenge the 
structure of white, monolingual normativity and histories of oppression that created mar-
ginalization and deficiency of immigrant and refugee learners in the first place (Takeuchi 
et al., 2022). Therefore, we examine how the white monolingual gaze is embedded in the 
taken-for-granted classroom spatial configurations. We seek to understand how the peda-
gogical reconfiguration of school spaces can generate budding opportunities for racialized 
multilingual learners to move their bodies more freely and engage in mathematical dis-
courses by mobilizing their bodies.

1  Literature review

The issue of language and mathematics learning has garnered attention internationally 
in the field of mathematics education (e.g., Barwell et al., 2019; de Araujo et al., 2018; 
Moschkovich, 2015; Planas & Civil, 2013). A review conducted by Radford and Barwell 
(2016) pointed out a relative scarcity of studies working to transform knowledge pro-
duction in the classroom toward “an emancipatory critical pedagogical agenda” (p. 306) 
as an alternative to the institutionalized colonialization of underrepresented students. 
Previous studies on language and mathematics decentered learner deficiency by fore-
grounding political and social contexts that surround mathematical instructions. Planas 
and Gorgorió (2004) and Kazima (2007) pointed out that focusing exclusively on lan-
guage fluency does not accurately reveal the challenges faced by racialized multilingual 
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learners in mathematics classrooms because they also encounter learning obstacles 
associated with their cultural practices and racial identities that are deemed irrelevant 
to in-school learning. Norén’s (2015) study in an early mathematics classroom showed 
how the normalized pedagogy and its normalization process ignored or obliterated the 
agentive participation of multilingual students, but reform-based pedagogy facilitated 
the articulation of their voices and agency.

Mathematical instruction with racialized multilingual students should, therefore, 
be reconsidered by accounting for power that is reinforced or challenged. For exam-
ple, teachers could reproduce the systematic positioning of racialized multilinguals 
as “learners of deficiency” through simplified mathematical instruction for them (de 
Araujo, 2017). Categorical and binary frameworks inscribed in taken-for-granted math-
ematics curricula could serve as a context for the inheritance and reproduction of exist-
ing labels that are attached to colonial representations of racialized multilingual learn-
ers’ bodies (Takeuchi, 2021). Langer-Osuna et  al. (2016) called for counter-narratives 
against the essentialist notions of multilingual learners’ identities by renarrating experi-
ences of their mathematical learning from agency-centered frames.

The mathematics performance, manifested through embodied discourses and exam-
ined on the site of pedagogical space, uncovers the microscale construction of identity 
and power (Chronaki, 2011; Darragh, 2015). Gholson and Martin (2019) conducted a 
phenomenological study of the bodily performance of a Black girl in a mathematics 
class to understand her lived experiences of resistance to structural, symbolic, and phys-
ical oppression. Focusing on embodied discourses conveyed through students’ everyday 
performances of mathematical learning can offer an alternative space to ruminate on 
meanings of race, class, and gender (Gholson & Martin, 2019). Taken together, these 
studies suggest a compelling imperative to examine racialized multilingual learners’ 
embodied learning on sites of mathematics pedagogy that  are embedded in the power 
and reproduction of norms (Langer-Osuna et al., 2016; Norén, 2015). In the institution-
alized teaching environment, teachers rarely recognize the importance of adapting to the 
diverse cultures of the student population and hence have low expectations of racialized 
multilingual learners (Valoyes-Chávez, 2019). It is thus critical to deconstruct the insti-
tutionalized discourse and practice in mathematics classrooms to open more possibili-
ties for teaching and learning toward the embodied, emancipatory pedagogy.

Racialized multilingual students’ bodies and their embodied discourses tend to be 
associated with deficiencies (Halai et  al., 2016; Valoyes-Chávez & Martin, 2016). 
Examining the powerful effect of everyday schooling on learners’ bodies and subjec-
tivities, Andrade-Molina and Valero (2017) criticized the training process enabled by 
school geometry, through which students learn to regulate their own bodies and embod-
ied discourses, so that they perceive the space as expected and wait to be shaped as 
the school and the society desired. Focusing on the minority Gypsy girls in a Greek 
context of education, Chronaki (2005) noticed the conflicts between the formation of 
disciplinary identity central to school arithmetic and racialized bodies and their habitual 
actions. In other words, the oppression of learning to behave perpetuated in the prac-
tice of school mathematics requires a significant change in racialized multilingual learn-
ers’ bodily movements that are intrinsically entangled with their identities (Takeuchi & 
Dadkhahfard, 2019). Expanding the existing literature by positioning our study at the 
intersection of language and racialized bodies, we try to understand the bodies of racial-
ized multilingual learners and their movements in the space of mathematics pedagogy, 
designing and imagining the embodied pedagogy as a site to liberate the bodies of those 
learners from the power of normalization.
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2  Theoretical framework

2.1  Critical reconceptualization of embodiment

Our reconceptualization of embodiment in this study concerns the colonized discourse 
inscribed on the bodies of racialized multilingual learners in the context of pedagogical 
spaces. Embodiment discourses have amassed critical attention in mathematics education 
in recent years (Abrahamson & Sánchez-García, 2016; Hall & Nemirovsky, 2012; Hwang 
& Roth, 2011; Radford, 2009). This set of studies has taken constructivists’ rejection of 
mental and physical division and offered insights about the intrinsic quality of sensorimo-
tor activity to learning. Learners’ bodies have come to be considered a valuable contribu-
tor to creating interactions between subject and environment, and perception and action 
toward mathematical understanding (Abrahamson & Sánchez-García, 2016; Hwang & 
Roth, 2011). However, this conceptualization of embodiment still largely ignores the power 
dynamics that play a significant role in shaping the interaction between body and learn-
ing environment (Luke, 1992) and could limit heterogeneous ways of being and mobility 
in mathematical thinking and learning. Foucault (1980) maintained that power “reaches 
into the very grain of individuals, touches their bodies and inserts itself into their actions 
and attitudes, their discourses, learning processes and everyday lives” (p. 39). In pedagogi-
cal spaces, power matters in how students’ bodies are physically positioned, mobilized, or 
constrained through the configuration of classrooms and schools. There should be critical 
eyes toward the institutionalized pedagogy that overcontrols bodies of learners, especially 
racialized bodies under the guise of maximizing institutional regulation and pedagogical 
efficiency (Andrade-Molina & Valero, 2017; Chronaki, 2005; Luke, 1992).

In this sense, it is crucial to examine how practices and spatial–temporal configurations of 
pedagogy (Sheehy, 2004) construct or fabricate the cultural and historical subjects (Andrade-
Molina & Valero, 2017) for racialized multilingual learners and how their bodies can be lib-
erated on the site of mathematics learning. The term spatial–temporal configuration in this 
article refers to the space and time parameters of learning environments that have the poten-
tial to influence the affordance of distinct circulations of mathematics discourses and modes 
of bodily engagement in mathematics learning (Kelton & Ma, 2020), as the embodied cog-
nition is oriented spatially (Lakoff & Johnson, 2008) and situated in time (Wilson, 2002). 
Emphasizing that knowing and being are inseparable (de Freitas & Sinclair, 2012; Valero 
et  al., 2012), our reconceptualization of embodiment strives to explore the form of know-
ing and being entangled with spatial and temporal configurations of pedagogy that enable or 
hinder racialized multilingual learners “to effect by their own means […] on their own bodies 
and souls […] and way of being” (Foucault, 1988, p.18) in mathematics learning spaces.

However, Foucault’s conceptualization of power and body was circumscribed within West-
ern colonial perspectives. As Spivak (1988) critiqued, the Western discourse has long been 
exercising epistemic violence against non-Western bodies. Said’s (1978) critique of Orien-
talism also extended to the Western gaze of othered bodies. Anti-colonial discourse calls for 
scrutinizing the lived experiences of racialized and colonized bodies in the field. This is where 
the Eurocentric narrative positions, regulates, and constitutes certain bodies as subjects or the 
other, as well as governs the rules of embodiment and formation of identities within the spatial 
and temporal affordance (Simmons & Sefa Dei, 2012). We pay attention to bodies from an 
anti-colonial perspective by attending to subtle embodied acts as a site of enacting ethics and 
care (Vossoughi et al., 2020) and also to how the liberation of subjugated bodies could disrupt 
normative mathematical representations (Takeuchi & Aquino Ishihara, 2021).
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2.2  Norms, normalized pedagogy, and agency/liberation

Human agency is the site of “possibilities for (partial) liberation” (Holland et al., 1998, p. 
5) from the forces of domination by social power dynamics. Critical theories understand 
individual agency and personal meaning making as a product of discourses and negotia-
tions arising from power struggles with the environment and others (Foucault, 1977, 1980; 
Peters & Burbules, 2004). Through displaying power relations in discourses, critical theo-
ries resist the metanarrative of “norms” by creating spaces for new agentive participation 
and meanings. This study focuses on the subtle, yet significant moment-by-moment enact-
ment of agency exercised by learners who have historically been subjected to racism and 
language-based exclusion and marginalization.

Taken-for-granted norms in pedagogy could potentially limit learners’ exercise of 
agency. Rancière (1991) problematized excessive explication that overemphasizes trans-
mission of knowledge by a teacher to students. This explicatory instruction has an underly-
ing rationale supportive of the hierarchy between teachers and students, which indefinitely 
defers the latter’s agentive participation. Rancière (1991) maintained that the teacher’s 
explicatory instruction could hinder what is conceptualized as intellectual liberation, where 
learners exercise agency to understand and solve problems that are unknown to them or to 
a teacher. For both teachers and students, human faculties of will power and intelligence 
are equally involved in the activity of learning, which was interpreted by Pelletier (2012) 
as: “there is no relationship between one’s intellect and one’s position in the social order” 
(p. 112).

The institutionalized and normalized pedagogy, where the teacher conveys knowledge 
exclusively through explication, could risk subjugating students’ understanding to that 
of a teacher. In this learning environment, the teacher’s intention also dominates the stu-
dents’ agency. As a counterpoint to the pedagogy ruled by explicatory instruction, peda-
gogical practices oriented toward intellectual liberation practiced by the “ignorant teacher” 
(described by Rancière) could lead to redistribution of power, wherein a teacher–student 
relationship was relinquished from the institutionalized social order. Under such pedagogi-
cal interactions, the distinction between leaders and followers is no longer the result of 
uncriticized authority but of the “differentiated distribution of expertise” (Pelletier, 2012, 
p.109) gained through agentive participation over time. Seeing agentive participation of 
language-minoritized learners should include attention to their embodied expression of 
mathematical ideas (Norén & Andersson, 2016). Standing in the scholarly scarcity of the 
critical examination of racialized multilingual bodies in mathematics learning, we seek to 
understand how embodiment can be reconceptualized and designed as a site to liberate 
bodies that are typically monitored and controlled under normalized pedagogies and how 
such liberation is able to support racialized multilingual learners’ agency in engaging in 
mathematics discourses.

2.3  Research questions

This study focuses on racialized multilingual learners’ embodied and agentive participation 
in early mathematics learning in the classroom, where the teacher redesigned her use of 
school spaces for mathematics lessons. Through a series of professional development (PD) 
sessions that we organized with school leaders, an experienced teacher identified and rede-
signed the normalized and institutionalized pedagogy (including the taken-for-granted use 
of classroom spaces). Through our participatory observations, we addressed the following 
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research questions: (1) How can embodied mathematical pedagogy be redesigned as a site 
to liberate racialized multilingual students’ bodies that are typically carefully monitored 
and controlled under the normalized pedagogy? and  (2) How does the learning environ-
ment afforded by the designed pedagogy affect racialized multilingual learners’ agency in 
engaging in mathematics discussion and thinking? We examined the embodied discourse 
and agency of racialized multilingual students in variations of spatial–temporal configura-
tions from the normalized to the designed pedagogies.

3  Methodology

Framed within a design-based research methodology (Design-Based Research Collec-
tive, 2003), this study has the following methodological characteristics. First, the design 
of embodied mathematics lessons was guided by a critical theoretical orientation to the 
embodiment of racialized multilingual learners. Second, the new pedagogy was developed 
through (a) cycles of co-design between the teacher participant and the research team, (b) a 
classroom enactment, (c) a reflection during the teacher PD sessions, and (d) a refinement 
again between the teacher and researchers. Third, the purpose of the designed pedagogy 
was rooted in the participating teacher’s hopes to understand the implications of redesign-
ing the spatial configuration of classrooms, especially in racially and linguistically diverse 
classrooms.

3.1  Context

This study was conducted in an urban elementary school in Canada in an economically 
under-resourced neighborhood. In the year we collaborated for teacher PD sessions, the 
principal and the assistant principal started to develop a makerspace to foster “design think-
ing” in the school that included robotics and coding robots (including Ozobot). At the time 
of the study, reform of the provincial mathematics curriculum was discussed to include 
new outcomes such as “computational thinking.” One of the designed activities was for-
mulated with the teacher in this context of supporting students’ design and computational 
thinking. Through the PD sessions, the research team and the school’s assistant principal 
discussed various ways to maximize this makerspace in early mathematics learning. Our 
analysis focuses on data from the Grade 1 mathematics class of Ms. Johnson that was col-
lected in the school year of 2018–19. Through our collaboration during the PD seminars, 
some lessons were co-designed with Ms. Johnson to mobilize students’ bodies to facilitate 
their understanding of key mathematical concepts (such as the decimal system, number 
lines, and coding). Before the implementation of the designed pedagogy, we observed the 
instruction that was routinely practiced by Ms. Johnson to understand what was treated as 
normative in her mathematics class. For example, Ms. Johnson took 20–25 min daily, in a 
fixed corner area within the classroom, to teach arithmetic, with the lesson scripts similar 
in style and content from one day to another.

In conversations with us, Ms. Johnson developed lessons to mobilize students’ bodies 
to interact with mathematics in spaces that were not usually viewed or allowed as sites of 
instruction (e.g., the school hallway). Similar to classrooms, the space of the school hall-
way was typically the site where regulation and control of student bodies happened con-
stantly. The following are examples of the designed pedagogy that we highlight in the find-
ings because of substantial differences demonstrated by these two lessons as compared to 
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Ms. Johnson’s routinized mathematics instruction. In “counting floor tiles to 100,” Grade 
1 students created a number line up to 100 using a floor tile in the school hallway as a unit 
of counting. In “becoming Ozobots,” Ms. Johnson used number lines and mapping. The 
students, who modeled robots, walked on a track taped on the classroom floor with color 
codes. On this taped route, students not only had to figure out the direction and distance of 
walking, but they also needed to understand the meaning of color codes and change their 
speed or direction according to the code. For both lessons, new learning spaces such as the 
school hallway and an unused area within the classroom were employed for young learners 
and their embodied discourses.

3.2  Participants

In the two designed lessons, there were seven racialized multilingual learners (Brody, 
Ethan, Rahul, Samir, Sharik, Sophia, and Trisha — all pseudonyms) identified by the 
school as “ELLs” according to their registration information. By focusing on these seven 
students, we tried to understand ways in which their racial and linguistic experiences would 
enrich their mathematical understanding. During in-class observations, we used interviews 
to understand their linguistic backgrounds and everyday mathematical experiences by ask-
ing questions such as: “what language do you speak at home?” “can you write in languages 
you use?” “how far is it from Canada to your home country?” “how long/how many hours 
is your flight from Canada to your home country?” and “do you know that there is a time 
difference and money difference between Canada and your home country?” These seven 
students represented both similarities and differences in their racialized and language expe-
riences identified through our interviews.

Ms. Johnson played a significant role in this design-based study as a teacher partner. She 
is a veteran teacher with decades of experience in teaching elementary school students. She 
participated in this study because she believed that co-designing with us would allow her to 
reflect and challenge herself as a teacher. During our interview, she mentioned that her reg-
ular teaching practice was occasionally constrained by the school architecture — a building 
of no-wall classrooms centered around the library. It was originally built in the early 1970s 
and caused immense barriers (e.g., noise levels and constant disturbance) to teaching and 
learning until the walls between classrooms were partially restored.

3.3  Data collection and analysis

We conducted 14 visits to Ms. Johnson’s class and collected approximately 19  h 
of video data. Video ethnography (Derry et  al., 2010) was used to document in-class 
interactions and embodied discourses present in the normalized and designed pedago-
gies. We transcribed the video data using the format adapted from Ochs (1979) and 
uploaded the transcripts into the qualitative data analysis software NVivo for further 
analysis. Focusing on the embodied discourse surrounding the seven focal students, 
we winnowed the transcripts (Guest et al., 2012) and selected the two lessons (“count-
ing floor tiles to 100” and “becoming Ozobots”) for coding. In the process of coding, 
we used the combination of predetermined and emerging codes to stay focused on the 
research topics of interest and to capture the emerging information from participants 
(Creswell & Creswell, 2018). We read through the transcripts thoroughly and assigned 
codes (“learning environment afforded by the normalized pedagogy” and “learning  
environment afforded by redesign of spatial–temporal configuration”). At this stage, we 
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coded the data individually, and after the coding was completed, we discussed the differ-
ences until a consensus was reached. We then shifted our analytical attention from sum-
marizing segments of data to generating emerging codes (“restrained bodily movement,” 
“liberated embodiment,” “student agency within spatial and temporal limits,” and “stu-
dent agency within spatial and temporal expansion”), which are explanatory and inferen-
tial codes that can identify different characteristics in these two learning environments.

Our analysis was guided by our interest in examining the embodied discourse that 
the new learning environment afforded and in understanding the moments when our 
focal racialized multilingual students enacted their agency to have active participation 
in mathematics discourses. Their agentive participation suggests to us the micro-poli-
tics (Andersson & Wagner, 2018, p.194) to be liberated from the colonialized submis-
sive embodiment forced in histories of racism and the power of institutionalized school 
mathematics regime.

4  Findings

4.1  Characteristics of learning environment under the normalized pedagogy

The normalized pedagogy routinely used in this Grade 1 classroom was characterized 
by Ms. Johnson’s excessive monitoring of students’ body movements (e.g., to determine 
the proper body postures). Ms. Johnson was positioned at the center of the learning 
environment space  (see Fig. 1), which seemed to reflect the social order in this class-
room. Mobility within and out of this space was not allowed without approval. In this 
place, mathematical knowledge was accessible by reason and logic but cut off from bod-
ies and senses (Andrade-Molina & Valero, 2017). The temporal pattern of what math-
ematical learning activities were included and how they unfolded was prescribed and 
recurrent. This normalized pedagogy started when Ms. Johnson had taken the central 
sphere of instruction (see Fig. 1), along with a student chosen to be the assistant stand-
ing beside her. Routinized activities, such as counting the distance between two num-
bers, identifying the date, singing calendar songs about days and months, and compos-
ing the number of days in school by hundreds, tens, and ones, were repeated daily.

4.1.1  Restrained bodily movement

The normalized pedagogy, with its spatial and temporal configurations, was characterized 
by teacherly control of bodily movements for young students, particularly the racialized 
multilingual learners who tended to be a target of subjugation. For example, Fig. 1 depicts 

Fig. 1  Spatial representation of bodily engagement in the normalized pedagogy
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what we observed typically in this normalized pedagogy. Ms. Johnson occupied a central 
position where she could monitor and regulate learners’ bodies. In this interaction, a racial-
ized student (in a striped shirt in the third picture from left to right) stood up from his 
designated place, walked out of the pedagogical space, and intended to take out a chair to 
change his seat. His movements were stopped immediately by Ms. Johnson who occupied 
the territorial authority of this space.

Within the closely monitored space, racialized bodies frequently became the subject of 
correction of movements, discipline, and “behavioral control.” The ensuing dialogue in 
Excerpt 1 showed that the racialized multilingual students, Ethan and Rahul, were imme-
diately called on to answer the question because they moved their bodies (Ethan’s playful 
hands and Rahul’s swaying torso in utterance 5 of Excerpt 1) in a way that was not allowed 
by the teacher. Ms. Johnson only asked for raising up fingers from students. In other words, 
the question asked by the teacher (the bolded sentences in utterance 5 of Excerpt 1) was to 
alert Ethan and Rahul to their unauthorized bodily movements.

Excerpt 1

1 Ms. Johnson Ok. (Zendaya, the student standing beside the teacher, held up a number card.) 00:00:43
2 Students Nine. (They read the number card.) 00:00:44
3 Ms. Johnson And what number do we want? (She indicated today’s date.) 00:00:47
4 Students Thirteen. (They checked out the number on the calendar.) 00:00:48
5 Ms. Johnson Thirteen. So, how far is it from nine to thirteen? Raise your fingers, show us 

how many fingers (Some students raised their hands, showing their fingers. 
But Ethan extended his hand to a neighboring bookcase, playing with pencil 
and paper.) Ethan, how far is it from nine to thirteen? (Ethan stared at 
the calendar and raised his four fingers halfway to the height of his face, and 
cast his look at Zendaya.) A lot of people are saying… (turning to Rahul, 
who turned his head backward and sideward and stretched his upper body to 
catch a glimpse of the calendar.) What do you think?

00:00:49

6 Rahul Three. 00:01:07
7 Ms. Johnson Three? 00:01:08

By and large, in the routine sessions characterized by the institutionalized and normal-
ized pedagogy, students’ body movements were constantly monitored by the teacher and 
also limited.

4.1.2  Student agency within spatial and temporal limits

In the fast-paced temporal flow set up in the normalized pedagogy, as reflected in the sub-
sequent excerpts, the interaction between the teacher and the focal participants was com-
pleted rapidly — within a few seconds. Excerpt 2 showed that Ms. Johnson’s question, 
Sophia’s response, and Ms. Johnson’s feedback were compressed within only seven sec-
onds. Thomas’s idea, as an extension of Sophia’s answer, was not given time to clarify, 
develop, or even respond to, despite the evident error (the bolded sentence in utterance 6 of 
Excerpt 2). Under the teacher’s lead, the students swiftly moved to interaction over another 
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topic. With the instructional focus on one right answer only, learners were limited from 
developing their reasoning.

Excerpt 2

1 Ms. Johnson What is the equation? Grade one. 00:01:49
2 Students (Three students raised their hands, including Sophia.) 00:01:49
3 Ms. Johnson Sophia 00:01:50
4 Sophia Nine plus four equals thirteen. 00:01:51
5 Ms. Johnson Yes (She thumbed up for Sophia.) Good job. 00:01:56
6 Thomas And four plus four equals eight and three plus three 

equals nine.
00:01:58

7 Ms. Johnson Ok, ready? (She moved to the next topic.) 00:02:02

Besides being streamlined and tightened in the tempo, classroom discourses between 
the teacher and racialized multilingual learners also indicated that mathematical think-
ing was compressed to unidirectional acquirement at the expense of suppressing students’ 
agency in participation. For example, in Excerpt 2, Thomas’ utterance (# 6), which con-
tained a mathematical error, was not taken up or discussed. However, when the student’s 
utterance was correct, it was reinforced by the teacher. By looking at the following segment 
in Excerpt 3, we could see that, after Samir gave his answer to the question, Ms. Johnson 
asked the whole class to repeat Samir’s response.

Excerpt 3

1 Students How many days have we been in school? (The student representative, 
Zendaya, pointed to the question posted on the wall and students read it.)

00:03:35

2 Ms. Johnson So, choose someone. (Several students raised their hands quickly, and Ms. 
Johnson talked to Zendaya.)

00:03:43

3 Zendaya Samir. 00:03:44
4 Samir A hundred and twenty. 00:03:46
5 Ms. Johnson A hundred and twenty? Why do you say one hundred and twenty? 00:03:47
6 Samir Yesterday was a hundred and nineteen, so today is a hundred and twenty. 00:03:55
7 Ms. Johnson Ok. Did you hear what he said? 00:04:03
8 Students Yes. One hundred and twenty. 00:04:04
9 Ms. Johnson What did he say? 00:04:06
10 Ms. Johnson 

and Stu-
dents

Yesterday was one hundred and nineteen, so today is one hundred and 
twenty. (Students spoke after Ms. Johnson.)

00:04:06

In this learning environment, the lesson scripts were mostly curated by the teacher and 
characterized by what Rancière (1991) termed as “explication.” The teacher placed her 
prescribed pedagogy and intentions over learners’ agency and exercised intellectual power 
structured in the hierarchized relationships.

4.2  Learning environment afforded by redesign of spatial–temporal configuration

With the redesign, mathematics lessons “counting floor tiles to 100” and “becoming Ozo-
bots” were given more flexibility in spatial and temporal configurations. These configura-
tions were new for both the students and the teacher. Therefore there was uncertainty and 
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spontaneity inherent in these contexts due to unfamiliar pedagogical intentions. For exam-
ple, the “becoming Ozobots” session came to be centered around an emergent problem of 
a “traffic jam” observed during the lesson. There was also a process of deterritorialization 
whereby the local control held by the teacher was challenged and forfeited (Duncan, 1996). 
As shown in the following sections, the reconfigured instructional space occasioned more 
agency to racialized multilingual learners’ embodied discourses in mathematics learning.

4.2.1  Liberated embodiment

The designed session called “counting floor tiles to 100” reconfigured the classroom space 
by extending it to the hallway, which is not usually viewed as an appropriate instructional 
site. In the warm-up activities, students were in groups reviewing various ways of counting 
to 100 introduced in previous classes. The students counted the number of floor tiles, wrote 
down corresponding numbers on the whiteboards, and put those on the hallway floors. Ms. 
Johnson refrained from giving her evaluation and feedback during the whole process of 
students counting in the hallway. In the group of Sharik and Emily, a conflict emerged 
regarding the sequential spacing of numbers. They brought their whiteboards and went to 
their start point in the hallway, deciding to resolve the problem by skip counting the tiles by 
tens. Emily put the number one on the first tile and placed the number ten right after num-
ber one as the second count (Fig. 2).

Our focal participant, Sharik, did not agree with Emily’s way of skip counting, so she 
explained her method to Emily using embodied discourse on the floor that considered the 
space between numbers rather than just the number itself.

As Fig. 3 shows, Sharik demonstrated her way of counting tiles to 100 with her whole 
body. It showed a chronological progression from left to right: she first took the number 
ten away from the number one and told Emily that the number ten should go to a different 
tile. Then she crawled on the floor, counting the distance between the numbers one and ten. 
After counting ten tiles on the floor, she looked back and confirmed the space between the 
tile number one and the tile number ten. The middle image shows the new placement of the 
number one and the number ten on the floor given by Sharik. By counting tiles by ones, she 
also determined the place for the numbers twenty (the fourth image) and thirty (the fifth 
image) and placed the numbers 20 and 30 by herself. By using embodied reasoning of skip 

Fig. 2  The sequential spacing of 
numbers by Emily
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counting by 10s and by utilizing the previously restricted space of the hallway, Sharik was 
able to demonstrate her emergent understanding of the decimal system.

The designed session called “becoming Ozobots” reconfigured the routine classroom 
space arrangement by relocating some of the desks and chairs and creating spaces for stu-
dents to move around (see Fig. 4). The classroom floor was also used by adding tape with 
color codes, creating a space where students could learn by mobilizing as robots.

In this reconfigured classroom, Ms. Johnson stepped away from the central position of 
the instructional space, while students moved closer to the center of the classroom as a 
collective. Figure 4 illustrates that, while students were reading and walking on the coded 
tape like robots, Ms. Johnson stayed outside of their space, being a facilitator and observer 
rather than an explicator.

4.2.2  Student agency within spatial and temporal expansion

As mentioned in the above section, in the designed session called “counting floor tiles 
to 100,” the conflict between Emily and Sharik’s ways of skip counting by tens occurred 
spontaneously. The interaction documented in Excerpt 4 showed that Ms. Johnson saw 
their disagreement but she did not explicate to teach as she would have done in the nor-
malized pedagogy. Instead, she asked for clarification (the bolded line in utterance 4) and 
restrained from giving evaluation and feedback.

Excerpt 4

1 Sharik No. (She showed her disagreement with Emily on where to place numbers one 
and ten.)

00:19:46

2 Emily No, we are going this way. (She pointed her hand to the left.) 00:19:47

Fig. 3  Sharik’s embodied discourse in the hallway

Fig. 4  Spatial representation of bodily engagement in “becoming Ozobots” session
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Excerpt 4

3 Sharik (She began to count the tiles by ones using her whole body.) …seven, eight, 
nine, ten. It goes here. (Talking to Emily)

00:20:09

4 Ms. Johnson Is this what you mean? (She handed the board of number ten to Sharik.) 00:20:25
5 Sharik (She put the number board down where she sat on the floor.) 00:20:25

Even though no clear instructions were given by the teacher, Sharik still demonstrated 
her reasoning with embodied discourse (utterance 5) in the space where students’ bod-
ily movements were not strictly monitored and regulated. Sharik’s agency of reasoning a 
mathematical problem using her own way was not curbed — as in the moments with Ethan 
and Rahul in the normalized pedagogy.

More instances of racialized multilingual learners’ agentive participation in mathemati-
cal thinking and discussion were observed in the session “becoming Ozobots.” During the 
first attempt of becoming Ozobots, students faced the problem of getting stuck due to a 
lack of direction and dense bodily distribution. Ms. Johnson named the problem a “traffic 
jam” (Excerpt 6, utterance 1). To solve the problem, Ms. Johnson called on students to dis-
cuss it and its possible solution. She threw out the question, “What can we do to solve the 
problem?” Focusing on how the class approached the “traffic jam” problem and through 
the analysis of Excerpts 5, 6, 7, and 8, we have demonstrated how racialized multilingual 
learners (Sophia, Brody, and Sharik in the following excerpts) actively contributed to the 
discussion. In the end, Ms. Johnson affirmed students’ suggestions (Excerpt 8, utterance 7) 
but did not evaluate their responses.

Excerpt 5

1 Ms. Johnson What can we do to solve the problem? What should we try? Ok, what do you 
think, Sophia?

00:35:18

2 Sophia Make more tape. We can do it right here (pointing to the spot) because… over 
here (jumping to the spot), we actually do a U-turn again.

00:35:25

3 Ms. Johnson We got a problem here cause people are not listening. (There were shouts from 
other students here and there trying to respond to Ms. Johnson’s question 
and Sophia’s reply. So, Ms. Johnson decided to call all the students together 
to have a discussion.)

00:35:34

In Excerpt 5, Sophia implied that two U-turn codes produced a high concentration of 
“robots” (in this case, students) at some point and suggested increasing the volume of their 
path. But she did not name the problem verbally in English; instead, she moved to the 
site and represented her idea using gestures (utterance 2). Even Ms. Johnson did not know 
exactly what the problem and solution were before Sophia’s utterance 2 (which could jus-
tify the lack of evaluation and response seen in this excerpt).

Ms. Johnson identified the problem as a traffic jam when she finished the first exchange 
with Sophia. Subsequently, in Excerpt 6, the teacher put the question to Brody, who 
responded with hand gestures. Spontaneity was reinforced when Brody ignored Ms. John-
son’s urge not to use hand gestures and insisted on using embodied discourse and murmurs 
to express his thinking (all the “robots” needed to head forward and start off toward the 
same direction). Here, in Excerpt 6 (utterances 5, 7, 11, and 13), the teacher’s uncertainty 
and absence of pre-set answers could be observed again. Ms. Johnson replaced the nor-
mally used clear-cut explications with a set of questions as the response to Brody’s answer. 
It is noteworthy that the teacher’s requirement (“No, do not do hand gestures” in utterance 
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3 of Excerpt 6) ran counter to the intention of designed lessons to allow more embod-
ied discourses, despite her patience in deciphering Brody’s “talking” through body (utter-
ance 5, 7). This interaction shows that temporal reconfiguration of classroom spaces alone 
would not challenge taken-for-granted discourse on language nor normative gazes toward 
racialized multilingual learners.

Excerpt 6

1 Ms. Johnson (They returned to the carpet area and sat on it.) So how can we solve the 
problem of traffic jam that was taking place here? It seems like it was 
really getting bunched up. (Several students raised their hands) Brody, 
what do you think?

00:36:38

2 Brody (He made a sound and “talked” using a hand gesture to point in a forward 
direction.)

00:36:50

3 Ms. Johnson No, do not do hand gestures. Use your words and use your voice that every-
one can hear.

00:36:52

4 Brody (Being silent and moving his body back and forth.) 00:36:57
5 Ms. Johnson Turn the other way? How? 00:37:01
6 Brody (Keep being silent and point his figure again forward swiftly.) 00:37:07
7 Ms. Johnson How do we get everybody turned that way? What are you thinking about, 

Brody? Stand up and come here and describe what you think quickly, 
please

00:37:11

8 Brody (He moved slowly to the front and murmured to Ms. Johnson.) 00:37:24
9 Ms. Johnson Pardon? 00:37:31
10 Brody (He continued murmuring with the help of hand gestures.) 00:37:32
11 Ms. Johnson Oh, just, just go that way? 00:37:34
12 Brody (Nod his head in the agreement.) 00:37:35
13 Ms. Johnson And, then what? When we come to a code, then what? (no response) Not 

sure?
00:37:37

As we will see in Excerpt 7, Sharik caught and developed Brody’s response from 
Excerpt 6 (i.e., everyone facing toward the same direction) further. She gave her answers 
both in words (Excerpt 7, utterance 2) and with her gestures. Different from interactions 
under the normalized explication pedagogy, the chain of thoughts was stretched across 
racialized multilingual learners (Brody’s hand gesturing in the forward direction and 
Sharik’s idea of organizing people in a line heading the same direction), rather than just 
between Ms. Johnson and one student (Ms. Johnson did not explicate the “right” answer).

Excerpt 7

1 Ms. Johnson Sharik, what are you thinking? Come on up. 00:39:05
2 Sharik We should make a line of the people. (Stand up and come to the front.) 00:39:11
3 Ms. Johnson Make a line of the people, and not everybody starts from their own spot? 

But everybody follows one another?
00:39:14

4 Sharik (She explained her idea by walking on the tape, pointing her feet to the 
spots where people should stand in a line.)

00:39:23

The extended chain of thoughts in this interactions, afforded by the temporal lengthen-
ing, allowed racialized multilingual learners to express and extend their ideas. After Sophia 
was given another chance to restate her initial idea, as represented in Excerpt 5, she dem-
onstrated the capability to deepen it with more details on her own without the teacher’s 
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explication (as seen in Excerpt 8). Building an alternative route to distribute the load of 
traffic started to generate a collective  solution for the traffic jam problem. This series of 
discussions allowed the Grade 1 students to create a map that could avoid traffic jams (by 
adding routes in important places or changing the codes on the road).

Excerpt 8

1 Ms. Johnson What are you thinking, Sophia? 00:40:11
2 Sophia We could put tape right here (walking to the spot she meant), right here. 00:40:13
3 Ms. Johnson And where would it go? Where would you put the tape? Oh, straight through 

this side?
00:40:22

4 Sophia Yea. (She walked from one side of the tape to another side.) 00:40:29
5 Ms. Johnson So, there is an alternative route? So how would the robot know to turn there? 00:40:31
6 Sophia (She shrugged her shoulder and did not answer.) 00:40:36
7 Ms. Johnson How would the robot know whether to turn or whether to go straight through? 

(No response) Not sure, think about it some more because you guys got some 
great ideas. We just need to know how to put them into place. (To test out 
their solution to the traffic jam problem, Ms. Johnson asked the students to 
walk on the route again in a way that everyone started off toward the same 
direction in a line as suggested by Brody and Sharik. It worked out!)

00:40:38

Within these four excerpts (Excerpts 5–8), these racialized multilingual learners actively 
contributed to collective problem solving through embodied discourses. Sophia’s prelimi-
nary understanding of their problem became the foundation for the teacher’s identification 
of the exact issue (i.e., a traffic jam). Brody picked up Sophia’s answer later but could not 
put his thinking into words. Sharik gave her answers both in words and bodily representa-
tions. Sophia eventually refined her earlier responses by coming up with a more clarified 
response.

A short discussion between the teacher and students at the end of the “becoming Ozo-
bots” lesson showed a moment of intellectual liberation afforded by the designed peda-
gogy. The discussion was an exchange of views about the differences between robots and 
humans. Ms. Johnson asked the question, “What is the difference between Ozobot and 
you?” Sophia put forward the idea that the Ozobot had to behave under the control of 
codes. Trisha believed that the robot possessed more eyes than a person, and her response 
sparked the curiosity and interest of her peers. However, Ms. Johnson did not voice any 
comments to evaluate Sophia’s and Trisha’s contributions. Instead, she quietly nodded. 
Following this exchange, other students, Sharik and Samir, also voiced their observations 
on the differences between humans and robots (e.g., “We have a head, and they do not.”). 
The interaction ended with a comment made by Trisha, another racialized multilingual stu-
dent, who stated that “we have a brain, and they do not.” After carefully listening to the 
students’ discussion, Ms. Johnson asked a new question: “how do they (Ozobots) know 
what to do (if they do not have a brain)?” Trisha responded, “they have memory cards,” 
while another student said, “they know by reading the meaning of codes.” Without further 
explication, Ms. Johnson concluded the discussion with an appreciation (“Good job, thank 
you.”) of students’ agentive participation.

As seen in these instances, the designed pedagogy offered opportunities in which 
the teacher’s explication had to step out, and students’ agency was brought forth (Ran-
cière, 1991). Temporal extension in the designed sessions was observed in the intervals 
between the teacher’s utterance and student utterances as well as in the teacher’s holding 
back of feedback to students. Mathematical thinking and discussion involving racialized 
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multilingual learners evolved into an iterative adaptation within the learning community 
that shared a common problem for which neither the teacher nor students had a preset solu-
tion. In contrast to the normalized pedagogy, it flowed into a decentralized collective (Tow-
ers et al., 2013) because of the reduced control of the teacher as an explicator.

5  Discussion and conclusion

In contrast to the institutionalized and normalized pedagogy, the redesign of spa-
tial–temporal configurations of the classroom mobilized the bodies of racialized mul-
tilingual learners more and encouraged their use of embodied discourses that fostered 
agentive participation in mathematical discussion. We demonstrated how this redesign 
afforded the decentralized position of the teacher. Spatial and temporal expansions 
allowed freer bodily movements and agency in mathematics learning for our focal par-
ticipants. In the “becoming Ozobots” lesson, these students led the in-class discus-
sion with their initiatives, including suggestions for how to distribute the traffic load 
and how to regulate the traffic users by reprogramming codes. In this process, racial-
ized multilingual learners’ contributions were recognized by the teacher. In contrast to 
the normalized and institutionalized pedagogy, in the designed sessions, strictly regu-
lated spatial–temporal configurations of classes and restricted movements of minor-
itized bodies came closer to liberation. The findings presented in this article suggest 
the pedagogical possibilities of liberating learner bodies that could lead to embracing 
relevant questions posed by learners and the chain of thoughts among learners (e.g., 
the differences between robots and humans, as presented in our findings). In the school 
and curricular settings, such liberation could open up more spaces for making sense of 
mathematics and modeling, rooted in students’ heterogeneous lived experiences (Rose-
bery et al., 2010; Sengupta et al., 2021).

Our findings also show that the racialized multilingual learners’ agency in the math-
ematics classroom was fluid and constantly shaped and reshaped through the affor-
dance of the learning environment, which is connected to the power dynamics between 
the teacher and students on sites of social interactions. In a normative pedagogy that 
treats mathematical knowledge as antecedent reality (Dewey, 1984), symbols conveyed 
in the dominant instructional language and their use in mathematical thinking become 
the important criteria of the teacher’s evaluation. Under such normative pedagogical 
contexts, the perception of deficiency in racialized multilingual learners can be rein-
forced because of their seemingly limited agentive participation in learning and dis-
cussion. Redesigning spatial–temporal configurations of the classroom could enhance 
mathematics learning experiences for racialized multilingual learners due to its open-
ness to involving embodied discourse as a mathematical language. In this way, math-
ematics learning could become more meaningful and authentic to racialized multilin-
gual learners who could contribute to nurturing their confidence, interest, and identity 
in mathematics (Lambert et al., 2022; Leonard et al., 2010; Young et al., 2021).

This study adds to the ongoing discussion on equity in mathematics education 
focusing on racialized bodies (e.g., Gutiérrez & Dixon-Román, 2010; Nasir & Hand, 
2008; Philip et  al., 2016) and to the discussion on racialized multilingual learners’ 
participation in mathematics learning (e.g., de Araujo et al., 2018; Domínguez, 2011; 
Fernandes et al., 2017; Langer-Osuna et al., 2016; Ng, 2016; Norén, 2015; Takeuchi, 
2021; Warren & Miller, 2013). Building on anticolonial lenses toward othered 
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bodies (Said, 1978; Spivak, 1988), this study advances a critical reconceptualization 
of embodiment, in which pedagogy could be a site for learners’ bodies to be liberated 
from the monitored and controlled white monolingual gazes and physical regulations 
imposed in mathematical learning spaces.

Our study aims to deepen this critical reconceptualization of embodiment by showing 
how redesigned spatial–temporal configurations in school spaces could lead to intellectual 
and bodily liberation of racialized multilingual students and expand their agency for math-
ematics learning manifested in the chain of interactions. The taken-for-granted and normal-
ized pedagogy for the sake of pedagogical efficacy could perpetuate flawed perception and 
institutional control over bodies for racialized multilingual learners. We acknowledge the 
limitations in this study, including the limited time (1 year) in our collaborations with the 
school due to the COVID-19 pandemic. We also acknowledge that our study was with one 
teacher and two Grade 1 classes that she taught and did not fully describe the school-wide 
changes in spatial–temporal configurations of pedagogy. Despite the limitations, we hope 
that our work could invite further studies and discussions on spatial–temporal aspects of 
pedagogy from an anti-colonial lens of embodiment toward equity for racialized multilin-
gual learners in early mathematics education.
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