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1  Introduction

Mathematical Modeling (MM) is a cyclical process that uses 
mathematics to make sense of and analyze relevant, real-
world situations (Kaiser et al., 2011; Kaiser, 2017). Teach-
ing MM involves supporting the development of modeling 
competencies (Maaß, 2006), including posing problems; 
making assumptions and defining variables; and creating, 
validating, and sharing models (COMAP & SIAM, 2016). 
While MM has long been a focus in secondary and univer-
sity mathematics (Borromeo Ferri, 2021; Stender & Kai-
ser, 2015), recent research has shown that young children 
have the mathematical competencies and real-world under-
standings to explore modeling tasks (Carlson et al., 2018; 
English, 2009; English & Watters, 2005). In fact, modeling 
can support students with diverse backgrounds and a broad 
range of prior mathematics experiences to be confident and 
successful in mathematics (Lesh & Doerr, 2003).

Building on this work, we view MM as a lever for equity 
and a way to resist marginalization in the elementary class-
room (Aguirre et al., 2022). In our work, equity means: All 
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Abstract
Mathematical modeling (MM) - a cyclical process that involves using mathematics to make-sense of and analyze relevant, 
real-world situations - has the potential to advance equity and challenge spaces of marginalization in the elementary math-
ematics classroom. When informed by culturally responsive teaching practices, MM creates opportunities to center the 
knowledge and experiences that students from diverse racial, cultural, and linguistic backgrounds bring to the classroom 
as valuable resources to support learning and inform action. It can disrupt power and status hierarchies in the classroom 
that contribute to structural and ideological marginalization. This paper describes ways teachers connected their teaching 
of MM with key components of a culturally responsive mathematics teaching framework. Analysis synthesizes data from 
an innovative, research-based professional development for elementary teachers to support teacher learning of equity-
centered, culturally responsive MM instruction. Data sources include end of year teacher interviews, and professional 
development discussions from 19 teachers at four geographically, racially, and culturally diverse sites. Findings focus on 
how teachers connected their teaching of MM with key dimensions of culturally responsive mathematics teaching, and 
affordances and challenges related to resisting ideological and structural forms of marginalization.
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students in light of their humanity– personal experiences, 
backgrounds, histories, languages, physical and emotional 
well-being– must have the opportunity and support to learn 
rich mathematics that fosters meaning-making, empow-
ers decision-making, critiques, challenges, and transforms 
inequities/injustices (Aguirre et al., 2013). Our perspective 
on equity attends to ways that students are marginalized in 
mathematics education, via systemic structures that limit 
access to resources including rigorous, meaningful curricu-
lum, and via ideologies about what it means to do mathe-
matics and who can be competent in mathematics that shape 
student identities (Chen & Horn, 2022). While mathematics 
education has the potential to marginalize any student, it is 
critical to acknowledge that in the United States, “mem-
bers of some groups have historically been and continue to 
be targeted for marginalization more so than others due to 
the structures—such as racism—that organize our society” 
(Chen & Horn, p. 806).

Scholars who research MM have suggested its potential 
for advancing equity, and therein, resisting marginaliza-
tion, especially when it is taught with culturally responsive 
and/or emancipatory aims (Anhalt et al., 2018; Barbosa, 
2006). First, when modeling activities connect in meaning-
ful ways to students’ lived, cultural experiences, this resists 
standardized curriculum structures that tend to exclude stu-
dents’ diverse identities, perspectives, and voices from the 
problems that are posed and the solutions that are generated 
(Brown, 2008). Second, modeling activities are challeng-
ing, and often include opportunities for deep mathematical 
thinking and critical analysis of situations in students’ lives. 
When all students have opportunities to engage in MM, this 
resists deficit-based ideologies about students’ mathematical 
competence that have historically restricted access to chal-
lenging, meaningful mathematics, particularly for students 
from immigrant or other minoritized backgrounds (Boaler 
& Staples, 2008; Sengupta-Irving, 2021). Third, compared 
to typical problem solving-based mathematics instruction, 
MM expands what it means to do mathematics, what knowl-
edge and experiences are relevant to posing and solving 
problems, and what strategies and solutions are viable. This 
allows for a broader range of students to be successful (Lesh 
& Doerr;, 2003). Our study seeks to understand the poten-
tial of MM, taught through the lens of culturally responsive 
mathematics teaching (CRMT), to address spaces of mar-
ginalization in the elementary mathematics classroom.

2  Teaching culturally responsive MM to 
resist marginalization

Culturally responsive mathematics teaching (CRMT) is 
a holistic and complex instructional practice that includes 
explicit attention to cultural/community funds of knowledge 
and lived experiences (Caswell et al., 2011; González et al., 
2005; Hunter & Miller, 2022). Culturally responsive math-
ematics teachers hold high expectations for all students, 
and build authentic partnerships with students, families, 
communities, and sovereign Indigenous nations to sup-
port learning mathematics (Averill et al., 2009; Gay, 2000; 
Nicol et al., 2013). This is “significant work” for teachers of 
mathematics, and particularly challenging for teachers that 
may not share cultural identities with their students (Nicol, 
2013). Research suggests that identifying cultural activities 
that reflect mathematics concepts - including traditional sto-
rytelling, games, songs, and tools - as resources for learning 
can support teachers in this practice (Averill et al., 2009; 
Hunter et al., 2018). For example, in work with teachers 
serving Indigenous students in Canada (e.g., Inuit People, 
Métis People), Nicol and colleagues (2013) found that 
learning about students’ cultural practices shifted teachers’ 
views from cultural and mathematical deficiency to viewing 
students’ cultural knowledge as a resource for mathematics 
learning. In other words, teachers’ ideologies about math-
ematical competence and what it means to do mathematics 
shifted towards ideologies that resist rather than reinforce 
marginalization.

Few studies on teaching MM have explicitly connected 
to culturally responsive teaching, and most that do tend 
to focus on secondary contexts (ages 12–18). A common 
theme across these studies is the potential of modeling tasks 
to honor students’ knowledge of modeling contexts and their 
mathematical ideas. Anhalt et al. (2018) describes a second-
ary MM task related to home fence design and mathematical 
functions. Modelers explored the purpose of fences in their 
own and adjacent neighborhoods, including design assump-
tions (e.g. aesthetics, keeping children or pets safe; discour-
age trespassing). They recommended new fence designs to a 
builder, using functions to model the shape and size of each 
design. Cirillo et al. (2016) offered a middle school MM 
task focused on access to healthy food. Students analyzed 
fast food menu options and pricing, including unit rates, 
and explored how their analysis could help change pricing 
options or inform decisions related to healthy food. Brady 
et al. (2023) studied the enactment of a middle school task 
about designing a homeless shelter. Students were highly 
invested in the task, as it addressed an important commu-
nity need, and “humanized the design process, empathizing 
with the inhabitants and showing concern for how the inte-
rior space would be experienced” (p. 5). In another study, 
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Barbosa (2006) described how middle school students used 
modeling to mathematically analyze and critique a govern-
ment plan for distributing seeds to farmers in their commu-
nity and to propose a more just distribution method. These 
examples illustrate how culturally responsive approaches to 
MM create opportunities for students to use mathematical 
analysis to understand relevant situations in their lives and 
communities. In this way, MM with a culturally responsive 
approach has the potential to resist structures such as stan-
dardized curricula that marginalize students’ lived experi-
ences in mathematics classrooms.

At the elementary level (ages 5–11), research has doc-
umented the potential of teacher-researcher collabora-
tions to design MM tasks that reflect culturally responsive 
approaches (Turner et al., 2022, 2023). In the United States, 
Suh et al. (2023) described how teachers and researchers 
worked together to design a MM task about food insecu-
rity, highlighting the dilemmas they faced as they tried to 
ensure authentic connections to a local context, and mean-
ingful opportunities to use mathematics to analyze and take 
action. In related work, Tate et al. (2022) studied how a team 
of teachers collaboratively planned a MM task focused on 
mathematizing racial representation in library book collec-
tions. They found that teachers benefited from opportunities 
to reflect together on how to build background knowledge 
and navigate conversations about race and identity, par-
ticularly with young children. In Australia, English (2009) 
described how grade 3 through 5 teachers collaborated 
with researchers to design MM tasks connected to commu-
nity contexts (i.e., creek pollution), and to anticipate stu-
dent strategies and models. In South Africa, Paolucci and 
Wessels (2017) found that teachers were able to identify 
meaningful and relevant real-world contexts for MM, but 
struggled to pose modeling questions that reflected appropri-
ately demanding mathematics content for younger students, 
noting that additional supports were needed. These studies 
reflect the potential of culturally responsive approaches to 
MM to resist marginalization by centering local contexts 
and student experiences, as well as some of the challenges 
that arise in task design. However, to better understand the 
potential of MM to resist marginalization, the research base 
needs a more holistic approach that attends not only to task 
design, but to the opportunities and challenges that arise 
when tasks informed by culturally responsive approaches 
play out in elementary classrooms.

3  A theoretical framework for culturally 
responsive mathematics teaching

To inform this holistic approach, we draw on Zavala and 
Aguirre’s (2023) comprehensive framework for culturally 
responsive mathematics teaching (CRMT). Although it is 
not specific to MM, their framework attends to a range of 
instruction components including task context, mathemati-
cal rigor, and student experiences, and names observable 
actions indicative of a culturally responsive approach to 
teaching mathematics. The CRMT framework consists of 
three main strands: Knowledges and Identities; Rigor and 
Support; and Power and Participation (See Fig.  1). Each 
strand consists of multiple dimensions. Zavala and Agu-
irre’s use of the term “strand” is intentional, as they expect 
“various threads of the CRMT” (p. 25) to be present and 
interwoven in culturally responsive teaching. In this sec-
tion, we describe how the CRMT dimensions reflect ways 
to challenge structural and ideological forms of marginal-
ization in mathematics classrooms.

The Knowledges and Identities strand elevates stu-
dent cultural and community knowledge and experiences, 
affirms positive mathematical identities, and honors student 
thinking and ideas (Aguirre et al., 2013; Carpenter et al., 
2014; Civil, 2007). By engaging students in meaningful and 
culturally relevant mathematical tasks, teachers position 
the knowledge and experiences that students from diverse 
racial, cultural, linguistic, and mathematical backgrounds 
bring to the classroom as resources for learning. This 
actively resists marginalization via ideologies that position 
specific students as academically inferior based on the color 
of their skin, the languages they speak or the neighborhood 
they live in (Adiredja & Louie, 2020).

The Rigor and Support strand emphasizes sustained 
opportunities for students to engage with high cognitive 
demand mathematics tasks that strengthen their analytical 
and inquiry skills (Smith & Stein, 1998). Students may need 
multiple and varied supports (i.e., social scaffolds, analytic 
scaffolds, see Anhalt, 2014) to access tasks and sustain 
their engagement. Furthermore, affirming multilingualism 
acknowledges that children who speak more than one lan-
guage need to be centered as valuable contributors to the 
mathematical learning space. These dimensions represent 
ways to resist structural marginalization which systemati-
cally denies specific students access to high value resources 
such as rich mathematical tasks because of ideologies about 
academic readiness or dominant language acquisition (Chen 
& Horn, 2023).

The Power and Participation strand emphasizes distrib-
uting intellectual authority among students and teachers, dis-
rupting stereotypes and status hierarchies that shape social 
relationships and classroom interactions, and engaging 
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MM in the elementary grades. Teachers participated in a 
year-long, hybrid professional development program that 
included monthly in-person sessions and asynchronous 
activities to deepen learning. In person sessions, facili-
tated by the authors, introduced frameworks for CRMT and 
included time to explore modeling tasks and routines, col-
laboratively plan activities, and reflect on classroom enact-
ments. Asynchronous materials included readings, videos of 
modeling lessons, and reflection prompts.

This study focused on 19 teachers of kindergarten through 
5th grade (ages 5 through 11) who participated in our pro-
fessional development program at one of four research sites 
in different regions of the United States (southwest, mid-
atlantic, northwest, and mountain west). 16 of the teachers 
worked in schools that served racially and linguistically 
diverse students from underserved communities. Class-
rooms included migrant and refugee students from diverse 
countries of origin, and significant numbers of multilin-
gual students. Four teachers taught in predominantly white 
schools with a small but growing population of multilingual 
students.

4.2  Professional development model

We grounded our professional development in two perspec-
tives: Anhalt, et al.’s (2018) modeling cycle (Fig. 2), which 
drew on similar representations including Blum and Leiß 

critical consciousness through mathematical analysis and 
taking action (Featherstone et al., 2011; Gutstein, 2006; 
Ladson-Billings, 1995). The emphasis on disrupting tradi-
tional status and power hierarchies reflects ways to resist 
ideological marginalization based on narratives that devalue 
students’ intellectual contributions, and limit the identities 
and roles available to them (Chen & Horn, 2022).

Although research has established critical components of 
CRMT as means to resist structural and ideological margin-
alization, less is known about the ways teachers understand 
and take up culturally responsive mathematics teaching 
practices during modeling lessons. We address this need in 
our study via the following research questions:

	● How do teachers connect their teaching of modeling 
with key dimensions of CRMT?

	● What affordances and challenges do teachers encounter 
related to resisting marginalization?

4  Methods

4.1  Context and participants

This study is part of a broader research and professional 
development program focused on culturally responsive 

Fig. 1  Culturally responsive mathematics teaching framework (Zavala & Aguirre, 2023)
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field notes and transcripts of selected discussions during 
three professional development sessions at each site. Spe-
cifically, we focused on teachers’ reflections on how MM 
activities enacted in their classrooms supported components 
of CRMT as well as the challenges that arose.

4.4  Data analysis

We uploaded transcripts of teacher interviews and selected 
professional development discussions to ATLAS TI, a 
qualitative analysis program. Initially, we coded deduc-
tively using our theoretical framework to define catego-
ries and codes and identify segments where teachers’ talk 
reflected connections to specific dimensions of the CRMT 
framework (Saldaña, 2021). Given that the framework 
includes three strands which are explicitly intended to be 
woven together to support culturally responsive mathemat-
ics teaching, when teachers described the ways that MM 
lessons connected to more than one framework dimension, 
we applied multiple codes to these segments. For example, 
several teachers described the range of mathematical rep-
resentations that students, including multilingual learners, 
used when modeling. Students’ varied approaches and rep-
resentations gave teachers opportunities to broaden what 
counts as mathematical knowledge (RH) and affirm the 
contributions of multilingual learners (AM). In a second 
round of coding, we applied subcodes that focused both 
on supportive connections (i.e., how teaching MM sup-
ported dimensions of CRMT), and challenges (i.e., tensions 

(2005) and the Common Core State Standards for School 
Mathematics (CCSSI, 2010), and Zavala and Aguirre’s 
(2023) CRMT framework (Fig. 1).

In drawing on these frameworks, our aim was to help 
teachers support students’ development of modeling compe-
tencies (Kaiser, 2007; Maaß 2006) and harness the power of 
MM to affirm student identities, cultivate problem-posing, 
engage all students in challenging and meaningful math-
ematics, and use mathematics to disrupt, rather than reify, 
longstanding inequitable power differences in and out of 
classrooms.

4.3  Data sources

Our primary data source was transcripts from end-of-year 
interviews with teacher participants. Each teacher par-
ticipated in an hour-long individual interview with proj-
ect researchers after completing professional development 
activities and teaching several modeling lessons including: 
snack-sharing tasks, involving distributing with partitive 
and quotative division concepts; making tasks, with mul-
tiplicative thinking leading to proportional reasoning; and 
community-based tasks, involving collecting data and using 
statistical reasoning models to make decisions. Interview 
topics included teachers’ perceptions of MM and connec-
tions to the CRMT framework, experiences implementing 
modeling lessons, student learning, and supports and chal-
lenges for teaching modeling. Secondary data sources used 
to triangulate findings from teacher interviews were detailed 

Fig. 2  The modeling cycle used in our professional development model
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and challenges identified in our first two rounds of coding 
to guide further analysis. We reviewed coded excerpts for 
each pattern and created analysis memos by site, focused 
on how connections between teaching MM and dimensions 
of CRMT might support or challenge efforts to resist mar-
ginalization in the mathematics classroom. We then looked 
across memos to establish themes.

5  Findings

In the first findings section, we summarize patterns, across 
teachers, of supportive and challenging connections 
between teaching modeling and dimensions of the CRMT 
framework (Research Question 1). In the second section, we 
elaborate three key themes related to the potential of teach-
ing MM to resist marginalization using illustrative excerpts 

related to specific CRMT dimensions in teaching MM). 
For example, within the centering cultural and community 
funds of knowledge code, a supportive connection included 
modeling tasks that invited family and community member 
involvement. A challenge was ensuring task contexts were 
relevant and meaningful to students, while avoiding stereo-
types. Figure 3 displays coding categories and definitions.

Two researchers coded each data source, and then recon-
ciled differences. For research question 1, we used the inter-
view coding to summarize connections and challenges that 
received substantive attention (i.e., repeated mention and/or 
elaborated examples) for each individual teacher. Next, we 
compiled the teacher-level summaries to identify patterns 
both within and across our four research sites. We then ana-
lyzed the coding of professional development discussions by 
site, to triangulate patterns across data sources. For research 
question 2, we used the patterns of supportive connections 

Fig. 3  Codebook excerpt

 

1 3



Resisting marginalization with culturally responsive mathematical modeling in elementary classrooms

cognitive demand tasks. We view this as unsurprising, as 
professional development conversations often centered on 
the mathematics students used and the competencies dem-
onstrated in student work.

Teachers also described challenges related to specific 
CRMT dimensions. The most pervasive challenge, noted by 
15 of 19 teachers, was related to scaffolding student engage-
ment without narrowing the task or lowering the cognitive 
demand. Interestingly, some of the same teachers who noted 
the affordances of MM lessons for scaffolding access to 
rigorous content also described scaffolding challenges. A 
similar pattern of supportive connections coupled with chal-
lenges was evident in other dimensions including honoring 
student thinking (challenges noted by 8 teachers) and dis-
tributing intellectual authority (9 teachers). In other words, 
some teachers simultaneously emphasized the potential of 
teaching MM to advance a specific dimension of CRMT, 
and acknowledged challenges they encountered. Teachers 
referred to two areas, affirming multilingualism and ana-
lyzing and taking action, primarily in terms of challenges, 
describing them as spaces for additional professional learn-
ing. This pattern was mirrored in professional development 
sessions, where teachers mentioned challenges related to 
scaffolding and cognitive demand, honoring student think-
ing, and distributing intellectual authority most often.

Next, to better understand the affordances and challenges 
of modeling for advancing CRMT, and thereby resisting 
marginalization, we elaborate three key themes in teachers’ 
reflections. The first theme centers on ways that teaching 
MM honored diverse thinking and cultural experiences of 
students, including multilingual learners, and rehumanized 
mathematics by encouraging risk-taking and positive math-
ematical identities. The second theme focuses on how mod-
eling restructured power and participation in mathematics 
classrooms by distributing intellectual authority to students 
and challenging existing status differences. The final theme 
focuses on the complex tensions related to openness, access, 
and disrupting status that MM introduced, and the ways 
teachers grappled with seemingly conflicting pedagogical 
and equity-oriented goals during lessons. In each theme, to 
acknowledge the ways that teachers connected to multiple 

from interviews and professional development discussions 
(Research Question 2). The first two themes are organized 
around salient strands of the CRMT framework, but also 
reflect the ways multiple dimensions of the framework are 
present and interact in MM lessons that have the potential 
to resist marginalization. The third theme describes tensions 
related to resisting marginalization that arose as teachers 
worked within and across framework strands.

5.1  Summary of supports and challenges across 
teachers

As they reflected on modeling activities in their classrooms, 
teachers described numerous ways that activities supported 
specific CRMT dimensions (Fig.  4). The most frequent 
connection, noted by 17 of 19 teachers, was that teaching 
MM expanded opportunities to elicit and build on students’ 
diverse mathematical ideas. Teachers emphasized that tasks 
opened space for diverse strategies and representations, 
allowing a broad range of students to contribute. Other com-
mon connections included that modeling (a) facilitated con-
nections to students’ funds of knowledge (n = 14 teachers), 
(b) allowed teachers to distribute intellectual authority to 
students (n = 15 teachers), and (c) disrupted status relation-
ships that positioned certain students as more mathemati-
cally capable (n = 12 teachers). While these connections 
received comparatively less emphasis than connections to 
student thinking, they were still discussed substantively 
by the majority of teachers across all four sites. Approxi-
mately half of the teachers described ways that teaching 
MM rehumanized mathematics by promoting creativity 
and positive mathematical identities, and sustained a high 
cognitive demand for all students via teacher scaffolds and 
supports. Across all four sites, fewer teachers described 
ways that teaching MM supported opportunities to affirm 
multilingualism, or to engage students in taking action. 
Analysis of professional development sessions revealed 
similar patterns. Teachers emphasized that MM built on 
students’ diverse ideas and, in doing so, distributed intel-
lectual authority to students. Teachers placed comparatively 
more emphasis on how MM engaged all students in high 

Fig. 4  Summary of supportive connections and challenges between teaching MM and specific CRMT dimensions across teachers
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bring into the classroom as well. So [in modeling] 
they began to ask questions about the things that they 
see and think critically about the world around them.

Across all four sites, teachers frequently returned to the 
ways the openness and relevance of modeling tasks sup-
ported students from diverse backgrounds to share their 
ideas and experiences. This resisted potential ideological 
marginalization that occurs when decontextualized tasks 
and narrow notions of what “counts” as a mathematical con-
tribution exclude multilingual learners and other students 
from historically marginalized backgrounds from meaning-
ful mathematics learning experiences that connect to their 
diverse knowledge and identities.

5.2.2  Resisting marginalization by encouraging risk-taking 
and positive mathematical identities

Some teachers argued that MM encouraged risk taking (RH), 
which helped them support students’ sustained engagement 
in challenging tasks (CD). In one professional development 
conversation between three teachers at our northwest site 
(Ms. R and Ms. T, grade 1, and Ms. L, grade 4), teachers 
noted that the open-endedness of modeling tasks (as com-
pared to closed problems with a single solution) helped them 
to scaffold students to revise their strategy or solution (CD, 
SU). Two teachers described using specific asset-based lan-
guage to help students embrace the challenges associated 
with revising models.

Ms. T: So I think by using language like that (pointing 
to the paper) and observing what they’re doing, saying 
things like “I love how you are showing your work, or 
how you are thinking critically about this problem”, 
that might help them.
 
Ms. L: It’s hard when they don’t get the right answer.
 
Ms. T: Yeah, but when we use that language more and 
that’s what they are hearing, rather than “that’s not 
correct, [but] how can we fix it”?
 
Ms. R: By using that positive language with them… 
and using those words like “assumptions”, “What did 
you know? How did this help? What is your experi-
ence?” It helps them come in. They feel braver taking 
those steps and those risks.
 
Ms. L: Yeah, well they’re being praised for not the 
right answer but for taking those risks.

dimensions of the CRMT framework as they reflected on 
the potential of MM to resist marginalization, we use the 
abbreviated dimension codes (e.g., ST for student think-
ing, and AM for affirming multilingualism) to mark these 
connections.

5.2  Themes related to knowledge and identities 
and rigor and support

5.2.1  Resisting marginalization by broadening what counts 
as relevant knowledge and supporting diverse ways to 
communicate ideas

Teachers from across all four sites noted that teaching MM 
allowed them to embrace students’ diverse ideas and experi-
ences because tasks were open-ended and facilitated a range 
of strategies and representations (ST). Ms. I (grade 3, south-
west), noted in her interview:

There’s a saying in Spanish, “cada cabeza es un 
mundo,” “every head is a different world,” so if you 
apply that to all the math modeling, every student had 
a different approach and a different way of thinking of 
how they could solve it. So there was no standard, this 
is how you’re going to do it. Some kids drew pictures, 
some kids did count by’s, some kids did sticks, other 
kids painstakingly used methods that I knew would 
not be successful, but that’s what worked for them, 
and you just let them go.

For her, the open and contextualized nature of modeling was 
particularly important for multilingual students learning 
English (the language of instruction) (AM, ST), explaining, 
“I have so many children that don’t speak English….when 
you give them a math modeling project like snack sharing, 
they can draw pictures, they can make themselves heard 
through other ways.”

Other teachers echoed this idea, noting that the mean-
ingful, familiar contexts of modeling tasks broadened what 
counted as relevant knowledge. Modeling tasks created 
space for students to share experiences outside of school 
and knowledge from families and communities (FoK). This 
affirmed students’ identities and resisted the ways out-of-
school experiences are often marginalized in mathemat-
ics curricula. Ms. L (grade 4, northwest) explained in an 
interview:

I think it levels the playing field.…. every kid is able 
to put in their unique ideas and ways of explaining and 
modeling forward. And that’s very equitable.… So all 
their funds of knowledge, all the things that they grow 
up with in our [community] around them and love to 
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enhanced their opportunities to recognize student strengths 
(ST) and affirm positive mathematical identities (RH). This 
resisted the ideological marginalization that students from 
underrepresented backgrounds may experience when nar-
row curricular tasks do not allow students to showcase their 
diverse strengths and innovative mathematics ideas.

5.3  Themes related to power and participation 
dimensions

5.3.1  Resisting marginalization by redistributing 
intellectual authority so that diverse groups of students 
have power and agency

Teachers across our four sites described how MM redistrib-
uted authority (IA) in their classrooms, often contrasting 
modeling with “typical” instruction that focuses on repro-
ducing teacher strategies. As Ms. W (grade 4, mid-atlantic) 
noted in her interview:

Math modeling really puts the power of how to solve 
these problems into the kids’ hands rather than my 
own. I think, with normal, like direct instruction, I’m 
telling them how problems are solved. But with this, 
they’re to really take that and tell us how problems are 
solved which is very powerful.

She discussed how “eye-opening” it was to see the mathe-
matical connections students made and described her efforts 
to step back and “let them be problem solvers” as an impor-
tant growth area in her teaching.

Ms. D (grade 4, mid-atlantic), also noted that MM shifted 
authority over strategies from the teacher to the students 
(IA). She explained, “All the knowledge is not coming 
from the teacher, right? Like they can explore this and work 
together to figure it out and have their own strategies that 
aren’t necessarily the same as my strategies.” Other teachers 
highlighted how MM decentered the teacher as the author-
ity over correct answers, and instead empowered students 
to validate solutions. For example, in her interview Ms. M, 
(grade 2, northwest) noted:

[MM] also improved equity because it took the power 
and the knowledge off of the teacher and put it on 
the kids, which is an issue in all subjects, but I think, 
especially in math. When kids are looking for a right 
answer the teacher is like the holder of the knowledge 
and so when you do these modeling tasks that takes 
power and gives it back to the class.

Across these remarks, teachers emphasized that MM cen-
tered students as intellectual authorities in the classroom. 

Teachers at other sites emphasized similar ideas. In an inter-
view, Ms. C (grade 1, mountain west) noted that “students 
that maybe don’t feel as confident [have] a chance to feel 
confidence in their thinking and especially in their math-
ematical thinking, because it [modeling] is so much more 
flexible” (RH). These reflections are important, because 
they suggest that MM fostered productive dispositions 
towards mathematics (i.e., taking risks) and positive mathe-
matical identities (i.e., bravery, confidence). In other words, 
teaching MM has the potential to resist the ideological mar-
ginalization based on limited, and often deficit-based beliefs 
about who can do mathematics grounded in race, class, and 
gender-based stereotypes and what it means to be competent 
in mathematics (performing quick, accurate calculations) 
that students from underrepresented backgrounds often 
experience.

5.2.3  Resisting marginalization by expanding teachers’ 
opportunities to learn about student strengths

Teachers at all sites explained that because modeling les-
sons supported diverse strategies and connections (ST), and 
encouraged students to take risks (RH), they learned more 
about students’ strengths. For example, Ms. C (grade 1, 
mountain west) explained in her interview that as students 
worked on a task that involved rating and ranking options 
for a classroom sensory space, they demonstrated strengths 
related to fact fluency that she was unable to previously see 
(ST).

The sensory room [modeling lesson], that’s where I 
really started to see their mathematical thinking come 
together like when they were adding all of their rubrics 
up and figuring that out, like the way they were using 
their fluency.… that I don’t normally see when you’re 
doing a fluency task. Like they were starting to pull 
out the five and add the fives and things like that. That 
was just really helpful for me.

Ms. T (grade 1, northwest) echoed this idea as she reflected 
in her interview on what she learned about students’ 
strengths in MM lessons:

I learned that they are a lot more capable, than, some-
times we realized. I mean I hold all my kids to high 
standards, and I believe that they all have the abili-
ties to grow and access things, but I think sometimes 
with the traditional structure or the curriculum that we 
have, it doesn’t allow for them to show their strength.

Collectively, teachers found that the openness of MM 
activities, and the ways that they encouraged risk-taking 
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their classrooms. MM helped teachers relinquish author-
ity and gave students power to recognize peers’ contribu-
tions as valuable. Valuing a broader range of ideas disrupted 
entrenched status ideologies related to who can do math-
ematics (DS), and created opportunities to position his-
torically marginalized students as competent, contributing 
problem solvers.

5.4  Tensions across rigor and support and power 
and participation dimensions

5.4.1  MM activities may marginalize some students, 
including emerging bilingual learners, unless sufficient 
instructional supports are in place

Across sites, teachers grappled with how to best support 
emerging bilingual learners to fully participate in MM (AM, 
SU). They recognized that the language demands of model-
ing tasks (e.g. writing and speaking) and the importance of 
students driving modeling decisions may seem overwhelm-
ing to some students learning in another language. Respon-
sively supporting emerging bilingual students was both a 
priority for teachers, and a challenge that needed additional 
attention.

Ms. J (kindergarten, southwest), explained in her inter-
view that some emerging bilingual students may not fully 
participate given the language demands of MM.

One of my biggest challenges is [supporting] the bilin-
gual kids because so much is spoken and written and 
when you don’t have access to that it’s like you’re try-
ing to show them something or you’re trying to have 
them become part of something that is kind of over 
their heads, and I don’t know how to make it more 
concrete.

Teachers at other sites echoed this idea, noting that “making 
space for multilingual learners to be central participants in 
mathematic[al] modeling” (Ms. F, grade 4, mountain west) 
was a priority in their future instruction (AM, IA).

Teachers also voiced this challenge in professional devel-
opment sessions. In the following discussion at the south-
west site, Ms. I (grade 3) described plans for a MM task 
that involved projecting the amount of tissue paper needed 
to create flowers for mother’s day bouquets. She wanted the 
task to be open enough to allow students to make decisions 
(CD), but was concerned about providing enough support 
for emerging bilingual students (AM, SU). Her colleagues, 
Ms. S (grade 4), Ms. N (coach), and Ms. J (kindergarten), 
brainstormed possible instructional options.

Teachers’ comments demonstrate the potential MM holds to 
resist the ideological marginalization students experience in 
classrooms where authority rests with the teacher and stu-
dents are positioned as receivers, rather than producers, of 
mathematical knowledge.

5.3.2  Resisting marginalization by disrupting status 
hierarchies in classrooms

Teachers also noted that as authority shifted away from the 
teacher, a more diverse group of students had opportunities 
to share their ideas (IA, DS). More students sharing sub-
stantive ideas disrupted existing power structures between 
and among students. For example, Ms. C (grade 1, moun-
tain west), reflected in an interview that modeling disrupted 
narratives around students who receive extra support in 
mathematics.

I was constantly shocked at the ability that the kids 
had. Students that might be even receiving extra sup-
port in the area of math outside of the classroom were 
coming in with amazing ideas and still able to com-
plete the project or using either different materials, 
really checking their work, if I scaffold it with them, if 
they used a partner to help them. Every kid was able 
to feel accomplished in completing the [MM] task. So 
that kind of disrupted that idea of like, “I’m a good 
math student,” or “I’m bad at math.”

Teachers at other sites echoed this sentiment. During a pro-
fessional development session at our southwest site, Ms. N, 
a mathematics coach who visited multiple classrooms each 
day, recounted the ways MM gave her opportunities to help 
students focus on understanding others’ thinking irrespec-
tive of language status (AM) and challenged perceptions 
surrounding who can and cannot do math (DS).

Sometimes when I go into classrooms and I don’t 
know who the non-English speaking students are, 
sometimes I’ll ask a student to clarify or to show me 
and then a bunch of other students will jump in and 
say, “He can’t, he doesn’t know English. But I see 
that as a “he can’t do the math” or “he can’t explain 
it because of the language.” And I try to reframe that 
as “how can we find out their thinking, even though 
we don’t know their language?” And that way we can 
build those connections and not create an environment 
of because they are not speaking English they can’t do 
this task or can’t engage with us.

At all four sites, teachers found that MM created oppor-
tunities to change power and participation structures in 
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rather than fixed ability groups (homogeneous groups) to 
support the high cognitive demand of modeling tasks (CD), 
and to disrupt status issues (DS). While teachers noted 
that MM supported broad participation and access, they 
also expressed concerns about how to effectively structure 
groups that supported all students without reinforcing status 
issues (DS).

Ms. W (grade 3, mid-atlantic) noted in her interview that 
some students needed more support with MM tasks and did 
not actively participate when in heterogeneous groups (SU, 
DS): “students that needed more support kind of took a back 
seat and didn’t take as much action.” This challenge also 
arose in professional development sessions. At the north-
west site, teachers watched a video of groups of students 
presenting solutions to a MM task focused on projecting 
cafeteria waste over time, and Ms. L (grade 4) posed a 
“massive question.”

Ms. L: If you have heterogeneous groupings, how do 
you differentiate? If you put who’s very low, higher, 
mid, and you put them together, they do different 
things.
 
Facilitator: These tasks draw out different strengths of 
the kids. When you put the kids together and don’t 
label them as high, medium, low, their strengths are 
different. Some have reasoning, some have more com-
putation, some are creative thinkers.….
 
Ms. L: In this context, is it worth having kids working 
at a similar level? If those three girls [in the video] 
had another kid in the group who was really high per-
forming in math and had multiplication tables memo-
rized… that student would want to [build a model] for 
a year.

This exchange reflects the challenge of creating groups that 
support all students’ engagement and learning. The teacher 
wondered whether ability grouping would better support 
varied learning needs, particularly for students with “low” 
status labels (SU, DS). The facilitator reframed status labels 
frequently used in schools such as high, medium, low into 
varied strengths that could be successfully combined to 
make progress on complex tasks. However, Ms. L’s com-
ments reflect a concern that students’ access might be com-
promised if students with different mathematical strengths 
work together. In a final interview, Ms. L continued to grap-
ple with this concern.

One of the ways I see differentiation happening is if 
they’re in homogeneous groups because so much of 
this math [modeling] is choice, right? And, if they’re 

Ms. I: We are going to make paper flowers for moth-
er’s day.… How much choice am I going to give the 
kids?…I wanted to have all the tissue paper pre-cut 
and maybe have them decide how many sheets they 
want in their flower?… I don’t know if my kids are 
there. 50% of my class is IEP [Individualized Edu-
cation Plan] or ELL [English language learners]…
So knowing student ability, I want them to have 
success.….
 
Ms. S: Since they are cut into 4, and each kid needs 5, 
and if they are in groups of 4, hopefully they would 
notice that each kid needs 1 and then that is 1 extra, to 
divide into 4.
 
Ms. N: I thought that relationship might come up in a 
table. Five sheets, let 4 kids make a flower.
 
Ms. I: I don’t know that they are there, but we could 
try. I just don’t want it to flop.
 
Ms. J: What about blocks? [suggest using blocks to 
build a model of paper needed]
 
Ms. I: Maybe if I have a template, with squares divided 
into 4… I think if I give them something like that 
it would encourage them…That is why I do a lot of 
modeling with pictures and visuals, because the kids 
that don’t speak English need to be able to connect… 
But how do I do that?

While brainstorming ideas, colleagues offered strategies to 
prevent the marginalization or exclusion of emerging bilin-
gual students from participation in rigorous modeling tasks. 
These included using manipulatives to physically represent 
how many paper sheets are needed and graphic organizers 
such as tables to organize information. Ms. I emphasized 
that using visuals would help emerging bilingual children 
“connect” to the problem but remained uncertain about how 
to scaffold effectively. Teachers’ comments reflect their 
developing ideas about the generative potential of MM 
activities to facilitate emerging bilingual students’ partici-
pation and learning, alongside their concerns that additional 
scaffolds may be needed.

5.4.2  Collaborative group work may marginalize students 
unless structures are in place to resist status issues

Another challenge voiced by a few teachers focused on how 
to support students to make decisions and build models in 
collaborative groups. The project emphasized structuring 
groups based on multiple strengths (heterogeneous groups) 
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also found that MM lessons helped them attend to issues of 
Power and Participation. Teachers stepped back so that MM 
tasks were driven by student ideas(distributing intellectual 
authority). Decentering their own authority disrupted prac-
tices teachers accepted as “normal” in mathematics lessons 
(i.e., direct instruction, teacher validates answers), thereby 
expanding the roles and identities available to students. 
This allowed a broader range of competencies to become 
part of teaching and learning, which has the potential to 
disrupt marginalizing ideologies about what it means to be 
good at mathematics (disrupting status and power). In this 
way, teachers found “the hidden figures: the students who 
have been invisibilized by mechanisms of marginalization” 
(Chen & Horn, 2022, p 891).

Our findings also showed that the openness of MM simul-
taneously invited access, decision-making and connection, 
and created challenges that connect to the strands of Rigor 
and Support and Power and Participation. The challenges 
teachers voiced reflected efforts to prevent marginalization 
and maximize engagement, but teachers needed additional 
strategies to sustain cognitive demand and disrupt status. 
Teachers grappled with group work structures that sup-
ported students’ access and progress in MM (scaffolding 
up and sustaining cognitive demand). They recognized that 
group work dynamics could reinforce status hierarchies in 
the classroom (disrupting status), suggesting teachers need 
additional tools to navigate this challenge. Teachers empha-
sized a need to learn to support emerging bilingual students 
with the language demands inherent in modeling tasks that 
emphasize collaboration (sustaining cognitive demand, 
scaffolding up). They also wanted to better support bilin-
gual students as central, rather than peripheral, participants 
(affirming multilingualism).

MM was new to all of the teachers in our study, and 
teachers entered our work with varying levels of familiarity 
with culturally responsive mathematics teaching. We find it 
promising that at the end of the year-long program teachers 
not only deepened their understanding of teaching MM, but 
also expressed supportive connections between their work 
in modeling and the broader, equity-oriented goals of cultur-
ally responsive mathematics teaching (Caswell et al., 2011; 
Gay, 2000). For some teachers, these connections required 
taking risks as they tried new practices during MM lessons. 
Through this risk taking, teachers discovered ways that MM 
helped them affirm positive mathematical identities and dis-
tribute intellectual authority by giving more students more 
power and agency. This is important because it suggests that 
elementary teachers can learn to teach MM, and that teach-
ers can use MM as an equity lever to actively resist margin-
ality in the mathematics classroom.

Our study underscores the potential of culturally 
responsive MM instruction to address different spaces of 

working in a group, they have to come to decisions 
together as a group. But, if you’re in a heterogeneous 
grouping where one kid is still working on base 10 
very fundamental, then you have somebody else in the 
group who is maybe already adding and subtracting 
and carrying and borrowing and maybe another kid 
who can do division or understands division, funda-
mentally I don’t see that being a successful group.…I 
mean the kids who are higher performing are going to 
take over, they’re going to get bigger numbers, they’re 
going to start writing and drawing [while] the other 
kids are not going to be able to access anything.

From Ms. L’s perspective, ability grouping would enable all 
students to make progress on open-ended modeling tasks 
by supporting student choice and ownership over decisions, 
and sustaining high cognitive demand (CD, SU).

While this theme was less prevalent across sites, it high-
lights a common concern voiced by teachers related to dis-
rupting status and scaffolding groups to work together. It 
reflects the complexity in resisting both ideological (i.e., 
beliefs that some students are more mathematically com-
petent) and structural marginalization (i.e., homogeneous 
grouping practices) operating in classrooms to deny stu-
dents, particularly those who may have less status in the 
mathematics classroom, from accessing challenging and 
meaningful tasks. This challenge also emphasizes teachers’ 
need for practices and tools that maintain high cognitive 
demand for all students while they work in heterogeneous 
groups that are based on students’ multiple strengths.

6  Discussion

The themes reported in our findings reflected patterns in 
how teachers connected their MM teaching to key dimen-
sions of CRMT (Zavala & Aguirre, 2023) (Research Ques-
tion 1), and the affordances and challenges they encountered 
related to resisting structural and ideological marginaliza-
tion in mathematics classes (Research Question 2) (Chen & 
Horn, 2022). Connecting to the Knowledge and Identities 
and Rigor and Support strands, teachers across all four sites 
explained that modeling lessons supported a diverse range 
of student ideas and representations (honoring student think-
ing and ideas), and encouraged connections to students’ out 
of school experiences and funds of knowledge (centering 
cultural and community funds of knowledge). This open-
ness and relevance, coupled with specific teacher moves 
that affirmed students’ ideas and supported engagement 
(scaffolding up) and encouraged students to be brave and 
take risks (rehumanizing mathematics), expanded teachers’ 
opportunities to learn about students’ strengths. Teachers 
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mathematics teacher educators who facilitate teacher learn-
ing of culturally responsive MM need to consider their 
work in the context of institutional structures and norms, 
and teachers’ current beliefs and mathematics teaching 
practices. Understanding how teachers’ developing prac-
tices for culturally responsive MM are consistent with or 
diverge from the norms and practices where they work will 
help facilitators anticipate potential points of tension and 
co-construct strategies to successfully navigate tensions to 
challenge spaces of marginalization.
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