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Modeling as Story-Building and Storytelling:
Developing the Mathematical Identities of
Adolescent Girls of Color

Kara Louise Imm
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ABSTRACT “Algebra-as-gatekeeper” is a powerful paradigm that structures students” experiences
within mathematics class, as well as their future educational trajectories. In this paper, I show how

modeling—when conceived as a culturally relevant practice—can support students to make sense
of the key ideas of algebra as well as develop positive mathematical identities. This requires two
important facets: 1) that students see themselves reflected in the contexts that are mathematized
and 2) that they are positioned to be creative, sense-making story builders and storytellers of this
mathematics. Results from my semester-long design study with adolescent girls of color illustrate
the potential of modeling, especially for students who often experience the greatest barriers to

participation, engagement, and learning within the high school mathematics class.

KEYWORDS modeling, algebra, students of color, culturally relevant pedagogy, storytelling,

design study

For many, algebra is not simply a required high school
course but a determiner of students’ educational trajec-
tories. Unlike other secondary mathematics courses, it
not only mediates access to higher-level secondary
mathematics but also serves as a gatekeeper to college.
In fact, it has functioned as a gatekeeper for decades
(Ladson-Billings, 1998; National Research Council,
1998) —effectively creating a system such that “passing
an algebra course becomes a barrier to educational and
economic advancement” (Greer, 2008, p. 425). Further,
“knowing algebra” can be considered a cultural hall-
mark of a mathematically literate person; and since
literacy and citizenship are profoundly linked in our cul-
ture, algebra shapes notions of citizenry as well (Moses
& Cobb, 2001).

More troubling, it is well known that students of
color—specifically Black and Latinx—and low-income
students are more likely to be placed (and kept) within
lower-track mathematics courses such as algebra (Cortes
et al.,, 2013). Tracking has been widely criticized for im-

peding the academic progress of students and exacer-
bating, rather than minimizing, existing inequalities
(Oakes, 2005; Powell et al., 1985). In fact, tracking is con-
sidered socially unjust since low-income students and
students of color are overrepresented in these “dead-
end” courses (Oakes, 2005), where they experience both
low-level content and diminished expectations of them
as learners (Powell et al., 1985). “Algebra-as-gatekeeper”
is a tracking paradigm held together by high-stakes test-
ing. Typically, when students do not pass their high
school algebra course—or its affiliated exit exam or end-
of-course exam—they are labeled as “repeaters” (a re-
ductive, deficit label) and placed in a variety of
intervention models, many of which have already been
shown not to be effective (Boaler & Sengupta-Irving,
2016; Cortes et al., 2013; Fong et al., 2014). “Repeaters”
courses disproportionally affect students of color, and
particularly those from low-income communities, who
seem to exist in a sort of educational purgatory I call
“endless algebra.”
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I wanted to understand the experiences of students
caught within this paradigm in order to design alterna-
tive experiences. Over the course of a semester, I exam-
ined the effect of changing the conditions in which the
participants came to experience mathematics. I chose an
all-girls public high school as the research setting pre-
cisely so that I could study, and respond to, the specific
issues that adolescent girls of color face within the sec-
ondary mathematics classroom related to their agency,
their engagement with mathematics, and the intersection
of their mathematical identifies with other identities
(Joseph et al., 2019; Radovic et al., 2017). Scholars have
demonstrated the ways that mathematics socialization
and mathematics identity development are critical as-
pects to the learning and participation of students, par-
ticularly Black students (Berry, 2008; Martin, 2007).
Because learning mathematics and developing a mathe-
matical identity are inseparable, I pursued two related
research questions:

1. How does modeling develop key ideas in algebra,
such as functional reasoning?

2. In what ways does modeling support the
development of mathematical identities for
adolescent girls of color?

In this paper, I describe one important finding from
this larger qualitative design study: When mathematical
modeling is reconceived as a form of story-building and
storytelling, a wider range of learners will a) see them-
selves within mathematical contexts, b) begin to consider
themselves creators of new mathematics, and c) make
sense of key concepts within algebra. First, I will define
mathematical modeling as it is commonly understood.
Then, I will briefly describe the research methodologies
used. Next, I will provide evidence of this salient find-
ing. Finally, I will offer a brief discussion of the potential
and the limitations of mathematical modeling as an in-
tervention for students like the ones in my study.

What is mathematical modeling?

The relationship between mathematics and the real world
lies at the heart of mathematical modeling. That mathe-
matics is a “human endeavor” (Jacobs, 1994), inextrica-
bly linked to cultural and social phenomena, is a
well-established idea. The term mathematical modeling
arose out of the field of mathematics and can be found
in almost every facet of science and social science (Pol-
lak, 2011). Often used broadly with conflicting mean-
ings, there is some consensus about two types of central
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activities to modeling: translating some aspect of the real
world into mathematical terms (Gravemeijer, 1997) in
order to solve or analyze a situation; and a cyclic process
that includes: describing the problem, establishing limit-
ing assumptions, structuring a situation mathematically,
selecting and omitting variables, predicting results, inter-
preting, and validating possible results (Blum, 2002).

Since modeling always originates outside of the math-
ematical domain—a situation, a context—it is often con-
flated with the solving of “word problems.” Learning to
solve “real-life” problems is often assumed to be more
challenging than solving their “anesthetized counter-
parts in textbooks and tests” (Lesh & Doerr, 2003, p. 4).
But modeling differs from solving word problems in a
few important ways: it does not result in “short answers
to narrowly specified questions” (Lesh & Doerr, 2003,
p.- 3) but, rather, a generalizable method that can be
shared and reused across related situations; the process
tends to be less sanitized, more iterative, and more com-
plex; and more than one mathematically valid model
typically emerges.

Methodology: Why a Design Study?

Design studies have been characterized, with varying
emphasis, as iterative, process-focused, utility-oriented,
and theory-driven (Cobb et al., 2003). Given these key
features, design studies afford several advantages: test-
ing theories iteratively and in-the-moment within the
context; treating participants as co-constructors of
knowledge; tackling everyday dilemmas in classrooms,
schools, or systems; recognizing the constraints of theory
as it applies to actual participants; and sharpening the-
ory within an educational context. Of course, all scien-
tific research must provide evidence to support its
theoretical claims; with design studies, this evidence typ-
ically emerges from highly complex and dynamic situa-
tions such as classrooms, or what has been called the
“crucible of practice” (Shavelson et al., 2003).

Given my desire to study learning and identity devel-
opment up close and in-depth, a design study, or design
experiment, provided the best opportunity to investigate
while generating some emergent theories. I situated my
study within a high school algebra class in a large, urban,
public, all-girls school. After conducting initial classroom
observations and in-depth interviews, I selected a
“repeaters” course where both the teacher and students
were interested in supporting the research. The stu-
dents—all girls of color—were programmed for this
class because they had not passed Algebra I somewhere
between one and four times, including summer school.



The class had twenty students enrolled, so I narrowed
my gaze in order to focus more deeply on six students
who consistently attended class, agreed to be partici-
pants, and were representative of the class as a whole. I
selected, designed, and modified a sequence of model-
eliciting and model-interpreting activities that were de-
signed to support the development of the concept of
function while also deepening the participants’ mathe-
matical identities. That is, I hoped to engender not only
a deeper conceptual understanding of function, a central
object of algebra, but also to provide opportunities for
the participants to re-engage and re-identify positively
with mathematics. Over the semester, I collected and an-
alyzed sets of rich data: video recordings of all class ses-
sions, including small group work, formal interviews
and informal interactions with the students, and all stu-
dent work related to the modeling process.

Whose worlds are being mathematized?
Research consistently describes the ways that students do
not see themselves or the “real world” within many
school mathematics contexts. Boaler (2008) claims that to
do well in mathematics class, children must suspend re-
ality and accept nonsensical problems where, for exam-
ple, trains travel towards each other on the same tracks,
and people paint houses at identical speeds all day long.
Further, she has argued that students come to understand
that “if they think about the problems and use what they
understand from life, then they will fail” (p. 51).

Modeling attends to notions of the “real world,” re-
quiring learners to situate mathematical ideas within a
realistic or believable world, but the question remains:
whose worlds are being mathematized? Often, teachers
select contexts that we hope our students will relate to.
Yet, the same cultural mismatch that students tend to ex-
perience with traditional word problems is not necessar-
ily resolved when modeling. There are a few attempts
within the modeling literature to attend to the cultural
lives of students when designing and enacting tasks
(Cirillo et al., 2016). But research on modeling, as a
whole, doesn’t concern itself with aspects of students’
culture. For this reason, the modeling tasks used in this
study were deliberately re-situated in imaginable cultur-
ally relevant contexts. This meant studying the partici-
pants as girls of color within the classroom, as well as
other social spaces within the school setting. In listening,
observing, and developing relationships with the partic-
ipants, I came to understand their interests, passions,
beliefs, and lived experiences, which became fodder for
contexts to be modeled.

That the participants saw themselves in the mathe-

matics was critical. But it was equally vital that they
were treated as both story-makers and storytellers, giv-
ing them ongoing opportunities to envision, participate
in, and shape the narratives. It was important that the
students came to associate storytelling as mathematical
in nature—not a diversion (e.g., “off-task” behavior) nor
a gimmick (e.g., getting them to do some mathematics),
but the vital sense-making work that modeling de-
manded. As I will demonstrate, this crafting of narra-
tives—personal, cultural, individual, and shared —created
conditions under which mathematical identities grew
more agentic and more aligned with other salient identi-
ties.

With these two ideas in mind —seeing oneself within
the contexts and seeing oneself as a storyteller of math-
ematics—I began to envision modeling as a form of cul-
turally relevant pedagogy (Ladson-Billings, 1995; Gay,
2000). Specifically, I was drawn to story-making and sto-
rytelling as a culturally relevant teaching practice. Dyson
and Genishi (1994) describe humans’ “basic need for
story,” which they define as a process of “organizing our
experiences into tales of important happenings” (p. 2).
This idea can also be found in mathematics education
research, particularly among those interested in human-
izing aspects of mathematics. Su (2020), for example, ex-
plains how story functions for math learners,
particularly those on the margins:

Learn a bunch of separate mathematical facts, and
it is just a heap of stones. To build a house, you
have to know how the stones fit together. That’s
why memorizing times tables is boring: because
they are a heap of stones. But looking for patterns
in those tables and understanding why they hap-
pen—that’s building a house. And house builders
perform better in mathematics; data show that the
lowest-achieving students in math are those who
use memorization techniques, and the highest-
achieving students are those who see math as a set
of connected big ideas. (p. 38)

Here, he posits that story can serve as a unifying
force—the metaphorical “glue” —to hold together and
make sense of otherwise abstract, disconnected, or dis-
parate ideas. As such, the idea of mathematics-as-story
could be especially powerful for those students in lower-
tracked mathematics who were subject to a curriculum
of disconnected and unrelated skills and facts and not
as a “set of connected big ideas.”

In the sections that follow, I will illustrate how I en-
acted modeling experiences to invite participants to be
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both story-makers and storytellers, giving them contin-
ued opportunities to envision, imagine, and participate
in the narratives while developing important ideas
within algebra such as function.

Narratives as a form of identity

Drawing upon socio-cultural views of identity —partic-
ularly those that recognize the complexity and intersec-
tionality of identities (Martin, 2000; Nasir & Saxe, 2003)
—I will demonstrate how the girls” existing identities
were shaped and developed within the context of our
modeling investigations. First, I will situate our model-
ing work in the students” own descriptions of their ex-
periences both in school and in math class specifically.
Drawing upon data from pre-and post-interviews, I will
provide a glimpse into the complex identities that ex-
isted for the students.

Mathematical identity and its relationship
to story

As I designed the mathematics of the study, I was mind-
ful of the themes that emerged from my initial interview
data. For example, eleventh grader Natasha described
her favorite classes and why mathematics had never
been among them:

Natasha:
English, you don’t really have a right or wrong an-
swer in that class. It’s just like...you do your own,
like, thoughts—you write down your own thoughts,
you read. It's just like... it's not like how math is, like
there’s one answer and one answer only. In English,
there’s not really an answer.

The reductive right-wrong binary that Natasha expe-
rienced in math class was repeatedly described by the
participants, where there was little room for “your own
thoughts” outside of an “answer.” Later, she expanded
upon this distinction:

Natasha:

Because in English, you can sort of like...project your
opinion, like it’'s not just—you could show more of
yourself. Like math class is not like—it’s not really
like—you’re not showing much. It’s just about num-
bers and stuff. It’s not like about feelings. It's not
about like conflicts. It’s not about nothing. Like Eng-
lish is about all that.

Here, Natasha located both her feelings and opinions
as outside of and separate from math class. She did not
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claim they were incompatible, but that for her, they were
not experienced within mathematics. The idea that math
class was a place where “you’re not showing much”
spoke directly to her sense of mathematical identity.
Natasha explained why, within her English class, she
was positioned to reveal more of who she is and why
math class had not afforded her this same opportunity.
Mathematics class, in her view, was not a place to “do

i

your own thoughts,” “project your opinion,” or “show
more of yourself.” These aspects were salient to her own
sense of self. In her fullest critique of math class, she
claims that “it’s not about nothing.” That is, mathematics
is about nothing that is relevant, important, or meaning-
ful to her.

Tenth grader Danya expressed a different form of
disconnectedness from mathematics, noting that she
rarely felt successful as a math learner. She described
how she currently experienced mathematics teaching
and learning:

Danya:
The way they do it here, it’s all math steps, so like
that’s what makes it more confusing. It was like we
did a whole bunch of steps, and it confuses us.

Her conception of mathematics as “all math steps”
was indicative of the emphasis within testing environ-
ments on procedures (usually at the expense of reason-
ing, justifying, or developing conceptual ideas) and
described by each of the participants in the study. It was
consistent with Williams and Miner’s (2012) notion that
“standardized tests also come packaged with demands
for more standardized curriculum. These calls are part
of a broader effort to promote a narrow version of what
children should learn” (p. 10). The narrowing of mathe-
matics that Danya alluded to is in direct contrast to the
expansive work of modeling. As Gann et al. (2016) ex-
plain, “When students are engaged in modeling, they
are not using an algorithm or following a prescribed set
of steps” (p. 102).

In describing her teachers, Danya reinforced the fact
that identities are intersectional and constructed socially.
She explained how the intersection of race, ethnicity, and
gender shaped who she is and how she learns. Most of
her teachers, particularly her elementary teachers, were
“just so confusing.” One middle school teacher, how-
ever, was noticeably different:

Danya:
Then in seventh grade, that’s when it was just like,
“This is easy.” Like, “I know this.” I don’t know. I felt



like there was a connecting or something, the way
they taught it. Because, like, I'm not trying to be
racist, but my teachers have been like American or
something, and my seventh-grade teacher, she’s ac-
tually from Jamaica. So I'm also from the Caribbean,
so I don’t know if there was like some type of rela-
tionship...I just understood the way she taught it.

Learning from an Afro-Caribbean woman helped
Danya to make sense, to see math as “easy,” and to feel
as if “I know this.” Instead of “steps,” she spoke of un-
derstanding, a noticeable shift. She suggested that what
made this learning possible was “some type of relation-
ship” —that this personal connection was critical to her
understanding of mathematics. The importance of an
emotional bond between teachers and their students—
to motivate, to engage, to generate learning—is well-es-
tablished (Waller, 1932; Lee et al., 1997). In this case, the
bond between Danya and her teacher was grounded in
their shared racialized and gendered identities—a vital
connection between them, even if it was never articu-
lated outright.

For Danya, this relationship with her mathematics
teacher also re-oriented her towards mathematics and
led her to consider her mathematical identity related to,
not separate from, other intersecting identities. Research
confirms that racial identities develop early (Tatum,
1997), yet Danya’s middle school experiences also bolster
what Noguera (2003) has noted: “Adolescence is a period
when young people begin to solidify their understand-
ing of their racial identities” (p. 20). Understanding how
Danya came to see herself as an Afro-Caribbean girl has
a significant bearing on the development of her mathe-
matical identity, as these are dynamic and intersectional.
Given the associations of mathematics (and for that mat-
ter, all things considered as “the norm”) with whiteness,
maleness, and middle-class status (Rubel, 2019), it was
vital that Danya saw herself, and others like her, within
the community and practice of mathematics.

Because of these early analyses, it was critical that the
modeling investigations evolved from imaginable, cul-
turally relevant stories so that each of the girls felt some
personal connection and interest. Typically, this hap-
pened either by introducing an artifact (e.g., an object,
an image, a video) or by orchestrating some common ref-
erent (e.g., a shared experience). It was necessary, but
not always sufficient, simply to situate mathematics in
contexts that might resonate culturally with the students.
After all, there is a well-established tradition of “dressing
up” mathematics in contexts to engage or inspire learn-

ers, often with limited success. What was equally impor-
tant was to elevate the students as story-makers and sto-
rytellers as well —that is, to give them a specific role in
creating the mathematics through story.

Of course, storytelling can be a remarkably intimate
act, full of the possibility of connecting with others. The
desire to connect with others in school and beyond has
been found to be particularly important for adolescent
girls (Belenky et al., 1986; Gilligan, 1990). These salient
aspects of stories are bolstered by Gay (2000):

Stories are means for individuals to project and
present themselves, declare what is important and
valuable, give structure to perceptions, make gen-
eral facts more meaningful to specific personal
lives, connect the self with others, proclaim the self
as a cultural being, develop a healthy sense of self,
forge new meaning and relationships, or build
community. (p. 3)

The use of storytelling in this study was situated
within a gendered and racialized context, consistent
with what Joseph et al. (2019) described as “transforma-
tive pedagogical models” for Black girls within the high
school classroom. They proposed that when students
were encouraged to “personalize mathematics with ex-
amples from their own communities and histories” (p.
138) and given meaningful ways to co-create knowledge,
they were more likely to be repositioned within the
mathematics classroom. Aguirre et al. (2013) extended
this idea, situating it within mathematics:

Mathematical identities can be expressed in story
form. These stories reflect not only what we say
and believe about ourselves as mathematical learn-
ers but also how others see us in relation to math-
ematics. (p. 14)

Therefore, the relationship between storytelling and
identity-building was critical to the study: we construct
and tell stories about ourselves to reveal to others who
we are and to become members of communities who
share salient aspects of our identities. Within the math-
ematical context of this study, story and story-building
were vital in several ways: allowing students to locate
themselves within the contexts of the mathematics; illu-
minating mathematical identities and connecting to
other intersecting identities; and offering new, meaning-
ful roles to students in math class who experienced bar-
riers to learning or participation.
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Using artifacts as stories: Determining
what is real

In the first modeling task, the girls were invited to study
and mathematize a high school graduation program
shown in Figure 1. First, I invited them to share their
own stories of graduation. A wide-reaching conversa-
tion ensued, as nearly every student sharing a detailed
story relating to a graduation ceremony they experi-
enced. They described “gap and gown,” “diplomas,”
and the ritual of family and friend photos. The stories
transitioned across time and space, from fifth-grade
graduations to imagined college graduations. For some,
like Keisha, the ceremony was a significant feature: “In
the graduation, my parents are going to cry. They take
photos and more photos. My mother cries through
everything.” For others, like Jaila, it was the meaning of
the graduation that mattered. “The only thing I care
about,” she explained, “is getting my diploma. I don’t
care about the graduation. I just need to know I'm not
in high school anymore.” When storytelling is connected

Figure 1
High School Graduation Program

to larger pedagogical goals, this small example of per-
sonalizing the mathematics shows how it is both appro-
priate and useful within the context of teaching and
learning.

Once the idea of graduation was connected to per-
sonal experiences, I introduced the artifact. Tenth grader
Danya noted publicly, “Ihave a lot of questions. Now let
me see if I can find someone with my name.” This in-
spired her classmates to look for their own names as well:

Keisha:
Oh my gosh, there was a Keisha there. Natasha, I
found you.

Jaila:
There’s no Jaila.

Danya:
There’s no Khadjijah.

Keisha:
There’s a Kristin. Do you want a Kristin?

Ty U

A
yry Bak

San Lorenzo Valley High School
Class of 2011
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The episode illustrates three important ideas. First, the
students were individually and collectively looking for
themselves, illustrative of the need to verify the artifact’s
authenticity or believability. Alternatively, the search for
one’s name might have been symbolic of students” desire
to be “seen” within the mathematics classroom. That is,
finding one’s name —particularly if it was unique or cul-
turally specific—validated that this was not the teacher’s
mathematics but, in fact, a part of students” own mathe-
matics. Second, the girls were beginning to make their
“noticings” public and shared. Noticing, as a valued
mathematical behavior, was a new idea and allowed
them to move beyond the “right-wrong” paradigm of
mathematics. There was no risk of being “wrong” be-
cause “wrong” did not exist within this context. As such,
noticing provided all participants a way into the conver-
sation, regardless of their perceived status. Third, this
phase of modeling, problem posing, led to the codifying of
the students” questions. Those questions, in turn, would
later structure how they mathematized the situation. But,
the questions needed to be grounded in the context, and
therefore the students needed to examine and make
sense of the program as they were doing here.

Debra changed the direction of the conversation en-
tirely when she declared, “These names don’t seem real.”
Encouraged to explain, she said, “These names are for-
eign.” She began to read aloud a few names to justify her
belief: Ringelman, Rinker, Peabody. The students burst into
laughter at the absurdity of these names. I paused to ac-
knowledge that “these names don’t feel like real people
to you,” and many agreed. In fact, this moment illustrated
the importance of culturally relevant artifacts as spring-
boards for learning. Debra, who identifies as African
American, was asserting that these White-sounding
names fell outside of her experience and world. Her use
of the word “foreign” reinforced the strangeness of these
names for her. She named the cultural mismatch between
this artifact and her lived experiences. Our conversation
about the believability of the program, and the students’
skepticism about it, shifted into something broader:

Danya:
What is this supposed to show us?

Jaila:
Well, what relation does this have with math?

I reminded everyone of the graduation stories we had
just shared and encouraged them to think of this gradu-
ation, strange names and all, as one we could imagine
together. My efforts were grounded in ideas about story:

We began with real stories from the students’ lives, tran-
sitioned into a context not believable/imaginable to the stu-
dents. To reconcile this mismatch, we were now in a new
space of stories that could be imagined. As a white
teacher-researcher, I knew that my chosen artifact had
failed to connect with the students’ lives and, in fact, had
the potential to further alienate them from the mathe-
matics. Yet, their critique of the “realness” of the artifact
was consistent with initial interview data, in which the
girls articulated a desire to be seen within mathematics
and to create mathematics related to their own lives.

Beyond the artifact: The telling and re-telling of
high school graduation

Once in small groups, the students investigated a ques-
tion they had generated together in the problem-posing
phase of modeling. For many, this meant beginning to
model the situation of the graduation ceremony and,
later, to build a function of it. Keisha, Jaila, and Danya
wondered when the graduation program began. They
used mathematical details in the program to develop a
generalizable rate of five seconds per name. When Jaila
doubted this rate, her partners re-told the name-calling
portion of the graduation, using what Keisha and Danya
called its “regular beat” and “correct” tempo to attempt
to convince her that this mathematical claim was reason-
able. Not yet convinced, Jaila asked them to “do it one
more time,” this time noting that “you sound like the
people,” presumably the teachers or administrators call-
ing graduates to the stage. This exchange, where mathe-
matics was performed, not written, was one of many
throughout the study and was consistent with Ham-
mond’s (2015) theories about culturally relevant teaching
within African American traditions. “By telling stories
and coding knowledge into songs, chants, proverbs, and
poetry,” she wrote, “groups with a strong oral tradition
record and sustain their cultures and cultural identities
by word of mouth” (p. 15). That Danya, who identified
as Afro-Caribbean, and Keisha, who identified as African
American, engaged in modeling as a form of perform-
ance or re-enactment, supported them to be active, cre-
ative, confident participants within their math class.

Later, the students revised their rate to five names per
minute or twelve seconds per name. Wanting to know
how this revision occurred, I probed further:

Miss Imm:
Does that seem right?

Danya:
Yeah.
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Keisha:
Yep.

Miss Imm:
Do you think you could convince the group that it’s
twelve seconds per name?

To do so, Keisha embellished the story of the gradu-
ation:

Keisha:
She’s in heels. That’s right "cause when you're in
heels...And then most auditoriums are slanted. So,
you have your heels, and it’s kind of....[gesturing a
slight slope with her hands]

Keisha also wondered whether they call your “full
name.” When Danya confirmed that they do, they
searched for long names in the program (e.g., Netty Pearl
Mitchell Johnson) to illustrate that these students, cou-
pled with walking in heels on a slanted surface, might
really take twelve seconds to cross the stage.

Taken together, these interactions demonstrate how
story building and storytelling provide opportunities for
students to make sense of mathematics from their lived
knowledge. The “graduation” task was chosen to launch
the study to uncover participants” prior knowledge and
to connect that knowledge with new algebraic concepts.
But more importantly, it gave the students a vivid expe-
rience of mathematics that was different than any they
experienced before. The iterative “dance” of modeling
between the context and the mathematics through
story —the way they envisioned, reenacted, critiqued,
embellished, and invented —allowed each of them to co-
construct this mathematics with meaning. Because the
central activity was modeling—where the context cannot
be trivialized or separated from the mathematics—this
narrative illustrates a critical feature of what it means to
do mathematics. As illustrated previously, each time the
girls returned to the story of the graduation, they used
both the narrative and mathematical details to test, ex-
press or revise their model. As one example, Keisha adds
her own details to the story that are not expressed in the
artifact (e.g., heels, slanted auditorium) to justify the rate.
This need for congruence between mathematical and
lived worlds is at the heart of modeling.

Modeling as a collaborative process, not a
singular product

A few days later, one student per group was chosen to
defend their models to the class to discuss and verify
them together. Each group made a poster of their think-
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ing, displayed prominently as they presented. With her
partner absent, Khadijah was asked to represent her

group.

Khadijah:
So, I'm by myself?

Miss Imm:
Do you feel like you could represent your thinking?
What's on the poster?

Khadijah:
I'm pretty sure I could do it... I'm pretty sure...

Then, tapping on the various ratio tables on her
poster, she notes, “I've probably forgotten one thing, but
I think I've got the process, so I should be fine.” That the
model on her poster is a result of a process is further ev-
idence that modeling supported students like Khadijah
to deepen her ideas about rate. When she first began
modeling, she, like her peers, over-relied on social knowl-
edge—shared or collective ideas developed in relation-
ship to others—satisfied by anything that “felt” or
“seemed” reasonable and not interested in justifying her
instincts with mathematics. Here, however, social knowl-
edge played a different role in her sense-making; she
used it to bolster, not replace, mathematical claims. She
trusted the unit rate that she and Natasha constructed
could explain how it was equivalent to other rates in the
graduation program and began to connect rate to the
idea of function by identifying the two variables (names
called and minutes) and explaining their linearity on a
graph.

Modeling across these episodes provided Khadijah a
chance to build on her emergent ideas about rate in three
significant ways. First, that the mathematics of the con-
text made sense to her allowed her to continually check
her understanding against the “common sense” of the
story. Each time she expressed hesitancy about the math-
ematics, she returned to the context to justify her ideas.
Second, because she was not problem solving independ-
ently but modeling in a partnership, her thinking about
rate was co-constructed. Third, because modeling was
iterative and included a public defense, Khadijah’s ideas
(and confidence about those ideas) deepened over the
study. She had multiple opportunities over several weeks
to construct (and reconstruct) ideas about rate, ratio,
equivalence, and function. She came to appreciate that
our goals had shifted: from getting the right answer (e.g.,
product) to modeling as a generalizable process, as illus-
trated by her statement, “I think I've got the process, so
I'should be fine.”



Several weeks later, in a new modeling task, Khadijah
was again asked to present to the class on behalf of her
partner. She noted that many students were absent:

Khadijah:
I think we should wait "til everyone else comes
because everyone else has to be here, too, as a class,
to know.

Miss Murray:
We can wait if you want.

Khadijah:
Because we have to have the whole class here, too,
so they would understand it.

The episode illustrates an important turn—that par-
ticipants were now producing mathematics for each
other and for the class. As such, it was important that
“everyone else” —the “whole class” —was present. The
subtlety of their language is critical in demonstrating
how much their view shifted. Though their teacher re-
ferred to the phase of modeling as “present your infor-
mation” —potentially a one-way transmission, not a
discussion—Khadijah understood that the class must be
present “so they would understand it.” In framing the
presentation as a chance for her peers to discuss and
make sense of their thinking, she went beyond a one-
way presentation to her peers. She knew that she had to
convince the class of the viability of their model and be
willing to defend it when her peers scrutinized it. This
is consistent with Anderson (2007), who noted the im-
portance of the collective: “Learning mathematics in-
volves the development of each student’s identity as a
member of the mathematics classroom community”
(p. 7). Collaborative activity, such as modeling, has par-
ticular value among adolescent girls who tend to enjoy
and become skilled at working together, learning to trust
one other, and ultimately elevating each other’s voices
within the classroom space (Kuriloff et al., 2017). Studies
confirm that modeling is best enacted as a group activity
(TIkeda et al., 2007) where discussions elevate the collec-
tive understanding.

This exchange also suggests that modeling helped to
reposition the girls relative to mathematical knowledge.
Specifically, it suggests the ways that modeling can sup-
port students to be creators and not simply receivers or re-
producers of mathematical ideas. Boaler (2002) found that
students, particularly in traditional classrooms, were
often given a limited way of participating within math
class— what Belenky et al. referred to as “received
knowing” (1986, p. 4). This was the result of having

mathematical ideas presented to them by teachers, or
textbooks, as the girls described throughout the study.
When they were modeling, as I have shown, the girls
were neither receiving nor reproducing mathematical
knowledge; they were creating it themselves. This sup-
ported them to interpret ideas, make choices together,
exercise their own thoughts, and exhibit agency, all of
which contributed to more integrated and positive math-
ematical identities.

The importance of explanatory narratives:
Cell phone task

Later in the study, the students were given a set of cell
phone images shown in Figure 2 (next page) and invited
to notice, name, and wonder. The task emerged from my
observations of their early-afternoon scurry to find
empty classroom outlets to charge their phones before
dismissal. The task was designed to a) provide deeper
opportunities to model and make sense of function, b)
build upon a well-known cultural object (e.g., iPhone),
and c) allow the students to generate interpretative sto-
ries as part of the modeling process.

When we first introduced the cell phone images, we
were careful to say little about the owner of the phone.
Yet, almost instantly, the students had gendered the cell
phone owner as male, based largely on his perceived im-
portance:

Natasha:
Does he have a job, like a serious job? That’s
probably why he has so many emails.

Miss Murray:
Most definitely has a serious job.

Sam:
Is he like a businessman or like a lawyer or like —

Miss Imm:
More serious than that.

Khadijah:
A CEO or something?

Jaila:
He works for the government?

Danya:
The President?

Only a busy or important person (e.g., man), they rea-
soned, would have 31,000 emails. This association of im-
portant people with maleness provided a window into
how gender had shaped their own identities as girls of
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color. Within the context of mathematics education, this
is consistent with other analyses such as Mednick’s
(2005) study of how the construct of being “good at
math” was shaped by gender and, as a result, taken up
less frequently by girls. Further, Rodd & Bartholomew
(2006) noted how participation within college mathemat-

Figure 1
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ics was complex for young women, who experienced
both invisibility and “specialness” related to their par-
ticipation.

After realizing no more “character details” would be
provided, the students moved towards understanding
the users’ behavior and usage patterns. They became
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focused on determining why the battery was declining un-
evenly over two intervals, which later drove their mathe-
matical modeling. Natasha first described the difference:

Natasha:
I was saying—because from 4:52 to 5:06 is only 14
minutes, and his phone went down 4 percent. So I say
he was on his phone, ‘cause from 5:51 to 7:13 his
phone only went down 5 percent, and that’s a longer,
like, time distance there. You know what I'm trying
to say? Yeah.

Knowing that the rate of battery decline was not
steady across the intervals (i.e., a nonlinear function), the
students began to develop explanatory narratives about
why this difference existed:

Keisha:
It's probably...you know whatI feel like? And I think
people who have iPhones would agree —it was prob-
ably unlocked, and the screen was on, but he just
wasn’t doing anything to actually kill the battery as
quick as he did the first.

Jaila:
Mm-hmmm, ’cause grownups, I see them on the
train. They don’t lock their screen! I'm just sitting
there like... “Can you lock your phone?” [throws
hands up, eyes widen]

Keisha:
[laughing] Yeah, like they’ll sit there and with their
phone unlocked, like, brightness up and everything.

The exchange was important for several reasons. First,
when Keisha first proposed an explanatory narrative, she
treated her peers as fellow iPhone owners, noting that
her expertise was shared since “we all have iPhones...we
know them.” Second, Jaila bolstered Keisha’s argument
with observations from her daily commute—a lived ex-
perience that gave her credible knowledge about how
adults behave on their phones. Her exasperation at
adults’ refusal to lock their phones generated laughter
among the group. Unlike kids, Jaila claimed, these
“grownups” simply did not understand how to use their
phones. She demonstrated how her knowledge of iPhones
was deeper than that of the adults around her. Third,
there was no teacher facilitating or structuring this dia-
logue, and no need for an adult to interrupt or guide this
conversation. The artifact of the cell phone images alone
served as a springboard for authentic, imaginative sto-
rytelling. Because of my insistence that modeling was a

collaborative endeavor and that we make mathematics
for each other (not the teacher), stories such as these
were co-constructed —it was the students’ narrative to
craft and later justify.

To a skeptic, episodes like these might suggest stu-
dents were “off task” —further from the mathematical
goals of the algebra course, but this is where modeling
is uniquely positioned to be cast as story-building and
storytelling mathematics. There can be no mathematics
in modeling without an imaginable, full-of-common-
sense context in which to situate the ideas. Unless stu-
dents can really immerse themselves in a situation—to
personalize it and play an active role in the construction
of meaning —then these contexts are just as flimsy (and
useless) as the ones they had experienced before.

Discussion and implications

Stories reflect not only what we believe about ourselves
as math learners but also how others may see us in rela-
tion to mathematics. Many influences—teachers, fami-
lies, peers, schooling, and testing—play a role in the
shaping of these identities over time. Mathematics iden-
tities are always co-constructed with racial, gender, and
class identities. In this paper, I situated the analyses in
Natasha’s and Danya’s experiences of math class—con-
sistent with many pieces of data that suggested that the
participants were both disengaged and dis-identified
with school mathematics. I posited that modeling could
provide an alternative under two important conditions:
that each modeling cycle would center around a cultur-
ally relevant artifact or shared embodied experience and
that students took up these artifacts and experiences as
opportunities to create and tell stories. This linking of
story-making with mathematics was consistent with the
literature and particularly relevant for students who
have never experienced mathematics as related, per-
sonal, or sensible. According to Su (2020):

A story creates a narrative from disparate events
and connects listeners to itself and to one another.
It is not different with mathematics. Connecting
ideas is essential for building meaning in mathe-
matics, and those who do it become natural story
builders and storytellers. (p. 39)

As the analyses here show, re-framing modeling as
mathematical story-making and storytelling positioned
the students to take up new roles, and by extension, to
deepen their mathematical identities.
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Modeling, no matter how broadly conceived, is not a
panacea and promises neither a more inclusive experi-
ence nor better outcomes for students. It cannot disrupt
the large inequitable systems (e.g., tracking, high-stakes
testing, systemic racism) that shape students’ access to
high-quality mathematics. Yet, when modeling is recon-
ceived as being designed for and with students, who will
become the story builders and tellers of mathematics, it
has the potential to disrupt existing inequitable patterns
within classrooms. As such, this study suggests that a
vital (but under-theorized) relationship between math-
ematical modeling, culturally relevant pedagogy, and
identity development exists and is worthy of continued
study.
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