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Abstract: This paper reports on how 10 middle and high school preservice teachers (PSTs) designed
a social justice focused lesson using the culturally responsive mathematics teaching (CRMT) tool.
Results from our analysis indicate that most of the PSTs were able to select appropriate social justice
topics, though not all the PSTs integrated mathematics and social justice throughout their lessons.
The results show that most of the PSTs need more experience with mathematization, handling
controversial discussions, and developing transformative student action. Our work also led to
a modification of the tool (CRMT-M). We discuss the implications of the study for mathematics
teacher preparation.
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1. Introduction

The difference between the knowledge and experiences valued outside school ver-
sus those that are privileged in school are a commonly cited cause for the underperfor-
mance of culturally and linguistically diverse students (CLD), who are a majority in urban
schools [1-6]. U.S. schools typically restrict access to CLD students by privileging Euro-
centric instructional practices, curricula, and learning contexts [7,8]. Scholars argue that
teachers must understand, and build their instruction on, CLD students’ cultural character-
istics, experiences, and perspectives [7,9,10]. By situating their learning within their lived
experiences, such culturally responsive pedagogy (CRP) leads to meaningful learning and
positive academic outcomes for CLD students [9].

A key element of CRP includes exploring sociopolitical issues that are relevant to stu-
dents’ realities [11,12]. In the last few decades, scholars concerned with critical mathematics
education have formally introduced the concept of teaching mathematics for social justice
(TMS]J) as a means for pushing their students to “read and write the world with mathemat-
ics”, a notion built on the work of Freire’s “reading and writing the world” through adult
literacy [11,13-17]. Freire’s goals were to enable pupils from oppressed groups to develop
a critical consciousness of the world around them through a praxis of action, reflection, and
agency [13]. While he was mainly concerned with the development of literacy, Freire’s ideas
translated into mathematics education as well. Critical mathematics education scholars
maintain that the development of critical consciousness, which is the ability to identify and
critique systems of inequality, and the commitment to take action against these systems
can and should be fostered in a mathematical setting [11,17]. In other words, mathematics
provides a method for identifying inequities and injustices in society that can be explored
and analyzed in a way that allows for solutions to be both considered and acted upon. As
such, it seems imperative that teachers foster critical mathematics consciousness; that is, the
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awareness of the ethical, sociopolitical and communicative implications of our own and oth-
ers’ mathematical work through intentional instructional design grounded in justice-related
contexts [18].

To address the needs of a diverse student body, teachers must have adequate content
knowledge, pedagogical content knowledge, and cultural knowledge of their students [19].
Teacher preparation programs concerned with CRP have focused on developing PSTs’
sociopolitical knowledge through diversity coursework, CLD student interviews, commu-
nity /family outreach, and enhanced programs that require field placement in CLD schools
and participation in continued professional development [20-23]. Aguirre and Zavala [1]
further recommend that CRMT requires that teachers attend specifically to its elements
in their lesson designs. Elements like the students’ culture and social justice can be easily
overlooked as they can be challenging to novice teachers [11,24].

Lesson planning is an important but under-discussed feature of preparing teachers.
As preservice mathematics teachers (PSTs) prepare to teach CLD students, it is important
that they adapt their lessons to both the cultural and mathematical characteristics of their
students [1]. Aguirre & Zavala [1] define culturally responsive mathematics teachers as
those who

“leverage mathematical learning by expanding children’s mathematical thinking,
building bridges between previous knowledge and new knowledge, supporting
bilingualism and academic language development, fostering connections with
cultural funds of knowledge and experiences, and cultivating critical mathemati-
cal knowledge that enables students to analyze and address authentic problems”
(p. 168).

Though PSTs can read about and understand ideas related to CRP, our interactions in-
dicate that they desire more support in planning culturally responsive mathematics lessons.
Specifically, they want to see how CLD students’ experiences can support mathematical
learning objectives in social justice contexts. The purpose of the current study is to examine
how PSTs use the CRMT tool to design social justice centered lessons. We draw on Aguirre
and Zavala’s [1] lesson analysis tool, to improve PSTs” CRMT by embedding systematic
analysis, critique, and pedagogical dialogue into their planning. The CRMT tool focuses
explicitly on mathematical thinking, language, culture, and social justice. As such, the
research question that guided this study is:

How do PSTs implement social justice contexts into their lesson design using the
CRMT tool?

2. Literature Review

The literature review that follows will describe research related to lesson design and
teaching mathematics for social justice. Specifically, it will call attention to the importance
of lesson design and analysis for developing CRMT lessons for CLD students. In addition,
scholarship regarding the implementation of TMS] will be discussed, with specific atten-
tion being paid to pedagogical difficulties for teachers and recommendations for teacher
preparation. Notably, there is a dearth of literature related to teachers’ experiences with
TMS] in secondary classrooms as well as PSTs” experiences with TMS] in general.

2.1. Lesson Design

Lesson plans are artifacts that mediate the activity of teaching [25]. Given the com-
plex nature of mathematics instruction, the expectation of CRP amplifies the importance
of lesson planning for mathematics teachers with backgrounds that differ from those
of their students [26]. Research in mathematics and STEM education have shown that
when teachers are systematic in their lesson planning and implementation, student learn-
ing improves [27,28]. In terms of engaging in lesson design, Rusznyak and Walton [29]
demonstrated the positive effects of engaging with a design tool that scaffolds aspects of
pedagogical content knowledge. Further, Ding and Carlson [30] show that teachers can
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improve their lesson planning skills through professional development that focuses on es-
sential elements of instruction such as worked examples, representations, and questioning.
Successful lesson design depends on a deep understanding of students’ personal and math-
ematical experiences and works best in collaboration with colleagues. It includes unpacking
learning objectives, situating lessons in students’ realities, anticipating student responses
and conceptions, sequencing discussions according to learning goals, and deciding what
counts as understanding prior to the lesson [27,28].

Research with CLD students shows that there are other aspects of the lesson that are
important. For example, CLD students who are emerging multilingual learners in the class
benefit from an explicit focus on discussions around language [31,32] and social issues
that relate to their lives [11,12]. Similarly, CRP promotes situated learning in meaningful
contexts [11,33,34]. Thus, in addition to the mathematical design elements, lesson design
must attend explicitly to elements like social justice and students’ culture, which can easily
be overlooked.

Aguirre and Zavala [1] found that teachers may not naturally include aspects of
culturally responsive teachers in their lesson design. Thus, they designed the CRMT tool
so that teachers can benefit from making culturally responsive elements explicit through
their use of a lesson analysis tool and guiding questions. In a three-year professional
development study with six K-8 teachers they found that the CRMT tool helped the
teachers to analyze and critique mathematics lessons along multiple dimensions. They also
found that the tool generated discussion about the teachers along the various dimensions
as they sought to improve their lesson design and implementation. Though scholars in
equitable teaching typically discourage the use of superficial check off lists [10], tools which
explicate CRMT elements while promoting pedagogical analysis, critique, and discourse [1]
may help novice mathematics teachers to attend to aspects of lesson design that they might
typically overlook.

2.2. Teacher Experiences with Teaching Mathematics for Social Justice (TMS])

Although TMS] is discussed in the critical mathematics education literature, much
of the research has focused on the benefits of TMS] for students and teachers’ difficul-
ties with the method in K-8 classrooms. Relatively little research has been conducted
regarding the use of TMS] in secondary mathematics classrooms, except for Gutstein’s [12],
Rubel et al.’s [35], and Gutiérrez’ [36] studies with high school students. In addition, few
empirical studies have examined teacher preparation regarding TMSJ, and more specifically
how teacher educators might support PSTs in their adoption of the method. In the remain-
der of this section, the literature related to teachers’ experiences with TMS]J is discussed,
followed by the authors’ recommendations for teacher preparation.

Studies concerned with teaching mathematics for social justice have demonstrated
that although TMS] seems beneficial for students’ learning and identity, teachers experience
both pedagogical and idealistic difficulties with this method. For instance, Miescu et al. [37]
conducted a study with 22 novice elementary teachers from a large public school district in
New England who graduated from a program that focused on social justice. The focus of
their study was to test whether TMS] could be analyzed quantitatively. Using the Teaching
for Social Justice Observation Scale (TSJOS) and the results of students” district-wide unit
tests, they found that there was a positive and statistically significant relationship between
practices related to teaching mathematics for social justice and students” mathematics
proficiency. Further, the teachers who used these practices more frequently had greater
student outcomes. However, they also found that while the majority of the observed novice
teachers attempted to teach social justice, several struggled with the implementation.

Difficulties with the implementation of TMS] for teachers have been noted to fall under
the categories of ideology or pedagogy. In a study by Aguirre et al. [19], 40 PSTs were
asked to analyze their own mathematics lessons utilizing the CRMT tool with categories
about children’s mathematical thinking, academic language supports, cultural funds of
knowledge, and critical math/social justice. They found mixed receptivity to integrating
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social justice into mathematics lessons that were based more so on pedagogy than ideology.
Specifically, they found that 15 of the 40 PSTs were ideologically receptive to teaching for
social justice, but pedagogically resistant. They noted that for the PSTs in the study social
justice was an important component in their lesson planning, but the PSTs shared concerns
related to pedagogy including not knowing how to develop authentic problems grounded
in a social justice context for specific mathematical topics or specific grade levels. Similarly,
Simic-Muller and Fernandes [38], report on a study exploring the beliefs that PSTs have
about teaching in real-world contexts, including those related to injustices, controversial
issues, and children’s home and cultural backgrounds. PSTs in the study were comfortable
with the idea of teaching mathematics through real-world contexts but were apprehensive
about bringing up controversial issues, especially with younger students. The PSTs were
also challenged to provide concrete or non-trivial examples of real-world contexts.

In addition to difficulties with implementation, Bartell [39] documented tensions
specifically related to balancing mathematics and social justice goals in lesson design. In an
analysis of teachers” work related to TMS]J, she found that their definitions of TMS]J differed
and that these definitions served to both guide and constrain teachers” development of their
TMS] practice. A notable difficulty was the negotiation of mathematical and social justice
goals in the lesson that often divided the lesson among these two foci. The mathematical
goals for the lesson were concentrated at the beginning, building on the mathematical
procedures learned in previous lessons, while the social justice goals were concentrated
at the end. This culminating social justice element typically included discussions related
to their interpretations of the calculations that they made throughout the lesson and the
implications related to these results. Bartell further suggested that because this was her
participants’ first experience with TMS], they focused more on the social justice goals when
designing the lesson, potentially explaining their lack of attention to the mathematical goals
and the integration of the two.

Previous studies provide several recommendations for helping teachers to learn to
implement TMS]J, which include research, professional development, and the use of explicit
tools for guidance. For instance, Bartell [39] suggests that more research is needed to
understand the type of support needed for teachers who intend to practice TMSJ. That is,
scholarship must address how to develop teachers’ conceptions of TMS]J as an ongoing
and complex process, beyond its introduction. She also suggests that to support teachers’
substantive definitions of TMS] they must engage with readings and sample lessons to
understand the fundamental components of lesson study and design. Aguirre et al. [19]
further recommend that teacher educators engage PSTs with the CRMT tool to guide their
analysis of CRMT lessons. A similar sentiment was described by Miescu et al. [37], who
found that TMS] strategies could be quantified using the Teaching for Social justice Obser-
vation Scale (TSJOS) and recommended its use in teacher preparation programs to support
PSTs development of the TMS] method. As such, the purpose of this study is to contribute
to the growing literature base around developing teachers’ TMS] practice. Specifically, we
aim to explore middle and high school mathematics PSTs” conceptions related to CRMT
lesson design with a specific focus on teaching mathematics for social justice.

3. Theoretical Framework

Aguirre and Zavala’s [1] framework for Culturally Responsive Mathematics Teach-
ing (CRMT) and their corresponding CRMT lesson analysis tool was used to guide this
study. We also draw on scholarship from Critical Mathematics Education and Teaching
Mathematics for Social Justice (TMS]J) to guide our analyses and CRMT tool adaptations.

3.1. CRMT

Aguirre and Zavala [1] argue that to define powerful mathematics teaching and to
enact it are separate processes. The latter process requires the intentional development
of culturally responsive mathematics teachers. They define CRMT as “a set of specific
pedagogical knowledge, dispositions, and practices that privilege mathematical think-
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ing, cultural and linguistic funds of knowledge, and issues of power and social justice
in mathematics education” [1] (p. 163). The CRMT framework is an outgrowth of the
CRP frameworks developed by Ladson-Billings [7] and Gay [9] to foster equity and ex-
cellence in historically marginalized youth, specifically targeted towards mathematics
learners. According to Gay [9], in addition to fostering academic achievement, culturally
responsive pedagogy develops “social consciousness and critique, cultural affirmation,
competence, and exchange” (p. 43). It emphasizes community-building, personal connec-
tions, self-efficacy, ability, and caring. Culturally responsive teachers view their students
as intellectually capable and believe that learning is composed of “intellectual, academic,
personally, social, ethical, and political dimensions”, which are developed simultaneously
and in relation to one another [9] (pp. 43-44). Notably, CRMT requires both pedagogical
content knowledge and CRP to simultaneously tap into students” mathematical, social,
cultural, and linguistic resources [1,40].

Aguirre and Zavala [1] maintain that to promote equitable and meaningful math-
ematics learning for all students, teachers must be able to attend not only to research
informed notions of students’ mathematical thinking but also their language, culture, and
power relations [2,41-43]. While such variables are typically introduced in general teacher
preparation courses on diversity, they have not been considered an essential component of
mathematics education until relatively recently [1]. Significantly, CRP was not developed
in the context of the mathematics classroom and thus may not explicitly attend to the
nuances of mathematics learning. However, pedagogical extensions of CRP have evolved
in the mathematics education sphere and serve as a foundation for CRMT; that is, teaching
mathematics for social justice [1,2,40,44].

3.2. Critical Mathematics/Teaching for Social Justice

Scholars who prescribe to a critical mathematics perspective view mathematics as a
tool for analyzing power structures and relations, as well as social, economic, and civic
issues at the local, national, and global levels [1,2,7,42,45-48]. In addition, they emphasize
the importance of agency in challenging the injustices that they explore. Importantly,
proponents of CM and TMS] maintain that teachers play an important role in guiding
students towards understanding, challenging, and dismantling the power relationships
and structures that produce inequitable outcomes [1,2]. As such, the CRMT framework is
guided by the core tenets of CM/TMS], which emphasize that mathematics teaching should:

1. build on the knowledge that students bring with them from outside of school, and
2. broaden their understanding of how mathematics can be used to interpret their world
and act to rectify social injustices.

Gutstein [2,12,49] further elaborates on the role of the teacher in classrooms centered
around TMS]. He developed activities based on themes generated by students and their
experiences. Notably, he leveraged class discussions to allow important issues and view-
points to surface. In one study, he then developed a housing activity based on his students’
concern for affordable housing and the impact that the broader policies were having on the
housing in the barrio where the students lived [49]. Thus, culturally responsive teachers
concerned with teaching mathematics for social justice must engage in discourse with their
students intended to elicit broader social issues that are relevant to their lives. Once impor-
tant issues are selected, the teacher systematically determines how the mathematics and
the issue connect and support their mathematical and critical development simultaneously.
In his work, Gutstein constantly emphasized both the mathematics and the social justice
goals in his role as the teacher.

3.3. The CRMT Tool

Aguirre and Zavala [1] operationalized their approach to lesson design by developing
the CRMT tool. The tool is composed of eight dimensions that exist within the four overar-
ching themes of CRMT (i.e., mathematical thinking, language, culture, and social justice).
Each dimension is accompanied by a guiding question as well as five potential ratings with
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corresponding descriptors [1]. The tool itself is a rubric based on the following seven dimen-
sions, each with five levels of attainment: (1) cognitive demand, (2) depth of knowledge
and student understanding, (3) mathematical discourse and communication, (4) power and
participation, (5) academic language support for ELLs, (6) cultural/community funds of
knowledge, and (7) social justice [1]. The purpose for creating the tool is three-fold: (1) to as-
sist teachers in their planning for culturally responsive teaching in mathematics classrooms,
(2) to provide a tool for the analysis of lesson plans and their implementation, and (3) to
make the elements of CRMT explicit for teachers [1]. They found that the CRMT tool fos-
tered critical reflection and intentional pedagogical dialogue, which guided the purposeful
modification of preservice teachers’ lesson plans to be more culturally responsive to their
students. In the current study, the CRMT tool was initially used as an analytical framework
for the PSTs lesson plans. However, over the course of the three semesters, we adapted the
tool to make the essential subcategories of each element more explicit for our PSTs.

4. Methods
4.1. Participants and Program

The study was conducted in a seminar course with fifteen middle and secondary math-
ematics PSTs who were part of a culturally responsive mathematics teaching scholarship
program. The PSTs applied and were selected for this scholarship program by a committee.
The program sought to recruit STEM majors to become mathematics teachers. In addition
to their regular teacher preparation activities (e.g., course work, clinicals), the PSTs were
required to complete additional work related to the focus of the program, which was devel-
oping culturally responsive teachers. They also spent time in local classrooms and attended
a monthly seminar where they reflected on their classroom experiences with CLD students,
completed readings, participated in online discussions related to the readings, engaged in
mathematics analysis of real world and social justice contexts (e.g., Gerrymandering, traffic
stops), and developed culturally responsive lesson plans.

This paper focuses on the last aspect of lesson planning and pays specific attention to
its social justice element. Our aim was for the PSTs to design a lesson that would address
both the mathematical and social justice goals. Importantly, we believe that these are
intertwined, and we did not want to privilege one over the other. Instead, we used the
CRMT tool to encourage the PSTs” planning for rigorous mathematics instruction and
learning that builds students’ critical consciousness of social injustices. Since the PSTs
design other lessons as part of their program that emphasize the mathematical goals,
and given the program’s focus on culturally responsive teaching, we chose to provide
a different experience, one that would support our PSTs in incorporating social justice
issues into rigorous mathematics lessons. We also thought about the goals with respect to
the students in the class. CRMT has found that students of color engage more in lessons
that intersect with their lived experiences and thus it was important for us to provide
these experiences. Note that the pandemic restricted all the face-to-face activities, so this
activity was conducted solely online. To compensate for their reduced workload due to the
pandemic, PSTs also read Kendi’s [50] How to be an Antiracist and Gutstein’s [11] Reading
and Writing the World with Mathematics and participated in online discussion boards and
Zoom discussions with their peers. The effects of these readings will be discussed in a
subsequent section.

4.1.1. Previous Semester Activities

The lesson planning activity spanned three semesters. Activities were developed to
accommodate our pedagogical goals related to developing the PSTs” understanding of
CRMT and lesson planning more generally. Given the scope of this paper, we will focus on
the third round of analysis, which occurred in spring of 2021 in the second semester. We
briefly summarize previous seminar activities and pedagogical goals in Table 1. We will
discuss the corresponding analyses in a later section.
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Table 1. Seminar activities.

Semester Activity Pedagogical Goals Analysis
1.  Adapta given lesson plan from state
lesson repository on linear functions
to be CR according to their
own understanding.
2. Read Aguirre et al.’s [1] article and
review the CRMT tool and its
eight dimensions.
3. Reflect on and peer review their ) )
linear function lesson. First round of analysis:
4. Seminars to elaborate on the Develop a baseline understanding develop a baseline.
Fall 2020 dimensions of the CRMT tool: of PSTs” understanding of CRMT
1 Math tical thinki and their lesson planning Second round of analysis:
2' L athematical thinking. capabilities to guide instruction. analyze PSTs” understanding
3' C?Eﬁ de' of the tool.
4. Social justice.
5. Adapt area lesson plan to be
culturally responsive according to the
CRMT tool.
Ongoing Readings: How to Be an Antiracist
by Kendi [50].
1. Choose a topic according to grade
level, etc.
2. Expl.ore CRMT Tool during online Third round of analysis:
seminars (using Jamboards, etc.). S developed 1
3. Explicit focus on 6a and 6b o * core developed lesson
(cultural/community funds of *  Gauge their ability to develop plans according to tool.
knowledge and social justice). a les'son. ® Develop‘hohst.lc ..
4. Find real world/social justice context ®  /void content/context summaries of individual
to build their topic around. restrictions found in second lesson plans.
5. Write lesson plan based on their topic round of analysis. * Focus on 1T1tegrat10n .0 f
. and context. e Help them focus on the social mathematics and social
Spring 2021 6.  Analyze their own lesson plan using justice element. justice context.
the original CRMT tool. e  Scaffolding: provide flexibility e  Adaptthe CRMT
7.  Present video launch. in topic/context. tool into two separate
8. Adapt lesson plan after multiple e Gauge how PSTs plan to tools (ple'mnmg and
rounds of feedback (two rounds from hook/engage students in the observation).
professors, two peer review topic/context. *  Usethe new CRMT-M
discussions on Canvas). lessonl p lanmrlg tool to
9. Turn in final lesson. Score lesson plans.
Ongoing Readings: Reading and Writing the
World with Mathematics by Gutstein [11].
e  Observe PSTs’ execution of
i‘ﬁ'ir d;“];rloped !e‘ssonlplans. Fourth round of analysis:
t Moot v v
1.  Student Interviews. obse%va tion tclfol observation tool to score
2. Co-teach mini lessons. e  Promote critical .reﬂection on mini-lessons.
Fall 2021 3.  Use CRMT-M observation tool to e  Continue to adapt

critique lesson implementations.

PSTs lesson plans and
implementation according to
the CRMT-M tool.

e See how PSTs integrate the
mathematics and social justice
elements of the lesson [Mal].

CRMT-M tools to
support PSTs’ use of
the tools.
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4.1.2. Spring 2021 Semester

Our experiences with CRMT lesson planning in the fall semester resulted in shifts in
the seminar design for the spring semester. Initially, we felt that by providing students
with a lesson plan to adapt they could focus on understanding the elements of the CRMT
tool. We observed, however, that the lessons constrained them in terms of the adaptations
they could make. For example, in a lesson centered on area, the PSTs discussed how
they would engage the students in a discussions about purchasing a home to embed the
mathematics content of algebraic expressions. We felt that there was a loose connection
between the context and the mathematics and that it felt forced. Note that the lesson
was taken from state resources that are available to teachers. Despite the constraints, we
believed that adapting the lesson was part of the scaffolding process that would help the
PSTs. Furthermore, because of their lack of attention to issues of social justice, community
funds of knowledge, and authentic integration of their students’ cultures, we chose to focus
explicitly on these areas. Seminar activities included searching for and sharing social justice
contexts that could be explored mathematically and engaging in regular discussions about
how to incorporate potentially sensitive topics into mathematics instruction.

Our next level of scaffolding included the PSTs developing a lesson that they would
eventually teach. From their experience adapting the lessons, the PSTs expressed an interest
in seeing what a mathematics lesson for social justice would look like. We decided that
reading Gutstein’s [11] Reading and Writing the World with Mathematics would provide
them with tangible examples of lessons that focus on teaching mathematics for social
justice. We felt that Gutstein’s reflections about his thought process and implementation
would give the PSTs a glimpse into the experience from a teacher’s point of view. In
addition to providing examples of lessons around social justice and mathematics, Gutstein
elaborates on his implementation of the lessons and the impact on the students, teachers,
parents, and administration. The PSTs read the chapters over the course of 15 weeks and
engaged in regular online discussions that drew their attention to important features of
teaching mathematics for social justice. Some of our discussions included the challenges of
implementing mathematics activities that drew heavily on social justice goals. However,
the PSTs also realized the potential of social justice contexts with their future students. We
intended this critical reading to prompt PSTs’ shift towards lesson designs that specifically
drew on students” experiences and addressed social justice.

4.2. Adaptation of the CRMT Tool

Our findings from the first two rounds of analysis prompted us to take a different
approach to analyzing the PSTs’ lesson adaptations. In using the CRMT tool as is, we felt
restricted in our ability to analyze the PSTs’ lesson plans. Thus, we modified the CRMT
tool to better support our analysis of the PSTs’ lesson plans (CRMT-M). Note that these
modifications were not included in the CRMT tool that PSTs used to develop their lesson
plans; however, these concepts were discussed on a regular basis during the seminars and
in regular, individual meetings with the PSTs. Due to the scope of this paper, we will not
discuss the modification process here. However, specific limitations and corresponding
modifications to the tool are outlined in Table 2 below. Furthermore, while our full study
included the adaptation of all seven elements of the CRMT tool, we will report only on the
analysis of the social justice element using our modified CRMT tool (CRMT-M).
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Table 2. Modifications to the CRMT tool (CRMT-M).
Limitations of the CRMT Tool Modifications (CRMT-M)
Too granular (five levels of attainment). Reduced levels of attainment to three.
Targeted toward a lesson observation as Developed two interconnected CRMT tools for
opposed to a lesson plan. lesson planning and lesson observation.

Adjusted the language to accommodate the
PSTs level of education and corresponding
access to educational literature.

Uses educational terminology that may not be
familiar to PSTs.

Identified essential components of each
element and developed explicit subcategories
drawn from the literature on critical pedagogy,
critical mathematics, and realistic mathematics
education (RME) [2,12-14,17,51].

Essential components of each element
are unclear.

Created a specific subcategory addressing the
integration of mathematics and social justice
goals in the social justice element.

Less emphasis on addressing the integration of
mathematical and social justice goals.

Explicit Subcategories in the Social Justice Element

We first broke each element of the CRMT rubric down into what we felt were its
essential components, henceforth referred to as subcategories. Each of these subcategories
in the social justice element were drawn from the literature on Critical Pedagogy, Critical
Mathematics, and Realistic Mathematics Education (RME) e.g., [2,12-14,17,51]. Integral
to this process was the analysis of PSTs’ lessons using a holistic approach, as opposed to
our previous, thematic coding process. We first developed summaries of the PSTs’ lesson
plans then analyzed the social justice element using those summaries, adapting the tool as
we encountered subcategories that were either not clear or not included in the tool (such
as the integration of social justice and mathematics, mathematizing, and controversial
topics). The subcategories can be seen horizontally across each element in the CRMT-M
tool. For instance, in the social justice element, we identified context, integration of social
justice and mathematics, mathematization, controversial topics, and transformative student
action as the key components, each with a guiding question at the header of the section
(see Tables A2 and A3 for details). The first two subcategories came directly from the
original tool, although we adapted the verbiage to highlight the importance of integrating
the mathematics and the social justice goals. We added the latter three subcategories to
encourage the PSTs to make such considerations since they did not seem to recognize their
importance in the lesson adaptations.

We noticed that the PSTs did not explicitly consider how they would encourage their
students to mathematize the situation at hand; that is, how attributes of real-world situa-
tions could be operationalized mathematically to question the source of the data involved
and to explore the meaning of their mathematical findings in relation to the context [50]. We
isolated the mathematization subcategory from the literature where students were able to
isolate and observe the inequities in the context by examining the appropriate measures.
For example, students in Rubel et al. [35] developed the measure of relative spending
on the lottery in a neighborhood compared to the median income in the neighborhood.
Based on comparisons between the lowest and highest median income areas, the students
determined that people in lower-income communities spent more in the hopes of win-
ning. However, they found that the net winnings in the lower income neighborhoods
were much less than the net spending. Thus, the mathematization through the appropri-
ate ratios afforded the students opportunities to observe the disproportionate burden on
lower-income communities.

In addition to isolating mathematization, we also focused on the influence of contro-
versial issues in the lesson. Controversial issues can bring up sensitive discussions with
regards to race, gender, and poverty, for example. As such, PSTs need to be able to handle
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possible tensions that could arise among students with different views. Simic-Muller and
Fernandes [38] point to K-8 PSTs’ preference for avoiding controversial issues in the class,
especially in the case of younger K-5 students. As such, we decided to have a separate
subcategory devoted to handling difficult conversations, including teachers’” anticipation
of student experiences related to the context, potential topics that could arise during the
lesson, and how they plan to facilitate discussions centered around such topics. Finally, we
chose to make attention to transformative student action (agency) more explicit in the tool.
According to Freire [13], reflection and action are a reflexive process in building critical
consciousness. As such, we sought to incorporate student agency as a subcategory that
PSTs should explicitly plan for in the lesson. The social justice element of the CRMT-M
lesson planning tool can be seen in Appendix B Table A2.

4.3. Data Collection Procedures

Our data corpus for the overarching study consisted of all the artifacts developed
by the PSTs over the three (fall 20, spring 21, fall 21) semesters, which included initial
lesson adaption (13), revised lessons (13), final lesson plans (11) (note that the other two
PSTs graduated and thus did not submit lesson plans in the fall 2020 semester), launch
videos, video recorded co-taught mini-lessons, student interviews, PST completed CRMT
tools, final semester reflections, Zoom recordings, seminar materials (Google Jamboards,
interactive PowerPoint presentations, Zoom chats), researcher field notes, meeting notes,
and tool design notes.

4.4. Analysis Methods

The PSTs’ lesson adaptations were analyzed to answer the research question. The
analysis was geared toward understanding the PSTs’ initial conceptions of CRMT, how
these evolved over the course of the three semesters, and what may have fostered or
inhibited their development.

4.4.1. Analysis 1 and 2

Given the large data corpus, we started our analysis with the PSTs” lesson plan
adaptations. All the lessons were coded using NVivo. The fall semester consisted of two
rounds of analysis, one to develop a baseline after their first adaptation and one following
their adaptation using the CRMT tool. For the sake of brevity, and because the results were
similar, we have only included the results of the second analysis, outlined in Appendix A.

4.4.2. Analysis 3

For our third analysis, we chose to focus on the social justice element of the adapted
CRMT-M lesson planning tool. Using a spreadsheet, we classified each lesson plan accord-
ing to the subcategories of each element. Each component included a description of our
holistic analysis of the lesson according to that component. Individual subcategories were
then color coded for each PST according to which level we felt the PST obtained. We coded
half the PSTs independently, discussed our coding throughout, and resolved our coding
to align. Note that we were working with the PSTs as we carried out the analysis, so one
or both researchers regularly interacted with the PSTs to clarify any part of the lesson that
may not have been clear. Further, we also provided detailed feedback that the PSTs could
use to improve their lesson throughout the semester. As part of the coding, we used color
in the cells to get a visual sense of the overall data. For a more detailed description of our
calculations and coding process, see Appendix C. Example results for one PST, Juliet, are
shown in Appendix C Figures Al and A2. A cumulative analysis of our findings across
PSTs will be discussed in the results section and can be viewed in Appendix C Figure A3.

5. Results

Recall that we set out to address the following research question: How do PSTs
implement social justice contexts into their lesson design using the modified CRMT tool?
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5.1. Cumulative Results of the Social Justice Element

Our third round of analysis, where PSTs created their own lesson plans, yielded
significantly different results from that of Analyses 1 and 2. Given that the PSTs were
explicitly instructed to create a lesson grounded in a social justice context, the social justice
element was the target of our analysis. Results of the social justice element for the ten
submitted lesson plans can be viewed in Appendix C Figure A3. A point we would like
to iterate about the results is that they are reflective of PSTs who are in the process of
developing their knowledge of the content and context and are constantly evolving. We
see lower scores and points of transition as the PSTs evolve into critical educators. The low
scores should not be interpreted as if the PSTs are lacking; instead, they should indicate
areas of teacher preparation that need improvement. They were thus integrated into
our modified CRMT tool, which we refer to as the CRMT-M tool. Notably, the CRMT-
M tool was not used by the PSTs in developing their lesson plans, as it had yet to be
created. However, the subcategories added were discussed regularly during seminars and
in individual meetings with the PSTs.

In our analysis, we examine the five subcategories in the social justice factor of the
CRMT-M tool; that is, meaningful social justice context, integration of social justice and
mathematics, mathematizing, handling controversial issues, and student agency. Overall,
of the 10 lesson plans we analyzed, one scored a level 3 (Juliet), six scored a level 2 (Martha,
Allison, Elizabeth, Jessie, Karen, and Otis), and three scored at a level 1 (Heidi, Joan, and
Rachel). In reporting these results, we look closely at the subcategories. Notably, the PSTs
difficulties were primarily concentrated in their attention to mathematizing, controversial
topics, and student agency (scaled mean score of 2, 1, and 1, respectively). Their scaled
mean scores for sustained meaningful social justice context and integration of social justice
and mathematics were both 2, indicating that they attempted to develop a lesson through
which their students could meaningfully explore a social injustice using mathematics but
that they may require further support in integrating the mathematics and social justice
context throughout the entirety of the lesson. Notably, a key characteristic of the social
justice element is that students will learn more about the issue as well as the mathematics.
One cannot be rigorously explored at the expense of the other. A summary of our findings
is provided in Table 3 and in Appendix C Figure A3.

Table 3. Analysis results.

PST/Lesson Information

Social Justice Subcategories and PST Levels of Attainment

Sustained Integration Handling §] Element
. . Mathem- . Student  Cumula-
Pseudonym SJ Context Math Topic ~ Meaningful of S] . Controver-sial )
atizing . Agency  tivelScaled
S] Context and Math Topics
PST Score
Student Ratios and
Juliet Representation Propor- 3 3 2 1 3 3
in Schools tions
Otis Minimum wage Linear 3 3 2 1 2 2
functions
Jessie Incarceration rates ~ Probability 3 3 1 2 1 2
Martha Gender wage gap Prop ort}onal 3 3 2 2 1 2
reasoning
Bias in media/ Measures
Karen Racial of center 3 2 1 1 1 2
represenat-ation and spread
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Table 3. Cont.

PST/Lesson Information

Social Justice Subcategories and PST Levels of Attainment

S] Element

Sustained Integration Mathenm- Handling Student  Cumula-
Pseudonym SJ Context Math Topic ~ Meaningful of SJ o Controver-sial .
atizing . Agency  tive/Scaled
SJ Context and Math Topics
PST Score
Allison Minimum wage Linear 3 2 2 1 1 2
functions
. Living wage/ Measures
Elizabeth CEO salaries of center 2 2 2 I I 2
L Measures
Heidi Gender wage gap of center 2 1 1 1 1 1
Joan Access to services Llngar 1 1 1 1 1 1
functions
Rachel No single context Expon.entlal 1 1 1 1 1 1
functions
Scaled Mean Score 2 2 2 1 1 2

5.2. Subcategory Results: Sustained Meaningful Social Justice Context & Integration of Social
Justice and Mathematics

5.2.1. Sustained Meaningful Social Justice Context

The result of our analysis of PSTs’ final lesson plans (spring 2021) indicates that the
PSTs in our study were proficient in selecting a meaningful social justice context. The scaled
mean score for the sustained meaningful social justice context component was a 2, which
we would consider a level 2 for attainment. Eight of the ten PSTs were able to draw on a
single meaningful social justice context that grounded the mathematics in the lesson. The
eight PSTs drew on contexts like the gender wage gap (2), minimum wage (2), comparison
between CEOs and workers in corporations, incarceration rates in a state, the pros and cons
of attending a small versus a large school (with respect to available resources), and critical
analysis of data presented on social media.

Four PSTs who scored a 1 or 2 on the subcategory of sustained social justice context
lacked grounding in the social justice context itself. The PSTs either did not use a context
concerned with social injustice or they went back and forth from the context to procedural
mathematics. For instance, Joan, one of the two PSTs who scored a 1, examined accessible
services in the community but spent a considerable amount of the lesson working out the
distance to the various movie theatres in proximity to the school and the time it would take
to get there, a context that we did not consider to be a social justice issue. She did, later
in the lesson, mention working out the proximity of the community to essential services
like hospitals; however, this was not explored further. In the other level 1 case, Rachel
mentioned using exponential functions to model COVID numbers, but the lesson focused
more on students coming up with the exponential function independent of the context. She
instead had her students brainstorm possible real-world examples that could be modeled
by exponential functions. Notably, Joan and Rachel did not sustain the context throughout
the mathematical elements of the lesson, switching to direct instruction to discuss the
mathematical content. Similarly, Heidi, who scored at a level 2, began her lesson by having
her students examine a visual graph representing the gender wage gap in the various
states, which she followed up by having students perform guided practice on measures of
spread. She then returned to the wage gap context to encourage students to discuss the
results of their mathematical calculations in relation to the wage gap—but proceeded to
tell the students what their inferences should be as opposed to encouraging them to make
and discuss their own inferences. Since she elaborated more on the mathematical aspects
of the lesson as compared to the social justice context, we interpreted this as a score of 2.
Notably, the disconnect between the social justice context and the mathematical topic was
also evident in our analysis of her integration of the social justice context and mathematics.
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5.2.2. Integration of Social Justice and Mathematics

In addition to sustaining the context, we were also interested in how the PSTs inte-
grated the mathematics and the social justice issue. We checked if the mathematics was
appropriate for the students at their grade level, if it would challenge students, and if the
mathematics would help the students gain insight and understanding of the context that
they may not have had before the lesson. Four of the ten PSTs demonstrated this integration.
They were also part of the eight PSTs who sustained the context through the lesson. The
integration between the mathematics and the social justice context was seen partially or
was missing in the other six PSTs lessons. Specifically, we noticed that for these PSTs, the
social justice and mathematics were either (1) disconnected, in that the social justice context
and mathematical content were introduced/explored separately, (2) procedural, in that the
mathematics was not explored in a way that developed the students’ conceptual under-
standing of the mathematics or context (e.g., the social justice issue is used predominantly
as a context for performing calculations), or (3) there was a lack of mathematical rigor in
that the context was explored in a way that expanded their understanding of the issue but
did not advance their mathematical conceptions in a meaningful or rigorous way.

As an example, we scored Jessie’s lesson, examining the incarceration rates broken
down by race in the state of NC, at a level 3 for integration of the mathematics and social
justice context. Her lesson started with a video of Ronnie Long, a Black man who was
wrongly incarcerated at the age of 21, for 44 years. The initial discussion was launched
through an autobiographical video of Ronnie Long, followed by a small group activity
where the students were asked to explore US incarceration rates disaggregated by race. The
students used concepts from probability, independence, and conditional probability to get
a sense of the data and draw inferences. At the end, the students discussed their findings,
returning to the context of incarceration.

In contrast to Jessie’s integrated lesson, we felt that Elizabeth’s mathematical explo-
ration was periodically disconnected from the social justice context and was scored at a
level 2. In the exploration, students are asked to examine the salaries of workers and the
CEO of companies and evaluate the use of the mean or median in the context. The students
first investigate if the mean or the median is an appropriate measure through a Desmos
activity void of any meaningful context. The students could “move” arbitrary points on
a Desmos plot to see how this would impact the mean and median of the collection of
points. Students then built on this information as they examined a set of salaries that were
provided. We scored this at a level 2 because the Desmos activity focused only on the
measures of center of an arbitrary dataset rather than integrating it with the salary data
that was the focus of the social justice context. We believe that without integrating the
mathematics and context, students may also adopt the separation in their beliefs about
mathematics as a subject that can be studied independent of the real world.

Three PSTs were scored at a level 1. Characteristics of these lessons included a separate
examination of the social justice issue and the mathematics (disconnected) and a procedural
or non-rigorous exploration of the mathematical topic. For example, in Heidi’s lesson
that explored income differences by gender, students worked with a graphical display
of the income inequality in various cities and a teacher generated a word cloud based
on the students’ feelings about gender pay gaps. Prior to seeing the graph, the students
learned about the measures of center through a guided notes activity that was completely
disconnected from the context and procedural in nature. After commenting on the graph,
the students engaged in more practice centered around measures of spread. The final
activity involved dividing the students into two groups, one with a set of salaries for men,
and the other with the salaries of women. The students were not told which gender they
were given, and they were asked to find the mean, median, mode, range, interquartile
range, and the mean absolute deviation. The students shared their findings with the class
and were told which group of salaries they had. Though the topic was related to a social
justice issue, there was little integration between the mathematics and the context. For
example, the students did not explore the impact that mean or median had on outliers.
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Here we see that the social justice issues were handled separately to the calculations of the
measures of spread and center.

5.3. Subcategory Results: Mathematizing, Handling Controversial Topics, and Student Agency

The PSTs further grappled with the mathematizing, handling controversial topics,
and student agency subcategories of the social justice element. Notably, these three ele-
ments were not explicitly included in Aguirre and Zavala’s [1] CRMT tool as independent
subcategories. Thus, the PSTs did not yet have access to a tool that would make these
considerations explicit. For this reason, and because we recognized their lack of attention
to them, we chose to add them into our revised CRMT tools for future use by PSTs in
their planning.

5.3.1. Mathematizing

For the mathematizing subcategory, none of PSTs scored at a level 3, five obtained
a level 2, and five scored a level 1. This indicated that the PSTs only sometimes or rarely
probed the students to explore/interpret the source of the data and information used in
the exploration, how attributes of the context could be operationalized /measured, and the
meaning behind their mathematical findings in relation to the context.

Developing the right measures allows the students to gain insight into the context. For
instance, in her lesson about ratios and proportions in the context of representation and
resources in schools, Juliet scored a level 2. Throughout the lesson there were opportunities
for the students to develop measures based on the available information to compare schools.
To begin the lesson, students read an article that made a case for small schools and sought to
disprove common myths about them. After reading the article, Juliet would share publicly
available data on school personnel and resources and the students were directed to choose
two schools to make a comparison. The students began by developing a measure for what
they would consider a big school and a small school. Next, they had to develop measures
to make comparisons. Given the focus on ratios, Juliet wanted the students to examine
possible ratios drawn from the data. Here, she mentioned that the students would “discuss
the proportion of class sizes, student population, teachers, etc.”, but was not specific about
ratios such as student to teacher ratios or funding per student that could be used in the
comparisons. Further, students could also make other direct comparisons like the number
of AP classes offered and the overall academic performance of the school on the state tests.
In the culminating class discussion, Juliet further prompted her students to discuss the
implications of their mathematical findings from the given data.

Juliet: The discussion will start with the mathematical calculations. The students
will discuss the proportion of class sizes, student population, teachers, etc. Then
the class could begin talking about other proportions they found when comparing
the schools such as resources, test results, etc. Then as a class we will discuss
where they had consistent data and where there was inconsistency between
groups. Discuss if the data could be misleading. The discussion should also lead
to why the students’ thought schools in the same district varied or did not vary
and how schools outside the district looked different. The teacher should ask the
students to think about other comparisons they could make that could explain
the differences/commonalities between schools. Students who used to attend
other schools should get to talk about past experiences and how their experience
changed from school to school.

Since she prompted her students to question both the mathematics and their analysis of
the issue but did not plan to discuss how the attributes from the context are operationalized,
Juliet was scored at level 2. Notably, Juliet shared her struggle to find school-related
data, constraining her to some extent in the design of the activity. Finding data and then
cleaning them to be useful and understandable for middle and high school students was an
additional challenge that was shared by several PSTs; something to note when we expect
PSTs to engage in TMS].
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Martha, another PST who was scored at level 2, examined the gender pay gap across
immigrant groups (Figure 1). In her activity, she shared the following visual demonstrating
the earnings of women relative to a dollar earned by men. In addition, she asked the stu-
dents to work out problems such as determining the amount of time that an undocumented
woman would have to work to earn $50 as compared to an undocumented man (note that
the hourly wage was suggested to be $10 h for a White male worker). Here we see that the
students get a chance to investigate the measures themselves, supporting their sense of the
context. However, we felt that more could be done to unpack representation.

Gender wage gap across immigrant groups
Immigrant women face significant wage disparities

AllU.S. workers Naturalized workers Undocumented workers
Annisal wage disparity Annual wage disparity Hourly wage disparity of
based on full time workers based on full-time workers undooumented Mexican
who work year round. whao work year round. immigrant workers,

o =~ = -
Men
a I 50.77 I $0.75 I $0.71

Women
Soirces: Canmen Delavas-Walt, Bemadette [n Proctor, and Jessica . Smith, "Income, Poverty, and Health Insurance Coverage in the United States:
2011" (Washington: LS. Census Bureau, 201 2), available at hitp fwwv.census.gowprod/ 201 2pubs/p60-243.pdf: CAP analysis of LL5. Census Bureau,

2012 March Current Population Survey (U5, Department of Commerce, 2012} Katharine M. Donato and Blake Sisk, “Shifts in the employment
outcomes among Mexican migrants to the United States, 1976-2009" Research in Social Stratification and Mability 30 (1) (2012): 63-77.

Figure 1. Gender pay gap image from Martha’s lesson.

In contrast to Juliet and Martha, The PSTs who scored level 1 typically paid little
attention to the mathematization of the context and how the developed measures could
reveal something about the phenomena. Specifically, these PSTs either focused more on the
mathematical procedures than their findings in relation to the context or provided a vague
description of how they would facilitate their students” mathematization of the context
and their findings. Earlier, we mentioned Heidi who, in her lesson covering measures of
center and variability in the context of the gender wage gap, asked her students to look at
a visual depicting the wage gap between men and women. However, the lesson did not
encourage her students to examine the mathematization through the mean or median or
why the given data provided the median pay rather than the mean pay. Notably, Heidi’s
exploration (scored at a level 1) was focused primarily on guiding their calculations of
measures of spread.

Heidi: We will begin working through a guided practice on IQR and MAD. These
topics are just being introduced to them and I am more focused on how proficient
they are at computing mean, median, mode, and range at this point. We will have more
time to practice MAD and IQR. I want the students to understand what IQR and
MAD means for a data set and how we can use those values to compare between
two data sets.

Following her guided notes, the students were asked to calculate the measures of
central tendency for a given dataset of either male or female wages but with less of an
emphasis on a discussion of the measures themselves. Furthermore, like the other PSTs who
scored at a level 1, Heidi did not consider her students’ conceptions related to the context
itself. Thus, she was unable to document how she planned to foster her students’ growth
in reasoning related to the source of the data, how it was collected, how the attributes were
operationalized, and what their mathematical findings indicate in relation to the gender

wage gap.
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5.3.2. Handling Controversial Topics

Only two of the ten lessons included plans on how they might handle controversial
topics that may come up in the lesson (scored at level 2). We find this to be an essential
aspect of planning for CRMT lessons, given that the exploration of social injustices may be
uncomfortable for those students and teachers who have experiences related to the context.
Martha (level 2) handled potentially controversial topics by anticipating what her students’
concerns might be and how she would address them with the class.

Martha: For slide 2, students may have a large range of answers. Students may
point out the difference between the ethnicity of women. This can bring up a
sensitive issue for students as it may be upsetting to hear how their ethnicity is
treated compared to a white male. Students could also discuss the undocumented
pay percentage, which shows men who are undocumented still earn more than
undocumented and us working women. For slide 3, students could discuss how
this is a problem as women are not going to be given the same opportunities as
men and therefore will struggle to become leaders in America. Females in the
class may discuss their fears of this and how this is unfair if they are putting in
the same work and effort as a male at a job.

Martha could have scored a 3 but was allotted a 2 because of her reference to potentially
changing the subject rather than approaching it.

Martha: If during the discussion, a controversial topic arises, such as someone
stating how men work harder than women or are strong and can work fast pace
compared to women, I could turn to talking about women figures who have
had a large impact on the world or change the topic into discussing the mathematics
content or talk about how men of other races may not earn the same amount as a
white man. However, in my classroom I hope for a positive classroom culture,
where a student would not try and put others down and remind the students of
that during the discussion.

Jessie (level 2) also addressed how she would handle controversial topics during
the launch of her lesson by not shying away from difficult topics. Rather, she highlights
the importance of being a facilitator when it comes to sensitive topics, as well as de-
veloping classroom norms that include empathy and respect for their peers and their
diverse experiences.

Jessie: What questions do they have? I expect that some students will be shocked
by what they have just heard while others will already know about this particular
case or one similar. I will facilitate this sensitive topic by first reminding students
of the classroom norms. These norms include being respectful of their classmates,
understanding that these are real people’s lives we are discussing and that there
might be students in the class for who this topic is hard to discuss.

Jessie did not anticipate or address any specific questions or comments that would
come from students related to the context, and thus may not be prepared to handle
such instances.

In contrast to Jessie and Martha, the remaining PSTs did not discuss how they would
plan to handle students” questions or comments that may be sensitive or made comments
about classroom norms and respect. For instance, during her culminating class discussion,
Heidi (level 1) states that students should remember the classroom norms of respect but
does not elaborate on how she would address sensitive topics that may come up from
students in relation to the context of the gender pay gap. In fact, a few PSTs indicated
during our seminar discussions that they might shy away from certain topics that they felt
might make their students feel uncomfortable. Note that the literature supports K-8 PSTs’
tendency to avoid controversial topics in the classroom [52].
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5.3.3. Transformative Student Action (Agency)

Although transformative student action resulting from the mathematical exploration
of social justice issues is a key component of the development of critical mathematics
consciousness, few PSTs facilitated meaningful opportunities for their students to act on
the issue at hand. For instance, while eight of the PSTs did not address student agency at
all, one PST, Otis, scored at level 2 and one, Juliet, at level 3. Otis hinted, in the last sentence
of the class discussion portion of his lesson plan, at exploring minimum wage through
linear functions.

Otis: The role of the student in the discussion is to bring their conclusions about
how minimum wage can be seen in linear equations so that they are “reading the
world” through math. Then, after reading it they can form their own conclusions
on how minimum wage should be reformed, abolished, or kept the same based
on their findings.

While he alluded to pushing his students to make an informed decision about the state
of minimum wage, he did not facilitate an activity that might allow them to create an action
plan to transform the issue. In contrast, Juliet provided the most rigorous opportunity for
student action in that she facilitated a distinct opportunity for her students to brainstorm
ways to improve the social injustices created by disparate resources and representation
in schools.

Juliet: At the end of the discussion, students will return to their groups to brain-
storm ways to improve equity between schools. They will summarize their
reports by explaining their conclusions and their ideas about how to distribute
resources more equitably.

The remaining PSTs did not address how they would encourage their students to
promote change. However, in our interactions with Allison, another PST who designed a
lesson around minimum wage, we found that she was thinking about the context of the
problem from the point of view of small business owners rather than the workers. She
argued that the big jump in the minimum wage would mean that less workers are hired
and would affect the workers and businesses. We anticipate that her thinking may have
been different if she considered the effect on corporations rather than small businesses.

6. Discussion and Conclusions
6.1. Overview of the Research Question and Key Results

This study sought to answer the question: How do middle and secondary mathematics
PSTs use the CRMT tool to design a social justice focused lesson? During the study, the
CRMT tool was modified and used to evaluate the lesson in terms of five subcategories
that were drawn from the CRMT tool and the social justice literature. Most of the PSTs
picked appropriate topics with the aim of highlighting inequities and were able to sustain
these issues throughout the lesson. Though the topic was sustained by most of the PSTs,
fewer than half were able to integrate the mathematics and social justice issue throughout
the lesson. The PSTs focused either on the mathematics or the issue separately, with a
few lessons where there was a disconnect between the mathematics and the social justice
issue. The PSTs grappled with mathematizing, with none scoring at level 3. The PSTs
also overlooked how they would handle divisive opinions and statements as they arose
in the class as part of the discussion. Finally, there were only two PSTs who mentioned
student agency in their lesson and scored at levels 2 and 3 respectively. We note that
mathematization, handling controversial issues, and student agency, were not a part of the
CRMT tool when they designed the lesson, so it is understandable that there was less focus
on those aspects; however, we believe that the readings and corresponding discussions
related to Reading and Writing the World with Mathematics, as well as the adapted CRMT
tools, have encouraged PSTs to think about these aspects in their lessons.

The results of this study are reflective of findings in the literature related to PSTs
planning for social justice lessons. For instance, like Bartell [39], our PSTs initially struggled
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to balance the mathematical and social justice goals of the lesson. However, like the PSTs
and teachers in Aguirre and Zavala’s [1] study, they found the CRMT tool to be helpful for
planning culturally responsive and social justice-oriented lessons. Feedback from the PSTs
indicated that they appreciate how the tool makes such considerations explicit, a point that
also resonated with the participants in Aguirre and Zavala’s study.

In addition, we found that the PSTs felt that the CRMT tool and lesson planning
experience helped them develop a better understanding of equity and social justice, as well
as how to incorporate such considerations into mathematics learning. A notable implication
of the study for our PSTs was that they began to understand that equitable mathematics
teaching must go beyond making accommodations for the students, a common perception
of PSTs. Rather, they understood that equity, and social justice in particular, must connect
to the lived experiences of their students and that mathematics provides a unique lens for
understanding these experiences. As such, this intertwining of the mathematics and social
justice goals was an important aspect of their learning.

Finally, like Miescu et al. [36] and Aguirre et al. [1], we found that it is possible to
measure practices of teaching for social justice. Using the CRMT-M observation tool, we
were able to both gauge and provide detailed feedback related to teaching mathematics for
social justice. Beyond this, we also found that it is possible to support PSTs’ development of
social justice mathematics lessons by providing a tool with explicit guidelines for culturally
responsive and social justice-focused mathematics learning.

6.2. Limitations

The notable limitations of this study are centered primarily around disruptions to the
PSTs’ teaching and learning due to the COVID-19 pandemic and their differential levels of
access to the seminar materials. We recognize that preparing teachers demands their access
to classrooms and developing culturally responsive teachers requires direct access to the
students that they will eventually teach. Unfortunately, the pandemic yielded conditions
that are not ideal for developing teachers in that they were not allowed into classrooms
and were restricted to learning 100% online for two semesters. This constrained both their
ability to get to know their students on a personal level and their ability to engage with the
seminar materials in a face-to-face manner. Despite these limitations, however, we feel that
our adaptation to the seminar curriculum was effective in developing PSTs” understanding
of CRMT, albeit on a more theoretical level than initially desired.

Regarding their differential access to the seminar materials, scholars typically join the
program in the junior year of their undergraduate teacher preparation program, result-
ing in 2-3 cohorts of PSTs at any given time (those student teaching, those in year-long
internships, and those who have yet to be assigned to their clinicals). Depending on their
area of concentration (middle grades mathematics plus an additional subject area versus
mathematics major with a secondary education minor), they also enter with varied teaching
experiences and subject matter understanding. As a result, some of the PSTs will have
had more experience with discourses related to lesson planning and CRMT. On this note,
we would like to add that most of the PSTs who scored in the lower ranges on the tool
had entered the program a semester later than the others, and so their scores indicate that
they may require more time to develop their understanding of CRMT. Furthermore, in
terms of handling controversial issues and student agency, we understand that the PSTs
have had little to no experience in their preparation in their program, or opportunities to
see this in the classes of their clinical educators. Despite these constraints, we feel that
our development of the corresponding CRMT tools with the explicit subcategories proved
helpful for our PSTs in that it provided explicit considerations for them to attend to in their
planning and fostered a reflective teaching practice. The development of the tool further
served us as PST educators and researchers in that it provided a systematic and descriptive
means of evaluating our PSTs’ lesson plans, planning process, and implementation of
developed instruction.
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6.3. Adapted CRMT Tool

In their reflections on the CRMT-M tool (all categories, not just social justice), all the
PSTs found it useful for planning lessons in a way that ensures that their work pays attention
to the students, mathematics, and important issues. This was similar to what Aguirre and
Zavala [1] found from their teachers after using the CRMT tool. Some PSTs appreciated the
balance that they could maintain between discussing the content and the social justice issue.
Given that the teachers in Bartell’s [38] study identified balancing the mathematical and
social justice goals as a significant challenge, we feel that this is a notable point. Specifically,
we believe that by including the integration of the mathematics and the social justice
subcategory, PSTs were better supported in addressing these goals throughout the lesson
planning process. In addition, some PSTs expressed that the tool might be useful for them
in their future collaborations with colleagues in that they can use it to better communicate
ideas related to planning for CRMT and social justice lessons. Teachers in Aguirre and
Zavala’s [1] study also reported that the tool grounded collaborative conversations around
culturally responsive teaching practices. One PST mentioned that the tool could be used
to screen existing materials to see where they could be modified to address the categories
in the tool. Finally, the PSTs gained a better understanding of the categories with the
description that was provided in the tool. We found that the PSTs asked questions as they
sought details about the subcategories. Hence the CRMT-M tool served as an educative
instrument for the PSTs.

While the PSTs did not mention any drawbacks of the tool, from our experience and
observations, the PSTs found it challenging to address all the categories in the lesson. We
attribute this to their lack of experience with lesson planning, with the ideas in the CRMT
tool, and with teaching indirect mathematics lessons in general. Notably, they did express
that they would like to see more examples of CRMT lessons, including demonstrations of
their implementation in classrooms. As such, we believe that further use of the tool in their
lesson planning practice, coupled with growth in their content and pedagogical knowledge,
will facilitate a more expansive integration of the categories into the lessons.

The PSTs” major concerns were related to the implementation of how the social justice
topics and corresponding lessons would accommodate the vast quantity of mathematical
standards that they would be expected to implement in their classes. Note that this was a
similar concern shared by the PSTs in Aguirre et al.’s [19] study. Our parallel experiences
imply that PSTs believe that their designed lessons must address one or two standards at a
time, typically outlined in their pacing guides as daily objectives. However, in discussing
issues of social justice it is likely that the lesson should address a broader range of learning
goals, including multiple interconnected mathematical standards, social justice standards,
and standards for practice. As such, we feel that PSTs require additional preparation in
developing lessons that address multiple, interconnected goals, including those that they
may have addressed previously.

6.4. Implications for Teacher Preparation and Teacher Professional Development

Overall, we see that the PSTs in our program are continuously developing in their
growth as TMS] practitioners and that this development has been facilitated through their
use of the CRMT-M tool. As such, we believe that an explicit focus on the elements of
CRMT-M could support PSTs in their development of a CRMT practice. In addition, we
propose that the five subcategories in the social justice element of the CRMT-M tool serve as
useful themes for guiding PSTs’ professional development as critical mathematics educators.
For instance, by designing instruction for PSTs and teachers aimed at understanding the key
components of CRMT and TMS], they are given the opportunity to engage in discourse and
reflection related to the importance of integrating the mathematical and the social justice
goals of the lesson and what it means to mathematize, handle, and sustain productive
conversations around sensitive issues, as well as promoting student agency. In addition,
PSTs and teachers also need to experience social justice lessons as learners themselves to
get a sense of all the aspects of the CRMT-M tool.
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Appendix A. Analysis 2 Results

Table Al. Analysis 2 results.

CRMT Codes

Code Description #Codes # PSTs

6a

6b

Encourages high level mathematical thinking and

Cognitive Demand reasoning. Students are mathematically engaged. > 3

e Removing Autonomy Describes students as being potentially unable to 3 1
complete the task and /or does the task for them.

Depth of Knowledge and Activity promotes deep understanding (probing/

. L7 ; 15 7

Student Understanding questioning to get at deeper understanding).
Develops collective understanding (not just sharing

Math Discourse and Communication  but engaging in collective discourse that enables 15 12
everyone to understand what’s going on).
States something explicit about power relations
and/or giving voice to historically marginalized

Power and Participation students. Explicitly valuing students’ contributions 20 9
over the teacher’s. Explicit recognition of power in
the classroom.

e  Student Contributions Explicitly valuing students” contributions over
the teacher’s.

° Marg%nali;ed Student Explicitly valuing marginalized

Contributions students’ contributions.
Academic Language Support ELL Academic language support for ELLs. 33 8

Culture/Community Funds

of Knowledge

Social Justice

Connects mathematical activity /uses mathematics to

explore experiences shared within a 1 1
group/community/culture.

Connects mathematical activity /uses mathematics to
explore issues of social justice.
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Other Codes Code Description Codes Students

Pedagogical moves that are made that are not
explicitly connected to the mathematics. Note that
there are moves that are made to enhance the 36 11
student’s thinking that are not considered

teaching moves.

Affectively demonstrating consideration for students’
personal and mathematical emotions. Includes

Teacher Moves

Caring accommodating different types of students and 15 ?
valuing multiple ways of knowing.
Deficit Thinking Making an activity less rigorous because of perceived 1 7

or anticipated student difficulties.

Making an aspect of the lesson more relatable to

students through their individual experiences (not 13 7
tied to cultural practices in the community).
Vocabulary support for understanding academic
language in general.

Student Experiences

General Academic Language Support 24 9

Appendix B. CRMT-M Tools for PSTs

Table A2. PST CRMT-M lesson planning tool, social justice element.

6b. Use of critical knowledge/social justice support
How does the lesson support students’ use of mathematics to understand, critique, and change an important equity or social justice
issue in their lives?

e  Context: Does the chosen context address a social injustice? Is it meaningful to the students in the class?
o Integration: Are the social justice (S]) context and mathematics explored in an integrated way which is sustained throughout
the lesson?
Mathematization: How are the students encouraged to mathematize the context at hand?
Controversial Topics: How does the teacher plan for the exploration and discussion of controversial topics in the lesson?
e  Transformative Student Action: How are students encouraged to transform the issue?
1 2 3

[Meaningful integration of Math/S]

[Superficial SJ context] context + student agency]

[Meaningful SJ context]

Context:

A meaningful SJ context (An existing
social injustice) is used that is relevant to
the students and is sustained throughout
the lesson.

Context:

A meaningful SJ context (An existing social
injustice) is used that is relevant to the students
but may not be sustained throughout the lesson.

Context:

A social justice context is not
used or is not relevant to the
students in the class.

Integration of S] and math:
The mathematics and SJ context are explored in

sucha way that: Integration of S] and math:

Integration of SJ and math:

The math is imposed and does
not reveal anything new about
the context. The PST could
easily have switched the context
without much change in

the lesson.

° [Disconnected]: The social justice context and

mathematical content are
introduced/explored separately.
[Procedural]: The mathematics is not
explored in a way that develops their
conceptual understanding— The social justice
issue is used predominantly as a context for
performing calculations.

[Lack of Mathematical Rigor]: The context is
explored in a way that expands their
understanding of the real-world issue BUT
does not advance their mathematical
conceptions in a meaningful or rigorous way.

The mathematics and SJ context are
simultaneously explored throughout the
lesson in such a way that:

1. The math reveals something new
to the students about the SJ
context, AND

2. The context enables students to
conceptually understand
the mathematics.
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2

3

Mathematizing: The teacher sometimes/rarely
probes the students to explore/interpret:

e  The source of the data and information used
in the exploration.

e  How attributes of the context can be
operationalized /measured.

e  The meaning behind their mathematical
findings in relation to the context.

Mathematizing: The teacher continuously
probes students to explore/interpret:

e  The source of the data and
information used in the exploration.

e  How attributes of the context can be
operationalized /measured.

e  The meaning behind their
mathematical findings in relation to
the context.

Controversial topics:

The teacher avoids anything
controversial, including the
context itself.

Controversial topics:

Teacher does not anticipate (or plans to avoid) how
they will manage controversial topics and
discussions associated with the context.

Controversial topics:

Teacher plans for how they will manage
controversial topics and discussions
associated with the context. (Ex: men
working harder than women — gender
pay gap; more crime in black
communities — more police presence).

Transformative student action:
Do not believe that the students
have any agency.

Transformative student action:

students complete and discuss the lesson, but do
not follow up the lesson with any sort of plan
for action.

Transformative student action:

Students are given opportunities to plan
and/or make a meaningful attempt to
transform the issue using mathematics as
their justification (action plan,

letter /email to policy makers,
organization, etc.).

Table A3. PST CRMT-M observation tool, social justice element.

1

2

3

[Superficial SJ context]

[Meaningful SJ context]

[Meaningful integration of Math/SJ
context + student agency]

Context:
A social justice context is not used.

Context:

A meaningful SJ context (An existing
social injustice) is used, but may not be
relevant to the students in the class, but
may not be sustained throughout

the lesson.

Context:

A meaningful SJ context (An existing
social injustice) is used that is relevant to
the students and is sustained throughout
the lesson.
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6b. Use of critical knowledge/social justice support (Focus on integration of math/SJ/agency)
How does the lesson support students’ use of mathematics to understand, critique, and change an important equity or social justice

issue in their lives?

o  Context: Does the chosen context address a social injustice? is it meaningful to the students in the class?
e Integration: Are the social justice (S]) context and mathematics explored in an integrated way which is sustained throughout

the lesson?

Mathematization: How are the students encouraged to mathematize the context at hand?
Controversial Topics: How does the teacher plan for the exploration and discussion of controversial topics in the lesson?
e  Transformative Student Action: How are students encouraged to transform the issue?

1

2

Integration of S] and math:

The math is imposed and does not reveal
anything new about the context. The PST
could easily have switched the context
without much change in the lesson.

Mathematizing;:

Students are not encouraged to
mathematize the explored context (if
there is one).

Controversial topic:
The teacher avoids anything
controversial, including the context itself.

Transformative student action:
Students are not encouraged to have any
agency in the lesson.

Integration of S] and math:
The mathematics and SJ context are
explored in such a way that:

° [Disconnected]: The social justice
context and mathematical content
are introduced /explored separately.

° [Procedural]: The mathematics is
not explored in a way that develops
their conceptual understanding (e.g.,
SJ issue is used predominantly as a
context for performing calculations).

° [Lack of Mathematical Rigor]: The
context is explored in a way that
expands their understanding of the
issue BUT does not advance their
mathematical conceptions in a
meaningful or rigorous way.

Mathematizing: The teacher
sometimes/rarely probes the students to
explore/interpret:

e The source of the data and
information used in the exploration

e  How attributes of the context can be
operationalized /measured.

e  The meaning behind their
mathematical findings in relation to
the context.

Controversial topics:

The teacher discusses some controversial
topics that are built into the lesson but
avoids those brought up by the students.

Transformative student action:

Students complete and discuss the lesson,
but do not follow up the lesson with any
sort of plan for action.

Integration of S] and math:

The mathematics and SJ context are
simultaneously explored throughout the
lesson in such a way that:

1.  The math reveals something new
to the students about the SJ
context, AND

2. The context enables students
to conceptually understand
the mathematics.

Mathematizing: The teacher continuously
probes students to explore/interpret:

° The source of the data and
information used in the exploration

° How attributes of the context can be
operationalized /measured.

The meaning behind their mathematical
findings in relation to the context.

Controversial topics:

Controversial topics (which may be
brought up by the students) are explored
within the context of the lesson. The
teacher does not shy away from such
topics but handles them with
intentionality and consideration for the
experiences of their students. (Ex: men
working harder than women — gender
pay gap; more crime in black
communities — more police presence).
Transformative student action:

Students are given opportunities to plan
and/or make a meaningful attempt to
transform the issue using mathematics as
their justification (action plan,

letter /email to policy makers,
organization, etc.).
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Appendix C. Analysis 3

Scoring Procedures:
Color Codes:

red =level 1
yellow = level 2

e green =level 3
Subcategory weights based on importance:
e  Meaningful social justice context = 2
e Integration of social justice and mathematics =2
e  Mathematizing = 1
e  Handling controversial topics = 1
e Studentagency =1

Formula for weighted average score for the social justice element:

2 x (meaningful social justice context score)
+2 x (integration of social justice and mathematics)
+ (mathematizing score) + (student agency score)
7

Instructor Score =

Mean scores were rounded up to the next level of attainment if they earned above a
half a point and to the lower level of attainment if below half a point.

B C D E F G
Student Context Math Topic Self Reported  Student Responze to 5J Instructor
P=zeudonym Student Score Element Score [1-3]
[1-5]
Juliet Student Raties and 4 Thiz lesson offers students
Representation Proporiions a chance to crtique and
in Scheals dizcuss a social justice

iszue in their life by looking
at schoolz in the same and
different disiricts. It asks
fhem fo think about causes
and effects of these
differences and how it will
affect their future. They
must consider why they
attend the school they are
at and what it would require
fo attend a different school.
The exploration and
dizcussion give an
opportunity fo think
specifically about the
benefits or drawbacks of a
gchool. i does not yet have
a way for students to
address the issue fo create
change. The geal is not for
students to feel negalively
about their own school, but
fo critically consider the
imporiance their education
will have on their life and
how it is different from the
education other students
may be receiving.

2.6

Figure A1. Social justice element analysis for Juliet.
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Instructor
Score [1-3]

Sustained Meaningful 8J Context
2[Ri+1, Yi#2, G:+3]

Integration of §J & Math
2 [Ri+1, Y:+2, Gi+3]

Mathematizing

[Ro+1, Yi+2, G:+3] [Ro#1, Y22, Gi+3]

Handling Controversial Topics

Student Action {Agency)
[Ri+1,Y+2, G+3]

Meaningful social justice context that
is sustained throughout the lesson.
SJ Goals: Explain why schools have
inconsistent resources from a
sociopolitical perspective. 2 Explore
solutions/action that can be taken
with mathematical and sociepolitical
perspective

2.6

The SJ context of large vs. small
schools and their associated
resources is sustained throughout the
lesson from the launch through the
class discussion. There is potential
for the math to enlighted students
about the context and for the context
to enlighten students about the
mathematics with some structure
added to the exploration and
discussion.

Student are prompted to question both |PST does not discuss or plan for how Students are given the following

the mathematics and their analysis of
the issue. They do not necessarily
discuss how attributes are
operationalized/measured from the
context Main Questions to Prompt
Discussion:

Mathematical

How do we set up ratios?

What challenges did we have making
proportional relationships?

What kind of information can we get
from raties and proportional
relationships?

How do we get that information?
Where was the data the most
consistent across groups?

When was the data inconsistent?
Could our data be misleading or be
misused?

Sociopolitical

Why do schools in the same district
look so different?

What determines where a student goes
to school?

Why might a student change schools?
What diffierences can be made to
improve equality befween schools?

that may come up in the lesson.

she will address controvercial topics

opportunity to transform the issue: At
the end of the discussion, students will
return to their groups to brainstorm
ways to improve equity between
schools. They will summarize their
reports by explaining their conclusions
and their ideas about how to distribute
resources more equitably

Figure A2. Social justice element analysis for Juliet.

Student Pseudonym Context Math Topic  Self Reported  Instructor  Level of Attainment  Sustained Mezaningful 5.  Integration of 5J & Math Mathematizing Handling Controversial Student Action
Student Score  Score [1-3] Deescription Context 2[R:#1, Y22, Gi43] [R:+1. Y242, Gi+3] Topics (Agency)
Conversion 2[Ri21, Y22, Gi+3] [Ra+1.¥i42, Gi+3] [Ri#1, 42, 323
-3
Martha Gender war Proportiona 3 2.43 Meaningful 5.J 6 6 2 2 1
gap reazoning context
Allison Minimum wags Linear 2 2,00 Meaningful SJ ] 4 2 1 1
functigns o i
Elizabeth 2 143 4 2 2 1 1
Heidi 3 1.29 4 2 1 1 1
Joan 2 1.00 2 2 1 1 1
Jessiz 3 243 Meaningful SJ 6 6 1 3 1
contex
Juliet 2 257 Meaningfu 6 6 2 1 3
intagration of
Math/SJ context +
Karen 2 1.86 6 4 1 1 1
entation in
schools based Meaningful 5J
on racs context
Ctis Minirmum wags Linear 2 243 6 6 2 1 2
functions
Rachel Student Loans  E sial 2 1.00 2 2 1 1 1
Mean Score Weighted: 2.30 1.84 4.80 4.00 1.50 1.30 1.30
Scaled Mean Score: 2.30 1.84 240 2.00 1.50 1.30 1.30
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