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This manuscript focuses on the role of data analytics in mediating how teachers make sense of
racial and gender inequity in patterns of student participation in their classrooms. Five middle
school math teachers participated in a year-long professional development program, centered

around data analytics generated by the EQUIP observation tool (https.//www.equip.ninja).

Through our analyses we documented a total of six distinct teacher logics used to make sense of
the data. We discuss how these logics were mediated by particular features of the given data
visualizations. We close with recommendations for the future study of the design of data

visualizations and a discussion of implication for mathematics teacher education.

Introduction
Data are central to educational improvement in the US. At a classroom level, data support
professional development. Teachers need meaningful data about their teaching to support
ongoing learning and improvement to practice. In particular, given the ongoing and urgent calls
to improve racial and gender equity in mathematics education (e.g., Martin, 2019), teachers need
actionable data identifying and describing racial and gender inequities in their classrooms. This
manuscript focuses on data generated by the EQUIP observation tool (Reinholz & Shah, 2018),

which was designed for precisely this purpose.



This manuscript draws upon data from a yearlong professional development effort with
five middle school mathematics teachers (Herbel-Eisenmann & Shah, 2019). The professional
development was organized around iterative cycles of instructional improvement, with EQUIP
analytics being used to structure each cycle of reflection and revision of teaching practices. Here
we focus on instructors’ sensemaking as they processed the analytics. This work is driven by the
research question: What logics did teachers draw upon to make sense of racial and gender
inequities in student participation, as presented by EQUIP analytics?

This work makes multiple contributions. First, although data are routinely used in
professional development (e.g., Horn et al., 2015), little research explicates associated teacher
logics, which we define as the explanations that teachers use to rationalize the data. Thus, the
present work pushes the field forward by focusing deeply on sensemaking around particular
analytics, a level of granularity required for educational designers to create more effective
visualizations. Second, most observation tools only provide data at the level of a classroom. That
is, such tools cannot speak to the experiences of a particular group of students, such as Black
girls. In this way, the EQUIP analytics—which are focused on social marker groups—provide a

window into understanding how teachers reason about equity.

Theoretical Background

Participatory inequities in mathematics classrooms
This manuscript focuses on participatory equity, which concerns the fair distribution of
participation and opportunities to participate in the classroom (Shah & Lewis, 2019). Student

participation is consequential to equity for multiple reasons. First, research shows that



participation is an important mechanism for learning content (Banes et al., 2018), for instance,
because learners consolidate their learning when they explain their thinking (Chi et al., 1994).
Second, when students make their ideas public, it allows them to receive feedback from peers
and the instructor, which is also important for learning (Reinholz, 2016). Third, identity
development is closed linked to participation (Nasir, 2002), and when students identify with a
discipline, it creates a sense of belonging that is essential for persistence (Lewis et al., 2016).

Simultaneously, research shows that women and racially minoritized students tend to
receive disproportionately fewer and lower-quality participation opportunities in math
classrooms (e.g., J. B. Ernest et al., 2019; McAfee, 2014). These inequities arise because
classrooms are not immune to oppressive structures such as patriarchy and white supremacy. For
instance, young girls face stereotype threat, teachers’ biased impressions of their competence,
and the transference of gendered math anxiety from their teachers (Lubienski & Ganley, 2017).
Similarly, racially minoritized students face hostile racial discourses, microaggressions, and low
teacher expectations (e.g., Larnell, Boston, & Bragelman, 2014). These systems of oppression
also work together, when students are marginalized along multiple strands of their identities
(Crenshaw, 1990). All of these phenomena play out in ways that inhibit women and racially
minoritized students from participating in mathematics classroom discourse.

Given that these oppressive structures are systemic in society, clearly there is a limit to
the work any individual teacher can do to dismantle them in their classroom. Nonetheless, one
plausible entry point into grappling with these larger systems is through addressing implicit
biases. Implicit biases impact one’s thoughts, beliefs, and actions in subtle, unconscious ways
that are not visible to an individual (Greenwald & Banaji, 1995). Implicit biases in mathematics

are driven by problematic stereotypes such as “Asians are good at math” (Shah, 2017) or the



“white male math myth” (Stinson, 2008), which create a “popular image of mathematics” as
“difficult, cold, abstract, ultra-rational, important and largely masculine” (Ernest, 1992, p. 53).
Even teachers who do not endorse such stereotypes are impacted by them subconsciously, for
instance, in the expectations they have towards girls (Robinson-Cimpian et al., 2014), or whether
they invisibilize students of color in their classrooms (Shah, Herbel-Eisenmann, et al., 2020).
These biases also play out between students, for example, when they engage in sexist
microaggressions during small group work time (J. B. Ernest et al., 2019). Addressing implicit
biases first requires that teachers to be aware of the impacts of implicit bias within their
classrooms. In this way, data can play an important role in illuminating what are otherwise

invisible phenomena, as we now elaborate.

Data for instructional improvement

The use of data to improve instruction is ubiquitous (Datnow & Hubbard, 2016).
However, the majority of these data come from standardized tests (Farrell & Marsh, 2016; Van
Gasse et al., 2016). Unfortunately, research suggests that test-based, data-driven accountability
initiatives — even those that are ostensibly framed about improving equity — can actually result in
the exacerbation of inequity at a classroom level, as they frame students from a deficit
perspective and constrain teacher agency (M. Braaten et al., 2017). The underlying logic of test-
based accountability focuses on current inequities in performance, rather than the historical,
structural antecedents that actually led to such inequities (Garner et al., 2017).

Given the limitations of focusing on student test scores, researchers argue instead for the
need for data attending to the quality students’ classroom experiences (M. Braaten et al., 2017).

This has spurred the development of the equity analytics paradigm, which focuses on how data



describing patterns of student participation can be used to promote instructional improvement
and lead to deeper conversations about dismantling systems of injustice (Reinholz & Shah,
2018). Still, a key consideration is the type of teacher sensemaking that takes place around data
(Schildkamp, 2019). That is, how do teachers analyze and interpret data, and how does this
process relate to their instructional improvement goals and practices? Research shows that the
particular teacher logics utilized are central to the efficacy of the sensemaking process (Horn et
al., 2015). Moreover, sensemaking is dependent on the particular context and approach. Thus, we
introduce a conceptual model for understanding teacher sensemaking around racial and gender

inequity in student participation.

Conceptual Frame

Figure 1 introduces a conceptual model for how teachers make sense of student
participation data. Our model breaks the larger sensemaking process into four components. The
inner circle focuses on teachers” moment-to-moment sensemaking through feacher logics, which
are the explanations teachers use to rationalize the data, and mediating artifacts, which are the
particular features of the data visualizations that influence sensemaking. The outer circle focuses
on comparatively more stable constructs, which teachers may draw upon as they generate
explanations in the moment. These constructs are ideologies, which are broader ways of thinking

(e.g., about race, gender, teaching) and practices, a teacher’s concrete teaching techniques.



Figure 1

Conceptual model for teacher sensemaking of student participation data.
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Inner circle: Teacher logics and mediating artifacts

The inner circle focuses on the moment-to-moment sensemaking that occurs when
teachers engage with data representing student participation patterns. This sensemaking involves
an interplay between teacher logics and mediating artifacts. Given the complex,
multidimensional nature of student participation patterns, there are typically multiple plausible
explanations (i.e. logics) for any given pattern. For instance, a teacher might attribute a student’s
lack of participation to: characteristics of the student (e.g., they are shy), the student’s
circumstances (e.g., they don’t have homework support at home), their race (e.g., my Latino

students are struggling), or other situational factors (e.g., the student just broke up with their



partner). When teachers fixate on immutable characteristics of students, rather than situational
factors, they may miss their own role in empowering or marginalizing their students.

While teachers often have a set of preferred explanations for why students do or do not
participate, the particular explanations that teachers draw on are influenced by mediating
artifacts, or the particular data representations of student participation. For instance, if
participation is not disaggregated by student social markers, it will necessarily obscure racialized
and gendered phenomena. Types of representations also matter. For example, a pie chart could
cue the zero-sum thinking (who gets the biggest piece of the pie), while bar charts of individual
students would draw attention to particular individuals who are left out. Although it is known
that the nature of data representations matters (e.g., Saket et al., 2019; Szafir, 2018), little is

known about the role of particular representations in teacher education.

Outer circles: Ideologies and practices

Ideologies are interpretative frameworks—consisting of various cultural
representations—which are used to make sense of the social world (Hall, 1985). For example, in
education, a student’s difficulties in learning mathematics content may be explained by
describing the student as a “slow learner” (Horn, 2007) or “learning disabled” (McDermott,
1993). They might also be described by false racial narratives (e.g., “Latinx students don’t care
about school”; Gonzalez & Ayala-Alcantar, 2008). Often, these ideologies represent negative
generalizations about particular groups, but they need not be negative.

Ideologies influence how a teacher interprets classroom situations. For instance, if a
teacher believes a group of students is lazy, they might initiate punitive measures. In contrast, a

teacher who recognizes the systemic barriers would instead work to remove those barriers and



provide appropriate support. Ideologies also indirectly impact teaching through implicit biases,
for instance, impacting who a teacher calls on and how (Shah, Herbel-Eisenmann, et al., 2020).
Teaching practices can also impact ideologies. For example, if a math teacher only asks
low-level questions to Black students, thereby denying them meaningful participation
opportunities, the teacher will be unlikely to see the underlying brilliance of Black students (cf.
Bullock et al., 2012). Thus, oppressive ideologies become a self-fulfilling prophecy. Teachers
may also actively disrupt racism, for instance, through assigning competence (Cohen & Lotan,
1997), which can shift classroom hierarchies. Shifting these hierarchies results in new patterns of
participation. In witnessing the abilities of students as they participate, it provides a

counternarrative to negative ideologies about mathematical ability.

Method

Context

Research took place at Northstar Middle School (a pseudonym), a suburban Midwest
school. Teachers at Northstar had a longstanding (5-year) collaboration that involved action
research with researchers at a local university. The present work was motivated in part by a
growing Latinx student population in the district, which had shifted classroom demographics.
While prior work focused on classroom discourse, this study was the first time that teachers had
access to data that described gendered and racialized patterns in their classes, which were
provided by the EQUIP classroom observation tool (described below). All names below are

pseudonyms.

Participants and Design



Five mathematics teachers participated in the study (all white; four women, and one
man). These teachers were chosen because they had multiple years of experience engaging in
action research, and also considerable teaching experience across the board; all had been
teaching for 10 to 30 years. Given these characteristics, the teachers were experienced reflecting
on their teaching practice, but they had never done so with EQUIP data. This made them ideal
participants in a study focused specifically on EQUIP data. For this study, each teacher selected
one “focal class” for action research with EQUIP.

The study took place over a single academic year. Initially, the research team met with
participants and shared a presentation on implicit bias, the EQUIP tool, and the differences
between equity and equality. The work over the year to come was then organized by iterative
research cycles of video observation, coding, reflection, and changing practices. Each research
cycle lasted roughly six weeks, with each teacher videotaped ~3-4 each per cycle (with a total of
four cycles). These videos were coded with EQUIP, so that data analytics could be provided to
the teachers. To end each cycle, there was a half-day reflection meeting where teachers watched
videos of their teaching, discussed their data with colleagues in larger groups, and debriefed (~30
minutes) with a member of the research team. The debriefs focused on EQUIP analytics from
that cycle of observations. Debriefs aimed to help teachers process the data and to develop

concrete action plans to improve equity in their classes.

Data Sources
The present analysis focused on the 30-minute teacher debriefs from the four cycles of
reflection with EQUIP data, which followed a semi-structured protocol (guiding teachers to look

at their data). Our analysis also drew upon pre- and post- interviews that were conducted with



each teacher to provide context for understanding the debriefs. All of these data were audio
recorded and transcribed. The pre-interview focused on background information, such as
childhood experiences around race and gender, professional trajectory, and pedagogical
approach. The post-interviews allowed for reflection on lessons learned throughout the year.
Finally, we used actual EQUIP analytics as a secondary data source, when necessary, to

understand what the teachers and researchers were discussing in the debriefs.

EQUIP

The EQUIP classroom observation tool was used to provide teachers with data describing
disaggregated patterns of student participation (Reinholz & Shah, 2018). In prior work, EQUIP
has been used both as a research tool for documenting inequities in classroom participation (e.g.,
J. B. Ernest et al., 2019), and also as a professional development tool to provide real data to
instructors that they can use to improve their teaching (e.g., Reinholz, Bradfield, et al., 2019;
Reinholz et al., 2020; Reinholz, Stone-Johnstone, et al., 2019; Shah, Christensen, et al., 2020).
Building on this body of work, the focus in this paper is different, and turns to the data analytics
in the tool itself and how they support teacher sensemaking.

Conceptually, EQUIP describes how classroom participation is distributed; it cannot
describe how participation should be distributed. Rather, the purpose of EQUIP is to provide
analytics—without judgment—that teachers and coaches can use together to support
instructional improvement. In general, the EQUIP developers view equality as a baseline
towards equity (Secada, 1989), recognizing that minoritized students typically get less than an

equal share of opportunities to participate. Thus, if EQUIP analytics indicated that a minoritized



population was getting less than equal share of participation opportunities, it would be viewed as
a potential area for teacher intervention.

In EQUIP, the unit of analysis is a sequence of talk; a sequence starts when a new student
speaks and ends when another student speaks. With this definition, any length of interaction
between the instructor and a single student is considered one sequence. On the other hand, if two
students are having a conversation, then a new sequence begins each time a student speaks. The
particular design decision within EQUIP to start a new contribution each time a new student
speaks was two-fold: 1) because each coded contribution corresponds to a single student,
demographic information can be attached to individual students, which can then be aggregated in
the analysis process, and 2) this decision leaves little doubt where to start a new sequence, which
supports a high level of interrater reliability, even with coders who are relatively new to the
process. As a result of this decision, in a classroom where there is more student-to-student talk,
there will be a relatively higher number of sequences coded.

To code with EQUIP, an observer 1) chooses discourse dimensions (what will be coded),
2) chooses demographic categories (race and gender in this study), and 3) creates a student roster
that includes demographic information. The EQUIP observer is typically a coach or researcher,
but in some prior studies, teachers have actually coded videos of their own teaching (Shah,
Christensen, et al., 2020). In this study, all teachers used the dimensions of solicitation type,
student talk type, and student talk length (see Table 1), as well as individualized custom
dimensions. These dimensions allowed the teachers to go beyond quantity of participation to also
understand the quality of opportunities afforded to different students (cf. M. Braaten &

Windschitl, 2011).



We used the EQUIP app (https://www.equip.ninja) to streamline coding. EQUIP is a free,

open-source tool that supports researchers using the EQUIP protocol. The app can be used either
real-time or as a platform for analyzing previously recorded classroom videos (which was the
case in this study). EQUIP does not record a teacher’s classroom and efficiently allows for
coding without transcripts of classroom video. The EQUIP app guides a user to set up a
classroom seating chart, which is also used as the interface for coding (see Figure 2). When a
user clicks on a student’s desk, they are given the option to code that student’s participation, and
EQUIP keeps a running log of coded participation, which provides the raw data for analytics that

can be generated (as shown below).

Table 1

Codes used to capture the quality of student discourse.

Code Subcode Definition
Why Instructor asks student to explain/justify their reasoning
How Instructor asks for a student’s solution method
Solicitation What Instructor asks a student to read part of a problem, recall a fact, or give a
Type numerical/verbal answer
Other Instructor asks a general question (e.g., “What did you think?”)
N/A Instructor does not ask the student a question
Why Student explains/justifies their reasoning
Student Talk How Student describes solution method
t t
ueent ta Student reads part of the problem, recalls a fact, or gives a numerical/verbal
Type What
answer to a problem
Other Student asks a question or says something nonmathematical
21+ words 21+ words typically corresponds to multiple sentences
Student Talk .
Lenath 5-20 words 5-20 words typically corresponds to one sentence
& 1-4 words 1-4 words corresponds to a short statement (often a single-word answer)

To generate analytics, EQUIP combines the coded sequences corresponding to individual
students with demographic information, so that analytics can be generated about specific groups

of students (e.g., Black boys). One such analytic is an equity ratio, which compares the actual



distribution of talk-based participation to the expected distribution, using classroom
demographics as a baseline. For instance, if a class is 60% women, but they only receive 30% of
the questions, the ratio would be 2, indicating a disproportionately low level of participation. A
ratio of 1 indicates that a group is participating proportionally to its demographic representation

in the class, and a ratio > 1 indicates disproportionately high participation.

Figure 2

Screenshots from the coding interface in the EQUIP web app.
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The EQUIP web app can also automatically generate data visualizations corresponding to
the EQUIP observation protocol. Here, in this manuscript, we focus on two types of data
visualizations that can be generated within EQUIP. Figure 3 is the equity ratio graph describes

the breakdown of a particular discourse dimension (in this case, teacher question) according to a



demographic category (in this case, gender). Figure 4 shows the individual student graph, which
shows how much each individual spoke in class. These visualizations provided the basis for

professional development with teachers in the study.



Figure 3

Equity ratio graph for gender. The line at “equity ratio = 1" represents equality, or
participation proportional to demographic representation.
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Figure 4

Individual student graphs. Each bar shows the participation of one student. In this figure,
Student names are redacted for anonymity.
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Lastly, we recognize that students may be engaged in a variety of meaningful, but
nonverbal, forms of participation (e.g., O’Connor et al., 2017; Radford, 2003), which are not
captured. Because no tool can capture all meaningful aspects of classroom activity, EQUIP
focuses on verbal participation, given its important role in the learning process (Banes et al.,

2018). A tool designed to shed light on these forms of participation would provide different

insights for teachers to improve equity in their classrooms.



Analytic Methods

The goal of our analysis was to understand the logics that teachers drew upon when
interpreting racial and gender inequities in student participation. Thus, we aimed to develop
grounded theories about one of the four components of our conceptual model of teacher
sensemaking. Within each teacher logic, we make connections to mediating artifacts, ideologies,
and teaching practices (shown in italics in the results below). The purpose of connecting to these
other constructs is to illustrate how logics are connected to other aspects of sensemaking but
developing deeper theories of the other constructs is beyond the present analysis.

Data analysis followed a process of qualitative thematic analysis (Boyatzis, 1998) and
constant comparison (Krathwohl, 1998). Such an analytic approach was appropriate because
there were no a priori coding schemes that characterized the different logics teachers draw upon.
By applying grounded theory to the transcripts of teacher sensemaking, we created an emergent
thematic framework of how teachers made sense of patterns of racial and gender equity data.

The first step of analysis was open coding teacher debriefs. Open coding aimed to
identify all instances of teachers interacting with EQUIP analytics or describing insights they
gained from the analytics. At the end of this step, the first author had generated annotated
transcripts of teacher debrief conversations that highlighted the segments of interest. The second
step was to generate initial categories to group together the codes that were generated in the first
step. During this step, the first author generated seven initial categories.

The third step involved a thematic analysis to determine and summarize the predominant
categories. At this point in the process, both authors met to discuss the categories. After this
discussion, the categories were refined to the six predominant categories described below in the

results. Step four involved the first author analyzing the data corpus again to look for evidence in



favor of and against the preliminary themes. These themes were categorized by the logics that
teachers used to make sense of the data, with connection to features of the data visualizations.
Findings
We found that teachers employed a variety of logics to make sense of the data
visualizations provided by EQUIP. Table 2 organizes six predominant logics according to
reasoning about aspects of teaching related to social marker categories or describing individuals.
Table 2.

Summary of teacher logics.

Level Teacher Logic Example
Equality “I’d like to see all of the bars right at the one [the
equity ratio=1 line].”
Social Marker ~ Balance “I need for girls and boys to be balanced in their
Groups participation.”
Reparation “I like to see that my Latinx students [a minoritized
group] are participating above 1.”
Coverage “I want to make sure that all of my students are
participating.”
Individuals Focus “I notice that Dante had a low level of participation.”
Redistribution “Andy is dominating the class discussions, and I need

him to talk less so other students can participate.”

Social Marker Groups

The primary goal of the EQUIP analytics was to draw attention to different social marker
groups, which was achieved through equity ratio bar graphs. The “equity ratio = 1" line was a
salient feature for teachers. Even though the research team clearly stated, “equity is not
equality,” teachers often talked about this line as though it was the “correct” or “target” value for

equity. This mediated reasoning about equity in a variety of different ways, as we now elaborate.

Equity as Equality



A common /logic expressed by teachers was equity required that their students have equal
participation during class sessions. This logic was mediated by the salience of the “equity ratio =
17 line. We found evidence that 3 of 5 teachers used the line as a target value. For instance, Ms.
Davis (Round 1) stated, “if [participation] were perfectly equitable, the idea is that these bars
would both be at the one. What is expected is what happens. Right?” Here Ms. Davis referred to
all of the bars falling exactly on the equity ratio line, or equal for all students. Ms. Davis made
this statement even though the interviewer clearly stated “equal isn’t necessarily equitable” just a
few moments earlier. Here, we infer that the salience of the equity ratio line cued Ms. Davis to
draw upon an equity as equality logic.

Under some circumstances, the equity as equality /ogic can result in productive changes
to practice. For instance, during Round 3, Ms. Davis noticed that she was “not posing as many
questions” to girls in the class. She noted her strategy of using “popsicle sticks” to randomize
participation did not allow her to be “intentional” about increasing participation for girls. She
discussed an alternative strategy of “let[ting] the kids think I’'m drawing sticks” but then
intentionally selecting a girl. In this way, the presence of a minoritized group (in this case, girls)
receiving less than a fair share of participation opportunities meant that an equity as equality
logic could result in changes in practice that would support greater equity.

However, we also found evidence that the equity is equality /ogic can work against
equity. Like Ms. Davis, Ms. Stone described that “in theory, [the bars] should all be right at the
line” (Round 3). Accordingly, in Round 2, Ms. Stone stated that “I need the African American
bar to come down,” because it was above the equity ratio line. Thus, the teacher concluded she
needed to provide fewer participation opportunities to Black students. In this case, the analytics

actually worked against the goal of providing more opportunities for minoritized students.



The pitfalls of an equity as equality ideology were demonstrated by Ms. Smith (Round 2),
when she noticed that girls in her class were participating much more than boys, and said,

[I]s that necessarily a bad thing that my female students are speaking so much, and do I

want to shut them down? No, I don’t want to shut them down. At the same time, I wanna

encourage the boys to talk, and I wanna give them opportunities. The problem was, I’'m

not giving them opportunities. I was letting the girls run the show because they just were.
What Ms. Smith notices here is that the participation for girls in her class is well above the
“equity ratio = 1” line, and she sees this as a deviation from the ideal. While Ms. Smith
verbalizes that she does not want to “shut down” the girls, there is an unarticulated tension. If
Ms. Smith does increase the participation level of boys in her class, it will necessarily come at

the expense of girls participating, given the zero-sum nature of participation.

Equity as Balance

Related to the idea of equity as equality was the logic of equity as balance. We found
evidence that all five instructors invoked this logic. Sometimes these invocations were mediated
by the visual representations, and other times it came up more generally in the absence of a
particular representation. For example, Ms. Stone (Final Debrief) expressed that she was
“concerned that I do see some things [the types of questions] that are not balanced [between boys
and girls].” Here Ms. Stone expressed a desire for participation to not too be far away from a
balanced equilibrium but did not articulate that the participation levels should be exactly equal.

In contrast to equity as equality, the logic of balance was more flexible. For example, Mr.
Walsh (Final Interview) discussed having roughly the same amount of participation between

boys and girls, such as a talk pattern of “girl, girl, girl, boy, boy, boy, girl, boy, boy, girl.” Mr.



Walsh (Final Debrief) further elaborated, “I try and balance boys and girls as much as I can, but
if I’'m going to err on one side, I try to err on the side of girls.” As Mr. Walsh’s statements make
clear, it was possible to maintain the relative equilibrium of balanced participation in a class, yet
still aim to promote greater participation in favor of a minoritized group.

We suspect invocations of balance may be related to teacher’s ideologies about race and
gender. There were 12 instances of teachers invoking balance with regard to student
participation, and 11 of 12 of them focused on gender (as above), with only one instance
focusing on race. In this single instance, Ms. Stone (Final Debrief) articulated a desire to balance
two racial groups (Latinx and White), stating she wished they were “closer to being balanced.”

One possible explanation is the nature of the social marker categories themselves. On one
hand, gender is typically, albeit problematically, construed as a binary variable. Indeed, in this
study, teachers contrasted boys and girls and did not identify any nonbinary students. Given that
there were only two possible categories, it is easy to invoke a sense of balance, almost like
putting the two groups on the opposite sides of a scale. When teachers were given data about
participation by race, multiple racial groups were always displayed. It is possible that an
alternative representation, comparing only two racial groups at a time, would have more directly
mediated cross-racial comparisons and the use of a balance /ogic.

Another possible explanation connects to ideologies about race and gender in the US. Mr.
Walsh (Final Interview) described how broader discourses constrain what is socially acceptable,

With race it's a little tougher [than gender], because I don't generally look and say, I

haven't talked to a black kid today, or had them answer a certain type of question. Boys

and girls, it's pretty cut and dried, right? It's, like, man, four boys in a row have been up at

the board. Can't have that...Doing this [action research project] this year has brought this



more to the forefront. Trying to do some of those same things with racial minorities that
I've done with girls over the years has, I think, changed some of those patterns of
participation. It's just something that I've always just been aware of with gender, and
hence, implicit...I'll start, and I notice that I gave the pens to go up and do stuff to boys.
I'll say, hey, pick a girl. Would I ever say, pick a black kid? Oh my God. What would
happen in the room at that point?

Here Mr. Walsh contrasted the differences between talking about gender and race. It is socially

acceptable to call out gender imbalance, but less so for race. As he stated, it would not be

socially acceptable for him to say he was going to “pick a Black kid” as an instructional practice.

Equity as Reparation

The final social marker /ogic was equity as reparation. From a perspective of reparations,
the “equity ratio line = 1” mediated thinking about a minimum benchmark for minoritized
students. For instance, when talking about Latinx students, Ms. Baker (Round 5) described the
equity ratio line as the “baseline that needed to be there,” and she expressed satisfaction when
Latinx students, as a minoritized group in mathematics, were above that line. This particular
logic connects to a broader ideology about reparations, and the notion that present imbalances
(e.g., in participation) are needed to counteract historical inequities. Mr. Walsh (Round 2) used
similar logic to interpret the equity ratio line,

[[]deally, I think every bar, right at the equity line, would be nice. That would look pretty,

right? With what we know about girls’ engagement in STEM courses later on, I would

really like to see them doing more why and how than the boys. I’'m good with that green

bar [for girls]...[b]ecause I think we need to overcompensate a little bit. ’'m good with



that. I’d like to see the green above the equity bar a little bit for those. This is a zero sum.
If one’s above, the other’s gonna be below. Okay, I’'m good with that.
Mr. Walsh’s reference to a “pretty” visual distribution points to the salience of the “equity ratio =
17 line as a perceptual anchor. From this baseline, he then provided a correction to
overcompensate for historically marginalized students. Mr. Walsh also articulated the reparation
view other times, for instance, when he said (in Round 4), “The fact that the Latino one is above

the equity ratio on both of those I’'m happy that I was able to be pretty intentional about that.”

Individual

In addition to reasoning about social marker groups, teachers also attended to
participation levels for their students as individuals. At times individual logics were used to think
of all students as equal (ignoring their backgrounds and social marker identities), while at other

times social marker information was used to interpret the participation of individual students.

Equity through Coverage

Teachers used the individual analytics to ensure that all students had at least some
participation. Thus, the goal was to achieve coverage of the whole class, and if some students
never participated, it signified inequity. All five teachers used equity through coverage /ogic.
This logic was mediated by looking at bars where students had zero participation. Teachers, like
Ms. Smith (Round 3), stated “20 out of 30” students participating as “disappointing,” and Ms.
Stone (Round 3), exclaimed “wow 17 out of 29. That’s terrible.” Similarly, Ms. Davis (Final

Debrief) described, “I was just viewing it as, are all students participating?” In all of these cases,



the teachers wanted to make sure that all students had a chance to participate, regardless of their
backgrounds.
The coverage logic drew attention to students who had zero participation. In her Final
Interview, Ms. Baker discussed the “kids at zero,” through a metaphor of kids swimming,
Some kids just love to swim. They're splashing around. They're swimming out to the raft,
jumping off the raft, swimming back, right? They're not even thinking about it. They're
just swimming, right? There's some kids that are wearing floaties, got them on their arms,
whatever, the kid things, whatever. They're pretty comfortable with that. With some
support, they're fine. We've got some kids, the kids at this other end, who are tied to
cement blocks. They're not thinking about swimming. They're thinking about, how the
hell do I keep my head above water?
Ms. Baker described how she has always “struggled” to support those students, but that she “just
focused on them more this year.” Here, what Ms. Baker describes is a general recognition of the
students who were not participating, but with the visual salience of “zeros” rather than a

participation bar, it made her focus more attention on those particular students.

Equity through Focus

The individual student graph also provided a means for teachers to focus on individual
students. For instance, Ms. Baker (Round 1) said “I’m really surprised at how
infrequently...Brian, Mark, and Kevin [were called on]. I would have expected them to be called
on more.” Here, the visual representation of students who were not called on often either having
a “zero” above their name, or a bar with a short height, made it easy for teachers to focus on

them. This awareness could then be used to implement practices to increase their participation.



Notably, teachers also used the social marker graphs to identify individual students to
support. Teachers often coordinated between the individual and social marker levels, using what
they knew about their students both as individuals as members of particular groups. To illustrate,
consider Mr. Walsh in Round 3 and Round 4 debriefs. In Round 3, the interviewer drew Mr.
Walsh’s attention to Latinx and Black students in the class. Recognizing that there were two
Latinx students, Mr. Walsh used what he knew about them as individuals to interpret the “green
bars for Latinx students.” He said “Marina’s...really taking the bull by the horns, and she’s got a
ton of confidence.” In contrast, he mentioned “Jasmin, still, I worry about. If we looked at these
contributions and which was which, I think Marina is dominating that.” As these statements
make clear, Mr. Walsh first noticed the aggregate description of Latinx student performance, and
then disaggregated it into individual students within that category. Mr. Walsh further elaborated
how he was able to build “a relationship with”” Marina, which made a huge difference. He
contrasted this to Jasmin, who he didn’t think “trusts” him.

Similarly, Mr. Walsh used what he knew about his three Black students as individuals, to
understand the aggregate participation of Black students. Mr. Walsh described Luke as “smarter
than heck,” while he said the other two students were “giving up” on him. Mr. Walsh described
in depth how he was reaching out to Mo and trying to provide additional support. In the end, he
concluded that he “was not happy with where we are with those three right now. That’s a major
issue for me.” At the end of the debrief, Mr. Walsh changed his practice to include specific
student names in his lesson plan to think strategically on how to incorporate these students into
his lesson plan. During Debrief 4, Mr. Walsh reflected on this process. He stated that,

I think it’s a mixed bag. I think for a couple of kids it worked really well. Jasmin and Mo

particularly...Part of the mixed bag is that I think assigning competence, that maybe I



was looking for too quick of a turnaround for their attitudes, for their confidence to grow,
and it hasn’t. That might have been looking for a magic bullet.

What Mr. Walsh’s reflection shows is how he was able to use the quantitative data, which

described disproportionately impacted groups in his classroom, in order to attend to specific

students and incorporate them into his lesson planning to elevate their participation. Later in the

same debrief, Mr. Walsh had a slightly more positive outlook of the focus on individual students,
That’s one of the other things I noticed and was going to bring up just in terms of
voluntary participation that if you want to draw a broad, general connective conclusion
the kids that we focused individual attention on, it’s like the great Eye of Sauron, when
we focus this laser light on certain kids it clearly changes their participation.

Here, Mr. Walsh describes how the individual analytics supported him to focus on particular

students, and that having the explicit focus was important to improving their participation.

Equity through Redistribution

Teachers were reluctant to use the final logic, of redistribution. The logic of redistribution
is that dominant students can take up a disproportionate amount of space, preventing other
students from participating. In this particular study, we found that teachers did not utilize this
way of thinking, even when explicitly prompted.

For example, in Round 3, the interviewer noted that one of Ms. Davis’s students, Bruce,
had 60 out of the 300 participation sequences, or 20% of them, in a classroom with 30 students.
Ms. Davis exclaimed “that is crazy.” Despite the interview’s suggestions to reduce the amount of
participation from this student, she justified his participation, saying “I know he doesn’t feel that

in all of his classes.” She continued that in other classes he gets “shutdown, or he tries to share



and nobody calls on him.” In her final debrief interview, Ms. Davis returned to Bruce, saying
that she did not “ask him to temper his response in the class,” because she was aware of his
frustration of how he was treated as a Latino boy in the school.

Why did teachers refrain from using this logic? On one hand, there was nothing
perceptually in the data visualizations that would make teachers think about reducing
participation from a single student. Although a tall bar on the individual graph would stand out,
what clearly stood out more for teachers were the students who were participating little to not at
all. It’s possible another visualization (like a pie chart), would have influenced teacher thinking
differently. At the same time, increasing student participation is more socially acceptable than
thinking about reducing a students’ participation, even if such a move might actually support
equity by creating space for other students.

Discussion

Our findings highlight how data visualizations supported teacher sensemaking of racial
and gender inequity in classroom participation. Moreover, teachers did this without
dehumanizing students: social marker patterns were constantly compared with the teacher’s
professional knowledge and what was known about students as individuals. The data analytics
allowed teachers to identify inequities both for groups and individual students, which they had
the potential to address with intentional changes to their teaching practices.

We identified a total of six prevalent teacher logics for making sense of equity. For social
marker groups, teachers conceptualized equity as equality, balance, or reparation. We found that
a single representation could mediate a variety of ways of thinking, depending on teacher

ideologies. The "equity ratio = 1" line was seen as a target value for all groups to achieve (equity



as equality), a general guideline for student participation (equity as balance), and as a minimum
baseline for students from minoritized groups (equity as reparations).

Teacher logics for individuals aimed to create equity through coverage, focus, and
redistribution. In this study, we only found evidence of the coverage and focus logics. All
teachers utilized the coverage logic. It was intuitively appealing that all students should
participate at least sometimes, and the large zeros above empty bars made this perceptually
salient. Similar to the coverage logic, the focus logic aimed to consider the experiences of
particular students and how to increase their participation. When students were viewed this way,
background information about their social marker identities, experiences in other classes, or
home life were drawn upon by teachers as relevant. The final logic, redistribution, was suggested
by the interviewers but never adopted by teachers.

One limitation of the study is that the sample consisted entirely of white teachers.
Research shows that white people in general (Bonilla-Silva, 2003; O’Brien & Korgen, 2007),
and white teachers specifically (Hinojosa & Moras, 2009), much more readily embrace a
colorblind ideology and may be averse to seeing the oppressive impacts of racism in society. As
such, we suspect that in a similar study with teachers of color, they may have been able to more
readily connect structural racism to impacts on individual students in their classroom, which
would have influenced their interpretation of the data analytics. Indeed, preliminary evidence
from our professional development work does suggest that teachers of color may be better
equipped to interpret and immediately act upon data showing racial inequity (Reinholz, Stone-
Johnstone, et al., 2019). Nonetheless, we do find that evidence showing that the white teachers in
the study were able to productively grapple with racial inequity in their classes is a promising

sign.



Implications and Future Directions

This study has a number of implications for teacher education. First, we found that
providing disaggregated data analytics prompted teachers to reflect on racial and gender
inequities in their classrooms. In this way, the data analytics helped move beyond thinking about
the classroom as a whole, to draw attention to individual students and social marker groups. We
argue that this is a necessary step to take seriously calls for equity in mathematics education.

Second, we demonstrate that simply providing data is not enough. For instance, we
documented cases where teachers utilized an equity as equality logic in a way that could actually
cause harm to students from minoritized groups (e.g., girls, Black students), because their
participation was higher than would be expected by demographic representation alone. A single
data representation can be interpreted using a variety of logics. Thus, it is important for teacher
educators to consider the complex relationships between ideologies, practices, mediating
artifacts, and teacher logics, to help promote productive lines of reasoning for teachers.

Third, our work suggests that particular representations have salient features that could
mediate particular types of thinking. In general, we found that the “equity ratio = 1” link seemed
to prompt teachers to use equity as equality, although it could also be used to promote other ways
of thinking. Similarly, the presence of zeros over empty bars in the individual student bar graph
drew special attention to the students who were not participating. Accordingly, we suspect that
through intentional design, it may be possible to create new data visualizations that nudge
teachers to use particular logics to reason about students. For example, if we wanted to invoke a
sense of balance between racial groups, it might be achieved more productively by only
visualizing participation from two groups at a time, rather than showing all of the racial groups

in the class. We further hypothesize that by creating visuals that focus explicitly on target



groups, it could help teachers do better to support them, while avoiding zero-sum pitfalls. The
ways in which analytics can be designed to explicitly cue particular forms of thinking is an
important area of future research.
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