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Abstract
Data visualizations are routinely used for STEM faculty development to support 
equitable teaching practices. Yet, little is known about how instructors interpret 
such data visualizations. This interview study fills a key gap by providing insight 
into how STEM educators make sense of visualizations. We report on cognitive 
interviews with 17 participants who were shown eight different data visualizations 
depicting racial inequities in classroom participation. The participants were asked to 
interpret whether the scenarios were equitable and answer questions about the dis-
tribution of participation. We report on which visualizations participants were able 
to interpret most accurately, and how particular visualizations supported thinking 
about inequity. No single visualization was most effective in all cases, and critically, 
we found that not all visualizations were equally effective for identifying inequities, 
and that different types of visualizations drew attention to different aspects of ineq-
uity (e.g., individual disparities vs. group-level disparities). We also provide data on 
how participants differentiated between equity and equality. Thus, the present study 
provides useful information for professional developers about which types of visu-
alizations may be most effective for different purposes and highlights the need for 
multiple representations of racial inequity.
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Data are routinely used to support professional development in STEM higher edu-
cation. Data come in many forms, including student scores on concept inventories 
(Marbach-Ad et  al. 2010), results from classrooms observation tools (Smith et  al. 
2013), or even personas (Zagallo et al. 2019). Recently, work has emphasized the 
role of data visualizations to support deeper thinking about racial equity in teaching 
(Reinholz et al. 2020a, b; e.g., Reinholz et al. 2022; Reinholz and Shah 2021; Shah 
et al. 2020). Although such data have shown promise for professional development, 
less is known in specific about how instructors make sense of equity-focused data. 
However, a deep understanding of how instructors interpret such data is a necessary 
step towards developing more effective visualizations, which can further catalyze 
more effective professional development organized around data. This is the central 
focus of the current study.

The present study consisted of cognitive interviews with 17 participants (13 
STEM educators and 4 American Sign Language [ASL] interpreters for STEM 
classes). The ASL interpreters were considered important to include, because far too 
often, the concerns of disabled students are left out of efforts to improve equitable 
teaching. These 17 participants were asked the same set of interview questions for 
eight different visualizations describing scenarios of racial in/equity (described in 
the methods). Analyses of participant responses helped answer the following sets of 
research questions:

RQ1. Which data visualizations supported participants to correctly interpret-
ing aspects of student participation?
RQ2. What visualization preferences did participants have and which features 
of the visualizations were most helpful?
RQ3. How did these visualizations mediate participant reasoning about equity?

By answering these research questions, this manuscript makes an important con-
tribution to the research literature as it provides a basis for understanding how STEM 
educators interpret data analytics, which is necessary for building more effective 
data analytics for professional development. Particularly, this manuscript can help 
push the field forward to develop more effective methods for professional develop-
ment around racial equity. Given that our sample draws from postsecondary STEM 
educators, our results have direct implications for STEM faculty development.

Theoretical framing

Equity analytics

We use equity analytics as our broad analytical approach (Reinholz and Shah 2018), 
which aims to answer the question: to what extent does the actual distribution of 
resources in an educational system align or diverge from the distribution predicted 
based on demographic representation? Possible resources for learning are varied, 
from qualified teachers (Oakes 2005) to culturally relevant curricula and pedagogy 
(Ladson-Billings 1995). For the present study, we focus specifically on participation 
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as a resource for learning, or participatory equity, which concerns the fair distri-
bution of participation and opportunities to participate in the classroom (Shah and 
Lewis 2019). Participation is an important resource for learning, as it helps students 
learn content (Banes et al. 2018; Ing et al. 2015) and develop disciplinary identities 
(Nasir 2002). Forms of meaningful participation are varied, including both verbal 
and non-verbal interactions (e.g., gesture, taking notes). Thus, when considering 
whether participatory equity has been achieved, it is important to consider the quan-
tity, quality, and forms of participation.

While equity can be difficult to define, it can be even harder to operationalize. 
What would a “fair” distribution of student participation look like? As external 
observers, it would be problematic for us to tell students what they need, and cer-
tainly, any concept of fairness should account for whether students subjectively feel 
that something is fair. At the same time, one should be able to identify glaring ineq-
uities in the education system. Going one step further, could equity be operational-
ized by productively visualizing it? Data alone are insufficient; they must be pre-
sented in a way that facilitates effective thinking.

One tool is to consider equity as a waypoint to equality (Secada 1989). Equality 
is simple to define and measure. It describes a situation where all students would get 
“the same thing.” In terms of participation, it means that all students have the same 
amount and quality of participation. Equality ignores race, culture, gender, ability, 
and any other form of difference, and as such, it can never result in true equity. To be 
clear, we argue that equity and equality are distinct concepts and are not the same, 
and it can be problematic when these two ideas are conflated. Nonetheless, we argue 
that, especially for students from minoritized populations, we can think of equal-
ity as a necessary, but insufficient baseline. From our viewpoint, achieving equity 
must account for historical legacies of discrimination and oppression (Darling-Ham-
mond 1998; Tate 2008). This means that for minoritized students, receiving less 
than equality is clearly an inequity, but realistically, they may need to receive more 
than an equal share of participation opportunities, to account for legacies of ineq-
uity. From this viewpoint, one could argue that minoritized students should receive 
more than a proportional share of opportunities, a so-called reparations stance. Still, 
it may be impossible to identify a specific allocation of resources or participation 
opportunities that would signify equity has “been achieved.” In practice, however, 
we find that in most of today’s classrooms, the amount of actual participation and 
participation opportunities for minoritized students are well below equality (Ernest 
et al. 2019; Reinholz et al. 2022a, b; Reinholz and Wilhelm 2022; Shah et al. 2020), 
signifying the considerable work to be done.

In prior studies, we have operationalized the principles of equity analytics 
through the EQUIP observation tool (Reinholz and Shah 2018). EQUIP provides a 
methodology for tracking patterns of verbal student participation in classrooms, bro-
ken down by different demographic groups.1 Typically, an observer uses the EQUIP 
protocol to code the features of student participation during a lesson (either a live 

1  We have also used EQUIP to capture nonverbal participation, which will be published in forthcoming 
work.
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observation or video recording), which are combined with student demograph-
ics to generate analytics. Thus, the EQUIP tool makes it easy to provide actionable 
data to instructors to support professional development (Reinholz et al. 2020a, b). 
This work involves providing data visualizations to support cycles of reflection and 
professional development, through which instructors iteratively revise their teach-
ing practices to address inequities found in their classroom data. These data have 
the potential to allow instructors to better see their own implicit biases, and con-
sequently, work to mitigate them through intentional strategies. At the same time, 
field studies with EQUIP highlights that all visualizations are not equally effective. 
In fact, some visualizations may even promote thinking that works against class-
room equity (Reinholz and Shah 2021). This work motivated the present study, as 
it highlights the pressing need to identify more effective data visualizations to pro-
mote professional development. The present study complements prior field studies 
because it allows us to study data visualizations in a more controlled context.

Visualization design

Data visualization has proven to be a powerful technique to facilitate analytic rea-
soning and improve decision-making in various domains. Data visualization also has 
the potential to provide important insights to STEM educational researchers. Yet, 
this body of work has rarely been used to support better visualization design to pro-
mote more effective professional development. Data visualizations can help make 
subtle phenomena, like bias, easier to see by helping individuals “surpass the limita-
tions of [their] own internal cognition” (Munzner 2014). Properly designed visuali-
zations can help mitigate cognitive biases (Dimara et al. 2017; Valdez et al. 2018), 
and this approach has been proposed to reduce inequities in the college admissions 
process (Sukumar et al. 2018; Sukumar and Metoyer 2018). This work strongly sug-
gests that insights from data visualizations can also contribute productively to the 
reduction of implicit biases in STEM teaching, but this hypothesis needs to be fur-
ther explored.

The methodologies used in data visualization studies broadly have the potential 
to support education research (Lam et  al. 2012). Visualization solutions of class-
room participation data can be generated using existing visualization design prin-
ciples and guidelines (Munzner 2014). Likewise, solutions can be rigorously evalu-
ated using various methods to determine which among them are most effective in 
leading teachers to recognize their biases and to make more equitable decisions. The 
methodologies can also unveil what makes the visualizations effective. For exam-
ple, comparative evaluations of the visualization solutions can be conducted using 
example tasks (e.g., asking teachers to identify differences in the participation of 
two populations) and using measures, such as task accuracy and mental effort (Saket 
et al. 2019). Further, qualitative methods, such as cognitive interviews, can be use-
ful to gather subjective preferences and the “why” and “how” aspects concerning 
the visualization solutions (Lam et al. 2012). Coalescing findings from such studies 
can not only enable us to determine how visualizations promote reasoning in the 
domain of participatory inequity but can also inform visualizations of demographic 
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inequities in other similar domains, such as selection and hiring processes, and con-
tribute to the knowledge of mitigating implicit biases using visualizations in general.

Methods

Participants

A total of 17 participants (N = 10 Tenure-Track STEM Faculty, N = 3 STEM Educa-
tion Doctoral Candidates, N = 4 ASL Interpreters for STEM courses, all full-time 
employees) were recruited through social media and personal communications. This 
sample size is generally considered sufficient for the purpose of a comparative use-
ability study, such as ours (Macefield 2009). Moreover, because our primary goal 
was support theoretical generalization about participant sensemaking (Yin 2009), 
we were more concerned with the underlying reasons behind why particular visuali-
zations were effective or not, rather than attempting to generalize statistically with 
large population.

Participants were not provided any incentives for participation. A variety of 
demographic information was collected from participants. Overall, our sample con-
sisted of more women than an average sample of STEM faculty (National Academy 
of Sciences 2007). This reflects the fact that education fields tend to be more skewed 
towards women, and several STEM faculty members in our sample had interests in 
education. In this way, our sample was more closely aligned with K12 STEM teach-
ers, who are majority white women (Nguyen and Redding 2018) (Table 1).

Data visualization design

The interviews were organized around eight data visualization scenarios (See 
Table 2). Seven of the graphs were variations of bar charts, while the eighth was 
a dot array visualization. We, however, group the visualizations based on the data 
they present and not based on their types. We categorize the eight visualizations into 

Table 1   Participant 
demographics (N = 17 total)

*One participant was White/Chinese, and the other was Persian/Chi-
nese
**14 participants identified as bilingual; 3 participants identified as 
having a disability
***The average age of the sample was 37.6 (SD = 8.3) years

Asian Black Chicanx White Biracial* Total

Woman 1 1 10 2 14
Man 1 1 2
Nonbinary 

(she/
they)

1 1

Total 1 1 1 11 2 17
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three groups: (1) Derived Data graphs, (2) Individual graphs, and (3) Group graphs. 
We generally followed common language from the field of data visualizations for the 
names of the graphs in Table 2, but when no standard term existed, we created our 
own term for easy reference throughout the manuscript (e.g., Demographic Bars).

For this study, we focused only on data pertaining to the quantity of student par-
ticipation rather than the quality of participation. The rationale behind this decision 
was that there were already numerous visualization scenarios, so we aimed to sim-
plify the actual data presented. Moreover, we see a focus on equitable quantities of 
participation an important first step to address inequitable qualities of participation. 
Future work would instead focus on both quantity and quality, with a fewer number 
of scenarios.

These eight visualizations were chosen based on prior work with the EQUIP tool 
(Reinholz et al. 2020a; Reinholz and Shah 2018), and a preliminary exploration of 
a design space of possible solutions for visualizing classroom participation data (P. 
Sukumar et al. 2020). This was grounded in visualizations literature which describes 
best practice for design; for example, bar charts are a highly preferable and effective 
type of graph for most tasks, compared to an alternative such as line chart or pie 
chart (Saket et al. 2019). The chosen visualizations represent a set of valid solutions 
(Munzner 2014) in terms of the visual encodings given the data types and the tasks 
that teachers are expected to perform with the visualizations to interpret the data 
and reflect on their biases. The participants were told that “groups” in the visualiza-
tions represented different racial groups to spur sensemaking about racial inequity. 
However, they were not given any specific races to avoid the possible confound-
ing variable of biases against particular races (e.g., anti-Blackness in STEM; Mar-
tin 2019). The number of students in each racial group was held constant to reduce 
cognitive load (Group A = 6 students, Group B = Group C = 4 students, Group D = 2 
students), and this information was listed on each slide. The datasets used in the 
visualizations were randomly generated using a normal distribution centered at four 
contributions per student (16 students total), with a standard deviation of 2. Then an 
absolute value was applied to remove any negative values. Based on our experience 
from prior field studies (e.g., Reinholz et  al. 2020a, b; Reinholz and Shah 2018; 
Shah et al. 2020), the randomly generated datasets provided a fair emulation of real 
classroom scenarios that represented some racial inequity. This means that inequi-
ties between groups were visible, but not so glaring as to obviate the use of analytics 
to enhance reasoning.

The visualizations were generated using GraphPad Prism software.2 We used 
static visualizations to emulate what could be given to a teacher in a static, paper-
based report. In future work, we will explore the role of interactive visualizations. 
The order of these visualizations was randomized between participants to account 
for any ordering effects. Between each participant, visualizations were rotated in 
groups based on the style of graph (Derived Data, Individual, Group) and each 
graph within the group was rotated so the graphs within a particular group had a 
mixed order. With each visualization, participants were shown the size of the four 

2  The dot array graph was generated using both GraphPad Prism and Microsoft Powerpoint.
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groups that represented racial groups (without any labels such as Black or Latinx). 
The data in each visualization were explained to participants, and if there was a 
computed value in the visualization, the computation was provided.

Interview structure

Each interview was conducted over Zoom, for approximately one hour. All inter-
views were conducted by the second author. The interviews comprised three seg-
ments, which together answered our three research questions: (1) general concep-
tions of equity, (2) eight visualizations/charts with classroom participation scenarios, 
and (3) debrief questions. The interview questions asked in the three segments and 
the research questions they correspond to are presented in Table 3.

The purpose of the questions in Segment 1 was to collect general information 
about participant’s conceptions and to prepare them to answer more detailed equity 
questions with respect to the graphs. The second segment focused on the interpreta-
tion of graphs of student participation. Classroom participation was defined for par-
ticipants using the following language,

Table 3   Interview segments and research questions

Segments Research 
questions 
answered

Segment 1: Questions
 1. What does the term equity mean to you? RQ3
 2. How do you think about equity in terms of teaching in a classroom? –
 3. Some people make a distinction between equity and equality. In what ways do you think 

these two concepts are the same or different?
–

Segment 2: Questions (same questions for each of 8 visualizations)
 1. In your opinion, is the distribution of student participation equitable? Explain why or 

why not
RQ3

 2. Which group of students participated the most, overall (i.e., which group had the highest 
overall number of contributions?)

RQ1

 3. Which group of students had the highest average participation per student (i.e., in which 
group did students contribute the most, relative to the size of the group)?

RQ1

 4. Suppose Amara also belongs to Group A. If you assume that Amara participated like an 
average student in Group A, how many times did they participate?

RQ1

Segment 3: Questions
 1. Which graphs did you find the easiest to interpret? (Rank order the top 3 graphs) RQ2
 2. Why did you choose these particular graphs? What was helpful about them? RQ2
 3. What information did you feel like was missing from the graphs? RQ2
 4. Was there anything you found difficult or confusing? RQ2
 5. Do you have any new thoughts about equity after completing this study? –
 6. Is there anything else we should know? –
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The following graphs show how often different students in a classroom con-
tributed to a discussion verbally. A contribution by a student consists of a few 
words to multiple sentences that were shared without interruption from any 
other students.

With each visualization, the participants were asked a set of four interview ques-
tions that were designed to represent the real types of interpretations that teachers 
would need to make if they were using the data visualizations to reflect on their own 
teaching. Participants were told that it may not be possible to answer all questions 
with all visualizations, so “not possible” was also a valid answer. All visualizations 
provided the information to answer all questions except some could not unambigu-
ously answer number 4, because these graphs visualized percentages and not abso-
lute values for the contributions (in particular, Equity Ratio, Stacked Bars, Mirror 
Bars, and Paired Bars). These visualizations are excluded from the analysis below 
for that question.

The third segment of the interview consisted of debrief questions. These ques-
tions were used to get further depth about which visualizations participants found 
useful and why. If needed or requested by the participants, they were shown all the 
different visualizations used in the study to support recall.

Participants were allowed an unlimited amount of time to answer a particular 
question, and the interviews only moved forward when they were ready. If partici-
pants had questions at any time during the interview, they were encouraged to ask for 
clarification, which was provided. In addition, participants were prompted to articu-
late their thinking verbally, following a think-aloud protocol for cognitive interviews 
(Beatty and Willis 2007). This allowed us to determine both when responses were 
correct and how participants were thinking about the visualizations. All interviews 
were then transcribed for analysis.

Analysis

To understand participant responses, we engaged in a variety of qualitative and 
quantitative analyses. Our first analysis focused on RQ1, that is, whether participants 
could correctly answer interview questions 2–4 from Segment 2, which concerned 
interpretation of the visualizations and the distribution of student participation. For 
interview questions 2 and 3, we were interested to see if participants could identify 
the groups(s) that had the greatest overall participation, and greatest proportion of 
participation per student in each group, respectively. In interview question 4, partici-
pants were asked to compute an average amount of participation for Amara. Because 
participants were not using a calculator, we were interested to see if they could get 
a relatively accurate sense of participation. Moreover, because fractional participa-
tion doesn’t truly make sense in a classroom, we coded all answers with an error 
tolerance or range of one. Thus, if a participant estimated 3.2, we would consider 
this correct if the true value was within the closed interval [2.7, 3.7]. If a participant 
provided an interval of length one, such as “between 3 and 4,” the answer was coded 
as correct if it was in the interval [3,4].
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Our coding scheme had three levels. We coded a response as a correct answer if 
the participant chose the groups that answered the question (questions 2 and 3), or if 
they provided a correct numerical answer. We coded a response as a correct strategy 
if the participant provided a strategy that, if executed properly, would result in the 
correct answer. These categories were mutually exclusive; if a participant provided 
a strategy and answer, it would be counted as correct answer. We consider correct 
answers to be more useful than correct strategies, even though both are technically 
correct. In prior field studies, we have found that participants tend to use their first 
impressions of the data visualizations, without putting in the effort to make extended 
computations (i.e., correct strategies are less reflective of usage in real life). If a par-
ticipant did not provide either of these, it was marked as incorrect. We also tabulated 
participant responses to the question of which visualizations they found most effec-
tive (from Segment 3), to allow comparisons between performance and preference.

Participants were not allowed partial correctness, because we were interested in 
the absolute accuracy of responses. Similarly, if there were multiple correct answers, 
they had to identify all of them to be correct. The visualization that had multiple 
potential correct answers for Question 2 was Ordered Bars, and the visualization 
that had multiple correct answers for Question 3 was Equity Ratio (both by ran-
dom chance). Because these two visualizations differed from the rest in the number 
of correct answers, we elaborate participant responses to these visualizations in the 
results section.

To understand participants’ processes of reasoning and their subjective experi-
ences of working with the visualizations (RQ2), we engaged in an iterative constant 
thematic analysis (Glaser and Strauss 1967). We used MaxQDA® to support our 
analyses. The first step of our process involved breaking up the transcripts by ques-
tion (given in Table 2). This allowed us to code all responses for each graph at the 
same time, without focusing on which participants provided which responses (i.e., 
we could avoid any biases based on our perceptions of particular participants).

Our first round of actual coding focused on identifying all instances in which 
something “helpful” about a graph was noted. A total of 37 instances were identi-
fied. Each instance consisted of a single statement about a particular graph or group 
of graphs. If multiple features were described, multiple instances were coded. Next, 
we iteratively developed themes associated with each of these instances. The main 
themes were seeing individuals (N = 12), calculations provided (N = 10), and side-
by-side comparisons (N = 7). There were four other codes that came up infrequently 
and did not hold up as themes, which are described in the results.

The second round of coding identified all instances in which something “miss-
ing” about a graph was noted. A total of 26 instances were coded in which par-
ticipants discussed something that was missing or that they wanted to know more 
about. We found 11 themes, which are described in the results in Table 7.

The third round of coding focused on how participants made sense of equity 
(RQ3). First, we considered participants’ general conceptions (from Segment 1). 
We found these broke down into three categories: equity as equality (N = 3), equity 
requires appropriate support (N = 13), or a technical definition (N = 2). Next, we 
broke down the determinations of equity by visualization type (question 1 from Seg-
ment 2), to see if there could be mediating factors in the visualizations themselves. 
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Here, we drew out general themes across the different types of visualizations (i.e., 
Individual, Group, and Derived Data).

Results and discussion

Visualization performance (research question 1)

In this section, we break up participant performance for each interview question 
for each visualization type. Interview question 2 focused on which visualizations 
supported thinking about group total participation (see Table 4). The Derived Data 
graphs resulted in relatively low performance. The computations did not directly 
provide information about which groups participated the most overall—this infor-
mation had to be computed from the participation rates combined with the size of 
the groups. This was not intuitive, especially for the equity ratio, because raw per-
centages were obscured by the calculations used to generate the visualizations.

Participants had the most correct responses when they used visualizations from 
the Group category, as we had predicted. The visualizations in this category were 
well-suited to the task at hand, because the proportion of participation of each group 
could be read directly from the graphs, and these proportions corresponded directly 
to the total quantity of participation.

The Individual graphs had mixed performance. The Demographic Bars and Dot 
Array were relatively effective for determining which group participated most over-
all, because the individual students were sorted by demographic group. Ordered 
Bars was not as effective, because individual students were mixed up across groups, 
so they were hard to aggregate into groups. Thus, the patterns of correct responses 
generally reflected our theoretical predictions.

The next performance interview question focused on average participation within 
a group (Question 3, see Table 5). In this case, we hypothesized that the Derived 
Data graphs provided an advantage because they directly computed the ratios. Yet, 
surprisingly, the percentage of correct answers was only 52.55%. Although the 
Equity Ratio graph trivially provided the answer, only 23.5% of participants could 

Table 4   Performance on question 2, which group participated most overall?

Type Visualization % Correct (answer 
provided)

% Correct (only 
strategy given)

% Correct 
(by type)

Derived data Equity ratio 23.5 0 32.35
Group avg participation 41.2 0

Group Stacked bars 94.1 0 94.1
Mirror bars 100 0
Paired bars 82.4 5.9

Individuals Demographic bars 56.3 6.3
Dot array 75 0 47.8
Ordered bars 5.9 0
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correctly identify the answer with this graph. Six participants said that it was not 
possible to answer, and five participants only identified one of the two groups that 
had the highest percentage of participation. Given that these visualizations can trivi-
ally answer the interview questions if someone correctly interprets the graph, one 
would have expected better performance. This suggests that participants did not 
fully understand the visualizations, or perhaps the question. For example, in some 
cases participants appeared to incorporate the sizes of the student groups to make 
their determination, which in this case, was irrelevant information. In a field setting, 
participants would need extra support to fully understand the Derived Data visuali-
zations in an intervention setting.

The Group graphs had mixed performance. These graphs did not directly pro-
vide the required information, so participants needed to use a ratio of percentage of 
contributions and percentage of demographic representation. Of the Group graphs, 
the Paired Bars made this easiest to do, because the demographic and participation 
percentages were placed adjacently, which made them easy to compare. Such a com-
parison was also made relatively easy with the Stacked Bars graph.

Finally, the Individual graphs had slightly higher performance. Both Demo-
graphic Bars and Dot Array graphs had the highest number of correct responses. 
Again, the Ordered Bars were not as effective, because individuals were not placed 
together in groups, which made the visual comparisons much more challenging. It is 
noteworthy that there were two correct answers for Ordered Bars, and five partici-
pants did provide one of the two correct answers. Nonetheless, even if these were 
counted as completely correct, the participants would have only had 47% correct 
answers, which is still much lower than the other Individual graphs.

Finally, we considered interview question 4 in which participants computed the 
average participation for a student in each group (i.e., Amara’s participation). Only 
4 of 8 visualizations could be used to answer this interview question, so we focus 
on participant responses to those only (see Table 6). Once again, we only see 82.4% 
correct responses with the Group Average Participation graph, even though the 
answer could directly be read from the graph (it’s simply the number corresponding 
to any group). While this visualization does provide a lot of relevant information, 
participants had not seen it before and apparently many did not know how to use it.

Table 5   Performance on Question 3, which group had the highest average participation?

Type Visualization % Correct (answer 
given)

% Correct (strat-
egy only)

% Correct 
(by type)

Derived data Equity ratio 23.5 0 43
Group avg participation 62.5 0

Group Stacked bars 52.9 5.9 56.9
Mirror bars 17.7 17.7
Paired bars 64.7 11.8

Individuals Demographic bars 64.7 5.9 60.3
Dot array 68.8 6.3
Ordered bars 35.3 0



	 SN Soc Sci            (2023) 3:76    76   Page 14 of 25

In this case, of the Individual graphs, we see that both Demographic Bars and 
Dot Array had about the same level of correct answers. Again, the Ordered Bars had 
the worst performance as individuals were not sorted by groups.

Our analyses of participant performance showed clearly that different visualiza-
tions were better suited for different tasks. We summarize these results in Tables 7 
and 8. Table 7 shows, for each question, which visualizations we would have pre-
dicted to have the highest levels of accuracy based on their design. This shows that 
the predicted visualization types were the most effective on questions 2 and 4, but 
the Derived Data graphs did not perform as expected for question 3, which asked 
about proportions of participation. This is noteworthy, because from our viewpoint, 
being able to make determinations about the amount of participation relative to the 
size of a group (i.e., a proportion) is important for understanding classroom equity 
and inequities. The Derived Data graphs were designed to support this thinking but 
were generally not as effective as hoped for.

Table 6   Performance on question 4, what was Amara’s participation?

Type Visualization % Correct (answer 
given)

% Correct (strat-
egy only)

% Correct 
(by type)

Derived data Group avg participation 82.4 0 82.4
Individuals Demographic bars 73.3 6.7 63.4

Dot array 75 0
Ordered bars 35.3 0

Table 7   Summary of accuracy (correct answer or correct strategy) of different visualization types

Question Best answered by (based on data 
provided by visualization)

Accuracy (%) Which visualization had the 
highest accuracy

2 Group graphs (all) 94.1 Mirror bars (100%)
3 Derived data graphs (both) 43 Dot array (68.8%)
4 Group average participation 82.4 Group average participation

Table 8   Highest levels of accuracy for different visualization types

Type Visualization Question(s) answered with 
highest accuracy

Accuracy (%)

Derived data Equity ratio Questions 2 and 3 23.5
Derived data Group avg. participation Question 4 82.4
Group Stacked bars Question 2 94.1
Group Mirror bars Question 2 100
Group Paired bars Question 2 88.3
Individual Demographic bars Question 4 80.0
Individual Dot array Questions 2 and 4 75.0
Individual Ordered bars Questions 3 and 4 35.3
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In Table 8, we provide a summary of each visualization, and for which questions 
it had the highest level of accuracy (including both correct answers and correct strat-
egies). Table 8 shows that nearly all the visualizations were effective for some ques-
tions, except for Equity Ratio and Ordered Bars, which had low levels of accuracy 
across all three questions.

Visualization preferences (research question 2)

In addition to participant performance, we were interested to understand partici-
pant’s subjective preferences. We provide a summary of the visualizations that par-
ticipants ranked as “easiest” in Table 9. Each participant was able to nominate up to 
three visualizations as the easiest to interpret. Here, we provide the percentage of 
such nominations received by each visualization.

The most popular graph of all was the Demographic Bars graph. This is consist-
ent with participant responses above in terms of performance, where Demographic 
Bars had relatively good performance across each different scenario. We also found 
participants preferred the Stacked Bars graph, even though its performance was 
more mixed. The Derived Data graphs were somewhere in the middle of preference, 
which aligned with their mixed results in terms of performance. Now we discuss 
themes for why participants preferred particular graphs.

Breaking down by individual student (N = 12)

Across the dataset, the most prominent feature of the graphs that participants 
described as helpful was the ability to see individual students. They made statements 
like, “individual-level information is really important” (Participant 16), because it 
allowed them to see “more of the data” (Participant 8) or the “raw data” (Participant 
3). Especially from the perspective of answering questions about student participa-
tion, the Individual graphs provided the raw materials needed to make calculations 
in a more obvious way, whereas participants would need to work backwards from 
some of the other graphs to answer all the questions.

Another key reason that participants valued the Individual graphs is because 
they could show both the between-group variation and within-group variation. The 

Table 9   Which visualizations 
did participants find the easiest 
to use?

Type Visualization % Preferred % Preferred 
(by type)

Derived data Equity ratio 29.4 32.4
Group avg participation 35.3

Group Stacked bars 47.1 27.4
Mirror bars 17.6
Paired bars 17.6

Individuals Demographic bars 53.0 41.2
Dot array 35.3
Ordered bars 35.3
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Individual graphs allowed you to see “what’s happening with each individual stu-
dent,” not just at the level of the group; otherwise, you could have “one student who 
didn’t participate at all, and then two students who participated a lot within that 
group” (Participant 5). What these participants described goes beyond just thinking 
about the graphs to answer the question prompts, but as a tool to support their think-
ing about classroom equity. Notably while the Ordered Bars does show both indi-
vidual and group-level information, the group-level information is difficult to infer 
from the graph, as was evidenced by low accuracy answering questions with this 
visualization.

Providing the “correct response” or calculation (N = 10)

In contrast to the Individual graphs that provided the raw materials for understand-
ing, other participants commented on how the Group Average Participation and 
Equity Ratio graphs already did some of the computations for them. One partici-
pant described the Group Average Participation as one of their favorites, because 
“was the most accessible,” and it required “less calculation” (Participant 4). Another 
said it “would give the easiest sense of how much each group was contributing as a 
whole” (Participant 16).

Others said they liked the Equity Ratio graph, as it “told you the conclusion 
because it said whether or not it was equitable” (Participant 13). This same par-
ticipant had said “equity is about things being equal for all genders and all races 
and that means equal access but also equal in expectation.” Another participant said, 
“the equity ratio eliminates the error—the problem with determining if it’s equitable 
[laughs] because it’s kind of a statistic that’s already been determined to measure 
that” (Participant 12). This participant defined equity as “enabling everyone, each 
and every student, to be able to maximize their potential. And so, each student might 
need a different opportunity or support to reach their potential.”

At the same time, one participant (Participant 16) noted that she wanted to know 
“more about how that equity ratio was determined and, what the assumptions behind 
that are.” We note that the participants were told how the ratio was computed, but 
this did not necessarily mean that they had an intuitive understanding of it. She con-
tinued it “could be an incredibly dangerous weapon” as a result of “misuse and mis-
interpretation, depending on what those underlying assumptions are” (Participant 
16). This was an important insight, as from our perspective, the equity ratio does not 
represent the “correct” value, as was interpreted by some participants. It is also pos-
sible that the name “equity ratio” influenced participants’ interpretations, and that a 
different name would have framed how participants thought differently. This same 
participant had defined equity as “ensuring everyone has what they need to be able 
to achieve what their goals are.”

Side‑by‑side comparisons (N = 7)

More than any other graph, a large number of participants specifically called out 
the Stacked Bars as it allowed side-by-side comparisons. Participants described how 
they “like the Stacked Bars because they’re side by side” (Participant 5), or that they 
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could “compare the bars side by side” (Participant 3), “see the percentages side by 
side” (Participant 4). Notably, participants did not describe the Mirror Bars or Paired 
Bars in the same way, even though they were also designed to facilitate similar com-
parisons between percentage of participation and demographic representation.

Other ideas

Several participants (N = 4) mentioned how the color coding helped their interpreta-
tions, but they did not articulate anything specific about a particular color scheme. 
One participant mentioned that she liked graphs where she could get a general gut 
feeling (e.g., with the Dot Array) about what was happening, without doing any cal-
culations. Finally, one other participant mentioned that having the student contribu-
tions shown by the length of the bar (e.g., Ordered Bars, Demographic Bars) was a 
nice feature.

What else did people want to know?

In terms of what information was missing, or what else people wanted to know, 
there were far more themes, so they are broken up in terms of frequency in Table 10. 
The most common request (N = 6) was for the graphs that did not have the total 
contributions (but just percentages) to give the total amount of participation for the 
class. After that, participants wanted intersectional information that was not just race 
(N = 4), and information about the overall quality (i.e., different types of talk ranging 
from rote recall to extended explanations), not just quantity, of participation (N = 4). 
Participants also mentioned that they would have found it useful to have a particu-
lar definition of equity for interpreting the graphs (N = 3). Beyond that, a variety of 
ideas such as course context (N = 2), error bars (N = 2), or information about which 
racial groups were represented rather than generic names (N = 2). Other one-off sug-
gestions included the presence of accommodations (e.g., for disabled students), the 
total number of opportunities to participate, other forms of participation, and within-
group information (for the graphs that did not have it).

Reasoning about equity (research question 3)

For the remainder of our analyses, we turn our attention away from whether par-
ticipants could interpret the visualizations, to whether certain types of visualizations 
may have promoted different ways of thinking about equity.

Equity in general

In the beginning of the interview (Segment 1), participants were asked to define 
equity. Two of the participants articulated an equity as equality ideology. For exam-
ple, Participant 13 said “So for me, equity is about things being equal for all genders 
and all races and that means equal access but also equal in expectation.”
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Most participants (N = 13) made a general description of students getting the 
appropriate support or accommodations needed to succeed. Participant 4 mentioned 
“So equity to me means I’m providing appropriate support for each student so that 
may not be the same for each student. So essentially, you know, they say leveling 
the playing field so that may mean that some students may require more than other 
students.” Participant 6 stated “Equity, in terms of teaching in the classroom, means 
that the instructor should give access to multiple different formats, and multiple dif-
ferent elements of the course that allows all of the students to perform to the best of 
their ability.” Similarly, Participant 11 stated “I believe that equity is about ensuring 
that all people involved in an experience have the means and tools with which to 
access and benefit from that experience.”

Finally, two participants used theories of mathematics education, like Rochelle 
Gutierrez’s four axes of equity (Gutierrez 2002), or Complex Instruction (Cohen and 
Lotan 1997), to explain what they meant by equity.

Equity in specific visualizations

Moving beyond general conceptions of equity, we were interested in understanding 
if certain types of data visualizations prompted participants to think about equity 
in a particular way. Participants’ classification of participation as equitable or not 
is broken down by visualization in Table  11. Table  11 clearly shows that partici-
pants saw the participation associated with particular graphs as more equitable or 
not, compared to other visualizations. From our perspective, none of the randomly 
generated distributions were entirely equitable, but rather, there are aspects of par-
ticipation that could be seen as both equitable and inequitable, depending on a par-
ticipant’s interpretation. These forms of reasoning were what interested us most. 
Below, we discuss the ways in which the three different categories of visualizations 
prompted different types of thinking from participants.

Derived data graphs The distributions of responses for Equity Ratio and Group 
Average Participation were quite different. More than any other graph, participants 
perceived the Equity Ratio as showing what the correct answer was (all bars at one), 
and when the bar associated with a particular racial group did not fall on the line, 

Table 11   How participants 
categorized the visualizations as 
equitable or not

Type Visualization Yes No Not sure

Derived data Equity ratio 1 12 4
Group avg participation 4 4 9

Group Stacked bars 5 5 7
Mirror bars 4 5 8
Paired bars 3 8 6

Individuals Demographic bars 2 11 4
Dot array 3 3 11
Ordered bars 0 13 4

Total 22 61 53
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participation was considered inequitable. This made the Equity Ratio graph unique 
from the set of visualizations. Consider Participant 12, who was steadfast in say-
ing that for nearly all visualizations equity could not be determined without more 
information. However, in the case of the Equity Ratio graph she said it was inequi-
table, because “group B did not meet that ‘one’ standard.” Unlike the other graphs 
where she felt equity was context specific, she felt as though the Equity Ratio graph 
told what the correct “equitable” response was. In contrast, the Group Average Par-
ticipation graph did provide a computation, but no clear “right answer.” As a result, 
people wanted to know more about the statistic to see if differences were statistically 
significant. Ultimately, it behaved much more similarly to the other Group graphs.

Group graphs When interpreting the Group graphs, participants often remarked 
that they wanted to know more about the groups. For instance, Participant 4 had 
a consistent reparations viewpoint, and thus, without knowing which racial groups 
were represented, equity could not be determined. In general, these graphs elicited 
more thinking about groups than the Individual graphs. When interpreting participa-
tion across the Group graphs, participants never brought up the idea that a single 
student within a group might be marginalized, although that type of reasoning came 
up often with Individual graphs (described below). Even if a particular group was 
viewed as an outlier, it was not necessarily interpreted as inequitable, because par-
ticipants felt that given the right context it could potentially be equitable.

Individual graphs The Individual graphs evoked, not surprisingly, thinking about 
particular individual students. In general, participants described both Demographic 
Bars and Ordered Bars as not equitable because a single individual stood out as talk-
ing too much or not enough. As Participant 9 asked “Why did Billy never talk?” 
or Participant 5 noted “it seems like Casey is really domineering the conversation 
here.” Participant 14 said participation was a “clear no” to being equitable, “because 
Cameron was zero.” As Participant 14 elaborates,

So unlike the other ones where I said that we needed more information to 
know if the distribution is equitable…we for sure know that this is not equita-
ble and this is a new definition of or new part of the definition of equity which 
is to say that we are smarter together. And so because we haven’t heard from 
Cameron at all we know that whatever kind of thing we’re talking about right? 
And in my world it’s mathematics right, so we know that we’re not as smart 
as we would be with relate- with a relationship to the mathematics content 
because we haven’t heard from Cameron yet. So firmly this time this is not 
equitable.

As these examples highlight, participants looked at the visualization, and if a single 
student was an outlier, they viewed it as inequitable. This is a notable difference 
from the Group graphs, wherein a single group acting as an outlier was not neces-
sarily seen as inequitable.

Of the Individual graphs, the Dot Array graph evoked slightly different patterns 
of reasoning and had the highest number of “I don’t know” responses amongst all 
the graphs. In general, participants did not jump to an immediate conclusion of ineq-
uity from a particular student having a very low or high level of participation. Why 
did the Dot Array graph not have a similar pattern? We suspect that the colors made 
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it more ambiguous exactly how much a given participant was speaking. This con-
trasted the Demographic Bars and Ordered Bars, which made visually salient out-
liers using the length of the bars (who were either participating too much, or not 
enough), in a way that the Dot Array graph did not.

Conclusion and key takeaways

This study provided a variety of insights into how data visualizations can support 
postsecondary STEM educators to think about racial equity. This is a key first step 
towards developing more effective visualizations to support professional develop-
ment around racial equity. When we considered how participants performed at cor-
rectly answering different questions using the visualizations, we found that what 
type of visualization was most effective depended on the question that was being 
asked. For understanding overall participation (interview question 2), the Group 
visualizations were quite effective, because this information was readily available, 
and the visualizations were relatively easy to interpret. For understanding the pro-
portions of participation (interview question 3), we hypothesized the Derived Data 
visualizations would be effective because they directly provided this information, 
but participants did not interpret the visualizations correctly. This indicates that par-
ticipants did not fully understand the computations, so there is an associated learn-
ing curve with using these, which would need to be accounted for in field studies 
or actual professional development. This could also be an important area for future 
visualization design, as helping participants understand participation relative to 
demographic representation is one useful way to understand participatory equity. 
For computing the experiences of an average student (interview question 4), most 
participants did realize that the Group Average Participation directly answered this 
question. In addition, the Individual graphs were the primary ones which actually 
provided this information. Across the board, the Demographic Bars and Dot Array 
Individual graphs were quite effective, as they balanced both group-level and indi-
vidual-level information. Ordered Bars were much less effective, because students 
were not grouped together, which made it difficult to draw conclusions about par-
ticular groups of students.

There were a few key features of the visualizations that participants identified 
as helpful. Many participants appreciated the ability to see individual students and 
coordinate group-level and individual-level information. Some participants enjoyed 
the Derived Data graphs because they provided the perception of knowing the “right 
answer.” However, with the case of the equity ratio graph we perceive this as a false 
confidence, which means the visualization may need to be used with caution. Also, 
the Stacked Bars were quite popular because people liked the physical layout of 
side-by-side comparisons. Participants wanted to know a lot of other relevant infor-
mation, such as intersectional demographics, quality of responses, error bars, and 
so forth. This indicates that participants recognized the many multi-faceted areas of 
participation.

We also found that graphs mediated thinking about equity. At a general level, 
most participants described equity as something that had to be adjusted according 
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to student needs and required providing appropriate support. However, when par-
ticipants were required to make determinations about specific groups, they often 
reverted to an “equity as equality” ideology, because this was easier to visualize. 
How to avoid inadvertently promoting such equity as equality thinking is clearly a 
pressing challenge for the field of equitable visualization design.

Different graphs promoted different types of reasoning about equity. Individual 
graphs tended to invoke individual reasoning and were the easiest to say it was ineq-
uitable if there was an outlier. In contrast, Group graphs prompted group thinking, 
but participants wanted to know more information about the groups and the indi-
viduals within the groups. Finally, the Derived Data graphs simplified the process, 
for example, when equity ratio provided the “right answer.” However, this process 
was not seamless, as the Derived Data graphs gave a false sense of correctness, and 
participants were not always effective at interpreting them.

There are a few key takeaways from the results above. First, the Demographic 
Bars graph stood out as a highly effective graph, and it was one that participants 
preferred. It provided individual-level information, and due to the grouping of the 
individual students, it was easy to make inferences about groups as well. In contrast, 
Ordered Bars was one of the least helpful graphs for making any inferences about 
groups, because individuals were not sorted together. This suggests that simply over-
laying demographic information without carefully thinking about how well it can be 
interpreted may not be an effective strategy at all.

Second, one needs to consider how well participants can interpret the graphs. The 
Derived Data graphs had a lot of potential but had some major pitfalls. First off, 
these graphs created a false sense of confidence because people felt as though they 
knew what the answer for equity was. Equity Ratios gave the perception that a ratio 
of 1 was ideal, even though this would represent equality, not equity. Similarly, even 
in answering questions about the proportion of participation, which should have 
been trivial using these graphs, less than half of the responses were correct. If such 
Derived Data graphs are to be used, it is critical that participants have appropriate 
support.

Third, it’s noteworthy that different graphs influenced how people thought about 
equity. Overall, participants had more nuanced ways of thinking about equity in 
general, but this was not easy to operationalize in terms of specific visualizations. 
People tended to revert to a model of “equity as equality.” In general, it was much 
easier for participants to define inequitable rather than equitable. For example, with 
Individual graphs, if a single student was an outlier, participants typically moved to 
a quick judgment that participation must be inequitable. In contrast, if a particular 
group was an outlier, it was not necessarily seen as inequitable without more con-
textual information. This suggests that for any given purpose, a designer would want 
to use particular types of data analytics to evoke particular types of reasoning about 
equity from participants.

This study focused on a population of postsecondary STEM educators focused on 
racial equity. What remains to be seen is the extent to which these findings would 
extend to other contexts, such as K12 STEM education, or other types of inequity, 
such as gender inequity or disability inequity. Nonetheless, given that we were able 
to connect our quantitative findings to specific patterns of reasoning and features 
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of the visualizations, we believe that our results should generalize across settings, 
at least to some extent. Exploring these further areas of inquiry with larger sam-
ples that support statistical generalization would be an important next step to this 
research.

Implications

This study has important implications in the form of the most effective task-vis-
ualization combinations; that is, depending on the required task, we have a better 
idea of which types of visualizations we should provide to achieve it. Given that 
different graphs mediated different ways of thinking about equity (interview ques-
tion 1), it may be most effective to have a combination of an Individual graph (e.g., 
Demographic Bars) alongside a Group graph, which gets the focus on demographic 
groups. For understanding overall participation (interview question 2), any of the 
Group graphs would be quite effective. For understanding average participation by 
students (interview question 4), Group Average Participation and Demographic Bars 
were both excellent choices. The results were less clear for understanding participa-
tion relative to demographic representation (interview question 3), and this remains 
an area for future research.

This study also has implications for practice. First, it becomes clear that more 
data/information is not necessarily better. Thus, in a practical professional develop-
ment context, rather than simply providing instructors with more data, it is impor-
tant to curate effective data visualizations that spur the desired types of reasoning. 
Consider the Derived Data graphs for a prime example of this. Even though they 
could be used to directly answer interview questions, they did not necessarily pro-
vide participants with data in a form that they could easily interpret. At worst, they 
could lull participants into a false sense of confidence about computations that they 
do not really understand.

Second, a major theme was the need to coordinate individual and group-level 
information. This is also very important from a professional development stand-
point. In real classrooms, sources of inequity arise both from within and between-
group variation. Therefore, visualizations with the potential to provide information 
about each of these have better potential to support more nuanced thinking about 
in/equity. The Individual graphs had the most potential to do this, as they showed 
how particular students were participating. On the flipside, this also resulted in more 
individual-level thinking, and moved more away from thinking about equity in terms 
of groups.
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