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This article investigates the implementation of inquiry-oriented instruction in 20 undergraduate mathematics classrooms. In contrast
to conventional wisdom that active learning is good for all students, we found gendered performance differences between women
and men in the inquiry classes that were not present in a noninquiry comparison sample. Through a secondary analysis of classroom
videos, we linked these performance inequities to differences in women’s participation rates across classes. Thus, we provide
empirical evidence that simply implementing active learning is insufficient, and that the nature of inquiry-oriented classrooms is
highly consequential for improving gender equity in mathematics.

Keywords: Grades or audience; Research participants; Students, instructors, or the curriculum in undergraduate mathematics classes;
Mathematics, content and processes; Abstract algebra and discrete mathematics; Calculus, analysis, and differential equations;
Research areas; Social characteristics; Gender/sexual orientation; Individual characteristics; Identity, agency, authority, and
empowerment; Research theories, methodologies, and designs; Mixed methods; Other Topics; Research

Calls for active learning in undergraduate mathematics are now widespread. For instance, the Common Vision
Committee—a collaboration among the five largest professional mathematical societies in the United States—summarized
this as a need “to move away from the use of traditional lecture as the sole instructional delivery method in undergraduate
mathematics courses” and declared that, as a field, “we should seek to more actively engage students than we have in the
past” (Saxe & Braddy, 2015, p. 19). This push has been driven by recent empirical evidence demonstrating the positive
impact of active learning on student performance across undergraduate science, technology, engineering, and mathematics
(STEM) in general (Freeman et al., 2014; Theobald et al., 2020), and mathematics in particular (e.g., Laursen et al., 2014).

Laursen et al. (2014) focused specifically on inquiry-based learning (a particular type of active learning), analyzing data
from more than 100 classes from four mathematics departments in which inquiry-based learning had been widely adopted.
They found that student performance improved in the inquiry-based learning classes, and when considering students’
self-reported experiences, “the use of [inquiry-based learning] eliminates a sizable gender gap that disfavors women

This material is based on work supported by the National Science Foundation under IUSE Awards DUE1431595,
DUEI1431641, DUE 1431393, and DUE1943146.
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students in lecture-based courses” (p. 406). Given the gatekeeping role of undergraduate mathematics courses (Bressoud,
2021), especially for women'! who disproportionately leave STEM after calculus (Ellis et al., 2016), this was an important
and promising finding that supported the recommendation of active learning as a mechanism for both improving student
performance and supporting women in undergraduate mathematics. But to what extent are these findings generalizable
across institutions and forms of active learning?

Recent studies problematize who, exactly, benefits most from active learning environments. Although the aggregate
effects of active learning may be positive, the disaggregated impact on various student groups can still be inequitable—for
instance, with boys benefitting more than girls (Bando et al., 2019).2 Similarly, another recent study on flipped mathematics
classrooms found significantly greater performance gains for men and White students compared with women and Black
and Latinx students, respectively (Setren et al., 2019). Moreover, because active learning environments increase the
frequency of student—student interactions, they can make room for interpersonal microaggressions (Cooper & Brownell,
2016; J. B. Ernest et al., 2019). How do we reconcile the promising findings about inquiry-based learning with these more
recent studies showing the potential pitfalls of active learning environments?

To make progress toward reconciling these studies, we focus on two types of equity that are consequential for undergrad-
uate mathematics. First, we consider participatory equity, which concerns the fair distribution of opportunities to participate
in classroom discourse (Shah & Lewis, 2019). Participatory equity provides insight into whether some groups of students
get more opportunities to benefit from particular forms of teaching, such as active learning. Second, we consider performance
equity, which concerns student performance outcomes. Performance equity would correspond to a condition in which student
performance could not be predicted on the basis of student demographics (i.e., performance outcomes are distributed equally
across social groups; Gutiérrez, 2002). Student performance is consequential because it dictates whether students pass their
courses and have an opportunity to continue toward their STEM aspirations. Ultimately, our analyses aim to connect these
two important types of equity, elucidating how particular learning environments may lead to more equitable student perfor-
mance. Toward this end, we carried out a secondary analysis of 20 undergraduate mathematics classes that were taught using
aparticular form of active learning called inquiry-oriented instruction. We address the research question: How do talk-based
participation patterns in inquiry-oriented classes relate to gendered performance differences in student outcomes?

In this article, we take a critical stance toward active learning, rejecting universalizing ideas that pose active learning
as a panacea. Nonetheless, to be clear, we do not advocate against the use of active learning strategies in favor of traditional
lecture. Rather, we caution against blanket statements like “active learning is good,” and argue that more research is
required to better understand how to support instructors’ implementation of active learning to ensure that it does not further
exacerbate inequities and disproportionately benefit dominant groups in mathematics (e.g., White and Asian men). In this
way, active learning may eventually be seen as necessary but insufficient for improving equity in mathematics education.

Prior Research on Inquiry and Gender in Mathematics

“Active learning” is an umbrella term that describes instructional practices focused on actively engaging students in the
learning process (e.g., discussion and group work), in contrast to the use of pure lecture (Mathematical Association of
America, 2018). Active learning is predicated on the connection between mathematical discourse and learning (Hufferd-
Ackles et al., 2004; National Council of Teachers of Mathematics [NCTM], 2014). Beyond supporting learning, public
participation offers opportunities for students to be seen as competent mathematicians by others, which supports their
mathematics identity development (Langer-Osuna & Esmonde, 2017). In this way, classroom participation is one important
mechanism to support students to succeed in mathematics. In active learning classes, a key role for instructors is to create
a learning environment in which students have meaningful opportunities to publicly participate in mathematical sense
making. In this section, we describe the specific characteristics of inquiry-oriented instruction that may be associated with
students’ meaningful participation. We also discuss how the gendered nature of mathematics learning environments could
be visible in the form of inhibited participation and identity development for women.

Inquiry-Oriented Instruction

The form of inquiry-oriented instruction examined in this study draws heavily from the instructional design heuristics of
realistic mathematics education (Freudenthal, 1991). Realistic mathematics education leverages students’ informal reasoning
as a starting point from which to build more sophisticated mathematical understandings. Inquiry-oriented task sequences,

' We recognize that research on gender too often centers White women, or does not attend to race at all, thereby erasing the experiences of women
of color. Intersectional frames in mathematics education research are critically important (Bullock, 2018; Leyva, 2017; McGee & Bentley, 2017). As
we explain in the methods, our use of “women” in this article includes women across racialized groups as well as transgender women.

2 This large-scale study drew from 10 field experiments across four Latin American countries (Argentina, Belize, Paraguay, and Peru), consisting
of more than 17,000 students in all.
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which iterate between phases of inquiry and formalization, are usually carried out in collaborative small groups and whole-
class discussions. These task sequences are designed to support students’ reinvention of important mathematical ideas. Unlike
other instructional approaches, formal mathematics (i.e., definitions and theorems) are not the starting point for the students’
mathematical activity (Kuster et al., 2018). Rather, formal mathematics emerges through guided reinvention (Freudenthal,
1991). The bottom-up reinvention of the mathematics, along with the expectation that the students retain ownership over the
developing mathematical ideas, requires instructors to skillfully draw out and use student contributions to advance their
mathematical agenda (Johnson, 2013; Kuster et al., 2018; C. Rasmussen & Kwon, 2007; Speer & Wagner, 2009).

Whole-class discussions are central to inquiry-oriented instruction. Although private thinking time, peer discussions,
and small group work support student thinking, whole-class discussions are the primary mechanism for advancing a
collective mathematical agenda. During these discussions, the instructor must elicit student ideas and use them to develop
formal mathematical ideas (Kuster et al., 2018; Speer & Wagner, 2009). Which students get to share their thinking, at what
depth they share, and what the instructor does with student contributions are all important equity considerations during
facilitation. Without careful attention to these issues, gendered classroom dynamics may inhibit women’s small-group
contributions from becoming public in the whole class discussion (e.g., J. B. Ernest et al., 2019). In addition, these overall
dynamics and the social culture of the classroom affect how students value the contributions of their peers (J. Hall et al.,
2020). Because whole-class discussions are central to inquiry-oriented instruction, and are susceptible to gender inequities,
they were a critical object of focus for the current article.

Gender in Mathematics

Prominent and false cultural narratives circumscribe who can and cannot do mathematics, such as “Asians are good at
math” (Shah, 2019; Wu & Battey, 2021) or the “White male math myth” (Stinson, 2008). As one student in a graduate-level
mathematics course described, learning proof requires one to “conform to rigid conventions and opinions of elegance as
defined by now dead white men” (Reinholz, 2018, p. 71). These studies illuminate how “the popular image of mathematics
is that it is difficult, cold, abstract, ultra-rational, important and largely masculine” (P. Ernest, 1993, p. 53). These stereo-
types create barriers to success for students with minoritized social identities (e.g., those that are based on disability, gender,
race, etc.). Here, we focus on gender.?

Gender narratives organize a learning environment by signaling which gender groups do and do not belong in the class-
room. For instance, subtle contextual cues (e.g., stereotypical images like Star Trek or video games) can create an envi-
ronment that reinforces masculine stereotypes, thereby reducing women’s sense of ambient belonging and deterring their
interest in a masculinized subject domain (Cheryan et al., 2009). Women must also contend with stereotype threat (Steele,
1997). When placed in a situation in which a risk of judgment on the basis of negative stereotypes exists, this risk elicits a
disruptive state that inhibits performance (Spencer et al., 1999; Walton & Spencer, 2009). Notably, Black women experience
stereotype threat in more harmful ways than White women, because they contend with intersectional forms of oppression
(Abdou & Fingerhut, 2014).

Cultural narratives also manifest in classrooms through implicit biases. Implicit biases are expectations and evaluations
made about groups of people, operating outside of conscious control (Staats et al., 2017). Biases are the result of socializa-
tion in particular cultural contexts (Yogeeswaran et al., 2016), and, thus, when people are socialized in environments
containing oppressive narratives about women in mathematics, they can develop biases that women are not good at math-
ematics. These biases—which are ubiquitous in our society—then manifest in concrete ways that marginalize women in
mathematics. For instance, teachers underestimate the abilities of young girls in mathematics (Robinson-Cimpian et al.,
2014) and call on them less frequently (Sadker et al., 2009).4

Classroom spaces are also gendered through student interactions. For example, small groups comprising predominantly
men can create a masculinized social environment that inhibits women from participating (Dasgupta et al., 2015). Research
also shows that these gendered roles can emerge spontaneously unless instructors explicitly intervene (Quinn et al., 2020).
These issues may be further exacerbated when students engage in sexist interpersonal microaggressions (Suarez-Orozco
etal., 2015), such as when students in small groups in inquiry-based undergraduate mathematics courses make misogynistic
statements implying that “a women’s place is in the kitchen” (J. B. Ernest et al., 2019, p. 164). Especially in a highly mascu-
linized environment like a mathematics classroom (Leyva, 2017; Lubienski & Ganley, 2017; Mendick, 2006), these prob-
lematic events send strong messages about belonging. These phenomena can be connected to implicit biases about women
in general, and particularly about women in mathematics.

3 We take a fluid view of gender as a field of possible discursive expressions (i.e., many genders exist, not just two; Butler, 1990), as opposed to the
historically dominant perspective on gender as a binary.

4 Similar biases exist toward racially minoritized students (e.g., Larnell et al., 2014; McAfee, 2014; Robinson-Cimpian et al., 2014) and disabled
students (Lambert & Tan, 2017).
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Of course, the ways in which minoritized gender groups experience oppression is intertwined with oppression related
to other social markers (Crenshaw, 1990). Intersectional approaches in mathematics education research have, for example,
revealed distinct differences in the learning experiences of girls and women of color (Gholson, 2016). Intersectional oppres-
sion toward racially minoritized women is well documented in mathematics education (Joseph, 2017; Joseph et al., 2017;
Leyva et al., 2021; Shah et al., 2020). This is important to acknowledge because, too often in research, the category of
“women” has wrongly been taken to code for only White women, thereby erasing women of color. In response to this
concern, our study sample includes women from a variety of racialized groups. Still, limitations of the secondary data set
we analyzed made it difficult to analyze specific race—gender intersections in this particular article; we elaborate on this
issue in the Methods section.

The salience of gender in the mathematics classroom has important implications for instruction. Student participation
is central to most active learning approaches (including inquiry-oriented instruction). However, because of the high
frequency of interpersonal interactions and the possibility those create for marginalizing events (Cooper & Brownell,
2016), not all students will have equitable access to those forms of participation most supportive of learning. In particular,
given the importance of student contributions to the whole class in inquiry-oriented instruction, instructors can play an
important role in choosing who has an opportunity to present and whether they will be positioned as competent. Unless
instructors approach this role intentionally, they are likely to reinforce their own implicit biases and the biases of their
students. Given that whole-class discussions are a highly visible form of participation, women being seen as competent in
this venue is especially important (J. B. Ernest et al., 2019; Solomon et al., 2011). In addition, if men increasingly see women
as publicly successful in mathematics, it has the potential to shift attitudes and stereotypes more broadly.

Author Positionality

The author team consists of mathematics educators who are committed to inquiry-oriented instruction in mathematics.
Multiple authors were members of the original Teaching Inquiry-oriented Mathematics: Establishing Supports (TIMES)
project, which was important for our understanding of the rationale behind design and data collection decisions made in
the original project. Our team also represents a range of intersectional social marker identities by gender (men, women,
nonbinary) and by racialized group (Asian, Black, Latinx, White). Broadly speaking, our team is attuned to issues of gender
inequity, and also its intersections with other identities such as race or disability. Three women on the team (two White
and one Black) had firsthand experiences of gender and intersectional oppression in mathematics classrooms, which was
helpful in interpreting gendered segments of classroom interaction in the recorded videos. In discussions about the data
and framing of the article, we brought to bear our lived experiences from multiple identities and perspectives to represent
the data as comprehensively as possible.

Methods

TIMES was a professional development project that supported instructors who were implementing inquiry-oriented
linear algebra (Wawro et al., 2013), inquiry-oriented differential equations (C. Rasmussen et al., 2018), or inquiry-oriented
abstract algebra (Larsen et al., 2013). Instructors in TIMES received three forms of support: curricular materials, summer
workshops, and online working groups. The inquiry-oriented curricular materials consist of task sequences with rationale,
examples of student work, and implementation suggestions. The 3-day summer workshops were designed to help instruc-
tors understand the principles of inquiry-oriented instruction (as described earlier) and how to use the instructional support
materials. The online working groups, held throughout the semester of implementation, were hour-long weekly meetings
with two components: an open forum devoted to addressing issues and concerns for participants as they arose (e.g., chal-
lenges of facilitating group work and discussion) and lesson studies (Fortune & Keene, 2021). During the two lesson studies
each term, the working group first discussed the mathematics of a focal unit and then discussed learning goals and imple-
mentation. After instructors taught the unit, they shared video-recorded clips of their instruction for group reflection and
discussion. Throughout the sessions, groups attended to the four components of inquiry-oriented instruction—generating
student ways of reasoning, building on student contributions, developing shared understandings, and connecting to standard
mathematical language and notation (Kuster et al., 2018).

TIMES Participants

During the 3-year project, a total of 42 instructors participated as TIMES research subjects. For each of these 42 instruc-
tors, students were asked to complete content assessments at the end of the term, and classroom video data were recorded
during two instructional units. However, the TIMES project team was able to gather gender data from students in only 24
of the 42 instructors’ classes, all of which were either differential equations or abstract algebra classes. When investigating
performance equity, we draw on the content assessments collected in these 24 classes, as well as comparison data sets
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Table 1

Student Demographics for the Inquiry-Oriented Instruction Classroom Sample

Demographic category Abstract algebra (n = 59%) Differential equations (n = 222b) Overall (N =281)
Women 44.1% 30.2% 33.1%
Men 52.5% 67.6% 64.4%
Nonbinary 0.0% 1.4% 1.1%
No answer 3.4% 1.0% 1.4%
White 74.6% 47.7% 53.4%
Latinx 2.0% 14.4% 11.4%
Asian 8.5% 16.2% 14.6%
Black 0.0% 8.1% 6.4%
Native® 0.0% 1.0% 1.0%
Multiracial 6.8% 10.4% 9.6%
Unknown 8.5% 2.3% 3.6%

4 In the nine abstract algebra classes, 122 students consented to data collection. However, only 59 (from three classes) were asked for full demographic
data as part of the content assessment.

b In the 11 differential equations classes, 288 students consented to data collection, but only 222 provided full demographic data as part of the content
assessment.

¢ The Native category was a combination of two demographic categories, American Indian or Alaskan Native and Native Hawaiian or other Pacific Islander.

collected from instructors that were not part of the TIMES professional development program (see more about the content
assessments and the comparison data in the Data Sources section).

When collected, questions about student demographic data were included as part of the content assessments. This
allowed us to disaggregate student performance data by student demographics. However, because these content assess-
ment data were anonymized, we could not connect student performance and classroom participation at an individual
level, and instead had to focus on gendered analyses at a classroom level (a point we return to later when we discuss the
video data). Because we wanted to investigate the possible relationships between performance and participatory equity,
we removed four instructors from the sample for whom student assessment data was limited (i.e., only a single perfor-
mance assessment for either women or men). Thus, for data and analysis presented at the classroom level, this left us
with N = 20 instructors total (13 women, seven men; race data were not available). These 20 participants taught at
different universities across the United States. The sample consisted of a mix of predominantly White institutions and
Hispanic-serving institutions.>

Although our analyses focus on gender only, we provide the available racial demographics in Table 1 to help contextualize
our findings and their potential generalizability (with more details presented in Appendix A).® Whereas student gender
and race data were collected in all 11 inquiry-oriented differential equations classes, no race data were collected for students
in inquiry-oriented abstract algebra during the first year of data collection. Thus, whereas we have gender data for all nine
abstract algebra classes, we have race data in only three. For this more limited set of students, we note that the distribution
of gender and race was not uniform across abstract algebra and differential equations.

Data Sources
A variety of data were collected from the instructors using inquiry-oriented instruction. Relevant to this article are
student content assessments and video recordings of instructional units.

Content Assessments

We used the Group Theory Content Assessment to measure conceptual understanding of abstract algebra (Melhuish,
2015). This instrument was developed using a mix of classical test theory and item-response theory (Melhuish, 2019).
For the abstract algebra comparison (noninquiry) group in the current article, we analyzed data from the final round of

5 We use the term “Hispanic-serving institutions” as a federal designation (Garcia, 2017), yet simultaneously recognize the contested nature of
language related to groups broadly categorized as “Hispanic,” who may prefer Latino/a/x, Chicano/a/x, or other terms depending on their own racial/
ethnic identities and identification (de Onis, 2017).

6 Disaggregated demographic data are provided in Appendix A. Table 1 gives an overview summary of race and gender separately.
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the instrument development process. This group contained 374 students across 33 institutions with varying levels of
selectivity ranging from most selective (<25% of students accepted) to least selective (100% of students accepted).
The 12 inquiry-oriented abstract algebra instructors’ taught a total of 174 students. Of those students, 139 (80%) completed
the Group Theory Content Assessment. In total (i.e., students in inquiry-oriented and noninquiry classes), our sample
contained 269 men, 237 women, and seven who identified as nonbinary or declined to answer. The gender makeup was
very similar between the noninquiry and inquiry-oriented data sets (47.6% and 42.5%, respectively, identified as women).

For the differential equations participants, TIMES project personnel developed a differential equations content assessment,
assessing both conceptual and procedural knowledge (W. Hall et al., 2016). Each TIMES instructor collected data from all
consenting students in their classes. Additionally, every instructor identified a colleague at their same institution who was
also teaching differential equations but not using the TIMES materials or inquiry-oriented instruction.® Because our partic-
ipatory analyses are unable to account for race, we report only gender data in the noninquiry sample. In all, 448 students
took the differential equations content assessment. However, only 341 of those 448 were asked for their gender. In total (i.e.,
students in inquiry-oriented and noninquiry classes), our sample contained 225 men, 101 women, and 15 students who
identified as nonbinary or declined to answer. The gender makeup was nearly identical between the noninquiry and inqui-
ry-oriented data sets (29.7% and 29.6%, respectively, identified as women).

Classroom Video Data

We had access to two recorded units of instruction for each instructor. Our analyses focused on the second unit
(M = 1454 min in duration), recorded 8—10weeks into the semester, because it was most likely to represent established
participation patterns in a given classroom. This unit was typically taught during two to three class periods. For all the
abstract algebra instructors, this was a unit on quotient groups. For the differential equations instructors, each online
working group determined which units they wanted to focus on during the lesson studies, so not all the differential equa-
tions videos were of the same unit. Videos were recorded on a tablet in the back of the room, which captured whole-class
discussions but did not allow us to follow small group interactions. Thus, our analyses focus on coding only
whole-class discussions.

The original data corpus did not include a class roster or seating map of the students, and because assessment data were
anonymized, we could not connect reported demographics from the assessments to the students in the videos. Therefore,
for this article, we operationalized gender in the classroom video data through gender performance (M. L. Rasmussen,
2009). That is, students’ gender was inferred using visual and audio cues (e.g., voice, clothing, presentation, names, or
pronouns used) by three members of the team (all women: two White, one Black). Although three students in the inquiry-
oriented sample identified as nonbinary and four students declined to answer the question about gender, we did not
encounter gender-neutral pronouns in any of the videos. We had no other way to infer whether students were nonbinary,
so we cannot determine whether participation from any of the seven nonbinary students was captured on video and the
students were misgendered by our coders, or whether their participation was simply not captured. Hence, our claims are
limited to binary interpretations of gender performance. Overall, when we could not identify the gender of a particular
speaker, their contribution was not coded.

Despite this limitation, a theoretical assumption of our work is that gendered social interactions are largely guided by
the gender expression perceived by students’ instructors and classmates. This assumption is consistent with studies of
implicit bias, which typically focus on perceived gender, rather than actual gender identity (Yogeeswaran et al., 2016). Such
work suggests that an individual’s perceptions of others will be the predominant factor affecting how biases play out.
Similarly, work in queer studies suggests that gender expression (more than identity) is a significant factor in predicting
bias and discrimination toward women (Levitt et al., 2012). Simply put, when biases play out in social contexts, the effects
of those biases tend to mirror the social marker identities that we implicitly ascribe to others. Therefore, the cues available
to teachers and students in the classroom that would influence perceived gender are the same cues that we researchers used
when analyzing the classroom data.

Although we were interested in exploring intersections between gender and other social markers, we did not pursue this
angle because of a lack of relevant context clues. Whereas students were referred to by their gender pronouns, we had no
equivalent marker for racial identities, for example. Drawing inferences about race based solely on phenotype would have
been problematic, and given our secondary analyses of video data, other potentially relevant contextual data were not
always present (e.g., a student’s name).

7 Note that three of these classes were later dropped from the analysis, but this did not have a significant impact on the proportion of women in the
sample.

8 One exception was a participant from a small university who instead recommended a colleague from a similarly sized university located in the
same city.
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Affordances and Limitations of Secondary Data Set

Performing a secondary analysis of existing data led to additional complexities in the study. In particular, we had to
coordinate multiple data streams (i.e., student performance assessments and classroom observations) that were not linked
in the initial study, which prevented us from performing some types of analysis (e.g., intersectional analyses of race and
gender). Had we designed the study from the outset, the analytic path would have been much more straightforward.
However, these limitations were outweighed by the affordances of the sample. In particular, we had a large data corpus
describing inquiry-oriented classrooms taught by instructors who had received considerable support. Moreover, these
inquiry-oriented classrooms had gendered inequities in student outcomes that did not exist in the noninquiry comparison
sample. Thus, the goal of our secondary analyses was to shed light on these important—and counterintuitive—findings.
This work also positions future researchers to take up questions of classroom participation and gendered performance more
directly through intentional study design.

Analytical Methods

Broadly speaking, we were guided by the equity analytics methodology (Reinholz & Shah, 2018). This approach focuses
on identifying and analyzing quantitative patterns in student participation as a window into classroom equity. A central
idea behind equity analytics is that quantitative data themselves cannot say whether participatory equity has been achieved
in a classroom because determinations of equity and inequity also require a deep understanding of students’ subjective
experiences. Instead, analyses of quantitative data can provide insight into statistical in/equalities, which serve as a
waypoint toward determinations of in/equity. In particular, we argue that students who are minoritized in a discipline (e.g.,
women in mathematics) should receive at least a proportional share of participation opportunities. Anything less would be
considered a sign of inequity. Drawing from this broad conceptualization of equitable participation, we aimed to link
inequities in participation patterns to inequities in student performance.

Variable Construction

In this study, we needed a way to analyze both student performance and student participation. To do so, we constructed
performance and participation variables that would account for student gender while not masking differences between the
two content areas and differences among classes (e.g., percentage of women students).

Performance Measures. The content assessments were collected with two different instruments in two different types
of courses. Therefore, we transformed the data to allow for comparison. First, the distributions and averages of the scores
between the two content areas were not comparable, meaning that (for instance) a 65% on the differential equations
assessment had a different meaning than a 65% on the abstract algebra assessment. To enable us to compare scores across
the two assessments, we converted these percentages to z-scores.

Second, the two content areas displayed differences in gendered performance on the content assessment. In the nonin-
quiry abstract algebra data set, women averaged 3.3% lower than men (or —0.17 SD), whereas in noninquiry differential
equations data set, women scored 3.5% higher than men (or 0.21 SD). These average differences became the respective
zeros for the inquiry-oriented abstract algebra and inquiry-oriented differential equations gendered performance differ-
ences. Thus, the gendered performance difference in each individual inquiry-oriented class was computed by subtracting
these national comparison differences from its z-scores. These two steps result in the creation of a variable for each inquiry-
oriented teacher that took into account difference in the content assessments and in the course subjects.

Student Participation Measure. We used the classroom observation tool EQUIP (Equity QUantified In Participation)
to quantify patterns of student participation (Reinholz & Shah, 2018; https:/www.equip.ninja). These data draw attention
to how different groups of students in the same classroom (e.g., by gender) may have different access to meaningful
participation and learning through classroom discourse. In this article we used a total of five dimensions customized to
capture inquiry-oriented discourse (see Appendix C). We used generic EQUIP codes for teacher question, student talk
type, and student talk length. We customized solicitation method and teacher response to better capture features of
inquiry-oriented instruction. In particular, we added additional levels of the codes to distinguish when individuals,
groups, or volunteers were called on. We also customized teacher response to capture teacher Elaboration, Revoicing, and
Follow Ups. This allowed us to explore greater detail than the original EQUIP codes, which focused only on whether a
teacher evaluated student ideas.

In EQUIP, the unit of analysis is a student contribution (originally “participation sequence”—see Reinholz & Shah,
2018), which starts when a new student speaks and ends when another student speaks. With this definition, any length of
interaction between the instructor and student is coded as one contribution. Conversely, if two students are having a
conversation, then a new contribution begins each time a student speaks, resulting in many back-to-back lines of code.
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Table 2

Intercoder Reliability (Krippendorff’s Alpha) Between Double Coders and the Lead Coder

Number of double- Solicitation Length of Student talk Instructor Instructor
Coder coded sequences method talk type solicitation response
1 336 .97 97 .85 .89 .80
2 470 98 98 .85 .89 .82

Note. Krippendorff’s alpha > 0.8 indicates a high level of reliability.

Thus, by the design of EQUIP, in classrooms with more interactions among different students (rather than a single student
and the teacher), the number of contributions coded will be higher. This design feature of EQUIP becomes an important
factor in interpreting our quantitative results, and we will return to it in the Results section.

The coding team consisted of three graduate students (all women; two White, one Black), with one lead coder who had
extensive prior experience with EQUIP. To begin, a high degree of intercoder reliability was achieved over approximately
20% of the data set (21 hr of video total); Krippendorff’s alpha is given in Table 2. All results were more than .8, the highest
category that can be achieved (Carletta, 1996). Once intercoder reliability was established, each graduate researcher coded
approximately one-third of the data set that was randomly assigned to them.

Quantitative Analysis

Our quantitative analysis had five main phases: (a) content assessment analysis, (b) identification of descriptive features
of inquiry-oriented class discussions, (c) regression analysis relating participation to performance among women, (d)
identification of groups of classes with gendered performance differences, and (e) analysis of differences among groups
of classes with gendered performance differences. In our first phase, we began by preparing the data set for analysis. First,
we examined gendered performance differences between inquiry-oriented and noninquiry classes to see how this instruc-
tional approach related to performance differently for men and women.

In our second phase, we examined the features of classroom discussions in inquiry-oriented sections using EQUIP to
better understand, using a quantitative lens, typical features of whole-class discussion in inquiry-oriented classrooms. At
this point, we dropped the four instructors from the data set who had limited assessment data. This reduced noise in our
sample when linking participation and performance (for N =20 instructors total).® We also scaled all participation measures
by the length of the average recorded unit (145.4 min, or approximately two 75-min sessions), so that we could meaningfully
compare across classes for which the length of the coded unit was different.

During the third phase, we performed an extensive exploratory analysis to look for differences between the inquiry-
oriented abstract algebra and differential equations classes, given the differences in course content and student
demographics. However, we found minimal differences between the two types of courses in observed differences in
participation, so we continued instead to work with the data set as a whole. To account for the relative proportions of
women and men in each classroom, we created a new measure called a participation rate. The participation rate for
women (or men) in a classroom is defined as the total number of contributions from women (or men) divided by the
number of women (or men) in the classroom. This allowed us to consider the average rates of participation for gender
groups. For example, if 50 contributions were made by women in a particular classroom that had five women, we would
calculate women’s participation rate as 10. When we give means and standard deviations of student participation, we
are providing metrics about participation rates.

Next, we used our classroom-level variables (i.e., participation rates and the gendered performance difference) to
construct weighted regression models predicting differences in women’s and men’s performance on the basis of their
participation. Because we had some small class sizes in the sample, we weighted the regression equations with 1/SE? (see
Appendix B), so that classes with more reliable estimates (i.e., lower standard error) would be weighted more heavily in
the models.!® Through our analyses, we found that correlations between performance and participation rates for men
(r=-.11, p=.7) and women (r = .54, p = .01) were in different directions, and only women’s participation rate was signif-
icant, so we conducted follow-up analysis focused solely on women’s participation. For simplicity, we then constructed a
weighted regression (in R©), with women’s participation rates as the only predictor of gendered performance differences.
We included instructor gender and a variety of other covariates in our initial models, but none was significant. Although

9 In addition to running the analyses with 20 instructors, we also ran all the analyses with these four instructors included (N = 24), and the general
trends and findings were the same.

10 We also created unweighted regression models, and the same general trends held.
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we explored the use of other predictor variables in the models (such as women’s Why contributions), many of the predictors
were highly correlated, so we could not include them in the same model because of multicollinearity.

In our fourth phase, we sorted the classrooms in the data set into three groups centered on the median value of the
performance measure (i.e., the gendered performance difference). Our goal with the tertile split was to identify different
variations in the style of inquiry-oriented instruction that would be obscured by looking at the classrooms in the sample
only along a single continuum. We recognize the ongoing debate about using analysis of variance (ANOVA)-based
approaches versus continuous-variable analyses (Iacobucci et al., 2015), which is why we opted to do both. Our rationale
was that in our third phase, as we describe in the results, the regression model demonstrated a significant relationship
between women’s participation rates and gendered performance differences. However, this finding does not fully illustrate
the nature of the various inquiry-oriented classes we observed. These differences became easier to interpret upon splitting
the classes into three groups.

During the fifth phase, we statistically explored observed differences in the three groups using one-way ANOVAs. We
focused on women’s participation rate, women’s Why participation rate, and women’s Not Called On participation rate,
because these were the dimensions that we hypothesized would be most related to student performance according to prior
research (e.g., Chi et al., 1994; Engle, 2012). These dimensions provide insight, respectively, into women’s overall presence
in the discussion; women’s opportunities to participate in meaningful, high-level discourse; and women’s agency in partic-
ipating without being directly called on. All these are theorized to be highly consequential for gender equity (Reinholz &
Shah, 2018). In particular, prior research shows that although women may make substantive contributions to small-group
work, the environment may prevent them from fully participating in whole-class discussions (J. B. Ernest et al., 2019), so
insight into women’s agency and opportunities to participate was important to capture.

Qualitative Vignettes

After quantifying differences among the three groups of inquiry-oriented classes, we selected three vignettes to illustrate
the nature of participation in each group. Each vignette was chosen to be illustrative, but not necessarily representative,
of the quantitative, statistical differences observed among the groups. As we introduce the vignettes in our results, we
describe in depth how the particular features in the vignette illustrate the quantitative EQUIP coding. These vignettes are
not intended to provide a full qualitative analysis but rather illustrate some potential explanations of the quantitative results.
The vignettes help the reader get a feel for what the inquiry-oriented classrooms looked like, and how different instructional
styles could lead to gendered performance differences.

Quantitative Results

Student Performance Outcomes

We found no significant differences in performance for women between inquiry-oriented and noninquiry classes (see
Table 3). In contrast, men in the inquiry-oriented classes significantly outperformed men in the noninquiry classes. The
results were significant for both differential equations (55.1 vs. 47.7, p = .002) and abstract algebra (50.4 vs. 42.9, p = .007).
This improvement for men in abstract algebra coincides with a statistically significant gendered performance difference
between men and women in inquiry-oriented abstract algebra (p <.001). A full analysis of this finding, using hierarchical
linear modeling, can be found in Johnson et al. (2020). Thus, even though women in the inquiry-oriented classes did no

Table 3

Average Student Performance on Conceptual Assessments for Inquiry-Oriented and Noninquiry Classes (Raw Scores out of 100)

Category Inquiry-oriented instruction Noninquiry Independent samples #-test

Differential equations

All students 55.0 (n = 230) 49.0 (n=111) 1(339)=3.2""
Women 54.6 (n = 68) 51.2 (n=133) 1(99) = 1.04
Men 55.1 (n=151) 477 (n="74) #(223)=3.2""
Abstract algebra
All students 44.4 (n=139) 41.4 (n=374) 1(51)=1.5
Women 357 (n=59) 39.6 (n=178) 1(235)=—-14
Men 50.4 (n=177) 429 (n=192) 1267)=2.7"
*p<.01.
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worse than women in noninquiry classes, the significant improvement for men in inquiry-oriented classes resulted in an
overall gender inequity. Across the sample of 20 classrooms analyzed, only five had a gendered performance difference
with women outperforming men; men outperformed women in the other 15 classes (see Appendix B).

Student Participation

Summary of Participation

Table 4 summarizes student participation across the entire sample of inquiry-oriented classes. These classes were relatively
small (approximately six women and 11 men on average), and discourse-heavy (with participation rates of approximately 4.0
for women, and 6.0 for men, per 145-min unit). Not Called On was the primary form of solicitation (with a participation rate
of 2.9 for women and 4.4 for men), which indicates that students often contributed to discussions in a free-flowing way in
which they were not explicitly called on by the instructor. The student talk type of What questions, which focus on factual
statements, were the primary form of contribution. Moreover, students tended to give elaborate responses (five or more words),
and instructors used a variety of discourse moves to build on student thinking (e.g., Revoicing, Elaborating, or asking a
Follow-Up question). In general, these findings support the conclusion that instructors were authentically implementing

Table 4

Mean (Standard Deviation) Participation Rates by Gender and Classroom (N = 20)

Dimension Women Men
Number of students 6.1(3.7) 11.1 (6.4)
Contributions 4034 6.0 (6.0)
Solicitation method
Group 0.08 (0.1) 0.19 (0.3)
Individual 0.6 (0.6) 0.7 (0.7)
Volunteer 0.4 (0.5) 0.8 (1.0)
Random 0.01 (0.1) 0.0 (0.01)
Not Called On 2934 4.4 4.9)
Instructor solicitation
Why 0.4 (0.3) 0.8 (1.1)
How 0.2 (0.2) 0.3 (0.4)
What 1.7 (1.6) 2.5(LY)
Other 0.6 (0.5) 0.8 (0.6)
N/A 1.2 (1.6) 1.7 (1.8)
Student talk type
Why 0.5(0.5) 0.7 (0.5)
How 0.2 (0.3) 0.3 (0.3)
What 2.6 (2.5) 4.2 (4.9)
Other 0.9 (0.7) 0.9 (1.1)
Student talk length
21+ words 1.0 (0.8) 1.7 (1.3)
5-20 words 2.1(2.0) 31339
1-4 words 0.9 (1.0) 1.2(1.2)
Instructor response
Elaborate 1.2(1.4) 1.6 (1.6)
Revoice 0.6 (0.8) 1.0 (1.3)
Evaluate 0.4 (0.8) 0.3(0.4)
Follow-Up 0.6 (0.8) 0.9 (1.7)
N/A 1.2 (1.0) 2220
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inquiry-oriented instruction in their classes across the sample (as defined in Kuster et al., 2019). Moreover, these descriptive
findings show that, in the aggregate, the nature of participation patterns looked relatively similar for men and women—except
that men had more contributions, especially of the Not Called On nature (4.4 for men vs. 2.9 for women).

Predicting Differences in Performance Outcomes by Participation

Given the variation in the amount and types of participation, as indicated in Table 4, we constructed a regression model
to see whether differences in women’s participation rates (the total contributions from women divided by the total number
of women in a class) across classes could be used to predict gendered performance differences (see Table 5 and Figure 1).
We did not include men’s participation in the model, because participation rates and performance outcomes were only
significantly correlated for women, not men.

We found that women’s participation rates were a significant predictor of gendered performance differences. Table 5
indicates that the final regression equation was:

y=a+Bx
y=-0.59+0.09x,

where a is the intercept, B is slope coefficient, y is the gendered performance difference, and x is women’s participation
rate. The intercept of —0.59 in our model indicates that if women never participated, their scores would be roughly half a
standard deviation lower than the gendered performance difference in a typical noninquiry class. The coefficient of 0.09
indicates that a participation rate of approximately 11 for women (0.09 x 11 = 1) would reduce the gendered performance
difference by one standard deviation. Considering the average of approximately six women per classroom, this would
require increasing women’s participation by 66 contributions total over the course of the 145-min unit, which is a feasible
goal. This model is illustrated graphically in Figure 1.

Table 5

Weighted Multiple Regression (Gendered Performance Difference Between Women and Men, N = 20 Classrooms)

B (unstand.) SEB B (Stand.) t
(Intercept) -0.59 0.18 0 32"
Women’s participation rate 0.09 0.03 .59 27"

*p<.05. " p<.0l.

Figure 1

Weighted Regression (Gendered Performance Difference Predicted by Women’s Participation Rate)

Gendered Performance Difference (W= M)

-15

T T T T T T T
0 2 4 6 8 10 12

Women's Participation Rate

Note. The size of each circle is scaled by 1/SE2, showing the weighting factor in the regression equation.
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Table 6

Mean (Standard Deviation) Participation Rates by Group

Group 1: centralized ~ Group 2: distributed Group 3: shared

Category (n=0) (n=28) (n=0) Two-way ANOVA
Participation rate (all 2.0 (1.5) 4.7 (1.0) 9.5 (6.8) F(2,17)=59" Tukey
students) HSD?: Group3—Groupl™

Women’s contributions 1.0 (1.3) 4.2 (1.0) 6.7 (4.6) FQ2,17)=69" Tukey
HSD: Group3—Groupl™

Women’s Why contributions 0.2 (0.3) 0.5 (0.3) 0.7 (0.7) F2,17)=2.5

Women Not Called On 0.6 (0.9) 2.4(0.7) 5.8 (5.0) F(2,17)=5.5" Tukey
HSD: Group3—Groupl®

GPDP (W-M) —0.9 (0.3) —-0.3 (0.1) 0.3 (0.3)

Number of students 22.6 (7.0) 14.1 (7.0) 15.5(7.7)

%Women 27.0 43.0 39.0

2Tukey’s honest significant difference.
bGPD = gendered performance difference.
*p<.05."p< 0l

Further Exploring Differences in Participation by Inquiry Type

Once we established the significant relationship between women’s participation and the gendered performance difference,
we sorted the classrooms in the data set into three groups to further explore the relationship between participation and
gendered performance differences (c.f. Appendix B). A quantitative summary for the classrooms in each of the three groups
is given in Table 6, which shows significant differences in how women participated in each of these groups.!! These find-
ings led us to name the groups Centralized, Distributed, and Shared Inquiry, as we elaborate next.

We found significant differences in participation rates across groups. The classes in which women had the lowest
performance outcomes compared with men (Group 1) had significantly lower participation rates for women. They also
tended to have the fewest contributions overall and fewer women in the classes. We called Group 1 the Centralized Inquiry
group because the relatively lower number of contributions can be explained by the way that contributions are defined in
EQUIP. Namely, this indicates that a high proportion of the discourse flowed back and forth between the instructor and
a single student at a time (i.e., talk was centralized through the instructor).!> This does not mean that Group 1 used
lecture—on the contrary, these classrooms had many in-depth discussions—but that the instructor was at the center of
these discussions.

We named Group 2 Distributed Inquiry because the participation rates for women were closest to the overall participa-
tion rates for all students. A rate of 4.2 for women was just slightly below the overall rate of 4.7 (and 5.2 for men), whereas
in the Group 3 classes, the rate of 6.7 for women was considerably lower than the overall rate of 9.5 (and 10.5 for men).
Thus, in these Group 2 classes, the ratio of participation was closest to 50—50 between men and women. Note that whereas
in Group 2, women participated more relative to men, the greater overall amount of discourse in Group 3 resulted in higher
participation rates for women.

In Group 3 classes, women had the highest assessment scores compared with men. We found women in Group 3 classes
had significantly higher participation rates, in general and when Not Called On, compared with Group 1. Although we also
found numerical differences in Why contributions between groups, we could not detect a statistical difference. We called
Group 3 the Shared Inquiry group because the greater quantities of talk—and particularly of Not Called On talk—indicate
that students were responding to one another, sharing in the inquiry process (instead of interacting primarily through the
instructor).

' Here, and other places in this report, we focus on women’s participation because that has been found to be highly correlated with their perfor-
mance, whereas men’s participation was not, as described in the Methods.

12 As we discussed in the Methods section, when talk flows back and forth between a single student and the instructor, it is coded as a single contri-
bution. If the same conversation took place between two students, the overall number of contributions would increase. Because instructors were using
the same curriculum, the relative amount of whole-class discourse was relatively uniform among classes. Thus, the primary driver of differences in
overall participation rates was the nature of the discourse.
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Summary of Quantitative Results

Our quantitative analyses established a few important empirical results. First, we found that significant gendered perfor-
mance differences existed between women and men in the inquiry-oriented sample that were not present in the noninquiry
comparison sample. Second, we linked these performance differences to women’s participation rates in the different classes.
In other words, we could predict in which classes women would perform best by looking at in which classes they partici-
pated the most. Third, we found some quantitative evidence that the nature of participation, not simply the amount, was
consequential to gender equity. In the qualitative vignettes in the next section, we provide a further illustration of how the
nature of inquiry-oriented instruction differed between classes.

Qualitative Vignettes

The quantitative findings provided evidence that instructors were authentically implementing inquiry-oriented instruc-
tion, not teaching through pure lecture. However, differences in the nature of participation across classes suggest that the
forms of learning opportunities available differed by class. Here, we offer three brief vignettes to qualitatively illustrate
the quantitative differences we found across the groupings of inquiry classes, as described earlier. We chose these vignettes
by searching through the data corpus and picking excerpts that exemplified the relationship between the EQUIP coding
scheme and the qualitative data (e.g., in Centralized Inquiry we found an example of meaningful back and forth between
the instructor and a single student, which was emblematic of these classrooms that had a low number of overall contribu-
tions). These vignettes are intended to provide a general sense of the classrooms for readers who are less familiar with
EQUIP. We do not claim that these interactions represent all discourse within a given classroom. Rather, we argue that
they are emblematic of the types of interactions that happened within their respective group of classes, and thus we offer
them for illustrative purposes. All names are pseudonyms.

Centralized Inquiry (Example From Classroom AA1)

The Centralized Inquiry group exhibited significantly fewer student contributions, which was driven in part by a higher
frequency of back and forth between the instructor and a single student, rather than student-to-student interactions. A
typical example of this discourse pattern consists of the instructor going back and forth with a single student to press them
for their thinking. Consider the following episode between the instructor in Classroom AA1 and the student Jamie, in
which the instructor pushes Jamie to clarify her thinking:

Jamie Could we start with the statement, @ star x equals b star y?

Instructor ~ OK, so Jamie got another idea. She started with this equation . . . and what did you do with it?

3. Jamie Well, we know that all of these elements are elements of group D. So, we know that we can take the right
inverse of x on both sides.

4. Instructor So you multiplied both sides by the inverse.

5. Jamie And also, groups are associative so we can, yeah.

6. Instructor So, what was your next step?

7. Jamie Well, we know that we can move the parenthesis, because groups are associative, or elements of groups

are associative.

8. Instructor ~ Elements are never associative. It’s the operation.

In this episode, we see the instructor in a back-and-forth dialogue with a single student in the class to elicit deeper thinking.
In this episode, we do see a genuine effort by the instructor to probe into Jamie’s thinking. We see teacher discursive moves
featuring How questions (Lines 2 and 6), a Revoicing of a student contribution (Line 4), and an Evaluative comment about
the student’s contribution (Line 8). This exchange is illustrative of this instructor’s central role in eliciting and validating
the mathematical ideas proposed. Exchanges of this nature were common in AA1, which had only 38 coded contributions
over the scaled 145-min unit because much of the discourse occurred between the instructor and a single student, which
was coded as a single contribution.

Distributed Inquiry (Example From Classroom DES)

The Distributed Inquiry group had close to 50-50 participation between women and men and, numerically, the overall
participation rates and Not Called On participation rates were in the middle of the other two groups of classes. In Distributed
Inquiry classes, the instructor still played a role in mediating the discourse through a mix of Called On and Not Called On
interactions. However, these interactions focused more on Distributing participation opportunities across students, rather than
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back and forth with a single student. The following excerpt is an example of this discourse pattern from Classroom DE5 in
which explicit instructor moves (like calling on particular students in an intentional order) elicited a variety of student viewpoints:

1. Lisa Up until that point, the spring force was accelerating the mass to that point. And then right after that point,
the spring force is slowing down the mass.

2. Instructor  So there’s no spring force here. . . . Kathy, what do you think about that? I know you have some strong
views about that.

3. Kathy Um so . . . the spring is at a resting point at x equals 0. So, if you stretch it out, it will want to compress
back to that point. So it’s going to accelerate there . . .

Instructor  Say that again.

5. Kathy Like, if it’s accelerating to x equals 0, so the velocity is increasing towards x equals 0, then velocity has
to be a maximum at x equals 0 for going that same motion.

Instructor ~ How about this group up front? You had a different picture, so can you tell me about that?

7. Gilbert I just drew a few circles because the question asked for a spring . . .

In two instances in this episode, the instructor clearly uses what she saw during prior work time to bring students into the
discussion. For instance, the instructor alludes to Kathy’s “strong views” on the problem (in Line 2) and also brings in the
“group up front,” because they had a “different picture” (in Line 6). Here the instructor is using her knowledge of what
happened in small groups to orchestrate the whole-class discussion.

The instructor also says, “Say that again” (in Line 4), presumably to ensure that the rest of the class can hear Kathy’s
idea and respond to it. At this point of the discussion, the instructor only elicits a variety of ideas and withholds her judg-
ment about what is correct. As we can see, the primary role of the instructor in this excerpt was to elicit student thinking,
and she ensured that productive conversations were taking place by carefully choosing which students would share their
ideas. In our coding, this dynamic is reflected in the relatively higher participation rates, but still modest number of Not
Called On contributions. Using these discourse moves, the instructor supported inquiry that was Distributed among the
students as they made sense of one another’s ideas. These intentional instructor moves also set up students to respond
directly to one another. This was evident in the larger number of total contributions in Classroom DES5 than what we saw
in AA1: 107 over the scaled 145-min unit.

Shared Inquiry (Example From Classroom DE11)

In the Shared Inquiry group, women’s participation rates were the greatest, as were the rates for Not Called On contribu-
tions, which occurred when students were collaboratively building on one another’s ideas. One of the primary roles for the
instructor in this type of discussion was to establish strong community standards for participation and to support students
to discuss with one another. An example of this type of discourse can be seen in the following debrief conversation from
Classroom DEI1. The students were trying to understand the path of a point on a propeller on an airplane that was flying:

1. Instructor ~ We need to conclude this in the next five minutes. Candy, you start. What were you showing? Sorry |
interrupted you.

2. Candy We were arguing since you’re moving with it . . . you should just see a straight line. And I was like, no,
because it’s still like the plane is still moving. Like whether you like it or not, it’s still gonna be moving
in this way and the propeller’s still gonna be moving in this way. So it’s gonna go like this. . . . From the
side it’s 2D, it’s gonna look like a sine wave.

3. Instructor  1It’s like a sine wave.
Alyssa But, what if we’re looking at it from the top though, because . . .
5. Candy Same thing. Literally just a spiral. So, like, it’s like you see a spiral and does it look different if you look
at it this way or this way? No, it’s just a spiral.
[James raises his hand]
6. Instructor  OK, James, what do you think?
7. James I don’t think we (inaudible). It says like at a slow constant speed . . .

8. Olivia Well it says you can always see the red mark. So you’re gonna see it.
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9. Candy It would just be like this. The plane is still moving.
10. James Like if you’re just standing in place then it looks like a sine wave, but if you’re moving along then it’s a
line.

11. Instructor ~ So what’s the conclusion, from the top, what do you see?

In this episode, the instructor initially sets up the students to discuss the problem by saying “we need to conclude this.”
The way that students take this statement as an invitation to arrive at a consensus around the particular problem provides
evidence of community standards already established in the classroom environment. Through this episode, this instructor
plays the role of a facilitator but does not offer new ideas. The first example is Revoicing Candy’s idea that it “looks like a
sine wave” (Line 3). Then, the instructor calls on James (Line 6) when he raises his hand. Finally, in Line 11, the instructor
asks, “What’s the conclusion?” to try to see what consensus the students were building to. All these instructor moves were
used to help the students engage in Shared Inquiry. In contrast to Distributed Inquiry, the instructor played less of an
intentional role in selecting which students would participate (i.e., more Not Called On talk). Because of this dynamic,
Classroom DE11 had an even greater number of total contributions than the previous two: 144 over the scaled 145-min unit.

Discussion

The goal of this article was to understand how talk-based participation patterns in inquiry-oriented classes relate to
gendered performance differences in student outcomes. Our focus on participation was guided by theories suggesting that
participation is highly consequential both for learning (Hufferd-Ackles et al., 2004; NCTM, 2014) and identity development
(Langer-Osuna & Esmonde, 2017). From these perspectives, one would suspect that students’ participation would be
empirically linked to their performance outcomes, but few studies to date have documented this link (for notable exceptions,
see Banes et al., 2020; O’Connor et al., 2017). By providing further evidence of such a link as it relates to gendered perfor-
mance differences, this article makes a notable contribution to the field.

Contrary to the conventional wisdom that active learning promotes equity, across a sample of 20 undergraduate mathematics
classrooms, we found evidence of greater gender inequity in favor of men in the inquiry-oriented instructional environments
more often than not (in 15 of 20 classes). This result extended prior analyses that looked at gendered performance differences
in a subset of the classes (inquiry-oriented abstract algebra) using hierarchical linear modeling (Johnson et al., 2020). The
findings are notable given that no significant gendered performance differences existed in the noninquiry comparison samples.

Quantitative analyses showed that these performance differences were significantly related to women’s participation rates
in the inquiry classes. In particular, we found that, on a classroom level, women’s participation rates were highly correlated
with their performance (r = .54, p = .01), whereas men’s participation rates were not correlated with their performance. This
suggests that women’s participation was highly related to their success, whereas men’s participation overall was not related
to their success. We interpret this finding with respect to the gendered nature of the mathematics classroom, which can be
hostile toward women and nonbinary students (J. B. Ernest et al., 2019; Leyva, 2017; Lubienski & Ganley, 2017). In the class-
rooms exhibiting high levels of participation from women, we suspect that the instructor was able to create an environment
that supported women’s participation and, in turn, the relatively high levels of participation from women sent further signals
that promoted belonging for other women in those classrooms. All of this may have resulted in improved performance. In
contrast, men do not regularly face gender identity threats in a mathematics classroom, so regardless of whether high levels
of participation from men were present, they could still assume that they belonged. We recognize that these feelings may not
be true for all members of gender groups in a classroom, but suggest that they describe general trends across gender groups.

Given the relationship between participation rates and performance for women, we focused our analysis on women’s
participation. Through a weighted regression analysis, we found that women’s participation rates were a significant predictor
of gendered performance differences. In particular, we found that an increase in women’s participation rate by approximately
11 contributions during a 145-min unit corresponded with a decrease in the gendered performance difference between
women and men by one standard deviation. For a class with six women, this means that an increase of about 66 contributions
for women would correspond to a decrease in the gendered performance difference by one standard deviation. Because
Shared Inquiry classes had, on average, approximately 85 more contributions than Centralized Inquiry classes, significantly
increasing the number of contributions from women in any given class in the Centralized Inquiry group would certainly
seem possible. This significant relationship between participation and gender inequities may partially explain why some
inquiry-oriented classes were more equitable than others: because they provided more equitable opportunities to participate
by gender. Nonetheless, our study design means that we cannot account for how phenomena such as implicit bias, micro-
aggressions, or cultural narratives may have shaped the participation patterns we observed. Future studies that use an
experimental design would be better positioned to study if the use of interventions designed to create more equitable levels
of classroom participation would result in more equitable student performance, and what variables mediate that relationship.

Brought to you by San Diego State Univ Lib | Unauthenticated | Downloaded 05/11/22 05:39 PM UTC



Daniel Reinholz et al. 219

To further interpret our results, we split our data set into three tertiles. Quantitative analyses showed that the nature of
participation in these groups differed significantly. The Centralized Inquiry classes (with large gendered performance
differences in favor of men) had the fewest coded student contributions, which was indicative of more instructor-driven
discourse—namely, the instructor going back and forth with individual students to elicit their thinking. In contrast, in the
Shared Inquiry classes (with a slight gendered performance difference in favor of women) women’s participation rates
were significantly higher, and more Not Called On contributions were also present. These quantitative differences highlight
the overall presence of more discourse in these classes, and more student-to-student interactions in the whole-class discussions.

The other group of classes, Distributed Inquiry, had a slight gendered performance difference in favor of men. What is
notable is that these classes actually had the highest relative number of contributions from women—that is, they contrib-
uted more than men relative to their demographic representation. However, because of the larger number of contributions
overall, women in the Shared Inquiry classes still had the highest participation rates. This finding suggests that the rela-
tionship between participation and performance is not a zero-sum game. In the Shared Inquiry classes, both men and
women participated more, which resulted in a higher participation rate for women.

Last, we contrast our findings with those of Laursen et al. (2014). Why did the original inquiry-based learning studies
find an improvement in gender equity, whereas we found the opposite? A number of differences between the study by
Laursen et al. (2014) and the TIMES study that our data were drawn from are worth highlighting. First, the context of the
former study focused on mathematics departments that had inquiry-based learning centers, which meant that the idea of
inquiry-based learning was systemic within the departments, and students would have had exposure (either directly or
indirectly) to inquiry-based learning outside of the focal classes. This contrasts with our study, in which the inquiry-oriented
mathematics classes may have functioned more as anomalies within their institutional settings. Second, the inquiry-based
learning study focused on self-reported student perceptions, whereas we were looking at actual participation and perfor-
mance on a content assessment. Third, the nature of inquiry-based learning and inquiry-oriented instruction could be
different enough to have different affordances for equitable learning in undergraduate mathematics. For example, in an
inquiry-based learning classroom, if students are given an opportunity in advance to choose which theorem they would
like to prove and share publicly, it may offer extra preparation time and different entry points for students that allow more
students to be publicly successful.

Our findings show that, in inquiry-oriented classes, whether students talk in class, and in particular, whether women
talk, matters (using a racially diverse sample). Our data suggest that, in classes that achieve community standards more
aligned with Shared Inquiry, women talk more. More broadly, in inquiry-oriented undergraduate mathematics classes in
which women talked more, performance was more equitable between men and women. As the field continues to grapple
with issues of equity and active learning, sorting out these issues at the levels of content domain, instructional practices,
and institutional context will be important.

Limitations

Our findings also have a few key limitations, largely driven by the nature of our secondary analyses. Because we relied
on context clues (e.g., student pronouns) to infer gender, we were limited to researchers’ perceptions of gender (which we
analyzed using binary categories, potentially rendering invisible the contributions of nonbinary students). Further, we were
not able to account for students’ membership in other social groups in the sample. Similar analyses focused on intersections
between gender and race/ethnicity, for example, would be an important area for future study (Bullock, 2018). In acknowl-
edging this limitation, we recognize that research on gender too often centers White women, thereby erasing the experiences
of women of color. Although both women of color and White women participated in our study, our inability to link students
in the videos to their self-reported demographic information made it impossible to make claims specifically related to
women of color in these classrooms. Future study designs—both our own and those of researchers who build on this
work—should use an intersectional lens.

Another limitation is that we were not able to link the participation of individual men and women to their performance.
Overall, this limited the granularity with which we could make claims using EQUIP-collected data. Accordingly, our
statistical models focused on overall participation rates, but did not fully account for the nature of participation. We were
still able to link gendered participation to gendered performance in the aggregate but could not account for sources of
variation at the individual level, which weakened our statistical power. The use of hierarchical linear modeling in conjunc-
tion with individual-level data should certainly be pursued to further strengthen the warrants for claims in this paper.
Nonetheless, other work suggests that discourse patterns (specifically, academically productive talk) in the aggregate may
be more consequential for individual student performance than individual talk (O’Connor et al., 2017). This is clearly an
important area of research that needs to be explored further. Despite these limitations, our work has important implications
for mathematics education.
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Implications for Practice

First, we echo others who assert the need to move beyond simple recommendations that active learning is good, and
lecture is bad, for all students. On the contrary, our study found that some implementations of active learning can dispro-
portionately benefit men, who are already advantaged in mathematics, thus creating further inequity. As long as researchers
and policymakers continue to focus on active learning as a panacea, without seriously considering how it can inadvertently
create disparities, inequity in mathematics education will certainly persist. Oppressive cultural narratives, implicit bias,
and microaggressions are universal phenomena with which any mathematics classroom in the United States will need to
contend (Leyva et al., 2021), and unless they are explicitly addressed, they are likely to wreak havoc and cause further
inequity. These phenomena have long existed in lecture-based classrooms (Leyva et al., 2021), and simply moving to active
learning without attending to them is unlikely to address them. In sum, the idea that active learning is always good is overly
simplistic and therefore problematic.

Second, we reflect on the challenge of promoting equitable instruction. The instructors in this study—a majority of
whom were women themselves—were well intentioned, had considerable experience teaching mathematics, completed
extensive professional development, and were teaching using research-based inquiry-oriented curricula. How then, did
gender inequities still emerge? We argue that instructors inherit a problematic patriarchal status quo of mathematics
education by default, and only through explicit work can it be overcome. An underlying assumption of the professional
development designed by the TIMES project was that a focus on authentic inquiry would also improve equity, but that
turned out to be false. Our findings underscore that providing instructors with professional development with an explicit
focus on equity is critical. Such professional development must move beyond the theoretical to demonstrate practical
instructional moves that teachers can use to combat existing inequities, which instructors must first recognize and then
address. In other work, we have demonstrated the potential of providing instructors with data describing patterns of ineq-
uities in classroom participation (much like the analytics used in this article), so that they can reflect on their practice and
intentionally change their teaching strategies to disrupt those same patterns of inequity (Reinholz, Stone-Johnstone, &
Shah, 2020; Reinholz, Stone-Johnstone, White, et al., 2020). Unless instructors receive sustained, ongoing professional
development of this type, we imagine that most instructors will find it difficult to address the surmountable inequities in
mathematics education.

Third, this work draws attention to the way that both environments and interactions within the environment can
contribute to an inequitable gendered learning environment. Consider the Shared Inquiry classes, in which we found
significantly higher rates of women’s participation and overall Not Called On contributions. We suspect (and have
limited evidence) that the instructors in these classes established productive classroom environments that supported
their students to build on one another’s ideas. Such environments send messages about what it means to do mathe-
matics, and who can do mathematics, by challenging the normative ultra-rational and competitive masculinized notion
of mathematics (P. Ernest, 1993). However, because we observed only a single unit well into the semester, we can
only speculate about how instructors did this. Nonetheless, we caution instructors from simply enabling Not Called
On solicitations and assuming that women will respond. In fact, prior work suggests that men would be most likely
to dominate discussion under those circumstances (J. B. Ernest et al., 2019). Future work must attend closely to
productive mechanisms for creating gender-equitable inquiry classrooms, because our work shows they do not simply
happen by accident.

Conclusion

In contrast to conventional wisdom, we found that active learning does not necessarily lead to improved gender equity
in undergraduate mathematics. Rather, across a sample of 20 inquiry-oriented classes, we documented a gendered perfor-
mance difference between women and men that did not exist in the noninquiry sample. Using a weighted regression
analysis, we established a significant link between women’s participation rates and gendered performance differences.
This empirical link makes an important contribution to the field because it allows us to move beyond student self-reports
and theoretical arguments in favor of active learning to track actual levels of student participation. We find that the most
consequential factor for improving gender equity in undergraduate mathematics is not simply instructors implementing
active learning, but how they implement it.
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APPENDIX A

Intersectional Student Demographics From a Subset of the Inquiry-Oriented Instruction Classes

Gender
Race/ethnicity Women Men Nonbinary No answer All
White AA 19 AA 24 AA 0 AA 1 AA 44
DE 39 DE 66 DE 1 DE 0 DE 106
Both 58 Both 90 Both 1 Both 1 Both 150
Latinx AA 1 AA 0 AA 0 AA 0 AA 1
DE 12 DE 20 DE 0 DE 0 DE 32
Both 13 Both 20 Both 0 Both 0 Both 32
Asian AA 1 AA 4 AA 0 AA 0 AA 5
DE 7 DE 29 DE 0 DE 0 DE 36
Both 8 Both 33 Both 0 Both 0 Both 41
Black AA 0 AA 0 AA 0 AA 0 AA 0
DE 4 DE 14 DE 0 DE 0 DE 18
Both 4 Both 14 Both 0 Both 0 Both 18
American Indian or AA 0 AA 0 AA 0 AA 0 AA 0
Alaskan Native DE 0 DE 0 DE 1 DE 0 DE 1
Both 0 Both 0 Both 1 Both 0 Both 1
Native Hawaiian or other AA 0 AA 0 AA 0 AA 0 AA 0
Pacific Islander DE 0 DE 1 DE 0 DE 0 DE 1
Both 0 Both 1 Both 0 Both 0 Both 1
Other or bi- or multiracial AA 2 AA 2 AA 0 AA 0 AA 4
DE 5 DE 17 DE 1 DE 0 DE 23
Both 7 Both 19 Both 1 Both 0 Both 27
No race indicated AA 3 AA 1 AA 0 AA 1 AA 5
DE 0 DE 3 DE 0 DE 2 DE 5
Both 3 Both 4 Both 0 Both 3 Both 10
All AA 26 AA 31 AA 0 AA 2 AA 59
DE 67 DE 150 DE 3 DE 2 DE 222
Both 93 Both 181 Both 3 Both 4 Both 281

Note. AA: abstract algebra; DE: differential equations. These data include only students for whom intersectional demographic data
were available. Of the nine inquiry-oriented abstract algebra classes included in this study, student race data were collected in only
three. Thus, the 281 students in this table represent a subset of the 369 students in the larger sample.
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APPENDIX B

Distribution of Student Performance According to Gender

Gendered performance
Gender Average z-scores differences?
Class Men Women Other z Men z Women wW-M W —M (rel.) SEMP
Noninquiry
DE 74 33 0 —-0.35 —-0.14 0.21 - 0.09
AA 192 178 4 0.03 —-0.13 -0.17 - 0.05
Group 1
AA6 15 15 1 0.75 —-0.77 —-1.51 -1.35 0.22
DE3 9 14 0 0.56 —-0.36 -0.92 -1.13 0.25
DE6 26 3 1 —0.51 -1.22 —0.71 -0.92 0.18
DEI2 14 2 1 0.21 —-0.22 —0.43 —0.64 0.28
AAl 3 8 0 0.00 —-0.75 -0.75 —0.58 0.25
DEI0 17 2 1 0.34 0.03 —-0.31 —-0.52 0.28
Group 2
DE9 10 6 0 0.3 0.12 —-0.19 -0.4 0.21
DEI 15 7 1 0.1 —-0.24 —-0.15 —-0.36 0.19
AAT 11 8 1 0.1 —-0.37 -0.47 —-0.30 0.19
AA2 12 7 1 1.19 0.76 —-0.43 —-0.26 0.27
DE5 7 8 0 0.73 0.68 —0.04 —-0.25 0.23
AAS 2 2 0 —0.62 —-0.96 —0.34 —-0.17 0.50
AAI10 5 3 0 0.97 0.68 -0.29 —-0.13 0.26
AA4 7 9 0 —-0.21 —-0.49 —0.28 —-0.11 0.24
Group 3
DE4 16 6 1 0.11 0.25 0.14 -0.07 0.23
DEIl1 8 10 0 -0.27 —-0.02 0.25 0.04 0.20
AAI2 5 2 0 0.02 0.23 0.2 0.37 0.35
DES 14 5 0 0.41 1.02 0.61 0.40 0.18
AA3 3 2 0 0.57 0.91 0.34 0.51 0.30
DE7 14 4 0 0.03 0.78 0.75 0.54 0.19

Note. AA: abstract algebra; DE: differential equations. We dropped Classrooms DE2, AA8, AA9, and AA11 from our analyses.

@ Throughout the article we use the (relative) gendered performance difference, but simply use the term “gendered performance difference” for simplicity.
For each AA instructor, A;, we calculated (average A;Women z-score — average A;Men z-score) — (average noninquiry abstract algebra women z-score —
average noninquiry abstract algebra men z-score). For each DE instructor, D., we calculated (average DjWomen z-score — average DjMen z-score) —
(average noninquiry differential equations women z-score — average noninquiry differential equations men z-score).

b Standard error of the mean.
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APPENDIX C

EQUIP Codes Used to Capture Inquiry-Oriented Discourse

Code Subcode Definition

Group Instructor calls on a group and a particular student speaks
Individual Instructor calls on a student by name

Solicitation method (how is Volunteer Instructor calls on a student volunteering to talk

speaker selected)

Random Instructor uses randomization to identify a speaker
Not Called On A student interjects without being called on by instructor
Why Instructor asks a student to explain/justify their reasoning
How Instructor asks for a student’s solution method

Instructor solicitation What Instructor asks a student to read part of a problem, recall a fact, or give a

(question type) Other numerical/verbal answer
N/A Instructor asks a general question (e.g., “What did you think?”)
Instructor does not ask the student a question

Why Student explains/justifies their reasoning
How Student describes a solution method

Student talk What Student reads part of the problem, recalls a fact, or gives a numerical/

verbal answer to a problem

Other Student asks a question or says something nonmathematical
21+ words Student speaks 21+ words consecutively

Student talk length 5-20 words Student speaks 5-20 words consecutively
1-4 words Student speaks 1-4 words consecutively
Elaborate Instructor expands on or formalizes the student’s idea
Revoice Instructor repeats the student’s contribution

Instructor response Evaluate Instructor explicitly says the student is correct/incorrect
Follow-Up Instructor asks a follow-up question and a new student responds
N/A Instructor does not respond to the student’s contribution
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