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Abstract

Improving equity in undergraduate STEM is a national imperative. Although there is a rapidly
growing body of research in this area, there is still a need to generate empirical evidence for
equitable teaching techniques. We ground our work in Complex Instruction, an extensively
researched pedagogical approach based on sociological theories and the malleability of sta-
tus. This approach has been applied primarily in K-12 classrooms. In this manuscript, we
explore the application of one strategy from Complex Instruction—assigning competence—
to undergraduate STEM classrooms. We provide an analysis of three instructors’ implemen-
tation of assigning competence and track the impact on student participation. This work
makes a unique contribution to the field, as the first study that directly documents changes

in student participation resulting from assigning competence in undergraduate STEM.

Introduction

Improving equity in STEM education is a national imperative [1]. Especially over the past few
years, in response to multiple pandemics—COVID-19 and police violence against Black Ameri-
cans—conversations around equity and racial justice have come to the fore on college cam-
puses. Consequently, campuses have begun to offer a wide variety of workshops on bias,
microaggressions, inclusive classrooms, and so forth. While those approaches may lead to
greater awareness, in isolation, they rarely impact the implementation of equitable practices
[cf. 2, 3]. One obstacle is that the goals of “equity” and “inclusion” are nebulous, and when
they are operationalized, it is often through outcome data (e.g., GPAs, course passage rates).
These data come too late to be actionable (i.e., if a student has already failed the course, it is
too late to prevent them from failing). Overall, this has created barriers to the uptake and study
of equitable teaching strategies. From an educational research standpoint, there is still limited
empirical evidence documenting the impact of most inclusive teaching strategies [4].

Perhaps the most widely studied set of techniques—and one of the few exceptions to the
above statement—is Complex Instruction [5]. Complex Instruction is a set of practices
grounded in sociological theory that has developed over five decades. This program of research
began with laboratory studies, and later transitioned to classroom studies. Despite the

PLOS ONE | https://doi.org/10.1371/journal.pone.0299984  April 17, 2024 1/23


https://orcid.org/0000-0003-1258-2805
https://orcid.org/0000-0001-8364-4829
https://doi.org/10.1371/journal.pone.0299984
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0299984&domain=pdf&date_stamp=2024-04-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0299984&domain=pdf&date_stamp=2024-04-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0299984&domain=pdf&date_stamp=2024-04-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0299984&domain=pdf&date_stamp=2024-04-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0299984&domain=pdf&date_stamp=2024-04-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0299984&domain=pdf&date_stamp=2024-04-17
https://doi.org/10.1371/journal.pone.0299984
https://doi.org/10.1371/journal.pone.0299984
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Equity in Practice

(https://www.nsf.gov/) under Grant No. 1943146
awarded to DR. The funders had no role in study
design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

impressive body of work, no program of research is ever truly complete, and some important
questions remain unanswered. For example, while many studies have shown the positive
impact of Complex Instruction on learning outcomes overall [6, 7], there is less work that
tracks the impact of these techniques on individual students who are perceived as low-status
and from marginalized groups. This is the gap filled by the current work. In this paper, we
focus on one specific technique from Complex Instruction, called assigning competence.
Assigning competence is a teaching strategy that focuses on noticing the contributions of stu-
dents perceived as low status and positioning those contributions publicly in a positive way to
elevate the status of those students.

The data from this manuscript come from a larger, multi-phase study that engaged univer-
sity STEM faculty in sustained professional learning for one or more semesters [8]. Partici-
pants in the study were provided with data analytics describing patterns of student
participation in their classrooms, and they engaged in iterative cycles of observation, reflec-
tion, and revision to their teaching practices. In response to the equity data, instructors
adopted a variety of instructional practices to mitigate racial and gender inequities in their
classrooms. Given the extensive scope of the larger multi-phase study, we have reported on
portions of the work in different venues. In this paper, we focus on a subset of the faculty
members that attended specifically to assigning competence as one of their instructional strate-
gies. As such, this dataset gives us a unique opportunity to track the impact of assigning com-
petence on specific students within university STEM classrooms. Student participation was
tracked using the EQUIP observation tool [9], which offered a rigorous methodological
approach to understanding and tracking changes in student participation (an indicator of sta-
tus). This allowed us to answer the following research questions:

1. How did instructors leverage assigning competence as an instructional strategy to mitigate
racial and gender inequities in their classroom participation?

2. How did the use of assigning competence impact classroom participation patterns?

The manuscript is organized as follows. We begin with an overview of Complex Instruction
and prior studies of assigning competence. This sets the stage for describing the context and
methods of the current study. In the results section, we first provide an overview of instructors’
use of assigning competence and code all instances of assigning competence according to a
typology of the strategy [10]. Next, we track the impact on student participation patterns over
time. Finally, we provide qualitative vignettes to illustrate the impact on changes in participa-
tion over time.

Background
Status and status interventions

The concept of status has been developed over many years as a part of sociological theory [6].
Broadly, status can be understood as a student’s social standing in the classroom. High-status
students are seen as more capable of contributing valuable ideas, whereas low-status students
are more likely to be ignored. Status is indicated through social interactions and depends on
how an individual student is perceived by their teacher, their peers and by themselves. Status is
often related to other student characteristics such as academic achievement, popularity, lan-
guage proficiency, and social attraction. Status is particularly salient in STEM settings, where
some students have been positioned as innately good at these subjects [e.g., 11], and others are
positioned as not belonging [12]. Notably, these forms of positioning tend to fall along student
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social marker identities such as race, gender, and disability [13-15]. As such, perceived status
tends to align with existing social marker inequities in society.

The early work around status began in laboratory settings. In one study, the close connec-
tion between status and student participation was documented [16]. In this study, when
researchers tracked student contributions to conversations, most of the contributions came
from students perceived as higher status. A parallel laboratory study documented the mallea-
bility of status through targeted interventions. This study focused on changing the task design
and framing to shift the status of Black students as compared to White students in small groups
[17]. The intervention had a measurable impact by increasing the levels of contribution from
Black students in the small groups. Over time, this work was taken into classroom settings,
and a suite of “status interventions” were developed to promote equitable student participation
[18]. This suite of strategies became known as Complex Instruction.

Complex Instruction has four primary components: 1) group-worthy tasks; 2) multiple-
ability framing; 3) delegation of authority through group roles, and 4) assigning competence.
The first three strategies refer to the types of tasks used in the classroom, how the tasks are
framed as requiring multiple competencies, and how students are organized to work in groups.
Broadly, these techniques create an environment in which students are better able to recognize
the contributions of their peers and of themselves. These strategies have been described exten-
sively elsewhere [19]. The fourth strategy, assigning competence, is the focus of this manuscript
(described in the next section). While the first three components of Complex Instruction refer
to how an instructor sets up the classroom community and organizes the environment, assign-
ing competence a targeted strategy that an instructor uses within that context to remedy status
imbalances that arise.

The use of Complex Instruction has been studied extensively over the past few decades [6,
7]. These reviews document numerous studies comprising hundreds of classrooms. These
studies show how overall, this suite of strategies can reduce status imbalances across a class-
room [18]. Similarly, these studies show how these strategies can enhance collaboration in the
classroom, resulting in greater learning overall on standardized tests [6]. However, despite this
wealth of research, there is less work that directly connects student status and status interven-
tions to student participation across social marker identities, like race, gender, and disability.
This is especially true for undergraduate STEM classrooms because Complex Instruction has
been used primarily in K-12 settings.

Status often corresponds to social marker identities. For example, much of the early work
focused on group interactions between Black and White students (e.g., Cohen & Roper, 1972).
Similarly, other, more contemporary researchers have stated an explicitly anti-racist purpose
for these pedagogies:

“[Complex Instruction] is a powerful anti-racist pedagogy because it attends to dismantling
hierarchies of competence that are steeped in race as a diffuse status characteristic. Let’s
break down a system that claims that young people with dark skin are not smart. We will
rebuild our classroom communities with focus on their brilliance and interdependence
among all students.” (Lisa Jilk, personal communication, March 23, 2021; as quoted in
Lotan, 2022)

Thus, even though the concept of status does not inherently attach to social markers, as
educational theory and empirical research has made clear, status is often linked to social iden-
tities [e.g., 20-23]. We take this step one further using a methodological approach grounded in
the EQUIP tool [9], as we elaborate in the Equity Analytics section.
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Assigning competence

Assigning competence is a way for STEM educators to use their power to 1) help students per-
ceived as high-status recognize and appreciate the intellectual contributions of students per-
ceived as lower-status classmates, 2) help students perceived as low-status appreciate their
intellectual abilities, and 3) to call attention to useful problem solving strategies that one or
more students have devised in working on a problem [24]. In this way, assigning competence
can also be seen as a form of feedback to students that helps shape the nature of social interac-
tions, because the instructor is signaling what is important in the classroom and who is making
those important contributions. Through the intentional use of assigning competence, STEM
educators can redefine what it means to be smart at STEM, disrupt inequities, and broaden
opportunities for participation.

Assigning competence is an advanced instructional strategy so implementing it produc-
tively has a few prerequisites. First, instructors must have sufficient pedagogical content
knowledge [25] to analyze the contributions of students (even partially correct ones) and rec-
ognize how they can contribute to the disciplinary activity of the classroom. Second, instruc-
tors must believe in the inherent brilliance of all students, regardless of their individual status
or the status of their social marker group [cf. the concept of “Black brilliance”; 26]. Third, the
instructor must be intentional about the use of assigning competence; it is not something that
simply happens by chance. While monitoring the contributions of students, instructors need
to capitalize on opportunities that arise to elevate the status of specific students perceived as
low status that they are attending to. These instructor interventions modify the expectations
that students have of each other and themselves.

In our work, we describe assigning competence as a three-step process, and with any com-
ponent missing, the implementation is incomplete:

1. Identify a low status student.
2. Identify a disciplinary contribution from that student.
3. Make the contribution public in a way that positively highlights the contribution.

As the first step implies, an instructor cannot use assigning competence unless they have
awareness of the status of their students. Traditionally, in Complex Instruction this would
involve an instructor carefully observing students during group work time and making note of
student status based on patterns of interaction. An instructor might also administer surveys to
gather student perceptions of 1) competence and 2) popularity. In this paper, we offer another
approach to identifying status, through the EQUIP tool [9], which we describe in the methods
section.

The second step requires noticing a disciplinary contribution. This step is critical and dif-
ferentiates the practice of assigning competence from empty praise. Praise is non-specific feed-
back such as “good job”, “excellent”, and “great work”. Overall, research shows that these types
of comments can reduce learning, because they focus the learner on themselves and public
perceptions of them rather than on learning the content [27, 28]. Such comments become a
problem when they do not provide students with clarity about what they did that was a “good
job”, “excellent”, or warranted “great work.” Instead, the teacher must recognize something
that contributes to disciplinary activity, a specific concept, process, or way of thinking. In a
math class, this would include using a representation to explain a key idea, connecting the
ideas that their peers came up with, or explaining the context in which a mathematical idea is
appropriate and when it is not. As such, if a student has not made a significant mathematical
contribution, then it would not be possible to assign competence to that student at that time.
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The third component speaks to the teacher’s power in the classroom. When an instructor
elevates a student contribution publicly, it sends important messages to the class. It explains to
students both what is valued in the discipline and positions that student as a competent con-
tributor to disciplinary activity. Given the positioning role of assigning competence, the prac-
tice will be most impactful when comments are made public in a larger space (e.g., whole-class
discussion) rather than in the context of small group interactions [29].

With this final step, there are a variety of ways in which an instructor can make a student
contribution public. Here we draw upon a framework that categorizes various forms of assign-
ing competence [10]. We describe these categories in Table 1, providing examples from epi-
sodes in this paper.

Equity analytics

To support the study of status and to track changes in student status, we utilized the equity
analytics methodology [8, 9]. Equity analytics considers the distribution of resources—well-
trained teachers, high-quality curriculum, opportunities to participate, and so forth—and how
those could contribute to student success. In this work, we focus on one specific resource,
classroom participation. The reason for this focus is three-fold:

1. participation promotes learning [30, 31];
2. participation supports identity development [32]

3. participation tends to be inequitable across social marker identities and contexts [23, e.g.,
29, 33-35]

From the perspective of status, classroom participation gives us a window into student sta-
tus. Prior research shows that students perceived as lower-status students tend to participate
less, and higher-status students tend to participate more [7]. Thus, we see participation as an
important indicator of status, and by tracking student participation, we can measure the
impact of instructional interventions.

The use of equity analytics also supported the design of the professional development,
through an equity learning community [8]. An equity learning community is a specific
approach to faculty professional development, in which participants meet regularly to reflect
on equity data (generated by the EQUIP tool; described further in the methods section), imple-
ment new teaching practices, and then collect data to study the impact of their changes. This
professional learning is deep, ongoing, and iterative in a way that leads to concrete changes in
practice. The use of this approach and its subsequent impact on improving equity in classroom
participation has been widely documented [34, 36, 37].

Table 1. Four categories of assigning competence.

Category Description Example
Highlighting, clarifying, and | An instructor revoices, restates, or otherwise makes “The really creative thing that I liked about her approach is that they looked at
amplifying contributions details of the student contribution explicit. the bedrooms. . .they used that approach to estimate the number of people [for
water usage].”
Supporting specificity An instructor follows up on a student idea to support | “Okay, so [you used] the word row equivalent. . .so you think these are equal?
them to make specific details of the contribution What is B being row equivalent to A mean?”
public.
Recognizing emergent ideas | An instructor validates an emergent or partially “That’s not exactly correct, but concavity is relevant to the solution.”
correct solution as valuable.
Validating unprompted Responding to students’ unprompted contributions | “Oh, you’re right. 6.9 comes from the tank, so it’s not going to the sewer. I was
attention to disciplinary ideas | to make the details of their thinking explicit. overthinking that. . .thanks for correcting me.”

https://doi.org/10.1371/journal.pone.0299984.t001
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To be clear, when it comes to issues of equity and status, it may be impossible to define an
“ideal” distribution, especially as an outside observer. Nevertheless, we argue it is possible to
define “inequitable.” From our perspective, any attempt to produce equity and remedy status
inequities must account for historical injustice [8]. At the very least, historically minoritized
learners should have an equal share of resources allotted to them, but they may need more
than an equal share to account for historical injustice. As such, we attend explicitly to issues of
race, gender, disability, and other marginalized social marker identities in our determinations
of status and its changes over time.

Methods
IRB approval

Human subjects research was conducted with approval from the Institutional Review Board at
San Diego State University. All participating instructors provided written consent to be
included in the study.

Participants and context

This manuscript analyzes data from a larger, longitudinal project that focused on how equity
analytics can promote equitable instruction in STEM [8]. To date, a total of 19 faculty mem-
bers across the US have participated in five cohorts. These faculty members have come from a
variety of disciplines (e.g., engineering, mathematics, public health). Across this larger sample,
all instructors were focused on improving equity, but not all of them used assigning compe-
tence. Just two of the five cohorts discussed assigning competence as an instructional strategy,
and from those two cohorts, only three faculty members participated in the program for an
entire year. Accordingly, we focus on this subset of the faculty, just three—Anne, Ramesh, and
Sam—who developed some facility with the strategy and used it on a somewhat regular basis.
Our goal is not to claim that all instructors in the project used assigning competence in pro-
ductive ways (although we believe they could be taught to), but rather, to illuminate what hap-
pens when this strategy is used effectively and with intentionality in undergraduate STEM
classrooms. While each of these instructors participated in the project for multiple semesters,
for each we chose a focal semester in which we captured data of them using assigning
competence.

Anne was a White woman teaching mathematics at an elite private university. Her class
consisted of 29 students with 11 women, 17 men, and one student with unspecified gender.
The racial demographics were 14 White students, 11 Asian students, and 4 students with
unknown race. Ramesh was an Asian American man teaching mathematics at a women’s col-
lege. There were 18 cis-gender women in his class, 16 were white, 1 was Latinx, and 1 was
Southeast Asian. Given the racial and gender homogeneity we looked at class as a sign of sta-
tus. There was 1 first-generation college student, 13 students receiving financial aid, and 5 stu-
dents who worked part-time. Sam was a white man teaching engineering at a Hispanic Serving
Institution. Sam’s class had 39 students, with 23 men, 2 nonbinary students, and 14 women.
The racial demographics included 5 Asian students, 5 Latinx students, 1 Latinx/Asian student,
6 Middle Eastern Students, 16 White students, and 6 students of unknown race.

Design

The three focal faculty members each participated in equity learning communities. Each par-
ticipant began with an intake interview (conducted by the first author), to begin building rela-
tionships and to understand their equity goals and background. Each faculty participant
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collected demographic data from their students using an electronic survey. Finally, faculty par-
ticipants supported data collection by setting up a video camera in the front of their classroom
(four lessons per semester), and the videos were shared with the student coder (who differed
across learning communities) to be coded and for feedback to be generated. Both Anne and
Ramesh were a part of the same learning community (with just two faculty, a student coder,
and coach), while Sam participated in multiple communities over different semesters (both
cross-disciplinary, and a group with three engineering faculty).

Learning communities met each month to debrief on data analytics and set intentional
strategies for working with their students. Before the meetings, faculty received a feedback
report that detailed the observation of their class, including trends in participation by students
and social marker groups. Although the facilitators offered a variety of teaching strategies dur-
ing the meetings, here we only focus on the assigning competence strategy.

Data collection

We collected a variety of data for analysis. The primary data sources were generated as a part
of the professional development process. These included recordings of the classroom observa-
tions, EQUIP analytics, feedback reports, recordings of the coaching debrief meetings, and so
forth. We also recorded intake and exit interviews with each participant. These secondary data
sources were used for triangulation purposes only. We also offer one vignette of assigning
competence that was not captured in the classroom observations, because Sam spontaneously
described it in his exit interview.

Analytic approach

Categorizing instances of assigning competence. To identify instances of assigning com-
petence, a team of three graduate students watched all the classroom observations (N = 12
total) multiple times to capture positive public interactions between the instructor and a stu-
dent during whole class discussions. Our initial pass through the data was inclusive, and we
included episodes that were solely praise, to ensure we didn’t miss any instances of assigning
competence. Next, the team worked together to discuss the episodes until actual uses of assign-
ing competence were identified. There was a total of 26 instances of assigning competence
identified across 20 students (Anne = 9; Ramesh = 10; Sam = 7). Accordingly, we observed
approximately two instances of assigning competence per observed lesson, and we infer that
had we recorded the entire semester of instruction there would be other instances that we
missed. Thus, this analysis only provides us with a snapshot and a window into the larger pro-
cess, as is the case with classroom observation-based methods.

To categorize these 26 instances we use an existing framework as described in Table 1 [10].
The coding process was completed by one of the graduate students, and a second graduate stu-
dent coded 9 of the 26 episodes (34% of the dataset double coded) for interrater reliability.
There was complete agreement on all 9 episodes that were double coded, for 100% agreement
in coding.

The EQUIP tool. We used data generated from the EQUIP tool to track student participa-
tion [9]. The EQUIP data were initially generated as part of the professional development pro-
cess to support faculty members to reflect on patterns of inequitable participation. We also
used these same analytics to track student participation. The EQUIP observation tool was
designed to answer questions about student participation broken down by social marker
groups. For example, the tool can be used to answer questions like: 1) What percentage of con-
tributions to whole-class discussions came from Black women in the class? Or, 2) What per-
centage of questions asked by the teacher were addressed towards men of color? EQUIP can
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answer such questions because student behaviors (and associated teacher moves) are coded at
the level of a student, and when demographic information is added (typically collected through
a student survey), individual contributions can be aggregated up to group-level statistics. For
the present paper, this also allowed us to capture the trajectories of individual students in the
classes.

EQUIP focuses on the unit of analysis of contribution, which is continuous engagement
from a single student not interrupted by another student. Defined in this way, a single contri-
bution may include back-and-forth between a teacher and a student, which allows for EQUIP
to be sensitive to teacher moves like teacher press that elevate the quality of a student contribu-
tion. Typically, EQUIP has been used to capture verbal talk. Similarly, in this manuscript,
engagement was mostly verbal talk, but in some cases, we also captured student gestures that
were made public. In forthcoming work from another project, we have customized EQUIP to
record a wide variety of different modalities of participation.

After student contributions are coded, they are coded along any number of dimensions
(e.g., length of student talk, type of teacher question), which provide a richer description of
classroom engagement. For professional development purposes, contributions were coded
along several dimensions and combined with student demographics to track broader patterns
of equity. For the purposes of reporting in this manuscript, we focus solely on the number of
contributions from individual students, because this allowed us to quantitively track their par-
ticipations and status. For further information about other EQUIP dimensions, we point the
reader to prior work [9, 23, 33].

Finally, once classroom observations are coded using the EQUIP protocol, the freely avail-
able EQUIP web app (https://www.equip.ninja) can be used to automatically generate data
analytics for instructors to reflect upon. These analytics include representations of individual
students (e.g., a heatmap or individual bar chart), representations of groups (e.g., a compara-
tive bar chart of social marker groups), and timelines of changes over time. All these analytics
were used to support the professional development process but were not used for our analyses
below.

Cluster analysis. As indicators of status, we considered both student participation and
demographics (if they were appropriate). We performed a cluster analysis to look for patterns
in the quantity in student participation that would be indicative of different levels of status.
We looked at relative levels of participation (rather than absolute levels of participation), given
that some students participating more than others would indicate relative differences in status.
Thus, the cluster analysis provided us with a succinct way to capture relative levels of participa-
tion. If a student moved into a higher cluster of participation, that would indicate that they
were participating relatively more than the students in lower clusters.

We explored the use of both k-means and PAM cluster analysis and found that k-means
was better able to capture variation in the data (whereas PAM flattened too many students into
the same category). We used k = 4 clusters for the analysis. These clusters represented catego-
ries of low, middle, and high participation, with a fourth category to catch severe outliers,
because k-means is sensitive to outliers. These outliers were then combined into the “high” cat-
egory, so that we could have three levels of status. Next, we identified the relationship between
assigning competence and changes in student participation. To do so, we tracked the trajecto-
ries of all students to see whether their participation increased (i.e., moving into a higher clus-
ter), or if there was no increase (i.e., staying in the same cluster or moving to a lower cluster).
Then, we computed an odds ratio of increasing participation based on whether the instructor
had used assigning competence targeted towards that student.

Focal student vignettes. To provide a qualitative picture of the impact of assigning com-
petence, we provide episodes from a few focal students. We used three selection criteria for the
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focal students. First, there needed to be evidence that this was a student perceived as low status.
We used a combination of EQUIP data showing low levels of participation and student demo-
graphic information showing they were minoritized in their discipline to select students. Sec-
ond, we needed to have captured an instance of an instructor using assigning competence with
this specific student. Third, we wanted to select students who had an upward trajectory in
their participation. Finally, we reviewed the pool of potential focal students to identify students
whose participation was adequately captured in richness throughout the video recordings to
highlight what the impact looked like qualitatively. Although we cannot causally state that the
use of assigning competence was the only factor improving participation, these analyses sug-
gest that the use of assigning competence was related to the change. In many studies of Com-
plex Instruction, the multiple-ability treatment (or framing) is used to set up the expectation
that multiple competencies are needed to complete tasks, which then sets the stage for the
effective use of assigning competence. In this study, instructors were not taught to use a multi-
ple-ability framing, but we still found an impact of assigning competence used in isolation.
Once we identified the focal students, we went through all the video records and transcribed
every episode in which that student participated to generate vignettes.

Results
Use of assigning competence

We begin with an overview of the uses of assigning competence from faculty participants.
These results are summarized in Table 2. As Table 2 shows, all four categorizations of assigning
competence were present in our dataset, but the category of “highlighting, clarifying, and
amplifying” was by far the most prevalent (65.4% of instances). We hypothesize that the preva-
lence of this form of assigning competence is likely due to the nature of our professional devel-
opment, and the way that the project team framed assigning competence. Because we focused
on identifying the contribution and then making it public, this is most closely aligned with the
“highlighting, clarifying, and amplifying” category, which is why we suspect this is how faculty
members most often used the practice.

Impact on student participation

Our next set of analyses focused on the impact on student participation. Table 3 shows the
number of students who had relatively increasing participation for those who were assigned
competence and those who were not.

As Table 3 shows, some students relative level of participation increased regardless of the
use of assigning competence. Simultaneously, students’ relative levels of participation were
much more likely to increase when instructors used assigning competence. The odds ratio of
having a status increase for assigning competence compared to no assigning competence was
3.71. We found a significant result with Fisher’s exact test (p = 0.01839). Thus, when instruc-
tors used assigning competence with specific students, those students were nearly four times as

Table 2. Use of assigning competence.

Category Anne Ramesh Sam Total
Highlighting, clarifying, and amplifying 6 6 5 17
Supporting specificity 3 2 1 6
Recognizing emergent ideas - 1 - 1
Validating unprompted attention - 1 1 2

https://doi.org/10.1371/journal.pone.0299984.t1002
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Table 3. Changes in student participation based on assigning competence.

Participation Increase No Increase
Assigning Competence 13 7
No Assigning Competence 22 44

https:/doi.org/10.1371/journal.pone.0299984.t003

likely as their peers who were not assigned competence to increase their participation (as evi-
denced by reaching higher clusters of relative participation) and this effect was significant.

In Fig 1, we provide a visualization of this increase for a single classroom, Ramesh’s (Anne
and Sam had similar visualizations, except that fewer students were assigned competence).

As Fig 1 shows, overall, the students who were assigned competence were more likely to
increase in their relative participation. This was not uniform though; three students remained
in the low cluster, and one student with higher participation (in the first observation) reduced
to the middle cluster. Nonetheless, for four of eight students who were assigned competence,
they had a positive trajectory of increased relative levels of participation (including the focal
student Molly, described below). For students who were not assigned competence, the picture
was very different (Fig 2). Only three students increased in relative participation (from low to

Change in Student Participation (Assighing Competence)

Ob1

Beth

Brooke

Brittany

Brianna

Molly

Bella

Bernice

Becky

Ob2
Ob3
Ob4

O Low Participation
B Medium Participation
B High Participation

Fig 1. Changes in student participation resulting from assigning competence in Ramesh’s class.

https://doi.org/10.1371/journal.pone.0299984.9001
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Change in Student Participation (No Assigning Competence)

Ob1

Carla
Catherine
Cheryl
Claire
Cahya
Chelsea
Cassandra
Courtney
Cynthia

Carmen

Ob2
Ob3
Ob4

O Low Participation
B Medium Participation
B High Participation

Fig 2. Changes in student status not resulting from assigning competence in Ramesh’s class.

https:/doi.org/10.1371/journal.pone.0299984.9002

medium), and the rest decreased. Not a single student in the class who was not assigned com-
petence reached the highest cluster of participation. Of course, these results are from a single
classroom, but they underscore the potential power of this teaching technique.

We also looked at status as a factor in these changes. Notably, Beth was the only student
who coded as high status based on high levels of participation in the first observation and high
socioeconomic status. Students Bernice, Bella, Brianna, Brittany, Brooke, and Molly were all
classified as low status based on low levels of prior participation and either receiving financial
aid or having a job. Becky was considered moderately low status based on no prior participa-
tion but was of higher socioeconomic status. Of course, our participatory and demographic
markers are only one way of operationalizing status, but overall, in this classroom, the positive
impacts of assigning competence corresponded with students beginning with lower status.
This shows that through intentional instructional moves, Ramesh was able to reshape status
expectations in his classroom, which consequently changed relative levels of participation
between students.
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Student vignettes

Having summarized the impact on student participation resulting from assigning competence,
here we provide qualitative vignettes of participation to show the changing nature of participa-
tion from these students. Additionally, Fig 3 shows the changes in total participation over
time. As Fig 3 shows, for the three focal students, they rarely contributed publicly before the
intervention. For these students, only two contributions were witnessed over six observed les-
sons. While it is possible that the students participated across the lessons we had not observed,
overall, this helped provide us with a baseline to understand the impact of assigning compe-
tence. In the sections that follow we trace the trajectories of each student.

Case 1: Molly. Molly was a white woman in Ramesh’s class, who received financial aid.
During the first observed class session, Molly never participated publicly. Her first instance of
participation took place in a lighthearted social discussion related to an upcoming exam, dur-
ing Observation 2. Later during that observation, Ramesh was discussing how to find the area
under a curve using Riemann sums, and whether a given sum would be an overestimate or an
underestimate of the true area. In this episode, Molly made a gesture with her hands that
Ramesh utilized as an opportunity for assigning competence.

Ramesh: Okay, is this an overestimate, an underestimate or are we not sure?
[Choral Response: overestimate]

Ramesh: Why is it an overestimate?

Beth: Because you're taking area that’s above the curve.

Molly: [gestures area above the curve with slanted hands].

Ramesh: So, Molly was doing things with her hands that are exactly correct, and Beth was
explaining them at the same time.

Student Participation Across Observations

[N

o W

Pre-Data Assigning Post-AC1 Post-AC2
Competence

m Molly m Abigail Sarah

Fig 3. Student participation trajectories before, during, and after assigning competence. * Each of these time
points consists of a single observation, except the “Pre-Data” category for Sarah, which has four observations (with
only one contribution over all four observations).

https://doi.org/10.1371/journal.pone.0299984.g003

PLOS ONE | https://doi.org/10.1371/journal.pone.0299984  April 17, 2024 12/23


https://doi.org/10.1371/journal.pone.0299984.g003
https://doi.org/10.1371/journal.pone.0299984

PLOS ONE

Equity in Practice

[Ramesh continued working on the example.]

Ramesh: What has to be true about f for the right hand to be the overestimate and the left-
hand to be the underestimate?

Molly and Brittany: [raise hands]

Ramesh: Brittany.

This is the episode of assigning competence through “highlighting, clarifying, and amplify-
ing” a contribution. This episode is particularly notable, because Molly contributed to the dis-
cussion only through gesture, yet Ramesh recognized this as an important mathematical
contribution, and made it public to the class. Ramesh identified her gesture as “exactly correct”
which showcased her mathematical reasoning that otherwise would’ve been invisible to many
students.

Later in the same lesson Molly participated verbally for the first time ever observed. Here,
Ramesh asked the class what must be true about the function for them to not know whether
the Riemann sum would be an over- or underestimate after Brittany shared her explanation of
what was true about the function regarding right-hand sums.

Ramesh: I saw a couple other hands up, maybe someone else wants to address in what situa-
tions can I not say if these will be too big or too small. [iterates current observations].
What’s true about the function when we aren’t sure?

[Brooke raises hand]

Ramesh: Brooke.

Brooke: 'm not sure if this is the right answer, but does it have to do with the concavity?
[Ramesh recognizes Brooke’s emergent ideas]

Ramesh: Not exactly. The concavity can be relevant, but we still know if it’s increasing it
doesn’t matter, but-Molly?

Molly: I feel like if the function is constant then we should [be able to say].
Ramesh: Yeah, if it’s constant then we’ll have exact for both.
Ramesh: Maybe I'm not phrasing this question correctly-Brianna?

Brianna: If the function is a parabola, and stuff like that, the left hand will be over for the
beginning and then an underestimate after that.

This episode was notable because Molly was comfortable making a verbal contribution
even though she wasn’t entirely sure of the answer. In response to her contribution, Ramesh
asserted that she was correct. Although this wasn’t coded as an instance of assigning compe-
tence, it still provided validation of Molly’s ideas publicly.

Molly continued to participate across Observations 3 and 4. For example, in Observation 3,
the class was discussing techniques for integrating improper integrals. Ramesh showed the
class the graph of a function and asked them to discuss the improper integral of the function
from negative infinity to positive infinity based on the visual area under the graph.

Ramesh: Limit from -infinity to infinity, what’s gonna happen?

Molly: It’s just 0.
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Ramesh: Ah! Molly is thinking about the harder half of this. The harder half is “What is
happening over here?” I don’t know, who cares. But what’s happening over here? [Points to
part of the graph, but Ramesh’s gestures are not captured by the camera.]

Again, Ramesh validates Molly’s ideas by stating she is “thinking about the harder half” of
the problem, implying that Molly was considering a more difficult question than the one
Ramesh was posing. Even though Molly’s idea in this episode isn’t necessarily correct, he con-
tinues to provide encouragement for her to participate. This encouragement supported Molly’s
continued engagement, as evidenced in Observation 4. During this final episode, Ramesh was
answering homework questions on the topic of sum and series convergence. Brittany had
asked for help on a specific problem and Ramesh looked at which problem she was referring
to. In the following exchange, Ramesh offered a suggestion to the problem, and Molly helped
correct his feedback.

Ramesh: I'm going to let you all struggle with this one, but my hint is- right, we had done
basically this problem, but we had done it with n times n plus 2, right? I guess ours was js,
this is n, but it doesn’t matter what letter we use. But that’s the method. Brittany, is that
enough?

Brittany: Yes, did the question ask to find where it converged to? Because I-
Ramesh: Oh, yeah.

Molly: No, it just asked for the next one.

Ramesh: O, it just said find the first 5 terms.

Brianna: Yeah, I just checked my, the back of the book, and I-

Molly: Yeah, I got-

Brianna: I got 1 over 2 plus 1 over 6.

Molly: Yeah, and you just keep adding them, right.

Ramesh: Yeah, find the first five terms in the sequence of partial sums. So the first one is
one-half plus one-sixth-

Brittany: Oh, I see! I hadn’t added them.

This interaction is particularly notable because we see Molly having the confidence to cor-
rect a mistake from her instructor. Ramesh had mistakenly affirmed that the problem asked
for where the series converged to, and Molly clarified that the problem did not ask for this, but
only asked for the first five terms in the sequence of partial sums. Brianna validated Molly’s
feedback and the two students attempted to clarify how to find the partial sums. Looking back
to see that Molly never participated in the initial observation, we can see that Ramesh’s valida-
tion of her ideas and use of assigning competence had a notable impact.

Case 2: Abigail. Abigail was an Asian American woman in Anne’s class. In the first obser-
vation, Abigail only made one small contribution to the class discussion. When Anne asked
the class to describe the meaning of a solution in “matrix language,” Abigail responded that it
was “the coefficients.” Later in the same lesson, Anne asked the students how confident they
were feeling about the material, and Abigail shook her head no (alongside another student).
Anne publicly thanked both students for being transparent about their confidence levels.
Overall, the first observation was primarily whole-class instruction, and dominated by men in
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the class. Over time, Anne learned to break students into pairs as was suggested in her learning
community.

During Observation 2, Anne used the strategy of pair discussions to create an opportunity
for assigning competence. Anne split the students into pairs to work on a problem, and while
students were working Anne monitored the discussions so that she could intentionally choose
students to share.

Anne: I want to know: what is the relationship between these three spaces? The row space,
null space, and column space of the matrix A in a row-reduced form. Makes sense? [. . .]

Anne: Talk to your partner for a moment, and ask, are they the same? Are these two spaces
the same? Are they related at all? If you have an answer, you've got to have a reason for that
answer.

[students talk in pairs for about 6 minutes; during this time, Anne speaks with Abigail’s
group for about one minute, but the audio is not captured on camera.]

Anne: Let’s come together and talk about these. These aren’t really easy questions, right?
That’s great, because otherwise you wouldn’t be learning anything. All right.

Anne: How about Abigail and Suparna, what did you decide about the row space?

Abigail: We decided that the row spaces are equivalent because A and its image are both
equivalent.

Anne: So, the word row equivalent. . .you think these are equal? What does B being row
equivalent to A mean?

Abigail: It means that any linear combination of B also contains part of A, the row space of
A.

Anne: Okay, I like that. So, the linear combinations of the rows of A give you rows of B.
And so, their span should be the same. So, row equivalent actually means we got from A to
B using elementary row operations.

This episode of assigning competence was classified as “supporting specificity.” Notably,
Anne frames the task as challenging by describing the task as a “not really easy.” When Abigail
offers an idea, Anne probes deeper to have her explain what she means by “row equivalent.”
Afterwards, Anne responds, “I like that” and revoices Abigail’s contribution to make it public
for others. Overall, this episode highlights how Anne created a context within which she could
assign competence to a woman in the class (which was an instructional goal of hers). First, by
breaking up students into pairs, she created an opportunity to listen for the contributions.
Next, she helped Abigail make her contribution public and positioned it positively in front of
the class.

The impact of Anne’s strategies became more visible over time. In Observation 3, women
in the class began to share their ideas with more confidence and regularity. For example, there
was a lively discussion about orthogonality, and in this context, Abigail felt comfortable shar-
ing her ideas without being called on.

Anne: “I want to start with talking about orthogonality. Does anyone know what we mean
by [orthogonality]?”

Abigail: [not called on] Perpendicular!
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Anne: “Okay, that’s the symbol for perpendicular. How can we tell whether two vectors are
perpendicular?”

Anu: [raises hand] “The dot product.”

Anne: “The dot product. What do you do with the dot product?”
Anu: “You see if it’s equal to zero?”

Anne: “Okay. Nancy, what were you going to say?”

Nancy: “The same thing. The dot product is equal to zero.”

Here we see three women contributing ideas confidently. Later in Observation 3, we
observed Anne further assigning competence to Abigail’s work.

Anne: “Okay, why don’t you work on this problem too? [Finding the basis for the image of

»

T under some linear transformation.]
Students: [working in groups for 12 minutes while Anne checks in with each group]

Anne: “Let’s just go over this second problem. I really like what I heard over at Abigail and
Nico’s table, because they used language that we’ve been using in class.”

Anne: “So, the image of T, is the set of, it lives in R-Four, so it’s gonna be the set {a, b, ¢, d}

[..]”

Anne: A lot of you said, okay, the basis, so this looks like, whatever a is, c is the negative of
that. [Anne continues working out the problem with participation from students.]

Anne: “What I heard from Abigail’s table was that, well, we need to use the expansion theo-
rem to say, ‘well, what do I need to add to this to get a basis for R4 [...]”

Anne: “So what did you get, Abigail?
Abigail: “T used the [...]”
Anne: [Writing out computations on the board]

Anne: I think a lot of you nailed that puppy! Yes! A good place to start our weekend! [stu-
dents applaud.]

We coded this example as “highlighting, clarifying, and amplifying.” This example has a
few key features. Again, Anne broke students into pairs to monitor their contributions. Twice
in the discussion Anne draws attention to Abigail’s contribution, highlighting a clear mathe-
matical contribution of using “language that we’ve been using in class.” Later, Anne enthusias-
I” highlighting her enthusiasm for the mathematical
contribution and her ability to draw on specific disciplinary concepts that the class was
discussing.

Given the repeated acknowledgement and elevation of her comments from Anne, not sur-

tically exclaims “You nailed that puppy

prisingly, Abigail continued to demonstrate a higher level of comfort when participating in the
classroom during Observation 4. This was evidenced by her shouting out answers to questions
without being called on, as in the following episode.

Anne: [writes the question on the board] Okay, why can I write any vector in R2 as a linear
combination of those two vectors?
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Abigail: [not called on] Oh, because b is the basis?
Anne: Because [. . ]
Abigail: Everything in R2 can be expressed as a linear combination of the elements of b.

Anne: Cool. Okay so [completes computations]

After Abigail offers her explanation, Anne acknowledges it with “cool.” This type of
acknowledgement is not an example of assigning competence but shows that Anne continued
to validate the ideas of her students, specifically Abigail in this case.

Case 3: Sarah. Sarah was a woman of unknown race in Sam’s class. Of all the focal stu-
dents, Sarah had the longest baseline data: across four classroom observations she only partici-
pated a single time, and it was a relatively low-level form of contribution. The class was solving
problems using Excel, and Sarah asked a clarifying question, “Do you have to highlight the
whole table or like say you have a ton of rows?” She didn’t offer any of her own disciplinary
ideas, yet.

During Observation 5, Sam tried a new instructional strategy in his class that was con-
ducted over Zoom. This time, he asked all the students to share their screens as a part of a
whole-class discussion so that students could see each other’s work. After displaying her plots
publicly, Sam commented on the quality of Sarah’s work.

Sam: Alright, Sarah your plots look really good, and I see you're starting on the pumping
rate and the cumulative tank volume. So, I see that you put a standard pumping rate of
2000. That’s a really good number, how did you arrive at that number? This question is for
Sarah.

Sarah: I looked at the hourly consumption and I just kinda guessed at like a good average.

Sam: Awesome, yep, that’s exactly what you wanna do.

We coded this as an instance of “supporting specificity” for Sarah’s contribution. Sam set
up a situation in which all students would have an opportunity to participate and looked at her
plots to see the standard pumping rate. After stating it was a “really good number” he pressed
Sarah to share details of her thinking. Later in the discussion, Sarah asks a question about
Sam’s calculations of average water consumption, which leads Sam to suggest for all students
to add a column to their calculations.

Sarah: Is the column for F, like, the one after the pumping rate supposed to be the volume
of the tank?

Sam: Yup, and you can add, actually, I'll encourage everyone to add in between E and F, if
you can add a column in there, right click on F, up on the top and then you go to insert and
then add a column in between that is pumping rate gallons. [. . ]

Although this wasn’t considered assigning competence, we see that Sam is validating
Sarah’s question as valuable by suggesting the rest of the class to attend to it.

In Observation 6, we see the impact of Sam’s validation of Sarah’s ideas. When Sam was
working out a problem, Sarah has the confidence to publicly correct his mistake.
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Sam: Drainage water from the hand washing station [. . .] supplement that with potable
water so 8.2 minus 6.9 you get that response, multiply that by 5 that’s how much water sav-
ings this device right here would cause, would result in, for each household of five people.

Student: 6.5
Sarah: Why would you subtract it? Wouldn’t the saved water be just the 6.9 times 5?

Sam: You’d be saving water from what usually fills up the tank back here. So usually, potable
water is used to fill up this tank. Right, on average that’s 8.2 gallons per person per day. So
instead of using 8.2 gallons of potable water to fill up this tank, you’re using 6.9 of those gal-
lons are coming from the sink.

Sarah: Right, so if you're asking how much water would be saved, wouldn’t it be 6.9 times 5,
because if you subtract it that’s how much water you still need of potable water, right?

Sam: Oh yeah, you are, you’re right [. . .] Yes, because you save 6.9, let’s think about this, 6.9
comes into the tank, so it’s not going to the sewer, so it is 6.9 times 5. Very simple, ok. I was
overthinking that and I forgot that it was that simple. Thank you for correcting me. Who is
it that corrected me by the way? I'll give you a thousand extra points.

Rochelle: I think it was Sarah.

Sam: Awesome, Sarah, 'm gonna give you a thousand extra credit points. Because I do
want you to correct me when you see me say something wrong. You know, I'm a person
and I make mistakes sometimes and miscalculate things sometimes.

Here, we see Sarah asks a question to clarify one of Sam’s computations. Sam initially
brushes off her response with a quick explanation, yet Sarah persists in asking again, explain-
ing to Sam where the error was. This change in confidence from Sarah is notable given she
only participated once in the first four lessons! It’s notable that a peer, Rochelle, notices Sarah’s
competence and recognizes her contribution. Then, Sam validates her correction by giving her
“a thousand extra credit points.” We coded this as “validating unprompted attention to disci-
plinary ideas.” In his exit interview, Sam brought up this experience. He recalled being both
“embarrassed” and “proud” of Sarah for interrupting him, recalling that she was a student who
rarely if ever participated at the beginning of the semester.

The strategy of assigning competence was particularly salient for Sam and is one that he
talked about extensively in his exit interview. He also described a situation in an earlier semes-
ter in which there was a group of students working together in a breakout room. There was a
white man in the group who spoke frequently in class, who was convinced that he was correct
in solving a problem. Marina, a woman of color in the same group, tried to correct his incor-
rect solution, but he continued to argue with her. When Sam entered the breakout room, he
noticed that Marina was correct, and he highlighted her contribution within the small group.
Later, he highlighted that contribution publicly to the whole class. This interaction was the
first time he ever met Marina. After that semester, she got involved in one of Sam’s research
projects, and even served as a student representative for the department. Later, she continued
to join the graduate engineering program and received a Master’s degree. While these experi-
ences cannot all causally be attributed to Sam’s use of assigning competence, this set of interac-
tions stood out for him as particularly notable.
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Discussion

This manuscript makes an important contribution to the research literature through the study
of assigning competence in undergraduate STEM education. Although Complex Instruction
has been studied extensively in K-12 settings, there has been little work in undergraduate
STEM. Moreover, we are not aware of any work to date that has tracked the specific trajecto-
ries of student participation due to assigning competence. Thus, our connection of assigning
competence to the EQUIP observation tool to capture changes in student participation pro-
vides a powerful methodology that equity scholars in our field can apply to other settings. This
allows researchers to add elements of quantitative research to complement techniques that
have already been studied more extensively through qualitative research, supporting mixed
methods work. Moreover, from a teaching perspective, our focus on assigning competence
shows that instructors can intentionally shift the participation dynamics of their classrooms
through intentional instructional moves. Here we highlight a few key findings.

First, we found that instructors were capable of learning to use assigning competence. This is
notable, because assigning competence is an advanced instructional strategy, and most of the
participating instructors had received minimal prior professional development, especially
around equitable teaching. Assigning competence can only be used when a low-status student
makes an important disciplinary contribution (e.g., in math), the instructor notices that contri-
bution, and makes it public. This entire setup takes a great deal of skill to orchestrate. Neverthe-
less, the instructors in this study learned to use the technique and managed to use it about twice
per class session that we observed, on average. Using a classification scheme of types of assign-
ing competence, we found that instructor attempts were primarily in the category of “highlight-
ing, clarifying, and amplifying,” which were 17/26 or 65.4% of instances. We suspect that the
prevalence of this category may have been related to the nature of the professional development
that instructors received, but we have limited data to make causal claims about this.

Second, the assigning competence strategies seemed to be effective in shaping student par-
ticipation (which alongside student demographics, we used as an indicator of status). We
found an odds ratio of 3.71 for increasing student relative participation over the course of the
semester for students who were assigned competence compared to those who were not. This
amounts to almost a fourfold increase in likelihood of increasing participation for students
who were assigned competence! As we illustrated using Ramesh’s class as an example (see Fig
1), many students who were assigned competence had very low levels of participation at the
beginning of the semester, which increased in measurable ways. There were similar findings in
other classrooms.

Third, this manuscript provides rich qualitative vignettes of three focal students, showing
how assigning competence shaped not only the quantity of participation, but the nature of it.
The focal students had minimal levels of participation before the use of assigning competence,
and through the intentional validation of student ideas, instructors elevated them to become
crucial voices in the classroom discussions. In the cases of both Molly and Sarah, they publicly
corrected their instructor’s mistakes, which demonstrates a high level of self-efficacy and confi-
dence. The vignettes are also valuable because they provide a glimpse into how instructors cre-
ated classroom situations in which they could effectively assign competence and increase the
status of their students. For example, Anne used partner breakouts to monitor student contri-
butions, and Sam created an “everyone shares” type of scenario where students could show
graphs on their computer screens.

Finally, we reflect on the affordances of our approach for future research. Equity scholars
have long argued that a “for all” approach to promoting equity is ineffective, as has been
shown through empirical data [21, 38]. However, while the field of STEM education has many
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classroom observation tools for generating data to study classroom practice, very few tools dis-
aggregate by student social markers or by individual students, thus limiting their ability to
study improvements to equity in classrooms. Through our work here, we show how the disag-
gregated features of the EQUIP tool can be used in conjunction with long-established equity
techniques to provide new insights into their implementation and impact. We argue that this
is a very productive line of inquiry for scholars in our field, and this manuscript provides one
such model of how to use this approach.

Limitations

There are a few important limitations to this work. The first is that we had a relatively modest
sample size of 84 students, spread across 3 classrooms. Nonetheless, given the heterogeneity in
classroom contexts and instructors, we suspect that we would have similar findings in other
settings. Additionally, establishing causality can be a challenge in this type of research.
Although we clearly demonstrate that participation increased for students after the use of
assigning competence (and with an odds ratio of 3.71 compared to students who were not
assigned competence), classrooms are complex spaces, and we cannot rule out the interaction
of other factors both in terms of faculty instruction and student interactions. Follow up
research to replicate these findings is recommended.

Conclusion and implications

Promoting equitable instruction is an elusive imperative. Despite an increasing focus on this
goal, there is still limited evidence for many instructional approaches to improving this equity.
In contrast, this manuscript provides strong evidence of the impact of assigning competence
to improve the classroom participation (and thus learning) of students who are historically
marginalized in their disciplines. As such, we strongly recommend providing professional
development to STEM faculty to learn assigning competence and other related strategies, so
that they can improve equity in their classrooms in measurable ways. This manuscript pro-
vides a concrete instantiation of professional development with illustrative examples to help
others take up this same work.
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