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ABSTRACT
It is difficult for instructors, and even students themselves, to be-
come aware in real-time of inequitable behaviors occurring on stu-
dent teams. Here, we explored a potential measure for inequitable
teamwork drawing on data from a digital pedagogical tool designed
to surface and disrupt such team behaviors. Students in a large, un-
dergraduate business course completed seven surveys about team
health (called team checks) at regular intervals throughout the
term, providing information about team dynamics, contributions,
and processes. The ways in which changes in students’ scores from
team check to team check compared to the median changes for their
team were used to identify the proportions of teams with outlier
student scores. The results show that for every team size and team
check item, the proportion of teams with outliers at the end of the
term was smaller than at the beginning of the semester, indicating
stabilization in how teammates evaluated their team experiences.
In all but two cases, outlying students were not disproportionately
likely to identify with historically marginalized groups based on
gender or race/ethnicity. Thus, we did not broadly identify team-
work inequities in this specific context, but the method provides a
basis for future studies about inequitable team behavior.
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1 INTRODUCTION
Learning to work effectively in a team is important for preparing
undergraduate students for graduate work and their careers [4,
14, 19, 21]. Regularly cited as key by employers [10], teamwork
is a critical skill in professional environments as well as a useful
pedagogy for teaching technical and other professional content [15,
22]. While teamwork is a common pedagogy, supporting inclusive
teamwork remains challenging. Marginalization on teams has been
linked to aspects of students’ social identity, such as identifying as
a woman or person of color [13, 18], and can take a variety of forms,
such as certain students’ ideas going unheard or certain students
disproportionately completing particular tasks [8].

Particularly in introductory courses and at large colleges and
universities, instructors often face the additional hurdle of having
many students and student teams. With these compounding fac-
tors, it is difficult for instructors, and even students themselves, to
become aware in real-time of inequitable behaviors occurring on
student teams. It is more difficult still to know how to address such
inequitable behaviors. The consequences of inequitable and ineffec-
tive teams are serious, leading to differences in mastery experiences
and ultimately contributing to students leaving degree programs
[12, 16, 24]. Lack of retention renders lost educational and career
opportunities for individual students and results in a significant
loss of diversity and creativity for the disciplines themselves [1, 23].

Much prior work has investigated gendered and racialized differ-
ences between students on project teams with data sources ranging
from self-reported surveys and peer evaluations to activity logs,
observations, and interviews. We draw especially from engineering
education studies here because team- and project-based courses are
typical throughout engineering curricula. In a recent review, for
example, Beigpourian and Ohland [3] summarized gendered and
racialized patterns with respect to different aspects of teamwork
such as collaboration, communication, and leadership. In our own
institutional context, we have studied the relationship between
extroversion and willingness to speak up amongst teammates in-
cluding how this changed over course of a semester [5], finding
that both women and international students were likely to report
more introversion than their respective comparative groups at the
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end of the semester and to show lower levels of voice safety and
voice enactment.

2 TANDEM: A TOOL FOR IMPROVING
TEAMWORK

Here, we investigate a potential measure for equitable teamwork
relying on Tandem, a digital pedagogical tool designed to disrupt
inequitable team behavior primarily through providing feedback to
students and instructors about how teams are doing [7]. Developed
at the University of Michigan (U-M), a large, primarily residential,
and research-intensive university, the underlying framework of
Tandem draws on the Michigan Tailoring System, an existing U-M
software application first designed to support tailored content in
health communications and now in use across multiple educational
technologies [17]. Tandem is also connected to Canvas, the learning
management system, for the purposes of pulling enrollment data
and reporting back graded assessments.

Tandem has several functions. In particular, Tandem surveys
students about their individual approaches to teamwork, provides
personalized feedback for individuals and teamswith prompts for re-
flecting on how to improve and targeted lessons based on team per-
formance, and gives instructors real-time reports to monitor team
health. The lessons provide content on best practices in collabora-
tion and information about common issues teams face paired with
reflection questions designed to help students situate the knowledge
in their own contexts. For example, lessons address why diverse
teams face challenges but ultimately come up with better solutions
than more homogeneous teams, how to recognize both good and
bad team conflict, and how to communicate equitably. Importantly,
the development team was intent on a tool that could recognize
and address teamwork challenges that disproportionately affect
traditionally marginalized student groups (e.g., through gendered
division of team roles).

Tandem integrates information from several types of surveys
that students complete throughout the term:

(1) The baseline beginning-of-term survey is given before the
team experience begins. It asks students about their prior
exposure to disciplinary content and skills, academic orienta-
tion, and concerns regarding working in teams, all of which
are related to self-efficacy.

(2) The early group communication check is given after the first
week of teamwork and asks students if they have been able to
speak up, if they feel they are being heard, what they sense
about each teammates’ contributions thus far, and about
barriers to equitable group decision making.

(3) Team checks (Table 1) for team health are short (5-question,
30-second, closed-ended) surveys completed frequently, usu-
ally on a weekly or biweekly basis. Students rate their team,
not themselves or specific teammates, on equitable distri-
bution of work, team logistics, equity of ideas shared, con-
fidence of team success, and how well the team is working
together in general.

(4) A peer review survey asks students to evaluate the extent to
which they and each teammate have exhibited good team-
work, both in tasks (like how they contributed to specific

project elements) and in behavior (like how well they lis-
tened to their teammates). This survey is often used at the
middle and end of team projects.

3 RESEARCH QUESTIONS
Teams can be power-laden course structures that, in their worst
forms, perpetuate inequity. Thus, identifying if and how teams are
marginalizing specific students, particularly at scale using quan-
titative data, is an important goal [6]. Under the assumption that
teammates are more likely to have conflicting perspectives on team
effectiveness when some are having negative team experiences (e.g.,
experiencing microaggressions), here we investigate if individual
perceptions being different from group perceptions can be a marker
of inequitable team behaviors. We define such inequitable team
behaviors to include disproportionate gendered and racialized dif-
ferences in terms of who gets listened to, whose ideas are discussed
and pursued, how evenly work is distributed, and who is seen as
an expert.

Specifically, we explore divergence in scores on the team check
surveys which provide information about team dynamics, contribu-
tions, and processes. The five team check items are each presented
to students on an end-anchored nine-point numeric scale (Table
1), and visual summaries of the team averages are shown to in-
structors and individuals throughout the term so long as three or
more teammates have responded. The team check data potentially
support a quantitative assessment of the extent to which teamwork
behavior is equitable; thus, with the ultimate goal of investigating
whether marginalization of individuals on teams is detectable in the
team check data, here we pursued the following research questions:
RQ1) How does the variability in student evaluations of their team
change over time? and RQ2) How do the demographics of students
who report outlier responses compare to their peers?

4 METHODS
4.1 Data Collection
Data were collected from the 624 undergraduate students who
earned a course grade in a lower-division business course (referred
to herein as BUS 201) about leadership, creating value, and the role
of business in society. Gender and race/ethnicity data were self-
reported by the students on the Tandem beginning-of-term survey
(Table 2); that is, the categories reflect a wider range of identities
than those available through U-M’s student information system.
BUS 201 typically enrolls about 80% sophomore-level students, 20%
junior-level students, and very few senior and first-year students.
This research was determined by the Institutional Review Board to
be exempt from ongoing review.

BUS 201 is typically taught in person; however, during this se-
mester studied the course was offered both in hybrid and fully
online formats due to the COVID-19 pandemic. Students attended
two class meetings per week in sections of about 20 students each.
One in-person or online class meeting was instructor-led and the
other online-only discussion-like session was facilitated by teach-
ing assistants and largely devoted to team-based activities. Students
were grouped by instructors into 128 teams with between four and
six students per team (M = 4.9). The targeted group size was five stu-
dents, and efforts were made to not strand students identifying with
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Table 1: The five Tandem team check items to which students individually respond.

Team check item Lower anchor (1) Upper anchor (9)

Equal workloads The workload is not distributed evenly. Everyone is pulling their own weight.

Logistics We often face logistical barriers (e.g., we
cannot find convenient meeting times).

We have no problems with logistics (e.g., we
all stay in touch about the project).

Sharing ideas Only one or two people contribute ideas for
our project.

Everyone evenly contributes ideas for our
project.

Team confidence I worry we won’t do well on this project. We’re definitely going to do well on this
project.

Working well We often have problems working together. We work really well together.

Table 2: Summary of selected demographic information for
the 624 students in the course of interest. Students were able
to select more than one race/ethnicity so these values sum
to more than 100%.

Characteristic n %

Gender
Female 255 41
Male 363 58
Non-binary 0 0
Self-described 1 <1
Prefer not to disclose 4 1
Missing 1 <1

Race/ethnicity
American Indian or Alaskan Native 5 1
Asian 215 34
Black or African American 24 4
Hispanic or Latinx 48 8
Middle Eastern or North African 20 3
Native Hawaiian or Other Pacific Islander 2 <1
White 340 54
Self-described 5 1
Prefer not to disclose 11 2

historically marginalized populations (by gender and race/ethnicity
[20]) alone on a team.

Each team worked together for the duration of the semester,
producing a customer insight report near the middle of the term as
well as a cumulative final video project. Students were expected to
complete the Tandem team checks (Table 1) in seven different weeks
during the 15-week semester; example team check data is shown
in Table 3. Students also received a different, personalized Tandem
lesson about teamwork each week. Some lessons were timed to be
distributed to the whole course during the same week, but during
other weeks, each team received lessons that were algorithmically
selected based on how they had responded to the team checks.
Responses to these team checks and lesson activities together con-
stituted 6% of students’ final course grades. Importantly, teamwork
skills such as learning how to provide constructive feedback and
resolve team conflict were explicit course learning goals.

4.2 Data Analysis
For each team check item (e.g., logistics), the change in each stu-
dent’s score fromweek to week was calculated. This transformation
was employed to help avoid issues resulting from students poten-
tially using the team check scale in different normative ways; for
example, some students might default to using most of the scale
while others are more reluctant to give any low or neutral ratings.
We hypothesized that differences in a student’s scores from week
to week might be more meaningful than the absolute scores they
reported. Because there were seven team checks, this manipulation
resulted in a vector of six scores per student per team check item.
These “change” scores were calculated for each team member; for
instance, in the provided example (Table 4), between the first and
second team checks (TC2-TC1), teammember 1 did not change their
logistics score while team member 3 decreased their logistics score
by three units. Students’ change scores were individually compared
against the team’s median change score to identify outliers, defined
herein as those greater than one unit away from the team median
for that particular change. We refer to these responses as outliers to
signify the difference from their teammates’ reported perspectives,
but highlight that this is not the typical usage of outlier from a
statistical lens. We considered this definition reasonable because it
resulted in a low number of change scores being considered outliers
overall (1,357 outliers / 11,820 total change scores = 11%). All data
transformations and analyses were conducted using Python 3.

4.3 Limitations
This study limits the metric for inequitable behavior to regularly-
collected but still self-reported survey items. We assume that these
data actually correlate with real positive and negative team ex-
periences but acknowledge that it is important to validate this
assumption by triangulating with other data sources such as class
meeting observations, interviews with both students and instruc-
tors, and assessments of who contributed and how often to team
products.

Additionally, relying on the changes in students’ team check
scores from week to week made it challenging to deal with missing
data because most missing team checks automatically impacted
two change scores (this is the only way in which missing data was
generated because students were required to respond to all five team
check questions in order to submit the survey). We purposefully
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Table 3: Example raw data from one of the seven team checks for one four-person team. Items were scored on a 1 (low) to 9
(high) scale; refer to Table 1 for scale anchors.

Team member Equal workloads Logistics Sharing ideas Team confidence Working well

1 6 8 7 7 8
2 5 5 5 4 5
3 6 6 6 6 6
4 8 8 8 7 8

Table 4: Example logistics team check (TC) change scores and outliers (*) for one four-person team. As an example, TC2-TC1
shows the difference between team check 2 and team check 1. * indicates scores that were considered outliers for the given
change.

Team member TC2-TC1a TC3-TC2 TC4-TC3 TC5-TC4 TC6-TC5 TC7-TC6

1 0 0 1 0 0 0
2 -1 -1* 2* 0 1 0
3 -3* 4* -1* 2* -1 1
4 3* 1 0 0 0 0

Mdn -0.5 0.5 0.5 0 0 0

deleted the missing data listwise, removing all students (226 / 624 =
36%) who were missing one or more team checks, affecting almost
all (116 / 128 = 91%) of the teams in the course. This heavy-handed
approach rendered a relatively large pool of missing data, indicating
that the results described herein are not representative of the full
BUS 201 population, though we found no statistical gendered (χ2 (2,
N = 639) = 1.05, p = .59) or race-based (χ2 (6, N = 621) = 8.89, p = .18)
patterns in the groups of students who completed all team checks
versus those who missed one or more. In any case, this limitation
was acceptable for this exploratory study because we were more
intent on investigating the behavior of students in rating their
teams than the behavior of students particularly in the BUS 201
course context. Future iterations of this work could take a pairwise
deletion approach, removing only the affected change scores rather
than all scores for a student missing one or more team checks.

5 RESULTS
5.1 RQ1) How does the variability in student

evaluations of their team change over time?
The real team sizes ranged from four to six students. Because stu-
dents were removed when they were missing any team check,
however, the number of students per team included in the analyses
ranges from one to five (every team of six students had at least one
student miss at least one team check). For simplicity, we continue
to refer to these groups of students as teams recognizing that, in
reality, the full teams include the students who were eliminated
for having missing data. Overall, we found that the average team
check scores vary minimally from survey to survey (Table 5) but
generally increase for each team check item by about a half point
over the term. The proportion of teams with one or more outliers
for each change between team checks is shown in Figure 1. For
every team size and team check item, the proportion of outliers at
the end of the semester is smaller than at the beginning; all linear

trendlines show a negative slope, ranging from -0.01 to -0.12. In
other words, students evaluate changes in their team experience
(or lack thereof) more similarly to their teammates over time; the
variability between teammates’ change in scores decreases. For
the logistics, sharing ideas, and working well items, the decrease
in outlier change scores over the semester is relatively smooth.
The equal workloads and team confidence items show somewhat
more variable changes, perhaps reflecting an uneven distribution
of teamwork required throughout the semester and therefore less
opportunity for teams to come to a shared understanding of team
norms (e.g., final project work is likely most intense towards the
end of the semester).

5.2 RQ2) How do the demographics of students
who report outlier responses compare to
their peers?

The ultimate goal of this study was to understand if the students
who exhibited outlying behavior (reported a team change differ-
ently than their teammates) differed systematically from those who
were never outliers by two demographic variables: gender and
race/ethnicity. If outlier status regarding team change scores pre-
dicts awareness of marginalization on a team, we predicted women
and historicallymarginalized students would be over-represented in
these groups. In these analyses, the race/ethnicity categories were
grouped as either 1) persons identifying with historically marginal-
ized populations—American Indian or Alaskan Native, Black or
African American, Hispanic or Latinx, Middle Eastern or North
African, and Native Hawaiian or Other Pacific Islander (if students
identified with any of these populations, they were included here;
for example a student who selected both Black or African American
and White was categorized with this group), or 2) Asian and White
students, considered together because they tend to earn bachelor’s
degrees at similar rates [26]. We note that the results were the same
when this group was limited to White students alone.
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Table 5: Average scores (M ± SD) on a nine-point scale (subject to ceiling effects) for all students, regardless of team size, who
completed all seven team check (TC) surveys (N = 398).

TC item TC1 TC2 TC3 TC4 TC5 TC6 TC7

Equal workload 7.42 ± 1.49 7.41 ± 1.58 7.62 ± 1.48 7.69 ± 1.52 7.56 ± 1.65 7.68 ± 1.51 7.83 ± 1.29
Logistics 7.30 ± 1.65 7.59 ± 1.46 7.78 ± 1.26 7.77 ± 1.45 7.83 ± 1.44 7.95 ± 1.26 8.05 ± 1.17

Sharing ideas 7.32 ± 1.57 7.29 ± 1.72 7.52 ± 1.56 7.81 ± 1.21 7.58 ± 1.58 7.71 ± 1.42 7.82 ± 1.31
Team confidence 7.43 ± 1.45 7.55 ± 1.40 7.77 ± 1.29 7.73 ± 1.32 7.82 ± 1.30 7.76 ± 1.48 7.74 ± 1.44
Working well 7.63 ± 1.28 7.75 ± 1.29 7.92 ± 1.19 8.13 ± 1.09 8.05 ± 1.21 8.10 ± 1.09 8.08 ± 1.05

Figure 1: The proportions of teamswith one ormore outliers
from the teammedian change for the a) equal workloads, b)
logistics, c) sharing ideas, d) team confidence, and e) work-
ing well team check (TC) item scores over time. Team sizes
of three, four, and five students are indicated by the solid,
medium dashed, and small dotted lines, respectively. Note
that the results shown in this figure are limited to only those
teams (N = 90) where three, four, or five students (N = 328) re-
sponded to all the team checks because of the inherent vari-
ability and lack of ability to calculate medians introduced
with teams where two or fewer students responded.

For each team check item, a Pearson’s χ2 test was used to assess
correlation between the demographic variable and whether or not
students had ever been an outlier, including only students who
responded to all seven team checks. Of these 10 tests for correlation,
two showed a significant relationship (Table 6). Specifically, female
students were overall more likely to show deviations from the team
median change on the logistics (57% (N = 93) of female students
compared to 47% (N = 109) of male students) and working well
items (38% (N = 61) of female students compared to 28% (N =
65) of male students). In terms of the odds ratio, female students

were 1.5 times more likely to be an outlier than male students for
both items. These differences were apparent for five out of the six
change scores (all except TC7-TC6) and were always in the positive
direction compared to the median. In other words, female students
were more likely than male students to have positive changes in
their logistics and working well scores from week to week. While
these specific findingsmay be subject to future investigation, overall
these analyses indicate few gendered or racialized patterns in week-
to-week changes in response to team check items.

6 DISCUSSION
Here, we sought to understand if and how changes in student
ratings of their team compare across teammates. In general, student
teams appear to stabilize in terms of how synchronized they are
in score changes over time, regardless of team size. This pattern
suggests that teams establish norms and expectations over the
duration of this course, and that towards the end, students on a
team report changes in team health more similarly than they do at
the beginning of the term. In studies of collaborative and project-
based learning, then, researchers should be highly conscientious
about when team survey or evaluation data is collected. Further,
in contrast to our presuppositions, students who had markedly
different changes in their ratings fromweek to week as compared to
their teammates were, in all but one case, not more likely to identify
with a particular gender or race/ethnicity. That is, while a number
of individuals report team health changes in a different direction
or of a different magnitude than their teammates, these students
are not disproportionately of groups observed in prior studies to
be more likely to experience team marginalization [13, 18].

Overall, while this measure has broadly not revealed teamwork
inequities in this context, the method provides a basis for future
research. In courses where deviations among teammates in team
check score changes remain consistent throughout the term, further
investigation of team data (such as studies of the more direct peer
evaluations on the Tandemmid- or end-of-term surveys) may reveal
if teammates’ different change scores are indicative of inequitable
or otherwise poor team behaviors. It is worth reminding the reader
that here, students missing any team check data were not included;
students with especially strong or negative experiences may have
been less likely to complete all team checks, perhaps to avoid any
indication of team conflict.

This exploratory work exposes additional research questions,
two of which we describe here. First, the stabilization of changes
to team check scores could reasonably indicate at least two dif-
ferent scenarios. Teammates may indeed learn to each see their
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Table 6: Pearson’s χ2 test statistics (df = 1; * p < .05) for correlations between the gender (N = 393) or race/ethnicity (N = 398)
categories and whether or not the student was ever an outlier. Gender categories besides female and male were not included
here due to low numbers of students.

Equal workloads Logistics Sharing ideas Team confidence Working well

Gender 0.06 3.98* <0.01 0.61 3.96*
Race/ethnicity 1.03 0.49 0.18 0.26 0.02

team through similar lenses and interpret their team experiences
in a common way. In contrast, teammates with dissenting perspec-
tives may self-regulate and begin to cover these opinions when
responding to the team checks, essentially burying real variability.
A mixed methods study following teams that show different team
check patterns with interviews for how and why students change
their scores between surveys would be useful for building better
understanding of the meanings behind changes in the data.

Second, regarding RQ2, here we have bluntly treated all students
who ever exhibited an outlier change score together as one group,
but the distribution of who is an outlier may be different depending
on the specific time point, the frequency with which the student
is an outlier, and the direction in which the student is an outlier.
Understanding if some groups of students are more or less prone
to being an outlier on a team, particularly in the more variable
early parts of the semester, could reveal an interaction between
inequitable team behavior and team maturity. The “direction” (pos-
itive or negative) in which a student is an outlier from the median
team change should, in particular, reveal important information
about students’ team experiences.

7 CONCLUSION
Clearly, building students’ teamwork skills is a broad goal across
undergraduate curricula. However, when teams behave inequitably,
the consequences extend beyond the exclusionary behavior itself,
leading to a lack of learning opportunities for students who are
marginalized. Women have been known to take on or be assigned
more culturally normative tasks of projectmanagement and commu-
nication, in contrast to technical tasks like designing and building
[11, 18, 25], making possible a perpetual cycle in which women
both embrace and are offered fewer technical roles even as they ad-
vance in their coursework. Marginalization based on race/ethnicity
in project teams has also been reported [9, 27]. Unfortunately, in-
structors do not always know how to teach for inclusive behav-
ior in teams, and instructors have themselves called for tools and
resources to help implement inclusive pedagogical practices [2].
Here, we have used Tandem team check data to develop a measure
showing that the changes in students’ scores tend to stabilize over
the course of the semester when compared with their teammates.
While gendered and racialized patterns were largely not identified
in this context, the measure will be useful in future investigations
of inequitable team behavior.
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