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Abstract

Racism and bias are pervasive in society—and science, technology, engineering, and mathematics (STEM) fields are not immune to
these issues. It is imperative that we educate ourselves and our students about the history and consequences of this bias in STEM,
investigate the research showing bias toward marginalized groups, understand how to interpret misuses of science in perpetuating
bias, and identify advances and solutions to overcome racism and bias throughout our professional and personal lives. Here, we
present one model for teaching a universal course for participants of all professional stages to address these issues and initiate
solutions. As very few institutions require students to enroll in courses on racism and bias in STEM or even offer such courses, our
curriculum could be used as a blueprint for implementation across institutions. Ultimately, institutions and academic disciplines can
incorporate this important material with more region and/or discipline specific studies of bias.
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Introduction
Science has a legacy of racism and white supremacy that contin-
ues to impact participation of underrepresented and marginal-
ized groups today, including underrepresented identities in gen-
der, sexual orientation, disabilities, socioeconomic status, race,
and ethnicities, both as scientists and as subjects of research stud-
ies (e.g. Graves 2019, O’Brien et al. 2020). The resulting lack of di-
versity in STEM represents a loss of talent and novel contributions
to scientific fields (Campbell et al. 2013, AlShebli et al. 2018). Fur-
thermore, science is conducted by scientists who view each as-
pect of the scientific process through the lens of their social and
political values. A lack of diversity among scientists may perpet-
uate discriminatory funding practices that exclude, or favor, dis-
proportionately represented groups (Hoppe et al. 2019). Addition-
ally, it leads to negative long-term impacts on the recruitment and
retention of people from marginalized backgrounds across all ca-
reer stages (Elliott et al. 1996, Whittaker and Montgomery 2012,
Whittaker et al. 2015).

Furthermore, we know that an individual’s intersectionality—
how any and all of one’s identities and their interactions—can
lead to multiple factors of advantage and disadvantage, and for
many minoritized identities this can lead to compounding effects
of oppression and discrimination (Crenshaw 1989). For these rea-
sons, it is imperative for educators and stakeholders to take steps
to create communities that support diversity (representation of

all identities and differences), equity (fairness in access to oppor-
tunity, information, and resources), and inclusion (promotion of
a culture of belonging), collectively known as DEI, within STEM
spaces (Ford Foundation 2021).

Educating the next generation of scientists about the role sci-
ence has played in, first, perpetuating racism and biases to-
ward marginalized groups; and second, about how to recognize
the impacts of biases on scientific research is a critical step to-
ward cultivating and empowering communities to reduce, limit,
and ultimately eliminate bias, racism, and exclusion. Combined,
these efforts will ensure that we have the highest scientific im-
pact and most robust and creative STEM teams across multiple
disciplines.

The American Association for the Advancement of Science’s
Vision and Change report (2011) calls for biology educators to em-
phasize the relationship between biology and society in the un-
dergraduate classroom. Within discipline-specific curricula (e.g.
biology, chemistry, engineering, physics, and so on), discussing the
legacy and current ramifications of biases is relevant to students’
identities and to issues that continue to affect their lives and com-
munities. Courses that teach about intergroup biases could en-
courage responsible future collection, interpretation, and distri-
bution of data by scientists and the public, strengthening the im-
pact of foundational scientific research and its broader applica-
tions to our lives.
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Within higher education, over the past few years curricular ma-
terials have begun to be developed that incorporate these top-
ics into classroom content, lesson plans, or even whole curricu-
lum devoted to exploring with students that race is not a bi-
ological but rather a socio-political construct, and that racism
has real impacts for people (Hubbard 2017, Bhagia et al. 2020,
Reese 2020, Fred Hutchinson Cancer Research Center Science Ed-
ucation Partnership 2021). For example, while higher education
curricula teach about the history of explicit bias through racist
acts and policies, implicit bias toward underrepresented identi-
ties is more common, with compounding effects on an individual,
and it is rarely taught in curriculum. But what is implicit bias?
The Perception Institute (Perception Institute 2021) defines im-
plicit bias as an action/perception in which ‘we have attitudes to-
ward people or associate stereotypes with them without our con-
scious knowledge.’ The subconscious association of certain identi-
ties with stereotypes comes from historical reinforcement of spe-
cific views, whether from the teachings of the household, broader
community, or popular culture, and these views carry over into
the academic sphere (Perception Institute 2021). Despite the data
showing that bias occurs and persists broadly in STEM and within
biology as a field, only 4% of biology majors are required to take
courses that study the ethical, social, and legal issues that arise
in STEM fields and research (Booth and Garrett 2004). This means
that most biologists and students from related fields currently do
not receive training about their own biases or widespread biases
in STEM.

Furthermore, while the materials and recommendations from
these courses are a critical first step in addressing curricular
needs, they often focus only on reducing racial biases. Few courses
have emerged to educate STEM professionals about the data on
diversity in STEM, biases toward marginalized groups, or how
to best support marginalized individuals in a way that respects
intersectionality (e.g. intersection of race, class, gender, and so
on). Additionally, past courses rarely address privilege of partic-
ipant/instructor identities and how those biases affect course
engagement for the participant and/or through interaction with
other course participants. We developed the Diversity, Equity, and
Inclusion in STEM: The Science Behind Bias seminar at Cornell Univer-
sity as a course to meet these needs (see Supplementary File 1
for a syllabus used in the teaching of the course). In this semi-
nar, participants from multiple professional stages (undergradu-
ate and graduate students, postdoctoral associates, and faculty)
met weekly, with the overall goal of exploring and discussing
the historical context of bias and exclusion in biology and more
broadly in STEM, before applying that context toward proactive
strategies to combat bias in and outside of educational environ-
ments. Throughout the course, we encouraged participants to en-
gage in course curricula and discussions with a rigorous under-
standing of their own bias in order to facilitate safe and construc-
tive class engagement.

Course structure
In this course our learning outcomes for participants included re-
viewing the history of racism, exclusion, and bias in Science, Tech-
nology, Engineering, and Mathematics (STEM) and how it contin-
ues to persist today. Participants discussed primary scientific lit-
erature and learned how to identify and critique work that has
contributed to biases in STEM. As a group, we identified actions
we could each implement as individuals, and steps institutions
could take to decrease bias and promote equity and inclusion.

Learning about implicit bias in STEM requires historical context
of the stereotypes, and continued reinforcement of these stereo-
types, that have impacted STEM fields across identities and time.
Our course structure is designed to facilitate a learning commu-
nity and educate participants on how pervasive and constant im-
plicit bias has and continues to be in STEM (Fig. 1). Therefore, it
is important for participants to learn and digest the impact of
implicit bias in STEM through space, time, and their own back-
grounds by critically analyzing the intersection of STEM, as well as
the foundational events that gave rise to multiple stereotypes to-
ward marginalized identities. Then, we use this grounding knowl-
edge to critically analyze how implicit bias underpins contempo-
rary scientific literature and knowledge. Below we outline the pri-
mary sections of our course (refer to Table 1 and Supplementary
File 1 for a more detailed example of how this outline translates
into a timeline, instructional process, and course materials used).

We begin the course with a historical background of examples
of bias in STEM. The background spans the timeline of STEM in-
cluding, but not limited to, understanding the development and
implementation of eugenics, cataloguing scientific societies’ in-
volvement in the Trans-Atlantic slave trade, the use of female
slaves for the foundations of gynocology, scientific explorations to
‘prove’ nonheterosexual orientations, as well as why some people
are rich and some are poor. Chronicling the prevalence and in-
stances of bias in notable events in STEM sets the groundwork for
understanding that bias in STEM is part of a watershed system
of systemic and ingrained discrimination within professional and
personal environments and cultures. We use historical context
with the goal to train participants to view the rest of the course
curricula through the lens of systemic discrimination, rather than
through a lens that isolates instances of bias on a case-by-case ba-
sis. If we were to do the latter, then that would create an assump-
tion that discriminatory behavior is isolated to one person’s expe-
riences, minimizing the underlying biases that provoke such dis-
crimination in the first place. Furthermore, it creates an arbitrary
judgment from the audience, instructor, and participant alike, on
the magnitude of effect that this bias has had, or if it counts as
bias in the first place, subsequently promoting destructive rather
than constructive engagement.

We then transition to discipline-specific data on STEM bias,
providing contemporary primary literature papers to discuss ev-
idence of bias and its impact against particular identities and a
broader audience outside of those identities. This section forms
the major focus of the course, critically assessing the impact of
studies that demonstrate implicit bias against under-represented
identities in gender, sexual orientation, disabilities, socioeconomic
status, race, and ethnicities. It is important to showcase multiple
examples of different forms of bias to underpin the fact that bias
has and continues to target identities that were excluded from
STEM or are subject to cultural oppression from majority identi-
ties across the history of humanity. Furthermore, it illustrates the
diversity of stereotypes and stigmas that primary literature en-
forces about minority identities that carry over across space and
time.

The final weeks of the course involve progress and actionable
items to decrease bias in STEM. This section concludes the course
by utilizing the information gathered on the prevalence of bias
and racism in STEM to empower practical applications toward
mitigating said harm in participants’ lives, roles, and institutions.
The sheer diversity in which implicit bias can manifest in STEM
also provides an equal breadth of opportunity to bring antidis-
criminatory approaches to a variety of professional stages, roles,
and situations. We wanted students to not only be aware of the
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Figure 1. Through science history, white supremacy and other systems of privilege have played an important role in shaping and whitewashing what
we now call STEM and academia. Contributions to science from individuals of marginalized identities were and are still overlooked, underappreciated,
and in several cases unacknowledged or stolen. The Science Behind Bias seminar recognizes the impact of these historic legacies and our current
barriers to achieving inclusion and equity in STEM. Positive actions and behavioral changes are necessary to achieve equity and inclusion in STEM. In
the seminar, participants integrate these historic legacies with their identity and positioning in the community to inform what actions they can take
to create a more diverse and inclusive STEM. Quadrants in figure follow Adams and Bell (2016).

various ways in which bias can manifest, but also envision av-
enues for designing policies and behaviors to limit, reduce, or re-
move bias and racism that they could implement in their own
lives and that of their broader societies. We suggest using the last
2–3 weeks of the term to delve into the discussion and develop-
ment of actionable items.

We approached this section of the course by first including
readings that highlighted a need for intention and proactive mea-
sures taken with empathy and forethought across all career and
administrative levels. Participants were then asked to brainstorm
an action they could commit toward increasing diversity, equity,
and inclusion, and decreasing bias in STEM. We used group shar-
ing tools such as Google Jamboard (https://jamboard.google.com/)
or Padlet (https://padlet.com/) to share individual actions. Anec-
dotally, we observed participants with shared identities (e.g. pro-
fessional, such as career stage, or personal) apply takeaways from
the course readings and discussions, and begin collaborations
geared toward actions within their parts of academia. It is very
important to finish the course curricula with a call to action for
participants to identify where they can make change after study-
ing the myriad of ways in which they encounter bias in their STEM
worlds.

Building a safe community in the classroom
This course applies to multiple disciplines and career stages in
STEM, reflecting the diversity of STEM and how implicit bias man-
ifests in and between said diversity. However, bias can also mani-
fest within the classroom, driving participants to follow a norma-
tive culture of pedagogy that risks alienating students of differ-
ent cultures from the instructor or facilitator (Staats et al. 2017).
Some pedagogical frameworks (e.g. a lecture-only format with
rote memorization as assessment) can encourage a classroom
culture that may not work for all students, dissuading open and
engaging discussion of course material (Sidky 2017). As such, it
is imperative to intentionally design the pedagogical framework
with the diversity of those who participate in STEM in mind. Ad-

ditionally, we must address pre-existing perceptions of privilege
and power dynamics that could deter or inhibit full engagement
of the classroom when critically discussing sensitive course mate-
rial (Reinsvold and Cochran 2011). Here, we discuss the strategies
we used to develop a framework that encourages students from
diverse backgrounds to engage with each other and the course-
work.

Integration of intergroup dialogue training
For the first iteration of the course, we limited course enroll-
ment to 50 participants. This size allowed us to ensure that we
could hold small-group (∼10 participants per group) discussions
throughout the course, with each group led by one course facili-
tator. The participants in our course came from different levels of
education including, but not limited to, undergraduate and grad-
uate students as well as faculty. Participants also came from vary-
ing levels of experiences around the topics discussed. Given that
undergraduates and faculty were taking the course at the same
time, we assigned the small discussion groups with those who
were in similar career stages. This was to limit undergraduates
being in a small discussion with a faculty member who at some
point may have been or will be their instructor. Additionally, the
discussion of sensitive topics and history of trauma is stressful
and at times can make individuals feel uncomfortable or relive
harmful episodes during the course. Thus, it was important for us
to utilize techniques and methods commonly used in intergroup
dialogue (IGD) training to manage these types of discussions. IGD
is a process where people from diverse social identity groups work
together to understand and relate with one another (Zúñiga 2003).
We used practices from IGD to establish a precedent of mutual
respect and interaction amongst participants and facilitators, so
when situations arise, we have a known compact of how we treat
each other.

One of the goals of IGD is consciousness raising, where all par-
ticipants of both privileged and oppressed groups work to under-
stand the history of oppression of marginalized groups and the
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Table 1. Course themes, learning outcomes, and suggested readings.

Theme Learning outcomes Suggested readings

Historical racism in STEM—origins of
the concept of race

To understand the origin of the term ‘race’, how the
term manifested, and under what cultural contexts.

Hudson (1996)

Historical racism in
STEM—experimentation on groups

To learn and synthesize the multiple ways in which
human experimentation occurred through a lens of
implicit bias.

Sartin (2004), Prather et al.
(2018)

Historical racism in STEM—eugenics To understand the history and origins of eugenics and
its contemporary manifestations in primary literature.

Online video assignment (10
minute expert of ‘The
Gene—an intimate history’
by Ken Burns on PBS).
Friedmann (2019)

Historical racism in STEM—the
transatlantic slave trade and naturalists

To understand the historical context of racism and
colonialism in STEM, and how it still benefits some
fields and scientific societies.

Govier (1999)

Data and bias against women in STEM To understand the manifestation of bias against
women in STEM using primary literature.

Holman et al. (2018)

Data and bias against LGBTQIA + in
STEM

To understand the manifestation of bias against
LGBTQIA + in STEM using primary literature.

Broockman and Kalla (2016)

Data and bias against people with
disabilities in STEM

To understand the manifestation of bias against people
with disabilities in STEM using primary literature.

Lee (2011)

Data and bias against people of colour
in STEM

To understand the manifestation of bias against
people of colour in STEM using primary literature.

Hofstra et al. (2020), Hoppe et
al. (2019)
Why Asian Americans are
not the Model
Minority—Alice Li—TEDx
Talks (10:35 minutes).

Data and bias against first generation
and low-income people in STEM

To understand the manifestation of bias against first
generation and low-income people in STEM using
primary literature.

Douglass and Thomson
(2008)

Gender and racial bias in artificial
intelligence

To understand how technology can be used to create
and perpetuate bias.

Leavy (2018)

Myths born from bad, biased research To understand how ongoing research continues to
reinforce bias through the misuse of science.

Hill et al. (2019), Jabbour et al.
(2020)

Systemic racism, bias, and exclusion in
STEM: from the homework to the
classroom, to the administration

To identify and design practices to promote diversity,
equity, and inclusion in STEM.

Miller and Roksa (2020), Ma
et al. (2019)

Progress on reducing racism, bias, and
exclusion in STEM

To understand the progress in promoting diversity and
inclusion in words vs. practice.

Bentley et al. (2017), Jimenez
et al. (2019)

Identifying actionable steps to achieve
equity and inclusion in STEM

To identify and design practices to promote diversity,
equity, and inclusion in STEM.

Cooper et al. (2020), Schell et
al. (2020), Smith et al. (2015),
Chapman (2019)

lasting impacts of that oppression (Zúñiga et al. 2007). We define
privilege as the advantages one has had in life that shape one’s
opinions and actions as well as the lack of awareness of disad-
vantages and struggles others face (Fig. 1; Adams and Bell 2016).
In order to develop an understanding of current societal privileges,
it is important to understand the history that has created the con-
text for enduring privileges.

Setting the tone on day 1 of instruction is crucial to instill a
sense of self-awareness within our students about their own in-
tersectional identities, especially when those identities are tied to
positions of privilege, so they recognize the lens through which
they interpret course material and interact with each other. On
the first day of class, we conducted an exercise for students to re-
flect individually on aspects of their identity that give them privi-
lege in society; e.g. understanding how a cis-gendered White man
holds more societal privilege than a transgendered Black woman.

Course participants were united under the foundational knowl-
edge that bias has originated and continues to exist in society.
By starting from a place of working to understand one’s privilege
and its impact on one’s life and that of one’s peers, the course
design fostered more genuine and open conversation. Addition-

ally, following consciousness raising principles reduces any per-
ceptions that one is an ‘outsider’ to bias, because everyone from
the marginalized to the privileged is impacted by bias, and so ev-
eryone can and should play an active role in addressing bias and
forming solutions to reduce bias in their society (Zúñiga et al.
2007). For example, White Americans, the majority identity within
The United States and Canada, have experienced a myriad of priv-
ileged roles/amenities over non-White Americans for generations
that span pedagogy, policy, and popular media, to the point that
bias is deep-rooted and implicit in many peoples’ psyches. Sim-
ilar degrees of privilege—and subsequent implicit biases—exist
within/between different identities from the same axes of our so-
ciety, emphasizing the need to address it head-on in the classroom
if one is to facilitate healthy discussion of bias in STEM and how
to proactively mitigate it.

After building self-awareness of identities and their privileges,
we move forward to use commonly used IGD training to facilitate
open discussion with each other. One of the methods we used is
the LARA method (Listen, Affirm, Respond, and Add), a method
of communication developed by Bonnie Tinker (Tinker 2004) that
allows dialogue across different social identities and lived experi-
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ences. This tool aims to establish trust and community connec-
tion and establish mutual respect and understanding between
those who come from diverse backgrounds. This method was ex-
tremely relevant for us to use due to participants coming from a
range of career stages (undergrads, graduates, postdocs, and fac-
ulty), racial, and cultural backgrounds that have varying levels of
privilege and disadvantages.

Another method we used to achieve this in the classroom was
to develop and uphold community guidelines prior to engaging
in course content. Community guidelines are a way for us to set
expectations for engaging in group discussion (Supplementary Ta-
ble 1). We adapted most of our class’s community guidelines from
Cornell’s Intergroup Dialogue Project (Intergroup Dialogue Project
2021, Fig. 2). Participants in our course also contributed to our
community guidelines in addition to those we adapted. It was im-
portant that participants in our course knew that their contribu-
tions to community guidelines were valued so that it really felt like
something that everyone could agree on. We used our community
guidelines as the foundation for creating and upholding a safe
space for this specific community in which all participants could
feel like they could express themselves freely and without judg-
ment. Part of free expression is instilling participants with self-
awareness about the ways in which privilege manifests in their
lives, whether by virtue of their own identities or through interac-
tion of others with different magnitudes and types of privilege.

Nonnegotiable community guidelines that any group can adopt
include the use of ‘I’ statements when offering critical feedback in
dialogue. In this way, participants speak on their own personal ex-
perience and actions, critiquing ideas/behaviors and not individ-
uals. Another nonnegotiable community guideline is the practice
of ‘stories stay and lessons leave.’ It is extremely vulnerable for an
individual to share experiences with the group that are personal
to the topic of discussion or to share one’s ignorance on an issue.
Thus, it is important to establish that whatever personal identify-
ing story a student shares in class does not leave that group set-
ting; in doing so we encourage people to share openly and freely
when they come to the classroom. We acknowledge that lessons
from specific stories can be crucial for us to share with our com-
munity outside of the classroom, which is why we encourage the
‘lessons leave’ point of the phrase.

Ultimately, our integration of IGD training was an important
approach we established on day 1 of the class and throughout the
entirety of the semester. In this way, we could facilitate a safe envi-
ronment where students and facilitators can engage with difficult
content addressed in class as well as reach mutual understand-
ing and build connections amongst those who are coming from
different backgrounds. It is crucial for scientists aspiring to facil-
itate a course of this nature to have prior training in IGD before
facilitating. The University of Michigan’s Intergroup Relations Pro-
gram is the longest running IGD university program and has been
a model for other university-run IGD programs (The Program on
Intergroup Relations at the University Michigan 2008). We highly
recommend people leverage IGD programs at their institution or
utilize the University of Michigan’s training if such programs are
not offered. Additionally, see Table S1 (Supporting Information)
for recommended and publicly available resources regarding IGD
tools and methods.

Addressing power dynamics in the classroom
We recommend that course instructors consider potential power
dynamics within the classroom and take proactive steps to mit-
igate chances for those dynamics to affect participation. For ex-

ample, our classroom demographic included early- and late-stage
professionals, presenting the possibility that younger participants
would not speak as candidly in a space with someone in a posi-
tion of much higher power. We observed that some participants
were more likely to engage in deep discussion when they were in
a group with other participants in their career stage (undergrad-
uate, graduate, or faculty). For example, undergraduate students
shared more often when in a group with only other undergradu-
ates. If there is a subset of professionals who will exist in a power
imbalance in the classroom (e.g. professors and undergraduate
students), provide a space for them to engage in the material with-
out discomfort. Furthermore, when in these subgroups, be aware
of the power dynamics that can exist between seminar instructor
and participants. For example, power dynamics between an early
professional course instructor and others will vary if the partici-
pants are undergraduate students vs. faculty participants (Sidky
2017). In these diverse groups, instructors must ensure that the
individual voices of participants can be heard, and i.e. accom-
plished by employing different strategies for engaging different
demographics within the classroom. One way to do this is to re-
mind participants that we need to make space for everyone to
have the opportunity to share their thoughts or reactions to the
materials. Instructors can also explicitly ask those that have en-
gaged or participated more to make space for those that have par-
ticipated less. Also leading discussions with open-ended, higher-
level questions relevant to specific papers or themes discussed
have proven effective in promoting exploration of STEM topics for
younger audiences (Reinsvold and Cochran 2011). Through these
practices, students can explore the concept of bias in STEM more
easily, rather than focusing on rote memorization, a method of
learning that relies on repetition until one recalls from memory.
In regard to later-stage professionals like faculty participants, we
found honing discussion questions to focus on the unique per-
spectives of their background has proven useful in stimulating
discussion of the course material.

Course operations and recommendations
Teaching in-person or teaching online
The nature of this course requires that participants feel comfort-
able, and that they are in a safe space to share their thoughts and
feelings on any particular topic. As instructors, it is necessary to
promote engagement in a way that facilitates safe spaces, pro-
motes dialogue, and does not bias the participation of one demo-
graphic over another (Adams and Bell 2016). There are different
opportunities and challenges presented when trying to accom-
plish this in-person or in a virtual classroom.

Engaging in this material requires spaces where participants
can speak openly and safely, as well as spaces in which the partic-
ipants can also be exposed to differences of opinions and perspec-
tives. In our experience, virtual formats can facilitate safe spaces
through the physical separation of groups (i.e. breakout rooms). In
Zoom, we provided multiple moderated breakout rooms to keep
specific participants (e.g. undergraduates) in safe spaces to dis-
cuss the material and to limit power dynamics. We observed that
breakout groups can facilitate safe spaces where groups cannot
be overheard. However, it becomes challenging to create a familiar
and comfortable space in the breakout groups when there are less
opportunities to interact without verbal prompts from the course
facilitators. Furthermore, in-person meetings make possible the
use of nonverbal cues, which are critical for active participation
and transparent communication (Puertas-Molero et al. 2018, Uzun
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Figure 2. Community guidelines for Implicit Bias in STEM Seminar series. We give participants clear guidelines to engage in sensitive course material,
grounding them in self-awareness through their identities and privilege. The overarching recommendation for participants is to be self-aware of the
biases they bring into the classroom, and to use the guidelines for constructive engagement either with themselves or while interacting with other
members of the course. Some of the guidelines were borrowed from the Cornell Intergroup Dialog Project—Engaging in Conversations on Racism
faculty workshop, August 2020.

2020), especially on topics that can provoke tension or discomfort.
Although we recognize that if face masks are required this can ob-
scure nonverbal cues from an in-person classroom discussion and
lead to some unexpected challenges with communication.

Different teaching and learning tools can take advantage of
a classroom’s space and teaching framework. While breakout
rooms allowed for separation of groups, we had a few sessions
where we shuffled different participants around with the inten-
tion of adding new perspectives to each group. We also used
Google Jamboard (https://jamboard.google.com/) or Padlet (https:
//padlet.com/) to allow multiple groups to openly express their
synthesis of the material, facilitating exposure to more diverse
perspectives without the risk of biasing conversation toward
power imbalances. Although most interactions were a response to
prompted questions, we found that having at least a few minutes
of open interaction through discussions of the readings or media
throughout each class was essential to fomenting collegiality.

In-person teaching follows the structure of the remote for-
mat with breakout groups distributed across moveable tables
and chairs in the classroom. This permits power dynamics to be
limited by breaking up the larger group into smaller discussion
groups according to career stage. In addition, interactive activities
with the course material can be done in more traditional ways,
such as using actual sticky notes and a whiteboard or chalkboard
to connect content instead of using online tools.

Participation and evaluation of participants
All participants were expected to read/watch all materials and
participate in our weekly class discussions. In addition, each par-
ticipant was randomly assigned to help write discussion questions
for a subset of reading materials covered in the course. Partici-
pants both in a virtual setting and in person were highly encour-
aged to engage with the active online discussion board on our
course site and in-class activities with the interactive online tools
or in person activities implemented within the course. During our

class discussions, participants took turns being the scribe, syn-
thesizing, and sharing the main points/themes from their smaller
groups to the whole class at the end of each meeting.

This course was offered for one credit (equivalent to 1 h of
classroom or direct faculty instruction and 2 h of out of class stu-
dent work each week). Some participants took the course for letter
grades and some took it for credit. We observed no difference in
engagement between those participants that took the course for
a grade vs. not. To evaluate students or participants for grades or
pass/fail (both options were permitted), we evaluated the discus-
sion questions posed by each participant, took attendance, noted
who actively participated each week in the discussion sections
and engaged with the online discussion board, and noted who has
served as a scribe.

In all future versions of this class based on feedback from the
past course participants, we will also include a final project where
the participants will write a short reflection essay about a chosen
topic related to the course content or outline their personal com-
mitments to continue to create equitable and inclusive spaces in
STEM. All the feedback we received was highly positive with the
only critical feedback being that the participants wished we had
more time for discussion of the assigned materials. Most of the
comments we received mirrored these participant comments:

“Make this course mandatory for every faculty, staff, student, grad,

etc. Make it mandatory.”

“I would highly recommend this course to anyone in STEM at any

academic level.”

“I think this is a great course! I truly feel that every student should

take it, and I strongly encourage departments to consider adding a

course like this as a major/field requirement.”

“This course was timely and effective. It created a space where I felt

very comfortable learning with everyone, and having dialogue that
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was honest. We read contemporary and important work. While we

could get lost in the weeds with some conversations, it always felt

useful to talk things through that we had disagreements about and

it never felt hostile. I am very happy that I was able to be part of

this and I really hope that this class in particular can continue but

that it is the start of a much broader movement to normalize con-

versations around Diversity and Inclusion.”

Into the future: conclusions and next steps
The course structure that we implemented in the Diversity, Equity,
and Inclusion in STEM: The Science Behind Bias seminar can serve as
a blueprint for similar courses at other institutions. Courses like
this can harness the existing and currently expanding records of
bias in primary literature and syntheses on diversity and inclu-
sion within STEM. The increasing number of resources available
for teaching about the historical contributions of science to race
and racism within curricular courses (Bhagia et al. 2020, Dono-
van 2021, Fred Hutchinson Cancer Research Center Science Edu-
cation Partnership 2021), combined with the literature from other
disciplines (e.g. science, technology, and societies—STS) can build
the curricula for critically analyzing the prevalence and effects
of bias in STEM (Stephan 1982). We recommend that educators
incorporate materials across a broad range of disciplines and pro-
vide spaces where there are opportunities to delve deeper into
discussions. For instance, whole sessions or modules can be ded-
icated to exploring specific topics while also providing sessions to
explore the intersectionality of the different topics. The resources
we have detailed here for a seminar course support this comple-
mentary approach (Supplementary File 1). Additionally, we rec-
ommend that educators customize the topics and readings to fit
the needs of their local communities and locations. Place-based
education literature shows that students’ understanding of their
local cultural and political context creates powerful incentives for
students’ public engagement and accountability (McClennen et
al. 2020, Anderson 2017, Gruenewald 2005, McInerney 2011, Wood-
house and Knapp 2000). Similarly, here, we expect that by adding
to the curriculum topics of biases that are relevant at the local
scale (e.g. forced experimentation on slaves and/or immigrants,
land dispossession, among many others), students might be more
likely to engage in actions that result in the inclusion and sense
of belonging in STEM of marginalized individuals.

By explicitly teaching about the ways bias, racism, and exclu-
sion in STEM have and continue to impact who is included, and ac-
tionable ways to limit or reduce these biases, we give participants
in this course the knowledge to recognize bias and enact change
in their personal, educational, and professional lives. Grounding
the readings in the scientific literature permits discussions of not
only what the data say about historical and ongoing biases, but
also allows participants to critically evaluate papers that may be
using scientific data or methods to continue to perpetuate bias,
racism, and exclusion. We hope this structure is helpful to oth-
ers that would like to engage in these topics with their students
and colleagues, while remaining flexible enough to accommodate
in-person or remote learning and customizable to address locally
significant or field-specific literature and media. Until courses on
racism, bias, and exclusion are required components of higher ed-
ucation, including courses focusing on these historical legacies in
STEM, we provide this blueprint to help others integrate these top-
ics into their own learning frameworks.

Supplementary data
Supplementary data are available at FEMSPD online.
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