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Summary

Despite the profound impacts of scientific research, few scientists have received the necessary
training to productively discuss the ethical and societal implications of their work. To address
this critical gap, we — a group of predominantly human genetics trainees — developed a course
on genetics, ethics, and society. We intend for this course to serve as a template for other
institutions and scientific disciplines. Our curriculum positions human genetics within its
historical and societal context and encourages students to evaluate how societal norms and
structures impact the conduct of scientific research. We demonstrate the utility of this course via
surveys of enrolled students and provide resources and strategies for others hoping to teach a
similar course. We conclude by arguing that if we are to work towards rectifying the inequities
and injustices produced by our field, we must first learn to view our own research as impacting
and being impacted by society.
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Introduction

Over the past few decades, rapid advancements in human genetics research have influenced
many spheres of society, from reproductive health to criminal trials to tribal federal recognition
claims.’ Moreover, discussions about genetic traits and ancestry testing are increasingly
common in everyday conversations and popular culture.*® In the process, genetics has become
deeply intertwined with political discourse — scientific arguments have been used to both combat
and justify racist, classist, sexist, transphobic, and ableist ideologies. Though it has been long
established that there is no genetic justification for racial classification,® pseudoscientific
analyses of genetics continue to proliferate across online forums, appearing to support white
nationalist ideologies.”*® Similarly, certain politicians have attempted to legislate gender and
sexuality by leveraging arguments that incorrectly reference genetics, conflate sex and gender,
and disregard the fact that sex determination is a biologically complex and nonbinary
process.>°

In response to the misuse of genetics research, ethicists and scientists alike have argued that
scientists have a responsibility to society, not only in the questions they choose to ask, but also
in how they communicate their findings."~'® This sense of social responsibility particularly
intensifies during a crisis when scientists are challenged to articulate their views on social and
ethical issues." History is littered with examples of this ebb and flow." In the 1970s, several
academics formed the Sociobiology Study Group and participated in the Committee Against
Racism to counter the loud proponents of race- and sex-based genetic inferiority.'®'® More
recently, the citing of genetics research by a white supremacist to justify his massacre of ten
Black people in May 2022 served as a wakeup call for a number of researchers and funders to
reflect on their impact on society.'®

However, scientists have limited training in grappling with the social and ethical implications of
their work. Trainees funded by the National Institutes of Health are required to receive education
on the responsible conduct of research (RCR), but the majority of the RCR requirements are
focused on research ethics internal to science. Research ethics programming predominantly
evaluates scientists’ duties toward each other and spends little time interrogating the broader
implications of scientific research within society.?° In addition, when institutional review boards
(IRBs) evaluate human subjects research, they are — per the Common Rule — prohibited from
considering any broad social or policy risks; they rarely, if ever, consider risks to anyone but
research participants.?-% As a result, the downstream implications of research, especially the
social harms, are understudied and under-considered.?

Echoing other scholars, we argue that an essential part of our scientific training involves
education on the intersection of science and society, as well as our responsibility to secure the
ethical conduct and translation of our work."'® Across institutions, student-led advocacy has
demonstrated the demand for more thoughtful post-graduate education on ethics and social
responsibility.?®?® Integrating these topics into curricula has been shown to reap numerous
benefits, including a decreased belief in racial essentialism, the perception that racial disparities
and inequalities are primarily driven by genetics.?"?®
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In response to the gap we observed in our training, we — a trainee-led team affiliated with the
Stanford Genetics Department — developed a course on genetics, ethics, and society. This
course is intended to supplement the topics covered in the NIH RCR course. We successfully
taught this course in Spring 2022 and 2023, and recently integrated it into the course
recommendations for Stanford Genetics PhD students. Below, we describe our curriculum,
evaluate its impacts on students, and suggest strategies for developing similar curricula at other
universities. Our curriculum is available for others to use and adapt on our website.

The course: Genetics, Ethics, and Society

Below, we briefly describe the background and development of our course, followed by an
overview of the curriculum.

Background and development

In the summer of 2020, during a Stanford Genetics town hall, PhD students, postdoctoral
scholars, staff, and faculty co-developed a list of diversity, equity, and inclusion (DEI) initiatives
to prioritize, one of which was increasing ethics education. Two of us (R.A.P. and R.A.U.)
volunteered to lead this effort. After spending several months exploring different options for
expanding ethics education, we decided that the best option would be to create a new course
devoted to the intersection of genetics, ethics, and society.

We pitched our vision for the course to the Stanford McCoy Family Center for Ethics in Society,
and received a grant to support curriculum development and teaching. After securing funding,
we assembled a teaching team consisting of one bioethicist, one genetic counseling student,
one genetic counselor, one genetics postdoc, and 7 genetics PhD students. The organizational
structure consisted of one primary and secondary instructor for each class session, who were
responsible for curriculum development; preparing lectures and activities; and teaching. In
addition, two overall leads (R.A.P., R.A.U.) were responsible for administrative duties; managing
the teaching team; designing course structure and learning goals; ensuring the cohesiveness
across class sessions; providing feedback on curriculum development; and teaching. The leads
additionally participated in the Course Design Institute hosted by the Stanford Center for
Teaching and Learning and received feedback on curriculum design.?

The topics in our curriculum were chosen in part based on discussions with the broader
genetics community, both from informal conversations as well as responses to an internal
department survey of over 70 genetics PhD students. Our curriculum was also crafted around
the specific expertise of our teaching team, which spanned a wide range of topics including
forensic genetics, population genetics, bioethics, clinical genetic counseling, and genetic editing,
as well as additional perspectives derived from lived experiences. We also leveraged external
resources, such as Harvard Medical School’s Personal Genetics Education Project (pgEd,
pged.org), a resource for the ethical, legal, and social implications of genetics. We iterated on
curriculum development for six months before teaching our pilot course in 2022, which
consisted of six two-hour classes taught over three weeks.
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The following year, we expanded our course into ten two-hour classes that met once a week.
Having demonstrated the success of our pilot course, we received funding directly from the
Stanford Genetics Department to support our new teaching team: 5 genetics PhD students, 2
genetic counseling students, and one bioethicist. To ensure continuity, the two leads remained
the same, two of the teaching staff were students from the 2022 course, and one was an
instructor in the 2022 course. We worked on curriculum development for one quarter and
revised the class based on student feedback from the previous year, conversations with faculty
(D.0.M.), and discussions with the teaching team.

We had 20 students complete the course in 2022 and 22 students complete the course in 2023.
Although the 2022 and 2023 courses are broadly similar, the second iteration allowed for more
instructional time (20 hours vs 12 hours) and included new topics based on our 2022 student
evaluations and the interests of the teaching team. In describing the curriculum below, we will
focus on the 2023 extended course.

Course overview

To develop our course from scratch, we utilized the backwards course design framework, in
which the traditional order of designing a class is reversed by first identifying desired student
outcomes, creating assessments that demonstrate student mastery of these outcomes, and
then designing classroom lectures and activities to enable students to succeed in the
assessments.®® Accordingly, we first envisioned our “big dream” for ethics education: that all
biomedical scientists would have the tools to dissect the relationship between science and
society; reflect on their own social responsibilities; and identify concrete actions towards a more
equitable and socially responsible scientific enterprise.

We then identified three course-specific learning goals for students.?' First, students should be
able to connect the historical context of genetics research to its modern-day practice. Given the
American eugenics movement and its roots in California and Stanford in particular,®** we felt it
was essential that Stanford students were familiar with this legacy of 20th century human
genetics. Second, students should be able to analyze how societal norms and structures, along
with personal identities, biases, and responsibilities, impact the conduct of scientific research. In
other words, we wanted students to interrogate the perceived objectivity of science and assess
how systems like racism, sexism, and colonialism impact(ed) the research questions that are
proposed, funded, and published. Third, students should be able to evaluate the social and
ethical implications of genetics research. We wanted students to both evaluate the impact of
current research on society and anticipate the impact of future or proposed research by
interrogating who benefits and who is harmed.

We scaffolded the content of each class session around class-specific learning objectives (Table
1). As the course progressed, these learning objectives increased in difficulty and complexity
based on Bloom’s Taxonomy, a hierarchical pedagogical framework.** We primarily achieved
these learning objectives through a variety of active learning activities:*®> each two-hour class
typically featured short instructor-given lectures interspersed with student-led conversations
where they analyzed case studies or role-played scenarios (Table 1).
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Importantly, we aimed to not make our course prescriptive. We instead focused on giving
students the tools to reason through ethical problems themselves. To do so, we tried to create
an environment in which people with varied perspectives could express their thoughts. When
possible, we also exposed students to multiple viewpoints on a single issue and reiterated the
complexity and nuance in ethical case studies.

Below, we summarize our curriculum. We additionally detail the learning objectives and active
learning activities for each class in Table 1, and provide the full curriculum on our website.

Description of curriculum

In the first class, we established an open and inclusive environment by co-creating classroom
norms and introducing the concepts of identity, positionality, intersectionality, and privilege. Next,
we delved into the history of genetics, because we believe that deconstructing the myth of
scientific objectivity is easiest to understand through historical examples. We traced the impact
of societal influences on genetics from the Classical Era to modern times, emphasizing its
relevance through local and global examples of eugenic practices and their lasting
legacies.**=¢-* Following this discussion of history, we covered the origins of bioethics,
introduced key ethical principles and guidelines such as the Belmont Report, and prompted
students to consider the social responsibilities of researchers towards both research subjects
and society more broadly.*>*#! In doing so, students explored the limitations of existing ethical
guidelines and societal protections, as well as the role that community engagement and
community-based participatory research play in tackling this problem.?24243

After students developed a foundation for the history of human genetics and bioethics, we
turned to understanding the relationship between race, ancestry, and genetics.**** Students
examined how misconceptions can manifest in both scientific research and clinical practice, and
discussed the downstream implications for various aspects of society, including perceptions of
self-identity and racial health disparities.***® Next, students explored the role that contemporary
genetics research plays in beliefs about genetic and racial essentialism, and considered the
responsibility of scientists in averting such social harms of research.***° We continued our
examination of the relationship between genetics and identity by exploring the medicalization of
identities, specifically in the context of gender, sexuality, and (dis)ability.*5'%? Students then
discussed ethical implications in the current landscape of reproductive and forensic genetics, as
well as potential future developments in the field."%3543

For the penultimate class, we brought students to the Stanford library to directly engage with
historical documents. To choose the documents, we (R.A.P. and R.A.U.) initially surveyed
hundreds of materials in the Stanford University Archives that pertained to genetics, ethics, and
society, and ultimately curated a selection of documents relating to five topics: historical
perspectives on eugenics; historical perspectives on race, genetics, and |Q; sociobiology and
scientific activism; community activism against studying biological causes of violence; and
community activism against forced sterilization (details in Supplemental Material). For each
topic, students spent some time looking through the documents before we facilitated group
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discussions about the content. After spotlighting these historical examples of scientific and
community-led activism, we dedicated the last class to self-reflection: we asked students to
interrogate their own roles and responsibilities as scientists and imagine how to achieve their
vision of a more equitable and just scientific enterprise.

Results

To assess the impact of our course on students, we offered an optional and anonymous pre-
and post-course survey in both 2022 and 2023. We had 19 total respondents in 2022 (15
pre-course survey, 14 post-course survey), and 30 total respondents in 2023 (26 pre-course
survey, 15 post-course survey). Pre- and post-course survey data could not be linked for
enrolled students who missed one of the two surveys; students who dropped the course after
taking the first survey; or students who forgot their survey identification code.

Student demographics

Course participants ranged from undergraduates to postdoctoral scholars, but the course was
mainly composed of early-stage graduate students (54%; Supplemental Figure 1A). The
majority of students identified as women (61%; Supplemental Figure 1B). Moreover, the majority
of students also reported belonging to additional identities that are underrepresented in STEM
(61%; Supplemental Figure 1C) (including but not limited to identities around race/ethnicity,
socioeconomic status, sexuality, ability, and family education levels). These course
demographics paralleled the demographics of course instructors. This is consistent with
previous literature demonstrating underrepresented students spend more time on advocacy and
diversity efforts and are more likely to teach about ethical or societal issues.>>’

Student evaluations

Students’ motivations for taking this course varied greatly, but were primarily to learn about
current ethical issues and to develop the tools to discuss them (Supplemental Figure 2). For
multiple students, a central motivation for taking the course was to gain a better understanding
of the use of ancestry and race in genetics research; they were concerned about “the risk of
categorizing race and ethnic backgrounds in studies that can be misconstrued”. Geneticists can
be uninformed and imprecise in their use of race and ancestry; numerous studies have
observed that genetics researchers use population labels in highly variable and unsystematic
ways.®®0 At best, this creates ambiguity for the reader; at worst, it muddles these concepts and
promotes racial essentialism.

Through survey data and conversations with students, we observed that in 2022, students left
the course still struggling to understand the concepts of genetic ancestry and race
(Supplemental Figure 4A). As a result, we doubled the amount of time spent on this concept in
2023 and reworked the section by borrowing heavily from the recently published National
Academies report, “Using Population Descriptors in Genetics and Genomics Research”.*® In
doing so, we discussed both the risks and benefits associated with the use of race and ancestry
in genetic research, giving students the tools to independently critique their usage and evaluate
the societal implications. By the end of the course in 2023, all students agreed there are risks
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associated with considering race or genetic ancestry in research, and students were divided on
whether there are benefits (Supplemental Figure 4D, 4F). One student said they were
“‘empowered to continue to learn about the use of race/ethnicity information in genetic studies
and to improve my influence in this area as a human genetics researcher”.

Consistent with previous work,®" we found that perceptions of scientific objectivity can be
influenced by classroom interventions. At the end of both classes, we found that students are
better able to reason through the relationship between science and society: all students agreed
with the statement: “scientific research is influenced by societal norms, structures, and values”
(Supplemental Figure 3). One student remarked that “genetics and society can’t be separated
from each other”. In addition, students were able to incorporate historical context into their
understanding of the relationship between science and society: students reported strong gains
in understanding the influence of the eugenics movement on modern-day genetics research
(Figure 1A). One student stated “the foundation of the field | work in was based in eugenics, and
I need to recognize how those thoughts and ideas have pervaded current scientific
understanding”, exemplifying an awareness of scientific reflexivity.

Most importantly, students were able to apply this same critical lens to their own work. Previous
work has shown that over 80% of life scientists agreed that research has ethical and societal
impacts, but fewer than 30% believed their own research had such impacts.®2%* Consequently, a
central objective of our course was to enable students to reflect on the social impacts of their
research and their responsibilities to mitigate against potentially harmful impacts. By the end of
the course in both 2022 and 2023, all students agreed that their personal identity impacts their
work (Figure 1B). One student stated that their main takeaway was the “importance of thinking
about the ethical implications of one’s work”, and another noted their takeaway was
“consider[ing] the benefits and harm of my work, who are the stakeholders and who benefits
and participates in my work”. Moreover, about half of students expressed increased agreement
with the statements “I have the tools to engage in conversations related to the ethical
implications of genetics research” and “l feel like | personally can make a change towards a
more equitable, inclusive, and just scientific research and structure” (Figure 1C, D). One student
said they will take away “how to be a better advocate for more ethical science”, and another
wrote “science is deeply flawed and rooted in racism. It is our responsibility as scientists to
speak out against it”, demonstrating a strengthened awareness and agency in relation to their
own social responsibilities.

Lessons learned

A class on genetics, ethics, and society naturally results in difficult conversations, and requires
vulnerability, empathy, and trust from its students. We spent considerable time on building
classroom norms (e.g. being respectful of conflicting viewpoints and committing to learning and
growing) so that students felt comfortable voicing disagreements with each other and with the
instructors, both of which are essential to student learning. Throughout the class, we received
positive feedback about the classroom environment. Several students also commented that they
preferred small group discussions over discussions with the entire class, and that power
structures within small groups (e.g. graduate students vs postdocs) impacted their comfort and
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ease of sharing. For others looking to facilitate similar discussions, we suggest taking the time
to create a supportive classroom environment, and to do so by prioritizing small group
discussions between peers.

Consistent with a wealth of academic literature,®**" active learning activities were particularly
highly regarded by students. A standout example was a role-play activity in which students were
randomly assigned different stakeholder roles in co-designing a research study using principles
from community-engaged research. In general, we noticed during role-play activities that
students were highly attentive and felt strongly about the roles they adopted; this is consistent
with studies suggesting role-play increases ethical sensitivity.®®

In order to make our classes on the history of genetics feel more impactful, we deliberately
focused on Stanford and the Bay Area, and had students directly interact with primary source
documents, which has been shown to foster a deeper understanding of historical contexts.®®
For example, students were able to page through a 1973 article in the Stanford Daily describing
a debate between several Stanford professors on the alleged genetic basis of racial differences
in intelligence.” Due to our focus on local events and hands-on learning, students shared that
they felt “closer” to the history. For others teaching similar classes, we believe emphasizing
these local connections and examples would be beneficial, as would interacting with primary
source documents when possible.

We consistently observed that students benefited from the synergy between class topics. For
example, students frequently cited the class on genetics and disability during their discussions
of reproductive genetics the following week. Likewise, our discussions of race and ancestry
were an important precursor to the classes on genetic determinism and privacy and
identification. We encourage other course developers to carefully consider the myriad
connections between seemingly disparate topics, and to leverage them to maximize students’
synthesis.

We believe students felt empowered, rather than defeated, at the end of the course because
throughout the course, we intentionally reiterated that students were active participants in the
scientific structure. This was especially emphasized during our visit to the Stanford Archives,
which highlighted historical examples of community- and scientist-led activism. Students were
surprised and impressed, and mentioned they felt there was less scientific activism happening
today. As a result, we found that these powerful examples of historical activism were a
well-placed segue into our final class encouraging our students to envision what changes they
might start to make in their own scientific communities. We intentionally saved the most pointed
self-reflection for the end of the course given the amount of knowledge, humility, and unlearning
necessary to interrogate one’s own role and responsibility as a scientist.

In surveys and personal conversations, students provided several suggestions for areas of
improvement. For each class, we usually had at least 40 cumulative minutes devoted to
discussion time, but in both 2022 and 2023, students reported that there was not enough time
for discussion. Moreover, students also said that they would appreciate greater depth in
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material. For any course, there is a trade-off between breadth and depth, and we often struggled
with this balance. To ensure an effective and tailored learning experience, course developers
should consider their own resources as well as the needs of their potential students when
deciding whether to create a shorter survey course or a longer course with more in-depth
content.

Discussion

In short, we developed a course on genetics, ethics, and society to tackle a significant gap in
graduate student education. Elsewhere, ethics courses have been seen as unhelpful “hoops to
jump through” or “too philosophical”, even by scientists who care about ethics.”>"® In contrast,
we found that not only was our course generally enjoyed by students, it was also successful in
accomplishing its learning goals. This is consistent with previous work which has shown that
emphasizing practicality (e.g. by focusing on tangible societal impacts) results in more effective
ethics courses.™

We note an important limitation of this course: the material is targeted for a primarily American
audience that does human genetics research. However, a course of this nature can be modified
for other audiences and objectives, and we encourage others to use this course framework and
adapt it in response to the current moment, the expertise of the teaching team, the focus of their
department, the local geographic and historical context, and the interests of the students in the
course. Finally, additional topics could be covered: other topics requested by students included
science policy, science communication, the role of industry, non-human genetics, and funding
structures.

It should be acknowledged that this was a profound learning experience for us as a teaching
team. Advocacy efforts for DEI often help trainees develop valuable skills that are not otherwise
learned in the laboratory — we not only gained skills in pedagogy but also in effective
collaboration, leadership, management, and communication. Burnout is a major issue in DEI
efforts, and studies have shown burnout is linked to feeling undervalued and poorly
compensated.” We strongly believe that this course only materialized because our labor was
compensated, first through an internal grant and later through department funding. Moreover,
the funding structure of our institution and the support of our advisors allowed us to dedicate the
time to develop and teach this course.

As with most trainee-led initiatives, long-term sustainability is always a challenge. Early on, we
(R.A.P. and R.A.U.) sought to promote the longevity of our course by securing long-term funding
from our department such that in every future year, TAs will be compensated for curriculum
development and teaching. We were also intentional about the composition of the teaching
team: in both 2022 and 2023, the teaching team had several early-stage PhD students,
guaranteeing continuity between years when Masters students or late-stage PhD students
graduate. Moreover, we had frequent and open discussions with TAs about leadership
transitions to ensure a smooth transition when our tenure concluded.
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Ultimately, we have illustrated an effective ethics course that enables students to critically reflect
on the interplay of science and society, and their own role in the scientific structure. In their own
words, students said they took away that “the field of genetics has a history of eugenics and this
has shaped what has been studied up until this point”, and that “current sociopolitical climate
and norms influence the type of research/questions that people are interested in answering”.
They emphasized it was important to “ensur[e] that genetics and all biomedical research does
not cause further harm to already marginalized communities”. By the end of the class, they felt
like they gained the tools to “articulate these conversations with other scientists and also those
that do not know science” and “be a better advocate for more ethical science”, as well as the
“importance of thinking about the ethical implications of one[']s work”.

We hope to enable others to build similar courses at other institutions and to facilitate this, we
have made our entire curriculum available on our website. We believe that education on social
responsibility and the ethical implications of scientific research is a necessary step towards
building a more equitable and just scientific enterprise.

Ethical considerations

Before administering the survey, we received approval from the Stanford Internal Review Board
(IRB protocol 655032). The surveys were administered by an individual who was not affiliated
with the class. The survey administrator followed a pre-approved script to inform students of the
potential harms and benefits of filling out the survey, after which they were given 15 minutes of
class time to fill out the survey. All instructors left the room during this time. Additionally, the
survey stayed active for 24 hours to ensure that even the survey administrator would not know if
a student chose to not fill out the survey. Students were asked to use a randomly generated ID
they were randomly handed to enable us to link pre- and post-course surveys.Only the survey
administrator had access to these codes, and the protocol director anonymized these codes
prior to allowing others access to the data. To further ensure there were no consequences for
students, grades for the class were only determined by attendance, and survey results were not
accessed by course instructors until after the grading period was over.
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Abbey Thompson, Kelly Ormond, and Callie Chappell. This course benefited immensely from
knowledge gained in the Graduate Course Design Institute, and we utilized the Stanford Center
for Teaching and Learning during this design process. Devon Bonner provided invaluable
guidance in the process of writing and submitting an IRB. We are appreciative of Jazlyn
Mooney, Alice Popejoy, Ronit Mazzoni, and Marc Feldman for providing guest lectures in our
class, all of which we later heard from students were really helpful in their learning and
understanding. We want to thank the staff with Stanford Special Collections, especially Regina
Roberts and Tim Noakes, who enabled our class in the Stanford Archives and contributed so
much to our own learning. Thank you to all of our Pls for providing us the space and grace to
take the time to develop and teach this course. We also acknowledge the Muwekma Ohlone
community, the traditional stewards and caretakers of the land that Stanford is on, and the land
on which we developed and taught this course. Finally, we are immensely grateful to our
students who trusted us in leading and designing this course, and for the students who took the
time to give feedback to ensure we can improve the class going forward and share this
information beyond Stanford.
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Figure 1

A) Influence of the eugenics movement on modern-day genetics ~ B) My personal identity impacts my work
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Figure 1: Key insights from student evaluations. A) Change in self-reported understanding
of the “influence of the eugenics movement on modern-day genetics research and its
applications” before and after the course. B) Change in self-reported agreement with the
statement “my personal identity impacts my work” before and after the course. C) Change in
self-reported agreement with “| have the tools to engage in conversations related to the ethical
implications of genetics research” before and after the course. D) Change in self-reported
agreement with “| feel like | personally can make a change towards a more equitable, inclusive,
and just scientific research and structure” before and after the course. Data points are
aggregated between 2022 and 2023 and jittered for enhanced visibility. Violin plots are included
for illustrative purposes, with solid lines connecting the pre-course and post-course responses
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from the same student when applicable. Plot insets illustrate the change in opinion between
pre-course and post-course responses for students who took both surveys, where a value of
one represents a 1-unit difference in understanding or agreement.
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Table 1

Class Session Content

1 | Course Introduction and | Learning objectives

History of Genetics e Define positionality, intersectionality, and privilege

e Understand how societal biases intersected with genetic research
and medicine through the 20th century

Activities

e Students and instructors co-create ground norms for the classroom

e “Who’s in the room?” exercise: students anonymously describe
identities they hold and reflect on the collection of identities in the
classroom

e Privilege awareness exercise: instructors read aloud various social
and economic privilege statements and students privately note which
statements they identify with

e Reflection on positionality: students journal about which identities
they hold, and how their identities impact the way students interact
with the world

2 | Introduction to Bioethics, | Learning objectives

Social Responsibility, e Describe the principles of beneficence, non-maleficence, autonomy,
and Community and justice, and apply them to case studies
Engagement e |dentify shortcomings of these four principles

e Understand the benefits of social responsibility and
community-engaged research

e |dentify key stakeholders and conflicts of stakeholdership in
community-engaged research

Activities

e Analysis of Havasupai Tribe v. the Arizona Board of Regents:
students identify stakeholders and discuss where and how conflicts
arose between researchers and the Havasupai Tribe

e Role-play exercise: students are assigned roles as community
members or researchers and co-design a research study using the
principles of community-based participatory research

3 | Race, Ancestry, and Learning objectives

Genetics Part 1 e Distinguish between race, ethnicity, ancestry, and nationality

o Differentiate between social identity and genetic ancestry, and in
particular, understand how social identity is (often) discretized, while
genetic ancestry is a continuum

e Recall historical and societal issues that impact modern mistrust of
medicine across certain racial and ethnic groups

e Understand how social determinants of health impact genetic
medicine and research

Activities

e Word cloud exercise: students anonymously defined race, ethnicity,
ancestry, and nationality, and reflected on the resulting word clouds

e Analysis of race and ancestry in healthcare: students discuss case
examples and identify who benefitted, who was harmed, and how
society was impacted more broadly
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4 | Race, Ancestry, and Learning objectives

Genetics Part 2 e Describe societal perceptions of social identity (race, ethnicity, and
nationality) and genetic ancestry, including racial essentialism

e Examine the consequences that these societal perceptions of social
identity and genetic ancestry have on individuals and society broadly

e Critique scientific uses of social identity (race, ethnicity, and
nationality) and genetic ancestry

Activities

e Analysis of popular media: students read a news article on genetic
ancestry testing “surprises”, identify perceptions surrounding race
and ancestry, and contrast genetic ancestry with social identities

e Analysis of scientific research: students read an academic paper,
identify how the authors defined “populations” for their analysis, and
discuss the impact on the interpretation of the paper

e Analysis of extremist views: students read a news article on white
supremacist views of genetics and ancestry, identify misconceptions
about race and ancestry, and discuss researchers’ responsibilities to
mitigate harm in such contexts

5 | Behavior and Genetic Learning objectives

Determinism e Recognize how genetics research can be mis-used to justify genetic
determinist viewpoints and the associated harms

e Describe current efforts by the research community to combat the
weaponization of research, and articulate strategies that individual
scientists can employ

Activities

e Analysis of genetic determinism: students read articles on the
genetic basis of educational attainment, athleticism, or sexuality, and
discuss societal implications of this research

e Analysis of FAQ utility: students read a sociobehavioral genetics
paper, brainstorm questions, and evaluate whether their questions
were successfully answered in the FAQ accompanying the paper

e Reflection on social responsibility: students discuss whether
researchers have a responsibility to combat the harms of genetic
determinism and brainstorm potential actions

6 | Sex and Gender; Ability | Learning objectives

e Distinguish the relationship between biological sex, gender identity,
and sexuality through discussion of the role genetics plays in these
concepts

e Examine the medicalization of identities and how it impacts society,
medicine, and research

e Critique genetics studies and practices from a disability-rights
perspective

Activities

e Word cloud exercise: students anonymously defined sex, gender,
and sexuality, and reflected on the resulting word clouds

e Role-play exercise: students role-play as a governing sports body
conducting “sex verification” tests for athletes and discuss the
challenges in making these decisions and their impacts on athletes

7 | Screening and Selection | Learning objectives
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e Understand the role of eugenics in the development of the prenatal
genetic testing field

e Summarize the current landscape of prenatal genetic testing, carrier
screening, embryo selection and gene editing

e Extrapolate the current and future implications of the currently
available technologies with a focus on reproductive choice and
disability rights

e Evaluate how ethics can help guide society towards ethical
application of these technologies

Activities

e Reflection on eugenics: students draw connections between the
eugenics movement and reproductive health

e Analysis of current technologies: students discuss individual
motivations and broader ethical implications at stake in
contemporary case studies of prenatal screening

e Analysis of potential future technologies: students evaluate
pre-implantation genetic testing and germline genetic engineering
through the lens of each of the four principles of bioethics

8 | Identification and Learning objectives
Privacy e Analyze the role that government, private, and public databases play
in the application of forensic genetics in the criminal justice system
globally

e Examine risks and benefits of identification and privacy from private
and public entities

Activities

e Analysis of forensic genetics: students read case studies on the
usage of forensic genetics and assess the benefits and harms of
using genetic information in each instance

e Analysis of data policies: students read privacy and consent policies
for various consumer and research databases, and evaluate how
well the benefits and harms are communicated to participants

e Reflection on social responsibility: students brainstorm potential
harms posed by participants in genetic databases, and the social
responsibilities of data stewards

9 | Genetics in the Archives | Learning objectives

e Understand how individuals acted to counter the misuse of genetics
research to further racist and sexist ideologies

e Connect historical examples of ethical problems to the modern-day
case studies presented in this course

e Analyze how scientists’ ideologies impacted their interpretation of
science

Activities

e Analysis of primary source documents: students read and discuss
primary source documents curated around 5 different topics; see
Supplementary Material for details on topics and documents

10 | Self-Reflection and Learning objectives
Action e FEvaluate your own positionality and its relationship to your work as a
scientist

e Construct and reflect on viewpoints that recognise and relate to
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different positionalities
e |deate ways to make existing academic structures more equitable,
inclusive, and just; create actionable goals to do so

Activities

e Reflection on the course: students note down their main takeaways
from each class session on post-it notes around the classroom

e Reflection on reflexivity: students revisit their reflection on
positionality and journal about how their positionality impacts their
work as a researcher

e Reflection on post-course action: students independently brainstorm
their “big dream” for science and identify actions they can take
towards this goal over different timescales and different
personal/professional spheres

Table 1: Overview of 2023 curriculum.
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