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2.0 Introduction

Amidst the present moment of strategic thought on macro global and micro local challenges to
a just and equitable future, the authors of UNESCO’s Futures of Education: A New Social
Contract report make a critical observation: “All exploration of possible and alternative futures
raises profound questions of ethics, equity, and justice — what futures are desirable and for
whom?” (UNESCO, 2022, p. 8). UNESCO places at the heart of any strategic foresight planning
the past, present, and future of teacher education and spaces teachers will create in their
classrooms. Such shared future spaces seek to create educational opportunities that enable
“individuals and communities to flourish together” (p. 2). Despite technological innovations
and reforming policies here in Canada or abroad, educational research, including on science and
genomics education, still does not adequately address equity and inclusion. Today “gaps in
access, participation and outcomes [continue to be] based on yesterday’s exclusions and
oppressions” (UNESCO, 2022, p. 20). Indeed, there remain “significant gaps and distortions in
humanity’s accumulated knowledge that need to be addressed and corrected. Indigenous
perspectives, languages, and knowledges have long been marginalized. Women and girls,
minorities and low-income groups are also severely underrepresented” (UNESCO, 2022, p. 12).
In response, how have educational researchers and policymakers sought to address such
ongoing individual, systemic, and societal opportunity gaps in relation to teacher education
research? In our study, we scope the emerging tensions or gaps in relation to how Diversity,
Equity, and Inclusion (DEI) and anti-racisms are being taken up (or not) within the broader field
of genomics education, educational research, and implications for teacher education.

In terms of the understanding and curricula of studying human genetics, these gaps have
persisted for over a century. Over 100 years ago, American sociologist W.E.B. Du Bois
(1897/1970) was concerned that race was being used as a biological explanation for social and
cultural differences between different populations of people. He argued against the idea of racial
categories as discrete groups of people, suggesting that these categories served to misrepresent
the true diversity of humanity (Du Bois, 1897/1970). Today, although the mainstream
conceptual understanding of “race” among scientists and science educators is that race is a
social construct, studies in major research journals continue to claim, “categories like ‘white’
and ‘black’ [as] biological variables” (Gannon, 2016, para. 2). By some measures, the use of
“race” as a biological category has increased in the so-called postgenomic age (Chow-White
and Green, 2013). Even today in Canada, marital, and so reproductive, relations between
Indigenous and non-Indigenous peoples are still mediated by race-based policies such as The
Indian Act (Coulthard, 2014; Thompson, 2009). Such historical settler colonial macro and micro
context here in Canada are also problematic for both the advancement of genomics and teacher
education as a body of knowledge that has, and continues, to be harmful for Black, Indigenous,
and other (non-white) racialized communities (Brothers, Bennett, & Cho, 2021).

In turn “race,” understood as an immutable biological category, leads to diseases being
misdiagnosed (for example that sickle-cell anemia is a “Black” disease), while reproducing
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racist social constructions of others and their respective segregated exclusionary hierarchies
(Yudell etal., 2016, p. 565). Genomics and in turn the broader field of science education is thus
caught up in a paradox: “both believing race to be a tool to elucidate human diversity and
believing that race is a poorly defined marker for that diversity” (Yudell et al., 2016, p. 565).
As Yudell et al. (2016) argue, this paradox cannot be solved with more technological
innovations. Instead, to “cultivate and adopt an anti-racist environment [in the learning and
practice of genomics], we must be intentional and self-aware of our character, culture and
climate” (Green, 2021, para. 12). Yet curricular and pedagogical opportunities for teachers and
students to (un)learn the social and cultural dimensions of genomics remain limited (Gouvea,
2022). Worse, there is evidence that typical teaching of provincial science education curricula
may foster problematic beliefs by omitting critical attention to how the science of genomics
intersects with reproducing certain settler colonial ideological conceptions of race and racism
(e.g., Morning, 2008; Donovan, 2014; Ng-A-Fook et al., 2023).

Meanwhile, teacher education, as a profession and body of knowledge, is charged with
deepening our understanding in relation to such curricular and pedagogical paradoxes (Moore,
2021; Wiggan et al., 2020). How might teachers then (un)learn to support and work with
“different population groups who are ethnically, culturally, and linguistically diverse, to include
and adequately support students” (UNESCO, 2022, p. 86)? How might they ensure that
“learners from historically excluded and marginalized groups are adequately supported” (ibid.)?
In response, teacher educators and teachers are called upon to turn schools into sites of
“inclusion, equity and individual and collective well-being” (UNESCO, 2022, p. 94). Globally
and locally, then, teacher education “needs to be rethought to align with educational priorities
and orient better towards future challenges and prospects” (UNESCO, 2022, p. 85). And yet,
what does existing educational research have to say about such challenging calls to action? Here
in Canada, the challenges, and prospective themes of SSHRC’s Shifting Dynamics of Privilege
and Marginalization Knowledge Synthesis implicate this same need. Canada is directly
impacted as the “world continues to experience massive displacement of people and an increase
in the divide between the privileged and marginalized ... [while] some marginalized or
underrepresented groups continue to be perceived as outsiders in their own country of origin”
(SSHRC, 2022, n.p.). Meanwhile, SSHRC’s (2021) Guide to Addressing Equity, Diversity and
Inclusion Considerations in Partnership Grant Applications calls on researchers to “learn about
the current state of diversity in [our] discipline(s)” (n.p.). For teacher education, this is a critical
research goal in and of itself. While there have been several policy initiatives designed to
address diversity, equity, and inclusive excellence in teacher education and schools (Ng-A-Fook
et. al. 2022), we do not know the current state of their effects in relation to science education
and its discursive trends here in Ontario, let alone how it is taken up in relation to genomics
(Reardon, 2011).

In 2017, the Association of Canadian Deans of Education published their Accord on
Teacher Education, with the broad aim of “[fostering] an inclusive and equitable society” (p.
1). The Accord’s guiding principles include a vision of teacher education in which “educators
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are responsive and responsible to learners, schools, colleagues, and communities” while being
committed to promoting DEI and “[challenging] all forms of social oppression” (p. 3). In the
summer of 2020, nearly 50 Canadian universities signed the Scarborough Charter on Anti-
Black Racism and Black Inclusion in Canadian Higher Education: Principles, Actions, and
Accountabilities, affirming that the responsibility of institutions, including teacher education
programs, is to “build practices of ongoing dialogue and action yielding inclusion, substantive

equality and societal transformation” (Preamble section, para. 1). Black flourishing and
inclusion are predicated on “the ability of universities and colleges to educate and to innovate;
to be alive to complexity and proactive in the face of crisis; to foster fundamental questioning
through rigorous, respectful engagements across difference; and to enable societal
transformation” (Principles section, para. 4). At the University of Ottawa’s Faculty of
Education, our 2022-27 Action Plan is committed toward increasing the “capacity of teaching
staff, administrative staff, and students to create and sustain inclusive, accessible, and anti-racist
student experiences and learning environments” (University of Ottawa, 2022, n.p.). As part of
such capacity building, our study sought to conduct a scoping review of Canadian teacher
education and in relation to the anti-racist education debates taking place both inside and outside
the fields of genomics and educational research.

3.0 Executive Summary

Today, although the mainstream understanding “race” among scientists and science educators
continues to be that it is a sociocultural construction, studies in major research journals continue
to claim “race” as a valid biological category of human difference (Hubbard & Monnig, 2020).
By some measures, the use of “race” as a biological category has increased in the so-called
postgenomic age (Fitzgerald, 2014). Genomics and in turn science education is thus caught up
in a paradox: ostensibly understanding race to be a poor proxy for human difference while still
teaching it as a biological variable (Donovan, 2014, 2017, 2022). And yet, opportunities for
teachers and students to (un)learn the social, cultural, and historical dimensions and contexts of
genomics remain limited. Worse, typical teaching of science education curricula may foster
problematic beliefs in certain racialized biological reductionism and/or its respective
essentialisms (Sabatello, 2019; Willinsky, 2020). Meanwhile, teacher education, as a profession
and body of knowledge, is charged with deepening our understanding in relation to such
curricular and pedagogical paradoxes (Donovan, 2015, 2016; Gillborn, 2018; Ng-A-Fook, et
al., 2023). In response, our scoping review sought to address the following lines of inquiry:

1. What research exists within the broader field of North American genomics
education in relation to addressing racisms, diversity, equity, inclusion, and anti-
racisms?

2. If such research exists, what are the promising practices for teacher educators
and/or science educators here in Ontario?
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https://www.utsc.utoronto.ca/scarborough-charter/sites/utsc.utoronto.ca.scarborough-charter/files/docs/Scarborough_Charter_EN_Nov2022.pdf
https://www.utsc.utoronto.ca/scarborough-charter/sites/utsc.utoronto.ca.scarborough-charter/files/docs/Scarborough_Charter_EN_Nov2022.pdf
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https://doi.org/10.1177/0160597613519231
https://onlinelibrary.wiley.com/doi/full/10.1002/tea.21138
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Is such research on genomics in relation to anti-racist education taken up within
the broader field of educational research and more specifically teacher education
research?

How might existing research on anti-racist education support the translation of
such curricular and pedagogical opportunities and/or gaps for current practicing
science teachers and/or future teacher candidates here in Canada and/or
elsewhere?

3.1 Executive Summary of Key Findings

Genetic essentialisms remain a core challenge and gap in teacher education, science
education, and curriculum policy. All students come to science education with
implicit understandings of “race” and genetics learned from popular media and their
introductions to basic genetic concepts in the K-12 schooling systems (Bates, 2005;
Donovan, 2022; Martschenko 2020; Willinsky 2020). Most students taking introductory
science courses at university are only taught basic genetic literacy, which, even in the
case of purportedly progressive science curricula, can serve to reinforce or instill the
belief in a biological essence of “race.” This inattention to reductive essentialist thinking
in turn has the danger of justifying and/or reproducing existing racist beliefs within past,
present, and future policy and practice.

Domain-specific disciplinary siloing limits the teaching and learning of
contextualized--social, cultural, historical--genetics/genomics literacy. In the K-12
science curricula the sociocultural and/or historical contexts of “race” are often
relegated (if present at all) to the social sciences and history curricula. However,
biological categorizations of “race” are still used to teach basic genetic concepts and/or
as a proxy for human difference. Learners are often left with the implicit lesson that
“race” is still defined biologically. There is often no room in science curricula to explore
socio-cultural and historical perspectives outside of the government mandated
curriculum policy K-12 content, allowing dangerous myths among the public to persist.

Absence of proactive purposeful anti-racist and/or decolonizing curricular and
pedagogical frameworks for teaching and understanding genomics education and
its respective literacies within the K-12 public school curriculum, teacher
education, and/or science education. There is an absence of studies and/or research
programs in Canada that analyze and synthesize how settler colonial logics, its
respective exclusions, have framed historical and/or contemporary conceptions or
debates of genetic essentialisms, reductionisms, and respective racisms in relation to the
field of genomic education and its respective literacies.


https://journals.sagepub.com/doi/10.1177/0963662505048409
https://www.sciencedirect.com/science/article/pii/S2666247721000397?via%3Dihub
https://doi.org/10.1007/s11191-020-00164-0
https://doi.org/10.1007/s11191-020-00104-y
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Predominantly White K-12 and Higher Education Institutions reproduce a science
education and respective curriculum that often limits the educational opportunities
for different non-white racialized equity-seeking communities. Most science majors
arrive at post-secondary institutions without having learned about racisms and anti-
racisms in relation to genomics literacies, serving as a barrier to diversity, equity,
inclusion, and representation in science fields broadly, teacher education, and science
education. Students in these fields experience forms of racism in their training in the
classroom and in professional apprenticeship, often feeling as if they are being othered
by their peers, mentors, and/or professors. In the case of genomics-focused fields,
disciplines are often dominated by a white settler colonial logic such as, but not limited
to, genetic counseling, biomedical sciences, engineering, and medicine. Meanwhile, the
reproduction of genetic determinisms framed as a biological category of “race”
reinforces beliefs that different, non-white racialized people share DNA that is unique
from the rest of humankind.

Creating, supporting, and enacting science education curricula and pedagogies
that introduce students to a humane genomics literacy reduces the dangers of
reproducing genetic essentialisms. Genomics and genetics, as in previous paradigms
of eugenics, assume the current order and cultural values, risking the understanding of
race as ahistorical rather than seeing it as an historically contingent form of
understanding human difference and thus foreclosing critical consciousness of how
present and future technosciences might be misused.

3.2 Executive Summary of Key Policy Implications

There remains a core need for an anti-racist and anti-essentialist humane genomics
literacy curriculum for science education. Science teachers must be prepared to
teach the racist past and future potential of their disciplines, as well as the present
inequalities that scientific racisms maintain. Throughout students’ K-12 educational
journeys, science educators are pivotal leaders in disrupting and challenging racisms
and taking up anti-racist understandings of genomics science and its respective
technologies. All students should have the opportunity to learn about different racialized
groups that have been and continue to be affected by genetic essentialisms that
reproduce different kinds of racisms and exclusions.

An anti-racism and anti-essentializing humane genomics education curriculum
should be taught from a cross-disciplinary perspective. Teacher education and
methods courses must take up the different concepts put forth within a genomics
literacy. Such a curriculum would ensure teacher education programs and candidates are
introduced to the differences between and among basic, standard, and humane genomic
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literacies. Use of race/ethnicity as a biological marker must be taken up and
problematized across science curricula, and both sociocultural/humanities and science-
based perspectives must be brought into dialogue across curricula. A humane genetic
literacy has the explicit purpose of refuting genetic essentialism and instead strives to
create a society that is more equitable. This requires scaffolding the necessary
knowledge and understanding of key genomics concepts across the K-12 science
curriculum.

e Create national, provincial, and territorial K-12 professional learning
opportunities for teacher educators and science educators to develop and
implement curriculum and pedagogies that proactively takes up the differences
between basic, standard, and humane genomics literacies. Such professional
learning would seek to disrupt and challenge genetic essentialisms, racisms, and
exclusions as well as anti-racist strategic curricular and pedagogical responses.

4.0 Background

As educational historian Ann Gibson Winfield (2007) notes, for the “first six decades of the
twentieth century, political and social discourse in [North America] was dominated by an
ideology that relegated the vast majority of the human race to imbecility, declaring that only
those of Nordic ancestry were worthy of survival” (p. xvii). This formative ideology is eugenics:
a set of beliefs and practices that emerged in the late 19th and early 20th centuries, through
which its advocates aimed to enhance and improve the genetic quality of certain human
populations. It is based on discriminatory notions that certain heritable traits, such as
intelligence, physical attributes, or moral characteristics, can be selectively promoted or
suppressed through controlled breeding and social interventions. Eugenic thinking would go on
to influence the development of genetics, and later genomics, as a basis for understanding
human difference (Roll-Hansen, 2010; Chatters 2021, Liscum and Garcia, 2022). During this
period, curriculum thought across North America would be infused by seemingly “naturalistic”
notions of human difference to the point that eugenics might be called one of the foundational
paradigms of curriculum as a practice and field of study (Selden, 1978), informing common
sense notions of intelligence, assessment, and reform. This study thus works from the premise
that eugenics thinking has been perennially embedded in our curricula as a “master narrative”
of human-beingness (Kelly et al., 2021; Phillips & Ng-A-Fook, 2024).

Indeed, as Donovan et al., (2021) stress, “genetics knowledge is regularly invoked in
sociopolitical debates in order to maintain and mitigate structural inequality between races,”
and if they continue, “we take it to be true that genetics knowledge affects the content of these
debates, then educators need to think about the kind of impact they want to have on their
students’ genomics literacy in the 21st century (p. 545). Despite this need, genetic deterministic
thinking (see section 7.1)—or notions that reduce human difference and potential to one
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predetermined genetic code—remains embedded in contemporary genomic research, practice,
and teaching. For example, “using the large datasets available with new gene sequencing and
biobank projects, behavioral geneticists are developing tools that attempt to predict individual
intelligence based on genetics. These predictive tools are meant to enable a ‘precision
education’ that will transform society” but in fact threaten deepened racial bias across society
(Scherz, 2022, p. 59; see also Nisbett, 2013). In medical research and practice, Otlowski et al.
(2012) warn of a global rise in genetic discrimination, or the “differential treatment of
asymptomatic individuals or their relatives on the basis of their real or assumed genetic
characteristics ... that requires multilevel responses to ensure social justice and equitable
outcomes for all citizens (p. 433). Meanwhile, science education students and their educators,
from K-12 to post-secondary and health professional education programs (Carmichael et al,
2020, 2021; Fofana, 2013; Green et al., 2022), are routinely exposed to both popular and
ostensibly expert understandings of “race” and genetics that perpetuate false beliefs that “race”
has a biological core (e.g. Bates, 2005; Braun & Saunders, 2017; Tsai et al., 2016; Tsai, 2021,
Martschenko, 2020; Willinsky, 2020; Hubbard & Monnig, 2020; Donovan, 2022). “While it
has been uncommon for genetics instruction to address issues of race explicitly, researchers
suggest that a more humane, anti-racist approach to genetics and genomics education is needed
and have begun to describe what it might look like” (Gouvea, 2022, p. 1). In our qualitative
findings (sections 7.1 to 7.5), this is best demonstrated by a small but growing literature on
genetics education that centers anti-racist approaches in the teaching and learning of
genetics/genomics.
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5.0 Objectives

Our scoping review sought to: (a) identify the types of available research on genomics education
and anti-racist education approaches for addressing its different concepts in teacher education
and K-12 science education; (b) identify promising anti-racist education strategies; (c) identify
gaps in the existing teacher education research literature to propose future research directions;
(d) create an educational resource for teacher educators and/or teachers to use in the classroom
to address existing curricular and/or pedagogical gaps. Our proposed objectives respond to the
following themes as set by SSHRC: 1) Uncertain, divided world; 2) Identities, privileges, and
opportunities, and 3) Sense making.

6.0 Methods

We conducted a collaborative scoping review to examine the extent, range, and nature of
Anglophone and Francophone research activity and practice on anti-racisms and science
education, with a focus on genomics and genetics education/literacy. As is typical of a scoping
review, our study sought to summarize the breadth and depth of this topic, and identify gaps,
possibilities, and limitations of the way racisms and anti-racisms are (or not) taken up in science
education.

Our scoping review followed the steps outlined by Arksey and O’Malley (2005) and
adhered to the reporting standards outlined in the PRISMA-ScR guidelines. Once our questions
were finalized, test searches were developed by our team's educational research librarian. To
capture relevant test articles (see Appendix A for all search strategies). Our finalized search
strategy was peer reviewed by a research librarian (see subsection 6.2 below for more detail),
and suggested changes polled from the team were tested and incorporated. Our final search
protocol was conducted across eight relevant bibliographic databases (see Fig. 1 below). A
small number (23) of studies from hand searches were also included.

Our team used Covidence, a web-based collaboration platform, to manage study
screening and selection and enable tracking amidst distributed work. The team met virtually
and/or in person eleven times between April and November 2023. As described in the following
subsections, these meetings facilitated internal validation and consistency in screening and data
extraction.
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Figure 1
PRISMA diagram of our scoping study screening process
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6.1 Search strategy and sources

This current review focused on finding studies that address racism and anti-racism training in
the context of science education, specifically genomics education. A research librarian with
experience in planning various knowledge synthesis projects drafted, developed, and
implemented a search strategy to find pertinent published articles in eight electronic databases:
Academic Search Complete (EBSCOhost), Cairn, CINAHL (EBSCOhost), Education Source
(EBSCOhost), ERIC (Ovid), Erudit, MEDLINE (Ovid) and Web of Science (Clarivate). The
strategy was informed, in part, by others found in previous reviews on anti-racism or diversity
training (Benuto et al., 2018; Hassen et al., 2021; Wang et al., 2022) as well as those found in
reviews focused on genomics or genetics education (Gasteiger et al., 2023; Puddester et al.,
2022; Rahimzadeh et al., 2020; Wright, 2014). A draft strategy, which included subject
headings and keywords, was developed for MEDLINE (Ovid) by the research librarian and
feedback was obtained from other review team members. The strategy was also peer-reviewed
by another librarian following the Peer-Review of Electronic Search Strategy guideline
(McGowan et al., 2016). The final strategy was executed on June 26, 2023, in English-language
databases and on July 12, 2023 in French-language ones. The complete search strategy is
available in Appendix A. For some databases, results were limited by publication type to
identify only those references from academic journals (details are provided in the full search
strategy). Once searches were completed, citations were imported into Covidence, an online
tool used to manage various steps of a review’s screening phases. Duplicate references were
identified and removed once imported into Covidence. Additional duplicates were identified
and excluded while screening references.

6.2 Internal VValidation and Team Collaboration

Once our database searches were complete and our corpus uploaded to Covidence, the team
progressed through three stages, as facilitated by Covidence: 1) title and abstract screening, 2)
full-text screening, and 3) data extraction. At the beginning of each of these phases, the team
research librarian and project manager prepared and facilitated pilot tests. These tests consisted
of a sample, scoring template, and team validation meetings and debriefings. For example, for
our first phase, our team research librarian created a template scoring spreadsheet for the team
to fill out individually. The team then met to debrief and gauge its internal consistency in
categorization of inclusion and exclusion. The team manager then continued this practice
through each phase, which are each described in the following two subsections.
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6.3 Study selection

Phase 1 of our study followed the standard abstract screening process as facilitated by
Covidence. Of the 14,718 articles initially obtained from database searches, 8,783 journal
articles were actually included for screening after duplicates were removed. Abstract screening
thus consisted of the abstracts being read and evaluated in Covidence for inclusion by two (2)
team members out of a team of six (6) active reviewers, randomly assigned by Covidence. Team
members voted to either include or exclude articles according to the following exclusion
criteria:

Date/older than 2003
Language/not FR or EN
Type/not a journal article
Content/is historical content
Not about science education
Not about genetics/genomics
Not about anti-racism or race

The criteria and the date were chosen by the team because 2003 marked the conclusion of the
Human Genome Project. The team thought it prudent to assess how concepts, trends, and
debates—how racisms and anti-racisms are addressed in science and genomics education—
have or have not developed since this important milestone. During the pilot of this phase, team
members noticed several articles that, while falling within our date range (2003-23), dealt with
historical content, such as the history of eugenics, genetics, or genomics thinking (e.g. Gericke
etal., 2017; Martschenko, 2020; Otlowski et al., 2012). These were flagged for relevance to the
background and different section contexts of the report using the Notes function of Covidence.
However, they were excluded from the main study corpus. Screening conflicts were resolved
by the Principal Investigator and/or team member who did not participate in the initial voting
on the article. Abstract screening resulted in 379 articles for full-text screening.

Phase 2 of our study likewise followed full-text screening as facilitated by Covidence and
bound by our research questions. In addition to verifying those articles passed our Phase 1
exclusion criteria, our team (now comprised of four (4) reviewers) scanned and reviewed the
379 included articles towards inclusion based on whether or not the articles addressed one or
more of the following:

e The conceptualization and/or teaching of anti-racism or “race” as a sociocultural and/or
biological construction in science education or a related field,

e \What might count as/be included in genomics/genetics literacy in science education or
a related field or context;
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The experiences of racialized persons in science education or a related field; and

The application of a genetics/genomics education pedagogy, social action research
interventions, other forms of knowledge transfer methods, and/or implications for
teacher education.

All articles were assessed and voted on by two (2) team members as randomly assigned by
Covidence. Any conflicts were resolved by a PlI who was not involved in the initial voting of
an article. The full-text screening phase resulted in a total of 121 articles being included for data
extraction, which we describe in the following subsection.

6.4 Data extraction

Phase 3 of our project involved close and critical reading of our remaining 121 articles. To
facilitate this, the team met to collaborate on a data extraction protocol. The result of this
discussion was a two-step process: initial extraction of key qualitative and quantitative data
through a master qualitative and quantitative spreadsheet and a shared extraction summary
document. The master spreadsheet tracked data such as journal names, study aims and findings,
methodologies, and paraphrases and quotations that aligned with our study questions in the
context of genomics/genetics literacy:

Implications for racisms;

Implications for anti-racisms;

Implications for equity, diversity, and inclusion;
Implications for science education; and
Implications for teacher education.

Team members each extracted data from approximately ten to thirty articles each. The team met
three times to each report on and discuss emerging concepts, tensions, and themes across the
extraction phase. The project manager then used these findings to identify key themes and
implications emerging from the study. Based on these key points, the project manager created
a master data extraction summary document with respective data categories. All team members
then contributed qualitative data to this document, which then informed our knowledge brief
and this report. Finally, the project manager transformed some of the quantitative and qualitative
data into quantitative analyses, through counting and visualization. As indicated in Figure 1, a
further 21 items were excluded during data extraction, based on a closer reading of texts and
through determination that they did not meet this review’s inclusion criteria, resulting in a final
total of 100 included articles. The resulting findings are discussed in the next section.
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7.0 Findings

Through close reading and basic descriptive statistical recording, the team arrived at several
key empirical and qualitative, analytical findings. The statistical data are discussed here first,
followed by subsections on each qualitative theme or issue.

To scope the macro status of genomics/genetics in relation to anti-racisms in science education
as discussed in the literature, the team tracked several quantitative indicators, including:

Which journals articles were appearing in, and at what count per journal;
Language and country of origin of relevant articles;

Domain/disciplinary context of publications;

Type of study —i.e. empirical or theoretical; and

Dates of publication.

We posit that these statistics suggest important characteristics of the ways anti-racisms are taken
up (or not) by researchers in relevant fields.

Figure 2
Included article counts by journal
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As illustrated by the many slices of Figure 2 above, our included articles originated in many
disparate disciplinary professional peer-reviewed journals. This suggests a wide yet
simultaneously limited —in terms of individual journals —take up of racisms or anti-racisms
in relation to genomics/genetics education. This may also suggest a lack of editorial or general
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disciplinary priority (at least until recently; see Figure 6 below). Although Eigure 2 also
suggests that much has been published around genomics across different fields, we focused on
discussions happening within science education, genomics/genetic education, and teacher
education.

Figure 3
Disciplinary domain contexts of included disciplinary journals/articles
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Figure 3 above provides a more clarified view compared to Figure 2, aggregating the
disciplinary/domain contexts of our study’s included articles. While these data show a primary
concentration within science education more broadly, a relative scarcity of take-up within
genomics/genetics research and literacy is made visible. Within the 13% (n=13) of studies
focused on genomics/genetics education, nine (9) of these were led by the same author, Brian
Donovan (2014, 2015a; 2015b; 2016; 2017; 2022; Donovan et al., 2019; Donovan et al., 2020;
Donovan et al., 2021) whose work we discuss further below. Medical education appears to be
a domain in which racisms and anti-racisms in relation to genomics/genetics are emerging as
important concerns for both health profession education researchers and practitioners (e.g.
clinical practice/instruction; see for example Tsai, 2021; Lujan and DiCarlo, 2021). Here,
“Other” aggregates outlier disciplinary domains such as anthropology and philosophy.
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Figure 4
Country of research/origin of included articles
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The overwhelming majority (80%) of included articles stemmed from studies in the United
States. One of these studies included data from Canada, but was counted as a US study. These
data suggest a lack of a relevant research agenda in Canadian science education,
genomics/genetics research, or genomics/genetics education.
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Figure 5
Types of included articles
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According to Donovan and Nehm (2020), “very little empirical work has addressed the interplay
between genetics education and social identities” (p. 1452). Figure 5 above demonstrates a 50-
50 split between conceptual/theoretical and empirical studies in our sample. Given that most of
these articles are from the past six years (see Figure 6 below), these data suggest that addressing
racisms/anti-racisms within genomics education —or genomics/genetics literacy —is presently
an emerging area of inquiry. Qualitatively, Brian Donovan has emerged as a leader in this area,
based on our study’s close readings. Donovan advances an explicitly anti-racist, anti-essentialist
humane genetics literacy. As Donovan (2022) explains, “Humane genetics education differs
from the basic genetics education offered to most students and also most standard views about
how to reform genetics education because it has an anti-essentialist purpose derived from anti-
racist educational approaches that value humanitarianism” (p. 2). Donovan is currently a senior
researcher at BSCS Science Learning, a US non-profit focused on socially just science and
teacher education research. Figures 6 and 7 below offers a quantitative sense of Donovan’s
work, providing citation network visualizations based on two papers: From Basic to Humane
Genomics Literacy: How Different Types of Genetics Curricula Could Influence Anti-
Essentialist Understandings of Race (Donovan et al., 2020; Figure 6) and Toward a more
humane genetics education: Learning about the social and quantitative complexities of human
genetic variation research could reduce racial bias in adolescent and adult populations
(Donovan et al., 2019; Figure 7). Several other scholars within our corpus are connected to
Donovan’s work (e.g. Jennifer Tsai, John Willinsky, Amelia Hubbard, Robyn Tornabene) and
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together represent a relatively small but core group of scholars advancing literature based on
teaching and learning about human difference —or genomics literacy —from an explicitly anti-
racist and anti-essentialist curricular and pedagogical foundation.

Figure 6

Citational network of Donovan et al. (2020), “From Basic to Humane Genomics Literacy: How
Different Types of Genetics Curricula Could Influence Anti-Essentialist Understandings of
Race” generated with the Connected Papers web app. Larger circles indicate more citations,
while darker shading indicates more recent publication.
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Figure 7
Citational network of Donovan et al. (2019), “Toward a more humane genetics education:

Learning about the social and quantitative complexities of human genetic variation research
could reduce racial bias in adolescent and adult populations” generated with the Connected
Papers web app. Larger circles indicate more citations, while darker shading indicates more
recent publication.
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Figure 8
Publication dates of included articles
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Figure 8 above shows the frequency of relevant studies across time, starting from the
conclusion of the Human Genome Project in 2003. These data suggest a relatively recent
inclusion of our study’s foci within genomics/genetics research, practice, and education. Indeed,
while the initial conclusion of the Human Genome Project “did not uniformly trigger a
reevaluation of the use of ‘race’ in genetic studies,” it is encouraging to see an upward trend in
recent years (Duello et al., 2021, p. 238). The notable spike in publications on
genomics/genetics in relation to social identity in 2020 coincides with a heightened disparity in
public and K-12 messaging on the complexity of human difference. Hubbard and Monnig
(2020) explain the context of this spike most succinctly: “Exposure to information about
genetics is at an all-time high, while a full understanding of the biocultural complexity of human
difference is low” (p. 1541). Based on our sample, this disparity appears to have prompted
increased attention to how the teaching and learning of human difference, if not carefully and
more comprehensively addressed through accurate scientific, sociological, and historical lenses,
can in fact lead to dangerous, essentializing beliefs about human difference (e.g. Donovan et
al., 2020; Tawa, 2020; Willinsky, 2020; Martschenko, 2020; Lee et al., 2020; Morin-Chasse,
2020; Reese, 2020). We discuss this issue in the first subsection below. At the same time, our
data suggests a recent interest in how the teaching of science, including human genetic
difference can lead to the under-representation (e.g. Visintainer, 2020) and alienation (e.g.
Hales, 2020; Carmichael et al., 2020) of racialized or otherwise marginalized students in science
education.
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In the following subsections, we detail the main thematic findings of our study.

7.1 Genetic essentialisms remain a core challenge and gap in teacher
education, science education, and curriculum policy.

But if all genetics educators taught genetics to refute genetic essentialism, then it is
hard to imagine how genetic essentialism could live on in our culture. Humans
created genetic essentialism, and humane genomics educators can help to end it.

(Donovan, 2022, p. 9)

All students come to science education with implicit understandings of “race” and genetics
learned from popular media and their introductions to basic genetic concepts in the K-12
schooling systems (Donovan et al., 2020; Lee et al., 2021). Most students taking introductory
science courses at university are only taught basic genetic literacy, which, even in the case of
purportedly progressive science curricula, can serve to reinforce or instill the belief in a
biological essence of “race.” This inattention to reductive essentialist thinking in turn has the
dangers of justifying and/or reproducing existing racist beliefs within past, present, and future
policy and practice (Acquaviva & Mintz, 2010; Gillborn, 2016; Gouvea, 2022; Kaszycka &
Strzalko, 2013; Tornabene et al., 2020).

Psychologist and behavioral geneticist Harden (2023) provides definition and semantic
clarity on this phenomenon. As Harden explains, “essentialism is the belief that things have
essences—one or more deep, underlying characteristics, without which the thing or person
would not be what it is—and that these essences explain why certain individual things or people
are appropriately considered members of the same category” (p. 199). Genetic essentialism is
thus a belief that what makes a person fall into a particular category, such as racialized
categories, is rooted in an immutable genetic essence. Harden uses the example of skin color: a
genetic essentialist “will believe that people who have a similarly dark skin tone share an
underlying essence, such that their superficial similarity reflects a deeper property that explains
what they are all ‘really’ like” (p. 200). Genetic essentialism is an important curricular concern;
research has shown that genetic essentialist beliefs about social groups might engender
discrimination towards essentialized groups (Braun & Saunders, 2017; Donovan et al., 2021;
Donovan, 2022; Stern et al., 2023). Studies have found that holding essentialist beliefs about
race (as well as gender, religious groups or sexual orientation) is correlated with greater
stereotyping, prejudice, dehumanization and support for discriminatory policies (Herd et al.,
2021; Morin-Chasse, 2020; Roth et al. 2023; Sabatello, & Juengst, 2019). Sparks et al. (2020)
make a causal connection between genetic essentialisms and educational attainment—in that
perceived essential predispositions to certain topics and professions can foreclose future
opportunities for certain racialized students.
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Harden (2023) notes that research in psychology has shown that essentialist thinking
begins early in a learner’s development, emerging as a kind of cognitive bias as early as
preschool. In North American K-12 education systems and their respective curricula, culturally
pervasive essentialism is rarely challenged by genetics education, which tends to in fact
reinforce these deeply embedded assumptions (Donovan, 2022). The completion of “the Human
Genome Project did not uniformly trigger a reevaluation of the use of ‘race’ in genetic studies,”
nor in genetics education (Duello et al., 2021, p. 238). Hubbard and Monnig (2020) charge that
the vast majority of post-secondary learners, or non-genomics focused students, encounter ideas
of genetics and human difference in lessons that superficially address this complex topic and
may in fact reinforce essentialist assumptions. Indeed, as Gingell and Bergemann (2022) stress,
“many learners will have cemented views around the genetic origins of race long before they
enter professional education” (p. 258). In STEM fields like medical education, ideas of bio-
essentialism often remain unchallenged or even inadvertently promoted (Tsai, 2021, p. 218; see
also Lujan and DiCarlo, 2021; Meier, 2012). Meanwhile, in biomedical research, race as a
biological construct continues to be used as a genetic category, due to a lack of understanding
of the continuous nature of human genetic variation (Duello et al., 2021). Kampourakis and
Peterson (2023) argue that racist assumptions may still exist within the terminology used in the
practice and teaching around genetics and ancestry, such as “admixture,” which perpetuate

erroneous assumptions that there are genetically “pure” and stable populations of people.

Li et al. (2022) argue that to effectively dismantle the systems of oppression that harm
racialized individuals, STEM fields such as medical education must address how racial
categories are regularly misused. As these authors caution, “many current medical education
resources treat socially defined race as a biological marker or as an epidemiological variable to
distinguish one patient population from another, without discussion of the underlying causes of
health disparities” (pp. 1526-27). In their experience using dialogues to teach about race and
biology, Beckwith et al. (2017) noted that individuals who participated in their lessons often
displayed evidence of genetic determinist assumptions throughout their discussions.
Furthermore, as Hales (2020) remarks, genetics is often taught in undergraduate science
classrooms by focusing on monogenic traits which in turn “can increase students’
misperceptions of racial biological differences” (p. 6). These misunderstandings are
demonstrated in other topics related to genomics education and its respective literacies.
Kalinowski et al., (2012) describe a similar issue in learning evolution as it relates to race. These
authors emphasize that students generally have misconceptions and lack an understanding of
the role of DNA in inheritance and therefore how genetic variation within populations
contributes to biological traits. To be clear, this does not mean denial of genetic predispositions
towards some traits or disease, but that race and population are often erroneously conflated.

Donovan (2015a) discusses how educators must be careful and aware in how they
address these misconceptions. Science educators “ought to know that essentialist beliefs are
predictive of racial bias and misunderstanding of intraspecific diversity if one wishes to educate
students about human genetic variation without increasing prejudice” (p. 67). Despite the
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scientific and educational consensus for proactively teaching against genetic essentialisms,
several students and educators continue to consciously and/or unconsciously uphold these
beliefs and concomitantly are unaware of their potential exclusionary impacts for different
individuals and/or communities (Donovan, 2014). This is partly because science education
often focuses solely on “fundamental” basic genetic concepts like Mendelian inheritance,
neglecting situated, contextual, social, cultural and/or ethical dimensions of genetic variation
(Donovan et al., 2020; Donovan et al., 2021; Kampourakis & Peterson, 2014; Sze & Swati,
2004; Schulz et al., 2003). Additionally, science education tends to be influenced by the
prevailing culture, ideology, and politics, which can either reinforce or challenge genetic
essentialisms (Kung, 2018; Roth et al., 2023). Hence, there is a crucial need for a transformative
approach in teaching genetics and race within science education (Donovan, 2016a; Donovan et
al. 2020). This approach must acknowledge and confront the historical and present-day contexts
of racism and anti-racism, empowering both students and teachers to become not only
scientifically literate but also socially responsible citizens (Boutte et al., 2010; Reis et al., 2015).
As Phelan et al. (2017) state succinctly, “If we are indeed living in an increasingly genetic-
essentialist world, then our reading of the human genome with regard to racial differences
should have a critical impact on beliefs about essential racial differences that are key to the
perpetuation of racism and racial inequality” (p. 170). How might we then address such
potential essentializing racism(s) as part of a broader science education and more specifically
genomics literacy?

7.2 Domain-specific disciplinary siloing limits the teaching and learning of
contextualized—social, cultural, historical—genomics literacy.

In the first decade of the new millennium, social scientists across the disciplines of
[political science and economics] began to actively grapple with whether and how
they might want to engage with molecular genetics. In each discipline, “genetics
entrepreneurs” promulgated specific visions of what such an engagement might
bring. These visions endeavored to link the core questions and/or contributions of
each discipline to genetic techniques and information.

(Shostak & Beckfield, 2015, pp. 99-100)

In the K-12 science curricula the sociocultural and/or historical contexts of “race” are often
relegated (if present at all) to the social sciences and history curricula. However, biological
categorizations of “race” are still used to teach basic genetic concepts and/or as a proxy for
human difference. Learners are often left with the implicit lesson that “race” is still defined
biologically. There is often no room in science curricula to explore socio-cultural and historical
perspectives outside of the government mandated curriculum policy K-12 content, allowing
dangerous myths among the public to persist (Bolnick, 2015; Braun & Saunders, 2017).
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In medical school curricula literature, this is a concern that different researchers have
been seeking to address. Several authors emphasize that there is not much room or time to
explore socio-cultural and historical perspectives outside of the mandated core curriculum
(Bolnick, 2015; Braun & Saunders, 2017). This is likely due to medical schools having a
centralized and standardized curriculum and often being geared towards medical licensing
examinations that will grant their students competency for practice (Braun & Saunders, 2017;
Ripp & Braun, 2017). Bolnick (2015) describes such compressed standardization as leading to
a “disconnect between the training provided in medical school and what physicians need to
know about race, human genetic and epigenetic variation and the causes of racial health
disparities” (p. 362). In turn, many medical school institutions lack expertise in addressing
genomics educational challenges with their students (Bolnick, 2015). Furthermore, common
methods of testing in these institutes and licensing exams also narrow the possibilities for a
thorough understanding of “race” in terms of its sociocultural and historical contexts. Multiple-
choice questions do not afford curricular and/or pedagogical opportunities for a full discourse
on a student’s understanding of the relationship between race, biology and health (Braun &
Saunders, 2017). Additionally, as previously discussed, these exams often present material that
supports racialized essentializing stereotypes (Nieblas-Bedolla et. al., 2020; Ripp & Braun,
2017).

Meanwhile, in the K-12 science education curricula, discussions about the social or
historical aspects of “race” usually find a place only in social sciences or history classes
(Stitzlein, 2009). Nonetheless, biological classifications of “race” persistently serve as tools to
impart basic genetic concepts as a substitute for human diversity (Donovan, 2017).
Consequently, students often infer that “race” is still biologically defined, despite scientific
evidence stating otherwise—race is a social construct varying across time and place (Hubbard,
2017). Science curricula typically lack room to explore socio-cultural and historical viewpoints
beyond mandated content, allowing prevalent misconceptions to persist among the public
(Gillborn, 2016; Stitzlein, 2009). Hales (2020) makes the point that most undergraduate
textbooks that have content that support less essentialist views of race and genetics (i.e.
emphasizing within population differences) are often kept as stand-alone chapters at the end of
the book, including quantitative genetics and evolutionary genetics.

Donovan (2015a) touches on this lack of addressing race in the science of genetics
curriculum. He notes:

Even the curriculum that science teachers inherit appears to discuss race in an
inappropriate manner by failing to address scientific controversies surrounding race
(Donovan, 2015b; Morning, 2008). Early in the 20th century biology textbooks
directly taught students that races were biological subdivisions of the human
species and some texts also taught students about a racial hierarchy (Morning,
2008). Today, textbooks address race indirectly by referring to ‘race’ or racial
categories in passing but not as an explicit focus of learning (Morning, 2008).
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Usually these subtle references occur in chapters discussing forensics, genetic
diseases, and human evolution (Morning, 2008). Furthermore, evidence from a
field experiment carried out in eighth grade science classrooms demonstrated that
when students encounter these subtle references to race in the modern biology
curriculum it can lead students to agree more strongly that races differ in complex
human traits (e.g. academic ability & artistic ability) because of genetics (Donovan,
2014). Put differently, there appears to be a hidden racial curriculum in biology
textbooks that is learned by students but never purposefully taught by teachers. And
arguably, this curriculum reinforces potentially prejudiced beliefs about race that
are not supported by biological theory or research (Donovan, 2015b). (p. 65)

Thus, “until courses in human biology and genetics include cultural contributions and
assumptions about our ways of ‘knowing,”” Hubbard and Monnig (2020) warn, “students and
the general public will continue to stumble through ideas about human difference from an
ideologically biological core” (p. 1550; see also Stetsenko, 2018). At the same time, a purely
abiological (e.g. sociological) conceptualization of race can lead to problematic assumptions of
“colourblindness” (Bynum, 2021; Tawa, 2020). According to Hubbard and Monnig (2020), this
implicates the need for a “biocultural approach” toward teaching human biological variation
across the curricula that leverages both genetics and sociological perspectives in all contexts in
which concepts of “race” might be invoked in learners’ education. We discuss this further in
our Implications section. In fields like medical education, Tsai (2021) emphasizes that science
educators, such as in medical education, need “not only the knowledge required to understand
injustice, but the empathy needed to commit to health justice, as well as the skills and
community relationships to push back against inequity firmly and effectively. All three are
important” (p. 219). More broadly, Sparks et al. (2020) argue that tightly controlled and
Mendelian-focused genetics exercises across non-major curricula can produce or reinforce
erroneous beliefs about genetics, typically highlighting only White male contributions to
science, while a lack of examination of genetics/genomics’s problematic history forecloses
development of critical thinking. These knowledges are not situated within a specific discipline
and therefore require the interdisciplinary collaboration of expertise across curricula.

Hughey and Byrd (2015) propose that such interdisciplinary curricula can address issues
of contemporary, cultural DNA mystique, enduring antagonism against the “soft” sciences, and
feedback loops in which racial essentialisms cause real disparities that are then understood as
proof of such essentialisms. These complex issues are difficult to address through the lenses of
singular disciplines; for example, medical curricula often omit discussions of the inequitable
social intersections that lead to real health disparities, and instead present race as a hard
biological variable. There remain notions that there are “hard” and “soft” sciences, which are
often brought forth by some learners to professional learning contexts and in turn reproduce
disciplinary siloing. Archila et al. (2022) suggest that such siloing leads to science students’
inability to identify, evaluate, and critique genetics claims as arguments. Reese (2020) further
argues that without strong interdisciplinary connections across curricula (e.g. sociology and
science perspectives together), equity, diversity, and inclusion cannot be solely realized in
science education.

Such interdisciplinary approaches would facilitate the development of a contextualized

genetics/genomics literacy, including:
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e Understanding genetic concepts and their relation to human diversity and ancestry
(Venville et al., 2005; Fowler & Noel, 2022; Zimmerman et al., 2022).

e Recognizing the social and ethical implications of genetic research and technologies on
individuals and groups (Gericke et al., 2017).

e Analyzing socioscientific issues involving genetics and race and developing critical
examination skills (Lee et al., 2020).

e Appreciating the various dimensions of human diversity and their interaction with
genetics and race (Mayfield, 2017).
Reflecting on personal beliefs and biases related to genetics and race (Sheldon, 2018).
Engaging in dialogues and actions promoting diversity, equity, and justice, challenging
genetic essentialisms and racism (Saunders & Rennie, 2013).

Numerous studies have highlighted the advantages and obstacles of implementing such an
approach in science education, offering suggestions for curriculum design, teaching methods,
evaluation, and professional growth (e.g., Donovan, 2016; Pang & Valle, 2004; Raveendran &
Chunawala, 2015; Raven & Jurkiewicz, 2014; Uchenna, 2023; Young et al., 2022). However,
there remains a dearth of systematic and comprehensive research on effectively and sustainably
addressing genetic essentialisms and racisms in science education, and evaluating the outcomes
and impacts of such endeavors for teacher education (Lazarowitz & Bloch, 2005; Martschenko,
2023; Shotwell, 2019; Stitzlein, 2009).

7.3 Absence of proactive purposeful anti-racist and/or decolonizing curricular and
pedagogical frameworks for teaching and understanding genomics education and its
respective literacies within the K-12 public school curriculum, teacher education, and/or
science education.

The controversies surrounding the continuing role of race in genetics only adds to
the need for science educators to attend to the place of race in their biology
textbooks, as a means of introducing students to its implications for continuing
advances in genetics, from precision medicine to genetic engineering. At issue,
then, is not the purging of race from biology textbooks, for while many biologists
support dropping the concept, almost as many continue to find “race” useful to the
study of biology. Rather, my assumption is that having biology students learn
about the changing and contested place of race in this science can make a valuable
contribution to their understanding of the world.

(Willinsky, 2020, p. 1460)
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There is an absence of studies and/or research programs in Canada that analyze and synthesize
how settler colonial logics (Wolfe, 2006; Donald, 2019) and their exclusions have framed
historical and/or contemporary conceptions or debates of genetic essentialism and respective
racisms in relation to the field of genomic education and its respective literacies.

“Despite widespread recognition that genetic essentialism is a scientifically inaccurate
and prejudiced view of human difference,” Donovan and Nehm (2020) observe, “essentialist
thinking has not received sufficient attention from genetics educators” (p. 1452). Across K-12
curricula, “students are rarely taught how biologists and anthropologists discredited genetic
essentialist beliefs about race in the mid-twentieth century by challenging the epistemology and
ontology of race science” (p. 1452). Further, “students are rarely taught how gender biases
influence scientific discourse about biological sex, thereby exacerbating the public’s belief in
gender essentialism,” while “standards for genetics education rarely address human inheritance
and variation in an anti-essentialist manner (e.g., addressing the complex ways in which genes,
the social environment, and social identity interact to create continuous variation in human
traits” (Donovan and Nehm, 2020, p. 1452).

Consequently, “the genetics educator will not overcome longheld views by simply
announcing in a slide presentation that race is a social construct” (Gingell and Bergemann,
2022, p. 258). In the macro, global context, “many countries throughout the world are struggling
to address longstanding inequalities stemming from deeply ingrained societal prejudices about
race, ethnicity, sex, gender, disability, and sexual orientation” founded and perpetuated in
significant part by basic genetics education and popular messaging around genomics (Donovan
and Nehm, 2020, p. 1451).

However, the “problematic interplay between genetic essentialism and genetics
education is not simply a product of teachers’ own beliefs about social groups, nor is it a result
of their unwillingness to change their teaching practices” (Donovan and Nehm, 2020, p. 1452).
Donovan and Nehm (2020) note that, although “it is true that a minority of biology teachers in
several countries believe that some ethnic groups are genetically superior to others, many more
biology teachers do not endorse genetic essentialism,” and that there appears to be a growing
interest amongst biology teachers in challenging racist essentialist thinking around genetics (p.
1452). Yet, “using genetics education to reduce belief in genetic essentialism among adolescent
students requires much more than an educator’s interest and commitment” and few “have
designed and executed empirical studies capable of establishing best practices for achieving this
goal;” moreover, very little empirical work “has addressed the interplay between genetics
education and social identities” over the past 20 years (Donovan and Nehm, 2020, p. 1452).
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7.4 Predominantly White Settler Colonial K-12 and Higher Education Institutions
reproduce a science education and respective curriculum that often limits the educational
opportunities for different non-white racialized equity-seeking communities.

Coursework that reinforces stereotypes about particular racial or ethnic groups should
be critically assessed for educational value. Rather than just teaching students how to
provide care to specific non-majority groups, students should be encouraged to
examine and address their own implicit biases and be educated about historic and
structural factors that lead to healthcare disparities and social inequities.

(Carmichael et al., 2020, p. 312)

Most science majors arrive at post-secondary institutions without having learned about racisms
and anti-racisms in relation to genomics. As a barrier to diversity, equity, inclusion, and
representation in science fields broadly, including in teacher and science education, students
experience forms of racism in their training in the classroom and in professional apprenticeship
(Arteaga & El-Hani, 2012). In the case of genomics-focused fields, disciplines are often
dominated by settler colonial logics (Wispelwey etal., 2023) such as, but not limited to, genetic
counseling, biomedical sciences, engineering, and medicine. Meanwhile, the reproduction of
genetic determinisms framed as a biological category of race reinforces erroneous beliefs that
different, non-white racialized people share DNA that is unique from the rest of humankind.

Science education and its respective literacies encompasses the instruction and learning
of scientific concepts, methodologies, and practical uses across disciplines such as but not
limited to biology, chemistry, physics, and mathematics. It aims to cultivate the knowledge,
abilities, and perspectives of both students and educators in comprehending and applying
scientific information in various contexts, such as health, the environment, technology, and
society. Science and science education is not a neutral enterprise, however. Most K-12 and
higher education institutions perpetuate a view of science and corresponding curriculum that
frequently restricts educational opportunities for non-white racialized equity-seeking
communities, while simultaneously perpetuating essentialist misconceptions about human
genetic variation that likewise reinforce racist assumptions.

In Carmichael et al.’s (2020) qualitative analysis of minority students in a genetics
counseling program, they noted that none of their participants described a curriculum that
addressed “systemic racism, structural patterns of inequality in healthcare access, or legacies of
historic discrimination in depth” (p. 307). Instead, the students shared experiences where they
felt programs relied on their minority students to supplement race and cultural content that the
institute should be responsible for teaching (Carmichael et al., 2020). The authors describe their
results as the “conscripted curriculum,” as described by Olsen (2019) for medical schools,
where minority students bear a burden of educating their classmates about the social basis of
race (Carmichael et al., 2020). The students in their study felt pressured by their classmates and
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faculty to contribute more when engaging in discussions related to racial disparities in health
(Carmichael et al., 2020). These minority genetic counseling students also experienced multiple
forms of racism in their training, both in the classroom and in clinical rotations, often feeling as
if they are being “othered” by their peers, mentors, professors and institutions (Carmichael et
al., 2021). In these situations, minority genetic counseling students would seek support from
many sources, searching for guidance and understanding from other racial or minority students
and faculty (Carmichael et al., 2021). They only felt comfortable in reaching out to white
program leadership when they needed someone to listen or take action in relation to an issue
(Carmichael et al., 2021). However, they did not perceive that these individuals could provide
them with empathy or guidance. Elsewhere, Pollock et al. (2023) reveal the “prevalence of
implicit racial bias among genetic counselor graduates, lack of exposure to diverse populations
within and outside of graduate training, and concerns regarding racial insensitivity and
effectiveness of didactic and clinical genetic counseling training™ (p. 792).

The issue of representation in faculty and staff among K-12 and higher education
institutions can be burdening in addition to the essentialist views imposed by the curriculum,
be it hidden or direct. Higher education institutions especially have a long history of eugenics
thinking and systemic racism. Nelson (2018) describes the historical evolution of higher
education institutions and their intertwining with systemic racism and slavery. She argues that
many issues with race and genetics fall at the institutional level, indicating a level of
responsibility across educators and higher administration to make systemic changes that address
these racist histories (Nelson, 2018). Developing structural competency regarding “race” and
health is also argued by Bolnick (2015) who stresses that medical schools must develop their
structural competency, shifting “the focus from individuals to institutions, communities and
policies that shape clinical interactions and health outcomes” (p. 366). These views of
responsibility at the institutional level are shared among scholars from our literature review
including those who research K-12 environments (Donovan, 2014; 2015a; 2016), undergraduate
science education (Hamilton & Stoebel, 2020) and medical education (Braun & Saunders,
2017).

“Ideas of bio-essentialism run rampant in medical education, and they work to reduce
and dehumanize people of color in a healthcare system that already produces unequal
treatment,” warns Tsai (2021, p. 218). In turn, medical school educators “are insufficiently
knowledgeable about the concept of race in relation to healthcare and insufficiently aware of
their own bias and the potential harmful consequences of passing this bias on to the next
generation of health professionals™ (Bakkum et al., 2023, p. 601). In their critique of racial
essentialism in medical school curricula, Braun and Saunders (2017) provide another insight.
They suggest that more recently, medical education institutions have struggled to keep up with
incoming students who likely have pre-existing knowledge of race-based genetics
misconceptions from their previous experiences in higher education: “current medical students
are sometimes more aware than their professors of how racism manifests in medicine and
medical education—including the intensifying scientific controversies regarding human genetic
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variation” (Braun and Saunders, 2017, p. 518). Overall, the role of educational institutions in
“propagating race-based bias in curricula has also been highlighted in the USA and in Europe
leading to calls for a ‘seismic paradigm shift . . . in which an anti-racist perspective informs all
healthcare education, research, and practice’” (Lynn et al., 2023, p. 2). Yet, some expert
members of the medical community “still dispute the meaning of race and subsequent use of
race in medicine and this shift away from race-based-medicine has, thus far, been quite limited
in medical curricula” (Lynn et al., 2023, p. 2).

Institutional whiteness is further embedded in the data and concepts often used to teach
human variation. Kampourakis et al. (2023) argue that racist assumptions may still exist within
the terminology used in typical teaching around genetics, particularly when using ancestry as a
way of teaching about human difference. “Admixture,” for example, has racist origins. It is still
used in many teaching contexts, but problematically suggests that there are “pure” populations
and so “pure” races. Further, most genetic data sets are overrepresented by White/European
ancestry, or otherwise misrepresent populations as “pure” (Duello et al., 2021).

7.5 Creating, supporting, and enacting science education curricula and pedagogies that
introduce students to a humane genomics literacy reduces the dangers of reproducing
genetic essentialisms.

At best, genetics education does little to prevent genetic essentialism, and at worst
it indirectly contributes to it through the kind of instruction it offers to students.
While it is defensible to argue that some genetic essentialists will persist in their
beliefs regardless of the genetics education that is provided to them, it is
indefensible to claim that genetics education is irrelevant to genetic essentialism.

(Donavan, 2022, p. 8)

Genomics and genetics, as in previous eugenics historical movements, assume the current order
and cultural values, risking the understanding of race as ahistorical rather than seeing it as an
historically contingent form of understanding human difference and thus foreclosing critical
consciousness of how present and future technosciences might be misused.

Genomics or genetics literacy refers to the capacity to comprehend and apply genomic
knowledge across diverse domains like health, environment, agriculture, and society (Gericke
et al., 2017). A humane genomics literacy integrates the social, cultural, and historical aspects
of genomic knowledge, advocating for diversity, fairness, and justice in both scientific and
societal realms (Saunders & Rennie, 2013). Genomics or genetics literacy should directly
address and refute genetic essentialism, which engenders the belief that human characteristics,
behaviors, and identities are dictated by genes, inherited along racial lines (Gillborn, 2016; see
Section 7.1 above). This notion often serves as a rationale for upholding racism, discrimination,
and societal disparities (Castéra & Clément, 2014). However, scientific evidence contradicts
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genetic essentialism, revealing human genetic diversity as intricate, continuous, and influenced
by numerous factors such as environment, culture, and history (McChesney, 2015).

The historical association between genetic essentialism and racism is stark, having been
utilized to validate and execute various forms of oppression and violence against marginalized
communities, including colonization, genocide, slavery, segregation, sterilization, and
experimentation (Donovan, 2017). These injustices often align with the paradigm of eugenics,
focused on enhancing the human population through controlled breeding (Donovan, 2016).
Eugenics operates under existing cultural values and assumptions, potentially obscuring the
understanding of race as a product of history, hindering critical awareness of how current and
future scientific technologies might be misused (Stitzlein, 2009).

In our study’s sample, several studies made use of guided inquiry labs to explore genetic
diversity and “race.” Kalinowski et al. (2012) describe an activity where students engaged with
DNA sequences from individuals of varying races. In their study, they aimed to develop
introductory biology college students’ scientific reasoning skills by addressing potential
existing biases. This lab was designed to improve students’ learning of concepts related to
natural selection as opposed to molecular genetics (Kalinowski, 2012). Their study suggests
that student's pre-existing typological thinking related to “race” and genetics can be combated
in the classroom through engaging in activities and discourse that dispel these ideas. Other
studies used similar methods; using PCR and sequencing to have students compare their own
genetic make-ups and applying the results to compare any existing biases they have on the topic
(Marquez-Magana et al., 2013; Yang et al., 2017). Marquez-Magana et al.’s (2013) study
suggests that students' existing beliefs of genetics are the main contributor for racial disparities
and were found to be mostly dispelled after the hands-on activity. These examples suggest that
students’ existing biases towards race and genetics may be reduced by engaging them in
concrete and direct experience with genome sequencing related to “race.” However, it is
interesting to note that both studies utilized racial differences as a secondary topic and not the
focus of the student’s learning outcomes, indicating the need for more direct research on
addressing students’ misconceptions and beliefs of race and biology.

“Put simply,” Donovan et al. (2021) summarize, “these proposals contend that school
genetics should teach students multifactorial genetics” instead of basic or Mendelian genetics
(p. 523). They explain:

Knowing how population thinking and multifactorial genetics refute genetic
essentialism is what we call humane genomics literacy. Humane genomics literacy is
related to, yet distinct from, standard genomics literacy. As argued earlier, standard
genomics literacy is the kind of knowledge that scholars have argued is missing or
underemphasized in standards and curricula. It is a story about how trait variation is
more complicated than the Mendelian explanation for it. The story is more complicated
because it requires students to integrate molecular concepts, multifactorial concepts, and
population thinking. Humane genomics literacy complicates this story further, by asking
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the learner to explore how these concepts refute the genetic essentialist assumptions
used by White supremacists. (p. 526)

Donovan et al. (2021) hypothesize that a humane genomics literacy will reduce genetic
essentialist thinking; to date, their data suggests support for this hypothesis. Hence, there is an
urgent call to craft, bolster, and implement science education curricula and teaching
methodologies that introduce students to a humane framing and understanding of genomics
literacies.

8.0 Discussion & Implications

In the following subsections, we discuss the main implications for science and teacher education
that emerged from our scoping review: 1) a core need for an anti-racist and anti-essentialist
humane genomics; 2) that an anti-racism and anti-essentializing humane genomics education
curriculum should be taught from a cross-disciplinary perspective; and 3) the importance of
creating national, provincial, and territorial K-12 professional learning opportunities for teacher
educators and science educators to develop and implement curricula and pedagogies that
proactively take up the differences between basic, standard, and humane genomics literacies.

8.1 There remains a core need for an anti-racist and anti-essentialist humane genomics
literacy curriculum for science education.

Science teachers must be prepared to teach the racist past and future potential of their
disciplines, as well as the present inequalities that scientific racisms maintain. Throughout
students’ K-12 educational journeys, science educators are pivotal leaders in disrupting and
challenging racisms and taking up anti-racist understandings of genomics science and its
respective technologies. All students should have the opportunity to learn about different
racialized groups that have been and continue to be affected by genetic essentialisms that
reproduce different kinds of racisms and exclusions.

Across our scoping review of different studies, there exists a lack of consensus or
consistency in curriculum that focuses strictly on developing anti-racist humane genomics
literacy. However, this lack of consistency is recognized in the literature, with several authors
describing the need for increased anti-racist initiatives among educational institutions. Hales
(2020) cogently explains this need:

... Genetics instructors’ choices have significant social impact. Although some
instructors may feel discomfort including topics perceived as political, doing so is
an important step toward inclusivity and retention of students from
underrepresented groups. Refraining from addressing such topics is itself a political
choice that reinforces the status quo. Genetics instructors are encouraged to build
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historical and cultural background knowledge and a language framework for
discussing pseudoscientific racism. (p. 6)

In her critique on “race” and genetics in education, Brewer (2006) suggests the need for training
for all stakeholders involved with medical education communities, including educators, public
health practitioners and curriculum. Brewer argues that medical curriculum, for example,
should be revised:

This revision should be more than just a course in the ethics of science — a full
curriculum on the meaning and history of race should be integrated into training,
preferably involving a series of courses. We need to incorporate into the curriculum
more complicated understandings of race and racism, and their implications for
medical and scientific practice (p. 517).

More recently, Tsai and her colleagues (2016, 2021) have advanced a similar call for explicitly
anti-racist, anti-essentialist curriculum in medical and pre-medical science education, for both
students and educators.

As previously discussed, students may already have presumptions about “race” and
biology/genetics through their experiences and engagement with the world before exploring this
content in a classroom environment (Kalinowski et al., 2012; Marquez-Magana, 2013). Further,
typical approaches to teaching genomics or genetics in K-12 and introductory higher education
courses can in fact instill or reinforce genetic essentialist thinking and associated biases. Sparks
et al. (2020) argue that tightly controlled and Mendelian-focused genetics exercises across non-
major curricula can produce or reinforce erroneous beliefs about genetics, typically highlighting
only White male contributions to science, and lack examination of the discipline's problematic
history, and so foreclose development of critical thinking around the future of genomic
technosciences. Critically, most post-secondary students encounter genetic concepts through
non-specialized courses (Hubbard & Monnig, 2020). Such curricular experiences can thus
reinforce previously founded essentialist thinking and biases students might already have, and
contribute to maintaining systemic racisms across disciplines, professions, and individual life
trajectories.

The glaring implication, then, is that anti-essentialist, anti-racist curricula are needed
across learners’ educational experiences, from K-12 to higher and professional education.
Donovan et al.’s (2020) research has shown that belief in genetic essentialism can be maintained
or challenged by what concepts and pedagogies are leveraged in genetics education. Donovan
et al. (2020) have called for a humane genetics literacy. Such a curricular and pedagogical
project moves beyond a “basic’ and/or ‘standard’ genetic literacy curriculum:

e Basic genomics literacy (BGL) is a form of derived genomics literacy that includes
only Mendelian and molecular genetics concepts—the basis of most genetics
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curricula and standards. It is the easiest form of genomics literacy to use for
essentialist arguments.

e Standard genomics literacy (SGL) is what most scholars have proposed,
emphasizing more in genetics standards and curricula, which includes ideas such as
multifactorial genetics and population thinking. It is not structured for the purpose
of refuting belief in genetic essentialism.

e Humane genomics literacy (HGL) takes standard genomics literacy and structures
it to refute essentialist thinking. It is the knowledge of how multifactorial genetics
and population thinking refute the assumptions of genetic essentialism. This
knowledge is humane because it is oriented toward reducing racism. (p. 1481)

To be clear, a shift from BGL to HGL does not mean bypassing basic concepts. Standard
genomics literacy is inclusive of BGL while HGL is inclusive of SGL, but each goes beyond
the former by incorporating population thinking and multifactorial models of inheritance (SGL)
and centering how the latter refutes genetic essentialism (HGL). HGL thus has the explicit aim
of refuting genetic essentialism and recognizing and leveraging the value of science education
and educators in creating a more equitable society. Donovan et al.’s (2020) “hypotheses predict
that students learning from a curriculum oriented only toward BGL will increase in belief in
genetic essentialism. Conversely, students learning from a curriculum oriented toward SGL
and/or HGL will decrease in belief in genetic essentialism” (p. 1487). Further, a humane
genomic curriculum and respective science education literacy seeks to proactively disrupt
students’ pre-existing knowledge and address any conscious and/or unconscious “racist”
(mis)understandings they may have.

The voices of communities affected directly by certain racialized essentialist reductive
views should be heard and utilized more when considering curriculum and institutional changes
that address biases in how genetics literacy is taken up by science and/or health profession
educators (Brewer, 2006). Teacher educators and in-service science teachers should discuss
different racisms and anti-racism as part of the science curriculum to proactively introduce
students to past and potential future dangers of genetic essentialisms, including how they have
been historically embedded into our society and how they linger today. As Donovan et. al.
(2020), reminds us,

...genomics literacy matters not only because it is required to make sense of
socioscientific issues related to genetics. It also matters because of its relationship
to genetic essentialism—a cognitive form of prejudice. By helping students to
develop and understanding of the complex relationship between genetic variation
and trait variation through genetics education, it might be possible to reduce student
belief in genetic essentialism. (p. 524)
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Discussions around social and historical racialized genetic essentialisms have been found to be
a helpful tool to approach the teaching of science and genomics education (Beckwith et. al.,
2017; Hamilton & Stoebel, 2020). Consequently, teacher education and/or health profession
programs should strive to ensure that future science educators and/or health professionals have
the necessary knowledge, genomics literacies, and competencies to proactively challenge
different forms of racisms that stem from historical, contemporary, and/or future sociocultural
and/or biocultural conceptions of “race” in relation to our situated, specific, and wider
understanding of human and more-than-human genomes (Beckwith et al., 2017; Donovan,
2015a). For a more detailed overview of the differences between BGL, SGL, and HGL, it would
be worthwhile for science teacher educators to review Donovan’s (2022) most recent
publication. In turn, how might science educators become more aware of the controversial
nature of this content and prepare accordingly before engaging in lessons on this topic? As we
discuss in the next subsection (8.2), such curricular inquiries should be cross-disciplinary.

8.2 An anti-racism and anti-essentializing humane genomics education curriculum should
be taught from a cross-disciplinary perspective.

“...genomics literacy is needed to make sense of many issues about race and genetics
in modern society.”

(Donovan, et al., 2020, p. 522)

Teacher education and methods courses must take up the different concepts put forth within a
genomics literacy. Such a curriculum would ensure teacher education programs and candidates
are introduced to the differences between and among basic, standard, and humane genomic
literacies. Use of race/ethnicity as a biological marker must be taken up and problematized
across science curricula, and both sociocultural/humanities and science-based perspectives must
be brought into dialogue across curricula. This requires scaffolding the necessary knowledge
and understanding of key genomics concepts and their complexities across the K-12 science
curriculum.

As discussed in the previous subsection (8.1), a humane genetic literacy aims to combat
genetic essentialism, striving for a more equitable society (see also Saunders & Rennie, 2013).
Achieving this goal involves laying the groundwork for comprehensive understanding of crucial
genomics concepts throughout the K-12 science curriculum (Sheldon, 2018). Genomics should
not be taught as just content knowledge; it implies a moral and political stance on the ethical
use of genomic knowledge and technologies. It should advocate engagement in socioscientific
issues to foster diversity, equity, and justice in science and society (Lee et al., 2018; 2021;
2020). To instill this literacy, students should grasp key genomics concepts alongside the social,
cultural, and historical aspects of genomics and race (Gericke et al., 2017). Moreover, it should
provide students with ample opportunities and support to hone critical thinking,
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communication, collaboration, and citizenship skills, enabling them to apply humane genomics
literacy across diverse contexts (Saunders & Rennie, 2013).

Adopting an interdisciplinary focus when teaching “race” and genetics was a common
call to action in our extracted articles, emerging from various disciplines such as biology,
anthropology, genetics/genomics, psychology, philosophy, and sociology. Overall, an
interdisciplinary approach supports the teaching of a social perspective on race as opposed to
one driven solely by genetics or biology, which students are typically presented in current
curricula. An interdisciplinary approach to teach about the concept of “race” in science
education (including medical education) includes gathering teaching perspectives from broader
fields such as sociology, anthropology, evolutionary genetics, public health and history
(Bolnick, 2015; Braun & Saunders, 2017; Brewer, 2006; Hales, 2020; Hamilton & Stoebel,
2020; Nieblas-Bedolla et al., 2020). The interdisciplinary approach is suggested to be developed
either within core curriculum or supplemented in addition to the core curriculum (Bolnick,
2015; Braun & Saunders, 2017). Among these suggestions are an emphasis on teaching the
history of genetic essentialism and addressing racial disparities in health as socially influenced:
“By learning from the past, today’s physicians will be better armed to discern—and correct—

the ways in which contemporary medicine perpetuates historical injustices” (Fofana, 2013, p.
137). Elsewhere, Visintainer (2020) foregrounds the need to consider science classrooms as
“powered social contexts” and thus spaces in which students and teachers construct certain
identities in relation to science (p. 398). While Stern (2023) suggests that a core goal of science
education should be challenging societal misconceptions of genetics concepts. Similarly, Reese
(2020) suggests science educators need to be prepared to teach about “how racist, sexist, and
classist mindsets and policies have led to science incidents and scenarios, such as the Tuskegee
Study, the eugenics movement, few women and minorities at the top of science and medicine,
and health disparities in the population” (p. 1).

Several promising teaching interventions emerged from our study and could inform the
content and pedagogy of teacher education methods courses. Hamilton and Stoebel (2020), an
historian and a biologist, reflected on their experience co-teaching a history course about race
and genetics. They developed their course to explore historical texts while engaging in learning
scientific elements about race and genetics (Hamilton & Stoebel, 2020). They concluded that
having perspectives from a biologist and a historian allowed for rich discussion with students
about the topic and opened the students' interdisciplinary understanding of the subject. Tsai et
al. (2016) discuss the preliminary development of a longitudinal curriculum on race and
medicine throughout the programming of their university’s medical school. In addition to
Donovan et al.’s (2020) work on humane genetics literacy interventions (as discussed in section
8.1), Hubbard’s (2017a; 2017b) “biocultural approach” or interdisciplinary curricular approach
to bio-technoscientific education, offers a promising starting point. Hubbard and Monnig’s
(2020) research has shown that while many educators might avoid addressing issues of race and
racism in introductory contexts, even a simple mythbusting quiz at the beginning the term might
significantly disrupt previously held assumptions about race and biology. Herd (2021)
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advocates for the inclusion of sociological expertise in science curricula, noting that sociologists
can and are engaging in “sociogenomics research [and] are making, and can continue to make,
substantive and critical contributions. Sociology ... can ultimately help to better understand the
interplay between the social and biological and reduce the risk for reductionist understandings
of genetic influence” (p. 431; see also Seiter & Fuselier, 2021). Li et al. (2022) and Gouvea
(2022) have experimented with critically examining race as deployed in existing
genomic/genetic educational resources as a fruitful exercise alongside their students.

It is thus the recommendation of our team that an interdisciplinary framework for
science teacher education curricula be advanced; the literature suggests that this would be best
accomplished through methods courses (Gericke et al., 2017) and have the most impact if
focused on K-12 education (Donovan, 2022). Reese (2020) proposes an EDI-focused course in
science education, arguing that interdisciplinarity (e.g. sociology and science perspectives
together) is a necessity for EDI to be realized in science education writ large. Finally, while the
literature does not name it as a future research direction, our study’s analysis suggests that
exploring the oral histories of Indigenous (see Jacobs, 2010), Black and other racialized youth
who have and/or are not part of the settler colonial narratives that continue to inform certain
biological concepts of “race;” its curriculum, pedagogy and respective (humane) literacies
would help teacher educators to further understand how to disrupt essentialist conceptions of
genomics education within the broader field of science and science education.

8.3 Create national, provincial, and territorial K-12 professional learning opportunities
for teacher educators and science educators to develop and implement curriculum and
pedagogies that proactively takes up the differences between basic, standard, and humane
genomics literacies.

On the basis of experimental results consistent with this hypothesis, we argue that
supporting the development of genomics literacy through genetics education could
reduce the prevalence of belief in genetic essentialism during adolescence.

(Donovan, et al., 2020, p. 522)

Postdigital education scholar Jandri¢ (2021) asserts that we “are now witnessing a rapid
convergence between physics and biology,” in which ‘biology’ “practices, such as genome
mapping and editing, cannot be thought of without computers, and ‘physics’ developments,
such as new energy sources, cannot be thought of without consideration of their implications”
for biology, from human to the wider biosphere (p. 261). “The convergence between biology
and information and the convergence between science and technology are closely followed by
numerous lower-order convergences such as the emergence of bioeconomy ... through to the
Covid-19 pandemic, [and] cut across traditional borders of biology, information, and society”
(Jandri¢, 2021, p. 262). For example, Scherz (2022) warns that the convergence of genomics
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and Al technologies threaten a new and as yet unexamined ‘precision education’ in which a
student’s genetic information is filtered through biased, proprietary algorithms, reviving the
“demons of eugenics” (p. 65; see also Fullwiley, 2014). The biases encoded in such bio-
technological unions suggest a future in which “Whiteness, other hegemonic social identities
(e.g., marriage, traditional gender roles), and mental and physical attributes (e.g., being
ablebodied) are synonymous with the ideal family and population health” (Chatters et al., 2021,
p. 448; see also Paranhos & Cardoso, 2020). We would further add that these algorithmic
developments encode and perpetuate settler colonial logics into a future of what it means to be
human (Phillips & Ng-A-Fook, 2024). Our research here and elsewhere suggests that
educational research and professional learning are needed to inform and support teachers and
teacher educators to respond to both the opportunities and dangers of emerging technosciences
in relation to the contexts of a postdigital turn (Jandri¢ & Knox, 2022). Such professional
learning would seek to disrupt and challenge genetic essentialisms, racisms, and exclusions as
well as advance anti-racist strategic curricular and pedagogical responses.

Here in Canada, a will to realize such humane genomic futurities ostensibly needs to
exist from a policy perspective. In 2017, the Association of Canadian Deans of Education
(ACDE) published their Accord on Teacher Education, with the broad aim of “[fostering] an
inclusive and equitable society” (p. 1). In the summer of 2020, nearly 50 Canadian universities
signed the Scarborough Charter on Anti-Black Racism and Black Inclusion in Canadian Higher
Education: Principles, Actions, and Accountabilities, affirming that the responsibility of
institutions, including teacher education programs, is to “build practices of ongoing dialogue

and action yielding inclusion, substantive equality and societal transformation” (Preamble
section, para. 1). At the University of Ottawa’s Faculty of Education, our 2022-27 Action Plan
1s committed toward increasing the “capacity of teaching staff, administrative staff, and students
to create and sustain inclusive, accessible, and anti-racist student experiences and learning
environments” (University of Ottawa, 2022, n.p.).

In the context of our study, such commitments imply the question: How might we seek
to address and engender a humane genomics literacy nationally via ACDE and teacher
education programming across Canada? Other than some studies of biology textbooks (e.g.
Willinsky, 2020), there has not been a comprehensive study of science curriculum and its
relationship to racisms and anti-racisms here in Canada. We argue that future studies are needed
in terms of an analysis of provincial curriculum policy documents. Such analyses could be done
in partnership with different national, provincial, and territorial professional science educators
networks, such as Genome Ontario, Genome Quebec, and Science Teachers Association of
Ontario (STAO). These analyses should then inform the creation and dissemination of practical
teacher education resources; for example, STAO maintains an index on anti-racist science
education resources, but none address racisms and anti-racisms in genomics literacy.
Meanwhile, Genome Canada, Ontario and Quebec do not appear to include resources or
research on racisms and anti-racisms in genomics education or related research.
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Such further research and resource development would support the establishment of
national, provincial, and territorial professional learning opportunities in K-12 education,
providing teacher educators and science educators with the requisite expertise, skills, and
resources to effectively integrate these distinct genomic literacies into curricula. These
professional development opportunities should aim to disrupt and challenge genetic
essentialisms, racisms, and exclusionary practices, fostering anti-racist strategic responses in
curriculum and pedagogy. These professional (un)learning opportunities would encompass:

e Equipping teacher educators and science educators with a comprehensive understanding
of genomics and its far-reaching implications across diverse domains like health,
environment, and wider society (Gericke et al., 2017).

e Offering critical insights to teacher educators and science educators regarding the
societal, cultural, and historical contexts shaping the creation and interpretation of
genomic knowledge, along with their connections to white settler colonial logic, genetic
essentialism, and racism (Kung, 2018).

e Providing a structured framework and instances of humane genomics literacy,
distinguishing it from basic and standard genomic literacies in terms of concepts,
methodologies, values, and ethical considerations (Donovan et al. 2020; Saunders &
Rennie, 2013).

e Empowering teacher educators and science educators with methodologies and tools to
create and implement curricula and pedagogies that actively address the distinctions
among basic, standard, and humane genomics literacies. These strategies aim to nurture
students’ understanding and application of genomic knowledge within its social,
cultural, and historical contexts, while further advocating for diversity, equity, and
justice in science and society (Sheldon, 2018).

e Providing teacher educators and science educators with collaborative spaces and support
to engage in reflective practices, facilitating the exchange of experiences and insights
while addressing challenges encountered in developing and implementing curricula and
pedagogies that address the disparities among basic, standard, and humane genomics
literacies (Lee et al., 2018; 2021; 2020).

What continues to emerge from our scoping review is a prescient call for science educators to
become more aware of, equipped to, and supported in teaching the nuanced histories of their
fields, the biological and sociological complexity of human variation, and the promises as well
as dangers of emerging bio-technosciences while promoting anti-racism as a core competency
of science education. Moreover, what becomes clear from our research is that part of such future
work could involve collaboration between and among genome research organizations,
professional science education associations, and teacher education programs, studies on what
the baseline of genomics literacy is in Canada, and inquiry into how we might leverage existing
and emerging promising literature to foster new social action education and research projects.
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9.0 Limitations and Opportunities for Future Research

This scoping review was limited by a relatively short (under one year) funding and reporting
timeline. In response, our study focused on peer-reviewed journal articles. The team also lost
its Francophone team members early in the screening phases of the project due to unforeseen
circumstances and other research commitments. As a result, future Canadian research initiatives
into Francophone research literature as well as Anglophone and Francophone professional
organizations, programs and initiatives are warranted.

The search strategy developed for this review was comprehensive and exhaustive.
Despite this, our search strategy did not return any significant Francophone literature on racisms
and anti-racisms in relation to science and/or teacher education. We ran a sensitive search across
eight databases to identify pertinent studies. However, we acknowledge that a search strategy
may be prone to subjectivity and may have been designed differently, which means that some
studies could have been missed. Nevertheless, we do feel confident that the approaches used
were rigorous and comprehensive. The team did locate possible Francophone resources such as
Genome Quebec and France Genomique. However, the team lacked the financial and human
resources to expand the project’s scope beyond journal articles. Moreover, searching Genome
Quebec and France Genomique’s English language websites did not return any results for
projects or resources focused on addressing racisms, anti-racisms, or the interplay between
biology and social identity. What resources exist and what and how institutions are addressing
racisms and anti-racisms in science education should be explored further.

Finally, due to the summative nature of scoping reviews, this report does not critique
the literature as it currently stands. Critical inquiry into the curricular possibilities and
limitations of this body of literature remains a future research priority for our team. For example,
an interdisciplinary curriculum on its own may not address the intersectionality of race (Dr.
Lerona Lewis, personal communication, March 6, 2024). Further, how and to what extent “race”
is addressed in Canadian provincial science curricula policy documents should be investigated,
including what a humane genomics literacy would look like on the ground (Dr. Tasha Ausman,
personal communication, February 11, 2024).
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