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Introduction

Heather M. Falconer
University of Maine

In early 2021, LaKeisha McClary (co-editor of this collection and Assistant Professor 
of Chemistry at The George Washington University) and I found ourselves in a con-
versation about writing instruction in science, technology, engineering, and mathe-
matics (STEM) disciplines, as well as the persistent, pernicious inequities that con-
tinue in these spaces. It was a casual conversation in the midst of a global pandemic 
where everyone seemed to be “pivoting” left, right, and center. Across academia, in-
structors were still sorting out how to move their large, in-person lectures into online 
modalities while simultaneously deciding if and how the social unrest being experi-
enced nationally in the US1 should find its way into classroom conversations. In our 
conversation, LaKeisha and I shared some of our own approaches toward creating 
inclusive spaces in our classrooms and the challenges we faced in doing so. It also 
involved a significant airing of grievances about our conditions of operation (e.g., 
institutional barriers, resistant faculty, resistant students), but much of it focused on 
steps toward improvement. What would a socially just future in STEM look like? 
What role might writing play in that future, and how could inclusive instruction be 
enacted in STEM spaces? How can we help STEM instructors be more equitable in 
their writing assessments and explicit in their instruction? What can be done, short 
of blowing the whole system up and starting all over again? 

That conversation was the impetus for this book. We set out to highlight the 
ways in which this work can be done both in writing and disciplinary courses, 
providing a firsthand look at the types of interdisciplinary conversations we would 
love to see more of on campuses across the US. We also aimed for a bottom-up 
approach, one where the underlying assumption from day one was that equity 
should simply be part of the new normal. Making our classroom spaces accessible 
and welcoming to all students is just how operating in the 21st century should be. 
Part of that equity and accessibility is making explicit the ways in which the writ-
ing and meaning-making we do in our disciplines is unique and specific to our 
fields, and as such the teaching of those practices falls on anyone who is invested 
in language education and writing in STEM spaces. Hence, this book is both for 
those whose primary academic home is STEM as well as those who are focused on 
writing instruction.

1  I am referring, here, to the 2020 Presidential election, the storming of the U.S. Capitol Build-
ing, the very public murders of Black Americans at the hands of the police, and the marches around 
gender and LGBTQIA+ rights. All of these are tensions that continue to persist.

https://doi.org/10.37514/ATD-B.2024.2364.1.3
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To be clear, this book is not arguing for the teaching of STEM through an 
interdisciplinary lens. We are not attempting to bridge the divide, for example, 
between STEM and the arts and humanities (i.e., a STEAM approach) or STEM 
and the public. There are already excellent collections taking up this work (see Kao 
& Kiernan, 2022 and Yu & Northcut, 2017, respectively, as recent examples). Sim-
ilarly, we knew that another text arguing for the importance of disciplinary writing 
instruction itself was unnecessary. Effective communication skills have been rec-
ognized for some time as a critical aspect of being a STEM practitioner. Research 
has shown that explicitly teaching the ways in which language and forms of writ-
ing (i.e., genres) are representative of the various procedural and communicative 
tasks scientists and engineers regularly perform has positive impacts not only on 
persistence but on the development of disciplinary identity and agency—particu-
larly for those from historically marginalized groups within those fields (Falconer, 
2019a, 2019b; Hyland, 2012; Paretti et al., 2019; Poe et al., 2010). Accreditation 
boards and national STEM organizations have also recognized the necessary role 
of communication instruction in higher education: ABET Criterion 3 (2022-23) 
identifies the need for students in engineering, as well as applied and natural sci-
ence programs, to develop an ability to communicate effectively with a range of 
audiences; the 2011 American Association for the Advancement of Science (AAAS) 
Vision and Change report identified the “ability to communicate and collaborate 
with other disciplines” (p. 15) as a core competency for biology undergraduates; 
the National Research Council (2012) has explicitly called out the need for further 
research into the ways educational conditions and strategies like writing across the 
curriculum (WAC) can “limit or promote metacognition” (p. 175) and have an 
impact on retention and persistence in STEM disciplines.

Compiling another text drawing attention to inequities in STEM was also not 
our goal. Concerns of equity, retention, and persistence for minoritized groups in 
STEM have been a topic of discussion for a considerable amount of time, with 
initiatives supported through the U.S. government (e.g., the National Science 
Foundation, President Obama’s “STEM for All”) as well as programs designed 
to offer high-impact practices like undergraduate research experiences. Scholars 
such as Ebony O. McGee (2020a, 2020b) have well-documented structural rac-
ism in U.S. STEM higher education and its impact on retention and persistence 
of Black students and scholars, particularly as it relates to performativity expecta-
tions (McGee & Martin, 2011). McGee and William H. Robinson (2020) have 
published compelling research into the ways in which inequity (both structural as 
well as social—i.e., microaggressions) impacts racial minorities in STEM, offering 
suggestions for remediation. Both Kathi N. Miner and colleagues (2018) and Mary 
Blair-Loy and Erin A. Cech (2022) have similarly examined the ways in which 
STEM inequity is structured as it relates to historically marginalized communities, 
highlighting the fact that epistemological and cultural beliefs perpetuate unequal 
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and unfair outcomes. Remediating discrepancies must begin with a shift in lens 
in how the problems are viewed—from the individual’s challenge to the group’s 
responsibility. These conversations have been circulating for long enough that in 
a 2017 letter published in the journal Science, Amanda J. Zelmer and Aleksan-
dra Sherman noted that “the failure of long-standing efforts to effect substantial 
change [in STEM diversity] reflects a deeper issue: the widespread cultural belief 
that science is neutral, objective, and apolitical” (p. 312-313). In their explicit call 
for STEM instructors to use culturally relevant teaching practices and materials in 
their classrooms to dismantle barriers, the authors asserted that “the idea that sci-
ence is separate from social and cultural issues is flawed and alienates women and 
underrepresented minorities” (p. 313).

Yet, we found ourselves wondering to what degree instructors feel comfortable 
doing this work. How does engaging with these questions of ontology and episte-
mology force educators to confront what Mark Skopec and co-authors (2021) refer 
to as “epistemic fragility:” “an effortful reinstatement of an epistemic status quo, as a 
reaction against introducing ideas, narratives and research associated with decoloniz-
ing the higher education curriculum” (p. 3)? And what about resistances to writing 
instruction? Despite significant research related to writing and writing instruction 
in STEM and the recognized need for direct instruction, gaps continue to persist 
between WAC scholarship and its implementation in STEM education. Reynolds 
et al. (2012) have attributed this siloing of knowledge to a “lack of awareness of the 
research on the effectiveness of [WAC pedagogy], since most published findings are 
in journals not regularly read by STEM faculty and the majority of studies use meth-
ods unfamiliar to most scientists” (p. 18). More recently, research into STEM faculty 
beliefs related to writing illustrated reluctance due to understandings of what consti-
tutes writing in their courses (Bathgate et al., 2019; Hora et al., 2019; Lund & Stains, 
2015), whether writing is of benefit to students within these contexts (Thompson et 
al., 2021), and whether writing is even part of the knowledge-making process in their 
field (Gere et al., 2019; Moon et al., 2018). The humanistic aspect of writing—that 
it is a process of thinking and creating knowledge, not just a skill to document infor-
mation, and is rooted in culture—often gets lost.

These are heavy challenges, to be sure. They don’t have easy solutions, and they 
don’t fall onto STEM instructors alone to resolve. Those who work with STEM stu-
dents in writing courses and initiatives also bear some of this burden. From a writing 
studies perspective, we have known for some time that writing plays an important 
role in how knowledge is constructed and disseminated in STEM disciplines. For de-
cades, scholars have examined the role of stases and topoi in scholarly arguments (e.g., 
Fahnestock & Secor, 1988; Wolfe et al., 2014), the ways in which language shapes 
how scientific knowledge is constructed and communicated (e.g., Bazerman, 2000, 
1981; Myers, 1990, 1985), and various approaches to the incorporation of writing 
into STEM disciplinary spaces (e.g., Finkenstaedt-Quinn et al., 2021; Gallagher et 
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al., 2020; Gere et al., 2019; Venters et al., 2018). In short, we have a good idea of how 
STEM researchers write and how those practices reify particular ways of knowing and 
doing. In writing studies, we also have a rich body of scholarship related to inequity 
(e.g., Condon & Young, 2016; Inoue, 2019; Poe et al., 2018), though that has not 
quite yet merged with the scholarship related to STEM from writing in the disci-
plines—and neither seems to have effectively crossed the disciplinary divide to reach 
STEM practitioners directly. Topics of writing in STEM journals, particularly as they 
relate to Discipline-Based Education Research (DBER), tend to focus on the use of 
inquiry-based writing in laboratories to improve students’ critical thinking skills and 
knowledge acquisition (e.g., Badenhorst et al., 2020; Jeon et al., 2021; Larsen & 
Gärdebo, 2017), not explicitly to increase access.

It is with all of these questions and challenges in mind that we began culti-
vating the chapters that appear in this collection, as well as the vignettes that offer 
important insights into the lived experiences of students in STEM. We sought con-
tributions that moved beyond typical disciplinary writing and content instruction 
and instead focused on work that was intentionally, sometimes subtly, disrupting 
the assumptions of STEM writing, communication, and knowledge-making. In our 
call for submissions, we asked contributors to think critically about how we create a 
sense of belonging for students from groups that have historically been kept out of 
these disciplines, how faculty can consciously create space for student voices to be 
heard, and specifically how we can do this with an eye toward discursive practices 
of STEM disciplines. Contributors were asked to offer us specific cases—classroom- 
or research-based contexts—that described their intents and goals, the interventions 
they enacted, how students responded, and the unexpected elements that presented 
themselves. We asked contributors to be self-reflective in ways that were transparent 
and showed the ugly bits; to share the lessons they learned and the errors they made.

In selecting chapters for this collection, we intentionally chose contributions that 
worked to disrupt the status quo, challenge assumptions, and embrace inclusive writ-
ing pedagogies. To be sure, these are not quick-fix solutions to appease the diversity, 
equity, and inclusion committees on campus, nor are they a one-off to allow instruc-
tors to check a box and feel that they have done their part. Rather, these chapters serve 
as entry points; they are the beginning of a conversation and set of practices that we 
hope educators and scholars will take up, expand on, and incorporate into programs 
so that, together, we can materialize a vision of a socially just future in STEM. We 
aim to create, as Rebecca Walton, Kristen R. Moore, and Natasha N. Jones (2019) 
have argued, spaces that “value ways of learning and knowing beyond [our] own and 
challenge complicity in oppressive intellectual practices” (p. 95). 

Once chapters were accepted, we also circulated a request for vignettes from 
STEM students (either current or former) who had experiences that invoked a 
sense of belonging in their fields. This request, which was circulated via our authors 
as well as through social networks, resulted in short reflections about what helped 
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make these students feel welcome in STEM spaces. These vignettes are included 
so that readers can see the power of microinclusions – subtle practices that tell our 
students that they are valued, that their perspective matters, and that they belong. 
The vignettes illustrate the ways that small changes and the creation of space can 
have lasting impacts on students from historically marginalized groups in STEM.

With this book, our goal is to create a “way in” for instructors in a wide range 
of disciplines to incorporate inclusive practices into STEM spaces—whether that is 
in a disciplinary writing classroom, teacher preparation program, traditional class-
room, or undergraduate research. We seek to inspire, while also providing useful 
resources that can immediately be incorporated into existing courses and programs. 
This collection aims to show how meaningful change does not need to be drastic 
or involve tension or massive curricular reform. Simply modifying an assignment 
or replacing an assessment practice can create microinclusion opportunities. While 
we cannot change the system as a whole all at once, we can make efforts in the 
places we control (our classrooms and laboratories) to help counteract the negative 
messages students encounter elsewhere. Small efforts by individuals lead to larger, 
collective change.

Our Guiding Principles

As faculty who actively engage in interdisciplinary work, we began this project with 
certain assumptions about what instructors need—assumptions based specifically 
on U.S. educational contexts. We recognize that many of the inequities we experi-
ence in the US regarding STEM education are present in other countries, but we 
also recognize that different contexts and systems require different solutions and 
that some of our assumptions may not apply. We offer our assumptions here so that 
readers outside of the US can determine what applies and what does not, and those 
within can see how we are oriented.

Despite coming from very different fields (Heather from writing studies; 
LaKeisha from chemistry), we recognize some important considerations that im-
pact this work:

• Faculty in STEM rarely have access to courses in pedagogy and, outside 
of WAC programs, typically do not receive instruction on how to teach 
disciplinary writing.

• Faculty in writing programs may have a firm grasp of writing pedagogy 
but not the disciplinary orientations or discourse knowledge to effectively 
teach STEM writing.

• There is often tension surrounding who has the authority—who is 
allowed—to teach disciplinary writing (the people who do it versus the 
people who study it).
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• Equity and inclusion work is new to most instructors, and though inter-
est is often there, a “way in” can be very hard to find.

• Balancing the course content for a traditional STEM class with writing 
instruction and inclusion work is a big lift.

In this collection, readers will find detailed information about the practices our 
authors have tested within their classroom spaces, as well as the relevant resources 
(reading lists, assignment prompts, etc.) that were used to effectively conduct the 
course. Importantly, we have asked authors to speak to the challenges they ex-
perienced in teaching the material, what they might change, and other frictions 
encountered or anticipated for the future. Our goal with these inclusions is to 
highlight the often-messy, imperfect ways in which inclusion and writing work gets 
done. We wish to destigmatize who is able to do this work, as well as offer some 
guidance in avoiding pitfalls. This collection is about action, not only theoreti-
cal orientations. We wish to offer actionable steps faculty can enact to make their 
STEM writing spaces more inclusive and challenge assumptions about disciplinary 
writing. We want readers to read a chapter, be inspired and empowered to modify 
the materials to fit their local context and try something new. That isn’t to say that 
conscious, careful consideration of students and disciplinarity are not at the fore-
front. Rather, these considerations are already built into the chapters so that readers 
start at a place of accessibility and positive action.

At the same time that we strive for accessibility and positivity, we don’t shy away 
from the hard truths. As Ann Fink notes in her chapter (this collection), “Prac-
titioners must decide how and when they will resist oppressive practices around 
them, knowing that this also, inevitably, involves risk.” Throughout this book, 
readers will encounter theoretical orientations and frameworks from a wide variety 
of disciplines. Some of these may be familiar (such as feminism or colonialism); 
others may be new or have connotations from the public sphere that need to be 
disentangled from political rhetoric (critical race theory, for example, or linguistic 
justice). Our authors present the scholarly definitions of these terms, as they were 
introduced in their original formulation, to help readers separate evidence-based 
frameworks from speculation or misinterpretation. In the end, though, the agency 
is with the reader as to whether these approaches work within their specific in-
stitutional contexts and needs, as well as if they feel prepared to enact these evi-
dence-based theories effectively.

The chapters in this collection are organized around the themes of disruption 
to epistemic beliefs and challenge to traditional pedagogical practice. We believe 
these themes will resonate with instructors broadly rather than arranging chap-
ters by disciplinary area. This is because the authors have worked hard to present 
their approaches in ways that transcend disciplinary boundaries. An instructor who 
works with engineering students, for example, can learn as much from chapters 
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that discuss technical communication and mathematics as they do from those 
chapters that focus on engineering contexts. Likewise, instructors who primarily 
teach writing will be able to find and use concepts and assignments presented in 
distinctly disciplinary courses. We believe that the interdisciplinarity of this col-
lection is one of its strengths. For readers who are interested in specific topics or 
disciplines, however, we offer a matrix at the end of this introduction that identifies 
common elements addressed in the chapters. This allows for more of a “pick-your-
own” journey through the collection.

In Section 1. Disrupting the Status Quo, contributing authors share stories of 
building critical awareness of inequity throughout the curriculum. Jameta Barlow 
and Kylie Quave open the section with an exploration of what this work might 
look like within the context of a first-year writing course. They offer us ways to 
use decolonial, Black Feminist, and queer theoretical frameworks both as a way 
to teach writing and communicate scientific information about the world. This is 
followed by Blomstedt, who advocates for STEM writing instruction to begin with 
teaching students the history of how English became “the language of science” (this 
collection). Responding to calls from those in writing studies to resist linguistic 
imperialism and white language supremacy in our teaching (Canagarajah, 1996; 
Baker-Bell, 2020) and instead teach writing from a translingual approach, the se-
ries of lessons described by Blomstedt teaches students the precise means by which 
English became and has remained “dominant” in STEM writing. 

Megan Callow and Holly Shelton continue this theme of challenging historical 
accounts of STEM knowledge with a discussion of a novel partnership between 
writing scholars and STEM faculty at the University of Washington. In this chap-
ter, the authors describe how they designed and implemented a Critical Science 
Literacy course to help students think critically about the nature of science through 
the analysis and production of texts and about the ways that scientific knowledge 
shifts as it traverses platforms and audiences. The course emphasizes an under-
standing of the nature of science as contingent, contested, and situated; engages a 
diversity of ways of knowing and doing in science across cultures and nations; and 
traces the genealogies of ideas in circulation as information moves through pipe-
lines and networks.

Laura Callis expands on this topic of knowledge-in-circulation with a discus-
sion of the roles mathematics and statistics have historically played as tools of op-
pression, as well as how they can be leveraged to highlight and address injustice. 
Her chapter describes two assignments used in introductory statistics courses at 
a neurodiverse college that welcomes learners with a range of educational back-
grounds. The assignments use real data about social justice topics and low-stakes, 
scaffolded writing prompts to support students in working through the statistical 
inquiry process, developing conceptual understanding and technological fluency, 
and improving their precision of language both mathematically and contextually. 
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Callis uses this chapter to show how using data sets that address injustice can be a 
solution for statistics faculty who feel the tensions of covering an ambitious sylla-
bus, developing students’ conceptual understanding, and recruiting interest in the 
quantitative fields.

This is followed by a chapter by Alicia Bitler and Ebtissam Oraby that dis-
cusses a course meant to destabilize and challenge the prevailing view of science as 
Western, male, and white. The authors of this chapter created a course that allows 
students to explore a non-Western epistemology of science and think of science as 
diverse and inclusive. Throughout the course, students explore Muslim and Arab 
science history and culture as part of a globally shared human heritage to open a 
space for other ways of thinking about and doing science. Muslim and Arab schol-
ars have contributed to science in meaningful and often unacknowledged ways, 
founding disciplines like chemistry, algebra, modern surgery, and optics, shaping 
science as we know it. The course highlights the achievements and ways of knowing 
in science of prominent Arab and Muslim scientists.

The section concludes with a chapter by Justiss Burry, Carolyn Gubala, Jessica 
Griffith, Tanya Zarlengo, and Lisa Melonçon, who take up similar considerations 
of justice and ask: “What happens in a large [Technical and Professional Commu-
nication] program when it creates a programmatic inclusion vision and then sets 
out to enact it?” (this collection) In this chapter, the authors discuss the answer 
to this question as a way to address this collection’s emphasis on actionable steps 
faculty can enact to make their STEM writing spaces more inclusive and challenge 
assumptions about disciplinary writing.

Section 2. Challenging Orientations to Instruction and Assessments moves from 
an exploration of ontology and epistemology into one of application. Contributors 
in this section present ways to enact elements of disruption into considerations of 
genre and disciplinary practice, while also asking STEM educators to turn the lens 
back onto themselves and what they value. In the opening chapter to this section, 
Rachel Riedner, Royce Francis, and Marie Paretti ask questions of common class-
room practices by looking specifically at the intersection of writing and identity in 
engineering in the context of engineering judgment. Their goal is to consider how 
one might design assignments and create group work practices that help students 
to actively position themselves as engineers. This chapter discusses the theoretical 
framework and praxis implications from an instrumental case study that explores 
how writing in the disciplines (WID) assignments do and do not support students’ 
engineering identities in an existing capstone course. 

Continuing with a consideration of writing in engineering, Jennifer Mallette’s 
chapter examines the situated learning and integrated approaches that facilitated 
one engineering communication course’s success, with a focus on the ways the 
course was planned and designed and the approaches built into that design that 
were aimed at supporting student success, particularly in a year where more students 
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struggled because of remote classes and various pandemic challenges. The first part 
of the chapter examines the impacts of designing a course in collaboration with 
the College of Engineering and the specific department, implementing a backward 
planning approach that also incorporated inclusive excellence pedagogical strate-
gies and equitable assessment. The second part of the chapter explores the course’s 
preliminary impact on student learning, given the course’s built-in flexibility and 
use of contract grading in an online environment. The chapter concludes with key 
takeaways for designing a course with inclusion and equity as a core value, as well 
as approaches to implement in a course to support student success. 

Sally B. Seraphin continues the theme of supporting student success by pre-
senting a framework for creating relevant, meaningful writing assignments that 
leave space for students to perform at their best and grow in their learning. Her 
“non-disposable assignments” engage students at a variety of tiers of engagement 
in a manner that leads to sharing of resources and materials in a multitude of ways. 
These assignments, Seraphin argues, provide entry points for students to thrive—to 
capitalize on their skills and knowledge in a way that moves beyond completing 
activities for assessment and toward having an impact in the world. 

Similarly pushing traditional notions of writing instruction and assessment, 
Jennifer Newell-Caito discusses what it looks like to incorporate “ungrading” (Kohn 
& Blum, 2020) strategies into an upper-level analytical biochemistry course. New-
ell-Caito explains how her use of flexible deadlines, authentic assessment, contract 
grading, and process letters support student learning and aids in building metacog-
nition for students. 

Continuing with the theme of meaningful writing, Janelle Johnson et al. 
present a strategy for engaging students with questions of their own positionality 
within STEM education. Explicitly focusing on disability, the authors (which in-
clude participants in the course) present an assignment sequence that asks students 
to choose an educational inequity they are passionate about and combine a synthe-
sis of the policy context with a sharp focus on a particular community. They learn 
to create a series of concrete actions they can take to address the inequity, and those 
actions are captured in a public service announcement. The project concludes with 
an exposition where students publicly share their call to action. 

In the final chapter of this section, Ann Fink offers educators an example of 
how to enact liberatory pedagogy in STEM content courses. By focusing on a 
course in neuroethics, Fink discusses the way she has built an inclusive curriculum 
that disrupts traditional ways of thinking about neuroethics as well as the pedagog-
ical approaches used to make the classroom more equitable.

The collection concludes with a discussion of the kinds of questions we an-
ticipate readers will have regarding the practical realities of implementing these 
practices. We offer individual perspectives from our respective fields as well as addi-
tional resources for those who wish to continue their social justice journey.
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Our Call to Action

As noted earlier, this collection is not about convincing STEM instructors that 
writing is important; nor is it about convincing anyone that diversity and inclusion 
are paramount concerns for their fields. Rather, this book is for the educator who 
wishes to do something about it. As editors, we recognize that there are important 
conversations missing from this collection and equity conversations more broadly. 
Though we actively sought scholars and educators doing work specifically around 
neurodiversity in STEM, for example, our outreach yielded very little response 
(Johnson et al. being the exception). Similarly, finding scholars exploring the resid-
ual effect of this work—tracking what sticks and what fades away—proved elusive. 
We sought contributions from scholars doing work and practices that pushed the 
boundaries of what typically gets addressed in equity and inclusion (looking toward 
disability and socioeconomics, for example, or experimenting with language use) 
but encountered similar challenges. 

To be sure, there are individuals doing this work, and we have made strong 
efforts to provide direction to that scholarship in the Conclusion. Finding unpub-
lished work related to STEM writing (and not education broadly), however, turned 
out to be more difficult than expected—particularly in interdisciplinary spaces and 
international contexts. What that highlighted, though, was that inclusive writing 
instruction in STEM spaces is an area of scholarly and practical interest, and with 
many lines of inquiry still left to be explored and amplified. We are hopeful that 
the approaches presented in this collection will empower educators to start (or 
continue) equity and inclusion work in their STEM-relevant classrooms and in-
spire researchers to consider new lines of inquiry aimed at the long-term impacts of 
this work and how it transfers to spaces outside of the classroom. To that end, the 
collection’s Conclusion provides some reflections by each of us (including a final, 
powerful call to action from LaKeisha), a series of questions and considerations for 
educators and resources to continue learning and contributing.
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Appendix: Topic Matrix for Collection
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Section 1. Disrupting the Status Quo

Disrupting the status quo in STEM courses is about creating space where everyone 
sees themselves as members of the disciplinary community. It is about consciously 
recognizing that doing things the way they have always been done does not nec-
essarily mean that those practices are the best way to move forward. We begin the 
collection in this disruptive space in an effort to orient readers’ thinking toward 
the more radical possibilities challenging the status quo can lead to. It is important 
to note that this work is not about being confrontational or antagonistic. Rather, 
the end goal is to lift the curtain to show the humanity behind the systems we 
consciously and subconsciously reinforce through our work. It is about recognizing 
what no longer works when we choose to curate educational and disciplinary spaces 
that include those who have historically been left out or erased.

Section 1 opens with poignant student reflections from Dhatri Badri and Riya 
Sharma. Badri discusses her experiences as a woman in biology and the impact of 
a single course on helping her carve out and own a space for herself in the field. 
Sharma focuses on the power of a science writing course that made challenging 
assumptions and identifying bias the focus of the work. 

The chapters in this section then take up that theme of creating space by ex-
ploring topics such as disrupting traditional ways of thinking about science in 
themed first-year writing courses (Barlow and Quave), interrogating English and 
language supremacy in STEM writing instruction (Blomstedt), illustrating how 
interdisciplinary collaborations can open space for developing Critical Science Lit-
eracy (Callow and Shelton), the use of real, current data related to social justice 
in an introductory statistics course to highlight institutionalized bias (Callis), and 
developing courses that highlight the ways in which cultures from around the globe 
have contributed to foundational elements of STEM (Bitler and Oraby). The last 
chapter in this section asks students in Technical and Professional Communica-
tions (TPC) courses (which often target STEM students) to take up considerations 
of justice and cultural difference in their work (Burry et al.).

As noted in the Introduction, these chapters are meant to generate thinking 
about what is possible and practical within educators’ own instructional spaces. The 
assignments and pedagogical strategies described offer starting places—approaches 
to try, test, and modify as needed.
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Student Vignette

Dhatri Badri
Boston University

In several of my STEM classes, I experienced imposter syndrome—this feeling of 
not being good enough or fully represented as an Indian woman in my biology 
major. I lacked a connection between my personal identity and the STEM classes 
I had taken due to this absence of belonging. It was in a writing-intensive course 
about the history and philosophy of math and science that I finally felt a sense of 
belonging. This class was singular in my STEM education because I focused on an 
issue that resonated with me personally. Outside of this class, I would not have had 
the opportunity to explore the topic on which I eventually wrote a 15-page paper: 
“Scientific Developments in Colonial-Era India.”

This class acknowledged and emphasized that several civilizations and cul-
tures contributed to the scientific community and went underappreciated and 
unrecognized due to the Eurocentric nature of science. This intrigued me; I won-
dered if this had happened to my own culture. Through the assigned readings 
in this course, I realized how little other cultures’ contributions to science were 
taught in school, and I wanted to add to the discourse by including my own 
culture. Consequently, my final paper focused on the scientific developments in 
India during British rule. The reflections written after the readings were vital to 
my paper—they allowed me to see scientific concepts from a historical and phil-
osophical angle, which was often not evident in my core STEM classes. The class 
not only helped me to appreciate my cultural history but also to admire that my 
people contributed to the very field I am studying.

This paper bridged the gap between my place within the STEM fields and my 
experiences as a woman and a person of color. It is well established that these fields, 
especially their research aspect, is male-dominated. In my experience, my male 
classmates have typically been more assertive and confident, in contrast to some of 
my female classmates, who tend to be more reserved and second-guess themselves. 
In one of the reflections for this class, I recalled instances with my male classmates 
and professors in group discussions like lab meetings where I thought to myself, 
“What if I say something—or should I even say anything at all? What if they judge 
me?” While they had not meant to ignore me, I always felt like an outsider and like 
I needed to work much harder to make my ideas heard. This class gave me the space 
and confidence to communicate those very ideas. 

Through this writing assignment, exploring my Indian ethnicity and culture 
allowed me to engineer my own inclusion in the STEM fields in spite of imposter 
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syndrome. Due to this course and its assigned writings, I was further inspired to 
write an article in my college’s journal about women who were overlooked in the 
STEM fields. It was beneficial for me to see my heritage and community repre-
sented in the field I am currently studying. I hope that my presence in the STEM 
fields will inspire others with my ethnic background to pursue similar careers and 
interests, while simultaneously paying homage to the scientific successes of our 
ancestors.
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Student Vignette 

Riya Sharma
The George Washington University

I am not a stranger to the pressures of performing well academically. Sitting at the 
kitchen counter at age 10, I’d feel tears form in my eyes as my mother scolded my 
inability to understand algebra. For what seemed like hours, I struggled to grasp 
the mathematical concepts necessary for success in the future STEM courses she 
envisioned me taking. I was further discouraged from pursuing STEM-related op-
portunities and careers as I heard the soft giggles of my peers echo while I failed to 
answer geometry questions correctly. Enjoying my education became challenging 
as school fostered an environment centered around competition and awards in 
place of students and their learning experience. Even in middle school, students 
began to tie their self-worth to scores on exams and boast about their ability to 
excel on practice SATs. While I continued to push myself and remained a relatively 
good student, my accomplishments felt small compared to those around me.

Growing up South Asian in a predominantly South Asian community within 
the US, I was surrounded by parents who lauded their children’s achievements in 
the STEM fields and their placement into prestigious high schools, universities, 
and research fairs. I was and continue to be incredibly proud of my peers and their 
contributions. They are continuing the legacies of hardworking immigrant parents 
and transforming their futures. However, I also felt out of place. I felt an average 
student such as myself, who performed worse in STEM classes, was too stupid 
to continue in a STEM discipline. Too stupid to make my parents and my larger 
community proud. I dismissed the idea of ever engaging in STEM.

It wasn’t until college that I felt included and as if I had the potential to suc-
ceed. To fulfill a requirement, I enrolled in Writing Race, Measuring Marginaliza-
tion, a course on science writing. Although the course was centered on writing, its 
material combined the natural and social sciences and quantification. Because of 
my past experiences in STEM education, I was initially hesitant about this course. 
However, Dr. Kylie Quave, my professor, quickly helped me not only feel com-
fortable but enthusiastic about the material through her teaching. The course took 
a student-focused approach. Instead of simply feeding information to students 
through static slides and lectures, Dr. Quave opened the door to discussion, allow-
ing students to share their personal experiences and perspectives without fearing 
judgment. Through this method, I (and my peers) felt actively involved in the 
learning process. It wasn’t just us learning from the professor. She was learning from 
us as well.
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Each class would focus on a new topic, from the dangerous effects of quantita-
tive methods in craniometry to the hypertension hypothesis and the use of ancestry 
in biomedical research. Productive class discussions accompanied lessons on each 
topic. Students, including myself, would ask questions and share their thoughts 
here. Such talks were instrumental in creating a welcoming and positive learning 
environment, and many of them stuck with me. I recall a classmate describing her 
current struggles with the US’s perception of race. Another explained how she’d 
experienced the effects of systemic racism firsthand. In previous courses, I hesitated 
to raise my hand for fear of being perceived as unintelligent or answering questions 
incorrectly. Not here. Hearing others openly share their points of view and being 
encouraged by Dr. Quave revitalized me, imbuing me with a sense of curiosity and 
wonder about the sciences that I thought I would never feel.

In addition to open discussion, the course showed me there was more to STEM 
than rigid facts and figures or competition in the classroom. I could connect with 
material in a new way through writing assignments and exercises. We were not sim-
ply assigned formulaic research papers and expected to regurgitate material from 
class. Dr. Quave worked with us one-on-one to help us develop research questions 
we felt interested in and passionate about while fostering collaboration through 
multiple peer reviews and group papers. I learned how essential discussion and 
writing are to student engagement, especially in STEM fields where this approach 
is less prevalent. Such curriculum and instruction methods significantly contrib-
uted to my decision to pursue a degree combining STEM and the social sciences, 
which I thought was never possible. Writing and discussing so openly with my 
peers not only made me feel heard but as if others wanted to hear my voice.
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STEM Writing as Disruption: Views 
from First Year Writing

Jameta Nicole Barlow and Kylie E. Quave
The George Washington University

Sociopolitical conditions have distinctly influenced the development of scien-
tific disciplines in the United States. These histories have promoted traditionally 
white, male knowledge producers as objective and reliable while sidelining others 
who have been deemed less neutral, objective, and authoritative in society (Kozlo-
wski et al., 2022). Imagined hierarchies of knowledge and knowledge producers 
in the sciences have come at the expense of robust explanations of the world and 
its humans, which could otherwise impact society positively. Recent public health 
crises continue to highlight the disparate ways in which science and technology fall 
short in addressing underlying social inequities in this modern, pluralistic society. 
Moreover, the COVID-19 pandemic revealed widespread, keen interest in, and the 
need for, the critical analysis of science and its applied impact on human behavior, 
decision-making, and medical interactions. 

This chapter is a call for STEM and STEM writing faculty to critically examine 
and center multiple perspectives on the roots of scientific knowledge production in 
our classrooms. Our objective is to explain the implications of historical and social 
realities within knowledge production—and their attendant epistemic injustices 
(Prescod-Weinstein, 2020)—within our first-year undergraduate science writing 
classrooms. We explain how Black Feminist, Indigenous Feminist, and other an-
ti-colonial approaches to writing in STEM are not only the lenses of our own ped-
agogies, but also how these approaches can be parlayed into many kinds of STEM 
writing classrooms. Our theory and practice (i.e., praxis) of teaching citation are 
explained here as a site for making these pedagogical goals reality. 

Historical and Present Challenges of 
STEM Knowledge Production

We approach this work by centering the tenets of Black Feminist, Indigenous 
Feminist, and other anti-colonial and decolonizing paradigms. Black Feminist and 
Womanist approaches entail collective struggles to address systemic inequities in 
the present and past, and the outcomes of centuries of exclusion and oppression. 
Following the lead of thinkers such as bell hooks and her critique of the imperialist 
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white supremacist capitalist patriarchy (1984/2000), Black Feminism acknowl-
edges the importance of intersectional approaches to the array of oppressions made 
possible by the multiple dimensions of marginalized identities (e.g., A. J. Cooper, 
1892; B. Cooper, 2015, 2016; Crenshaw, 1994; Hill Collins, 1989). Black Femi-
nist thought centers the experiences of Black women as essential to understanding 
the ways that multiple, interlocking oppressions operate in society. Since at least 
the 19th century, voices, such as Anna Julia Cooper (1892), have called for resis-
tance to overly simplified explanations of how social inequality works. Cooper’s 
work has been followed by a long line of Black Feminist theorists urging ways to 
end all oppressions by attending to the exclusions and marginalizations experienced 
by Black women (e.g., the Combahee River Collective Statement, 1978) and by 
understanding the ways systems including racism, sexism, patriarchy, capitalism, 
and more operate to uphold each other. More recently, theorizing these interlock-
ing systems is referred to as “intersectionality theory” (Crenshaw, 1994).

Indigenous Feminist ways of knowing and doing prioritize Indigenous sov-
ereignty for Indigenous lands and people. Similar to other critical feminisms, In-
digenous Feminist thought emphasizes an intersectional approach to disrupting 
current and historical harms perpetuated on groups excluded from dominant soci-
ety. Through Indigenous Feminism, decolonization is not merely a metaphor but 
rather demands the re-positioning of resources in just ways, with material change 
toward honoring self-determination (Tuck & Yang, 2012). Indigenous Feminist 
thinkers challenge the ways that scientists have violated Indigenous sovereignty 
and have unduly dismissed and sidelined Indigenous ways of knowing as non-sci-
entific and inferior or subjective (Kolopenuk, 2020; Steeves, 2021; TallBear, 2014, 
2016). Like Black Feminism, Indigenous Feminist theory similarly requires that 
the experiences of Native and Indigenous women be considered legitimate and be 
included as credible sources. Indigenous Feminist approaches require us to consider 
that not all women’s lives are the same and do not need to be, and that our ways of 
knowing the world may be heterogeneous, which is a strength rather than a deficit. 
Indigenous Feminist thought rejects assumptions about the superiority of science 
and “Western” ideologies of normalcy and nature. Indigenous Feminism also cen-
ters decolonization as a process of letting go of unearned material dominance (Tuck 
& Yang, 2012) and calls attention to the specific forms of violence experienced by 
Native women (Green, 2017).

These anti-colonial ways of knowing are leveraged to overturn the outcomes 
of racialized and gendered oppressions (and gendered oppressions, as well as other 
forms of marginalization) and how they influenced dominant Western thought. 
In the sciences, ample research demonstrates systemic exclusion and delegitimiza-
tion of Black and Indigenous women and others who did not fit an expected and 
purportedly normative EuroAmerican, male, middle-class identity (e.g., Bolnick 
et al., 2019; Mills, 2020; Rifkin, 2016; Shelton, 2020; White & Draycott, 2020). 
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In other words, simply existing, for Black and Brown individuals, as well as other 
marginalized groups, is a disruption.

Intersectional and decolonizing approaches to teaching and researching are not 
merely exercises in adding “diverse scholars” to one’s syllabus reading list; they are 
not a matter of acknowledging the existence of Black women or other people histori-
cally removed from powerful institutions of knowledge production. Rather, these ap-
proaches require that teacher-scholars re-orient and re-center (Barlow & Dill, 2018) 
inequitable forms of knowledge production through and with STEM writing. Phys-
icist and Black Feminist theorist, Chanda Prescod-Weinstein, points to epistemic 
injustices in STEM: devaluing and undermining a writer’s knowledge due to their 
identity (2020). When epistemic injustice plays out in our STEM disciplines, it is 
fueled by white empiricism, which is the belief that white people are objective, neu-
tral observers while others are biased and incapable of neutrality (Prescod-Weinstein, 
2020). In a related vein, archaeologist Paulette Steeves draws upon Indigenous Femi-
nist science and the sacred practice of burning for radical renewal to coin her original 
concept of pyroepistemology (2021). Steeves explains that “a practice of pyroepiste-
mology is a ceremony that cleanses the academic landscape of discussions that mis-
inform worldviews and fuel racism. Such literary renewal clears the way for healthy 
growth in academic fields of thought and centers of knowledge production” (2021, p. 
20). Steeves’ pyroepistemology may provide the cleansing needed to overcome white 
empiricisms, which may further the goal of intervening in harmful and exclusionary 
scientific knowledge production. This chapter offers a practice of pyroepistemology 
with its focus on ontologies, epistemologies, methodologies, and pedagogies that en-
able teacher-scholars to engage in cleansing academic practices rather than perpetuat-
ing the status quo of epistemic inequities. 

The point of intervention is to decolonize methodologies by transforming the 
production of scientific knowledge. In fact, interrogating ontologies (i.e., What can 
we know? What’s out there to know?) and epistemologies (i.e., How can we know? 
How do we know what we know?) of historical and contemporary approaches toward 
scientific knowledge production is how we disrupt STEM writing. As Linda Tuhiwai 
Smith has argued with regard to decolonizing methodologies, research is an institution 
marked by “its claims, its values and practices, and its relationships to power” (Smith, 
1999/2021, p. 286). Smith further posits that research is “a set of ideas, practices and 
privileges that [are] embedded in imperial expansionism and colonization and institu-
tionalized in academic disciplines, schools, curricula, universities and power” (Smith, 
1999/2021, p. 287). As a result, re-framing and re-centering the curriculum move sci-
entific knowledge production into the light, making the social, political, and historical 
contexts around research more transparent and thus closer to the scientific method’s 
promise of empiricism and truth. As STEM knowledge has been written into existence 
in ways that perpetuate social inequities, so too can STEM knowledges be burnt to the 
ground and re-composed to overcome epistemic injustices.
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Creating Inclusive Pathways Through 
Critical Writing Pedagogies

Writing is the primary tool by which STEM knowledge is communicated to other 
scholars and to the broader public. However, writing has also played an active role 
in reifying exclusionary ways of knowing. Teacher-scholars must be aware of and 
account for the historical and present challenges of STEM epistemologies discussed 
above and should seek out examples from their own disciplines. Knowledge in 
STEM fields is not neutral, though these disciplines have masqueraded as such 
in the Western world for at least the last five centuries. We, humans, are the ones 
who actually produce scientific knowledge and technological innovation: we in-
troduce our biases, agendas, and imperfections (Marks, 2017; Smith, 1999/2021) 
into how we know the world and how we use writing as a technology to intervene 
in the world around us. An uncritical approach that treats science and technology 
as if they operate in a void—divorced from their cultural and social milieus—is an 
approach that deprives students as writers and researchers of a full picture of the 
human condition and what is at stake for justice and fairness in human societies. 

Moreover, this does not benefit science. Scientific knowledge and technologies 
can, and have, improved our lives, but one need look no further than racist, sexist 
robots (Alaieri & Vellino, 2016; Caliskan et al., 2017) to see that social problems 
are only reproduced and exacerbated rather than eased or erased by scientific and 
technological progress. Medical algorithms and metrics (Braun, 2015; Vyas et al., 
2020) are the residues of the dehumanizing histories that produced knowledge of 
human health (Braun & Saunders, 2017; Owens, 2017), while the technology 
industry can trace a throughline from legalized discrimination to de facto racism 
made possible through automation and apps (Benjamin, 2019). Studies of human 
genetic diversity have been leveraged to solidify myths about racial and ethnic in-
feriority, upholding white supremacy (Larsen et al., 2020; Panofsky et al., 2020). 
These examples from across fields taught in STEM writing courses merely scratch 
the surface of the wide-ranging, long-standing role of STEM disciplines and dis-
courses that create material harm.

From the fields in which each of us was originally trained in the sciences prior 
to becoming writing faculty, we offer a range of case studies to students to demon-
strate the harmful effects of science writing over the centuries and into the present. 
In anthropological archaeology and biological anthropology, for example, research-
ers write about the harms done to particular populations due to enduring preser-
vation and celebration of white supremacist pasts (Carter, 2018; Mullins, 2017), 
some of which originates from anthropology itself (e.g., Geller, 2020; Mitchell, 
2018) or through nonconsensual field research methods (Atalay, 2006; Blakey, 
2020). In forensic anthropology, writers are sounding the alarm about use of the 
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euphemism “ancestry” as a stand-in for “race,” which served to uphold mytholo-
gies about biological race that cannot be supported by the sciences (DiGangi & 
Bethard, 2020; Tallman et al., 2021). Anthropologists are re-orienting these harm-
ful ways of producing knowledge about the past with analysis of the language and 
rhetoric of anthropology (Allen & Jobson, 2016) but also by using composition 
itself as an instrument to disrupt (Reid, 2021).

In another disciplinary example from our courses, epistemological concerns 
are rarely discussed in public health and psychological science research. When they 
are discussed in these fields (Barlow & Dill, 2018; Bowleg, 2017; Bowleg et al., 
2017), they are particularly immersed in women’s and gender studies interventions 
(Meyer, 2007). Writing studies, in concert with the critical theories that interro-
gate epistemologies, offers a bridge for applied intervention by engaging philos-
ophies of science. Community psychology (Boyd & Bright, 2007; Campbell & 
Murray, 2004) and community writing (Ryder, 2012) explicitly leverage agency 
and rhetoric to create sustainable change in communities. Research on writing as 
healing (Baker & Mazza, 2004; DeSalvo, 1999; Pennebaker, 1990), drawing upon 
the humanities and writing studies (Barlow, 2016, 2018), thus become tools for 
sustainable community change around healing, harm, and trauma. Public health, 
psychology, and composition theory are already in conversation with each other in 
the scholarly landscape, forging connections between knowledge production and 
structural inequities, and need only be explicitly presented as such in our courses.

Incorporating an equally wide range of perspectives from various disciplines, 
including from people of different backgrounds and positionalities, is an essential 
component to addressing these inequities. Anti-colonial and decolonized theoreti-
cal frameworks position teachers and learners to value multi-vocality, consent, sov-
ereignty, differently-abled bodies, lived experience as evidence, collaboration, and a 
rejection of unquestioned normative categories and classifications. Including these 
diverse (and often excluded) scholarly and community perspectives models these 
values for students in the process of disrupting the standard ways of knowing in 
STEM disciplines. 

Writing as Teaching Tool and Technology 
for Disrupting Inequities

In a decade in which the enduring intergenerational effects of inequity have never 
been clearer to more people in the US, we channel the power of writing to disrupt 
our pedagogies. Writing is both a tool with which to teach and a technology for dis-
seminating scientific knowledge about the world, which can intervene in currently 
imperfect realizations of a pluralistic and inclusive society. Teaching STEM writing 
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to undergraduates with anti-colonial approaches represents an ethical and more ap-
propriate mode for this disruption to take root because students can more directly 
observe the impact and influence of colonialism in science as this uncovering pro-
cess occurs (see Blomstedt, this volume, on the ways that White English emerged 
as legitimate scientific language; see Bitler and Oraby, this volume, on exclusion of 
non-European ways of knowing, for examples beyond our scope). 

Because scientific inquiry is misunderstood as a neutral, value-free way of 
knowing the world (Smith, 1999/2021), instructors can use case studies show-
ing genealogies of knowledge over time (see the models for this in more detail in 
Callow and Shelton, this volume) to turn that assumption on its head; tracing 
knowledge production reveals inconsistencies, inadequacies, and contradictions in 
the actual practice of science, especially as related to narrow representation of per-
spectives (the very problems elaborated upon by Prescod-Weinstein and Steeves, as 
described above). However, the lesson we ought to be extending to students is not 
that science is fundamentally, irredeemably flawed, but rather that the sciences are 
brought to life by humans working within social and individual contexts. For ex-
ample, RetractionWatch.org (e.g., Marcus, 2020, 2021) offers a range of examples 
of the sciences failing to live up to their promise of reporting what is more true and 
less false about the universe. Whether studies are retracted or challenged due to the 
undue influence of ideology over empiricism (Larsen et al., 2020) or due to a lack 
of care in challenging white empiricism, the result is the same: unchecked exclu-
sionary ideas continue to circulate under the guise of science’s perceived superiority 
and neutrality (Nature, 2022). Intellectual and institutional barriers to marrying 
Black Feminist and Indigenous Feminist thought with STEM disciplines remain 
rigidly in place, and writing instruction can be positioned to break those barriers 
down. Common rhetoric poses science in opposition with these ways of knowing, 
but we practice pedagogies that put them into contact with each other. Our work 
aims to be the bridge between rhetorical writing and scientific inquiry, anchored 
by decolonial practices. 

In our classrooms, we position students as knowledge producers themselves 
and empower them to use research and composition to disrupt harmful ways of 
knowing. Western traditions in the sciences have been forwarded in limiting and 
exclusionary ways, but returning to openness about what can exist (ontologies) 
and how we know it (epistemologies) allows us all to open up to more exhaustive 
ways of seeing and explaining the world. We position students to produce and to 
intervene in two principal ways: 

1. As readers and consumers of knowledge, they learn to identify what is left 
unsaid and whose perspectives are overwritten in the scientific disciplines 
they are reading or in the selection of sources available to them (see above 
examples, as well as Bitler and Oraby, this volume).

https://retractionwatch.com/


STEM Writing as Disruption-  |  29

2. As writers, they practice reflexive examination of their citation praxis: the 
ways they define sources as expert and reliable, and the ways they weigh evi-
dence in their writing. They also learn to question how their teachers define 
credibility and expertise, and to seek to make those concepts more inclusive 
for themselves and their peers.

Our Situated Context

The authors teach in an undergraduate writing program at a historically white 
higher education institution in the United States. Undergraduates across the uni-
versity, which is a large, private, high research activity university, are required to 
complete one semester in a writing and research course, and these courses empha-
size disciplinary forms of writing and transfer between writing genres. About one-
third of the dozens of faculty in the writing program were not trained in rhetoric 
and composition or related fields, but rather have come to writing instruction from 
other home disciplines, including STEM and the humanities. We authors are from 
humanistic STEM backgrounds and bring those disciplinary frames into first-year 
writing. Our standpoints, methodologies, praxis, and approaches are encouraged 
by program administration as a decolonizing practice, which we see as rooted in 
Steeves’ pyroepistemology concept of replacing old ways of knowing and doing for 
more equitable futures. 

Both authors are faculty in the first year writing program, considered a central 
component of the university’s general education curriculum and a place where un-
dergraduates are required to complete a 4.0 credit-hour introductory research and 
writing course. The program uses multiple disciplines and genres to prepare first 
year students for an academic career in writing. Both authors focus on writing in 
the sciences and/or health.

Course Reflection: Jameta Nicole Barlow, Ph.D., MPH

The first co-author is an unapologetic Southern Black woman and community 
psychologist, public health scientist, and women’s health scholar teaching science and 
health writing. She brings her full self into the classroom—which enables her stu-
dents to do the same. Her research utilizes decolonizing methodologies to disrupt 
cardiometabolic syndrome and structural policies adversely affecting Black girls’ and 
women’s health, intergenerational trauma, and perinatal mental health. She has spent 
25 years in transdisciplinary collaborations with physicians, public health practi-
tioners, researchers, policy administrators, activists, political appointees, and commu-
nity members in diverse settings throughout the world. An alumna of the university, 
Barlow is deeply committed to preparing future scientists and health professionals 
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for a future world of scientific thought and praxis, using writing as a tool of critical 
thought and intervention. She teaches a research-intensive first year course on writing 
science and health, using women’s health as a point of inquiry. 

This course meets any student, STEM major or not, at the door of discovery. 
Recent socio-political moments have attempted to sanitize science in a way that can 
inhibit such discovery. I aim to describe the discovery process, using STEM as our 
lens, in such a way that any audience could possibly replicate the experience. This 
method offers students space to consider multiple standpoints, interrogate their 
philosophy of science, and consider alternate ways of knowing—all skills critical 
to introducing students to university academic writing. Students practice weekly 
reflective responses to prompts, which may include reference reviews, current news 
in science, conference proceedings, non-governmental reports, and peer-reviewed 
manuscripts. Through this process, students also practice peer review with opin-
ion-editorials, abstracts, elevator pitches, and academic STEM/health research 
mini-mock grants they will develop over the semester. Teaching students how to 
deconstruct research, as well as think critically about current events in STEM, en-
courages ongoing critical thought and practice beyond the end of the course. More-
over, I teach students to consider alternate approaches of knowledge production; 
thereby, introducing them to the process of interrogating both their ontologies and 
epistemologies and the philosophies of science in literature. This is reinforced by 
what I call “healthy citation practices.”

Two course learning objectives central to this process are (a) critically evalu-
ate others’ research and conduct scientific research; and (b) become a thoughtful 
producer of research and develop a discipline of writing, editing, proofreading and 
“healthy citation practices.” My students learn how to weave history and science 
to synthesize and situate a scientific topic. Through this process, students decon-
struct the topic, using traditional tools Audre Lorde (1984) references as the “mas-
ter’s tools” (Bowleg, 2021) and develop an understanding of alternative tools, ap-
proaches, practices, and methodologies to address their scientific topic. As a result, 
students not only embrace critical perspectives (Bowleg, 2021), but also learn the 
essentiality of developing a research paradigm (Bowleg, 2021). This dynamic pro-
cess involves two major steps:

1. The first week of the semester, students are tasked with writing a philosophy 
of science, where they engage texts (Harding, 2011; Popper, 1934/2005) 
and respond to prompts assessing the nature of their knowledge production 
(see prompts in the Appendix). Throughout the semester, students return to 
their philosophy of science, which inevitably expands, as their knowledge 
production increases through course readings, discussion, and writing exer-
cises. Students’ ability to interrogate their philosophy of science represents a 
necessary step in understanding science.
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2. Students are tasked with placing their science/health topic within the context 
of history. This requires an engagement with various types of references, each 
offering different slices of the historical narrative. At this point in the semester, 
we are also deep in the engagement of critical perspectives that offer the foun-
dation of their emerging research paradigm, which is developed through their 
science/health topic. This contextualization of the literature—implemented 
by the multiple references and critical perspectives—is augmented by healthy 
citation practices, where students cite the relevant primary source(s), multiple 
perspectives, and specifically center marginalized authors, as modeled by the 
hashtag movements to #CiteBlackWomen (Smith et al., 2021) and #CiteA-
Sista (Nicole & Williams, 2018). This rebalancing of the historical narratives 
serves to counter tunnel vision views of a science/health topic. 

Course Reflection: Kylie Quave, Ph.D.

The second co-author is a white EuroAmerican woman raised in the rural 
south and an anthropological archaeologist teaching science writing. Her research 
in the South American Andes investigates how Indigenous communities prior to 
and during European colonization responded with resistance and persistence in the 
face of imperialism. Quave teaches a first-year writing and research course focused 
on the themes of scientific racism and racism as a public health crisis. The course 
brings together texts and ways of knowing from biology, anthropology, political 
science, economics, science, technology, and society (STS), sociology, psychology, 
and public health. Assignments focus on writing in different scientific genres and 
translating research between genres for different types of audiences.

In this science writing course, critical approaches to citation are centered in 
order to correct the landscape of whose research is elevated and whose research is 
overwritten or ignored. Citation practices—including choices about who we read, 
who we assign, whose ideas we deem credible, and whose work we write about—
often mirror the existing inequities and exclusionary forces of the societies in which 
we live (Itchuaqiyaq et al., 2020). Knowledge production tends to follow the same 
skewed patterns of marginalization of people already pushed to the edges of soci-
eties: what this manifests as is an outsize representation of white middle-class men 
from EuroAmerican and European backgrounds on our bookshelves, syllabuses, 
and bibliographies (Craven, 2021; Edmonds, 2020; Itchuaqiyaq & Frith, 2022; 
Tuck et al., 2015). Ample studies across disciplines have shown this pattern to be 
persistent (e.g., Chakravartty et al., 2018; Hutson, 2002; Itchuaqiyaq, 2022; Mott 
& Cockayne, 2017). 

The course on scientific racism is designed to alter attitudes and practices about 
citation on several overt and covert fronts. Overcoming the white empiricism that 
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marks the status quo in many science bibliographies, I strive to channel Steeves’ de-
colonizing method of pyroepistemology in teaching citation (2021). In Steeves’ re-
search on how deep histories of Indigenous Americans have been obscured in favor 
of anti-scientific denialism, she puts it as such: “Decolonizing Indigenous histories 
rebuilds bridges to ancestral places and times, which American archaeology burned 
in political fires of power and control” (2021, p. 181). Many scientific disciplines 
have endured such erasures, also called agnotology, which is the purposeful pro-
duction of ignorance. Expertise has been ignored or cast aside to privilege the views 
of those already dominant in society, even when it has to do with experiences and 
knowledge that is not their own. Thus, in my courses, I promote a kind of anti-ag-
notologist way of choosing readings and citing research in our writing.

I begin my courses with critical examination of how we know what we know 
using the scientific method. I find that students need to be reminded of the tenets 
of science and the ways in which science is designed to be self-correcting. It is 
not a failure for scientists to err but rather is a failure when scientists do not ask 
about whether past knowledge production has been erroneous. For example, when 
Charles Darwin promoted myriad false and harmful assumptions about the nature 
of human races (Fuentes, 2021) while also providing researchers with the endur-
ing theory of evolution by natural selection. Or how the “slavery hypertension 
hypothesis” has continued to promote the myth of an African American gene for 
high blood pressure, absent any evidence of such a deterministic feature (Lujan & 
DiCarlo, 2018).

At the heart of these and other examples is citational praxis. Students must 
deconstruct scientific studies and focus on writers’ citational habits and how writers 
construct knowledge based on assumptions from their fields and elsewhere. I ask 
them to locate the writers’ positionality as they assess the authors’ epistemology 
(Takacs, 2003), and they work together in class to ask and answer questions that 
they report they have never or rarely asked about sources:

1. What is the author’s background and worldview? What discipline are they 
from?

2. What kind of evidence is used? What is missing? What is not measured? 
What is excluded? How are some kinds of evidence weighted more heavily 
than others?

3. What kind of sources do the writers cite? What kinds of expertise have the 
writers prioritized and deemed credible in this study?

When students learn about citation in research writing, I steer them away from 
thinking of it as a legalistic matter of giving credit and instead ask them to see ci-
tation as opening up their worlds; citation creates new conversations, and I want 
them to see that both when they read and when they compose their own research. I 
urge them to view citation as a series of choices we writers are able to make and not 
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as inevitable. Furthermore, I ask them to reconsider their assumptions about who 
is credible and authoritative and to question preconceptions about objectivity and 
bias. Instead, students are required to incorporate citations from writers of varied 
positionalities and backgrounds and are encouraged to think critically about what 
counts as “scholarship.” I do not ask students to make checklists of identities or fill 
quotas; rather, I merely ask them to reflect on who is there in the citations, who is 
not, and what we might miss without greater multivocality.

Furthermore, I do not restrict student writers to a definition of scholarship that 
only includes peer-reviewed works but rather ask them to consider the role of peer 
review and what other forms of review could provide comparable outcomes beyond 
academic publishing. We look into examples of how peer review sometimes fails, 
particularly by reading cases from RetractionWatch.org and reflecting on short-
comings in our own shared process as peer reviewers in our course. When students 
are restricted to only citing that which has undergone peer review, they miss out on 
a whole universe of expertise that is excluded from academic knowledge-making.

The learning outcome in this science writing course that is informed by Black 
Feminist, Indigenous Feminist, and decolonizing approaches is to have a critical 
understanding of expertise, credibility, evidence, and authority that is demon-
strated through a reflexive and inclusive citation practice. The scaffolding to sup-
port this kind of learning outcome in any STEM writing course ought to include 
the following:

1. A syllabus that models prioritization of voices from historically and systemi-
cally excluded experts on the course material. Those sources should be schol-
arly in the broadest sense of the term, in which scholarship is work that is 
supported by evidence, embedded in prior research, and which is produced 
by someone with experience or training in the research area. 

2. Lessons on bibliometric inequalities in the STEM discipline one is teaching. 
In archaeology, for example, there are many studies demonstrating an over-
all underrepresentation of researchers from minoritized backgrounds (e.g., 
Goldstein et al., 2018; White & Draycott, 2020), and there is also a strong 
tradition of tracking publication and citation statistics (e.g., Heath-Stout, 
2020; Hutson, 2002) to understand who is given a platform to produce 
knowledge in the field. 

3. Scaffolding increasingly complex lessons throughout the semester that intro-
duce citation as a practice shaped by our social and political values. Citation 
choices are presented as not inevitable but rather as a series of decisions we 
make as writers, even as our choices may be limited by previous bottlenecks 
in the publication pipeline that result in outsize influence from certain kinds 
of researchers and writers. Students encounter this problem first as readers 
of chosen texts, then as researchers making their own choices, and then as 
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writers tasked with presenting cited sources with evaluative context. In other 
words, students learn to offer sources not as self-evident but rather as prod-
ucts of knowledge production processes occurring before the student writer 
encounters them.

4. Citation styles are taught as functional, and alternative forms are explored to 
reveal what is missing in traditional scholarly citation practice. It is insuffi-
cient to teach students the formal moves of citations without helping them 
see the construction of citation norms. Personal communications, including 
oral knowledge like that used to pass on Indigenous ways of knowing in 
some cases, are often excluded from reference lists and thus devalued, as 
outlined in Lorisia MacLeod’s guide to citing Indigenous oral knowledge 
(Kornei, 2021). Helping students to find ways to add to or defy normative 
structures, such as MacLeod’s creation of new templates for oral knowledge, 
puts marginalized epistemologies on even ground with easily cited scientific 
journal articles.

5. Students are required to reflect on the choices they make in selecting and 
evaluating sources to include in STEM writing, and they take responsibil-
ity for understanding how the epistemologies of the authors they cite are 
shaped by their positionalities. They are moreover responsible for identifying 
gaps in understanding that may be introduced by privileging a limited scope 
of worldviews in their research. Evaluation of their research paper is partly 
based on how accountable they are to these values, as realistic and truthful 
explanations of our world through science writing are only possible when we 
read and cite capaciously.

Broader Contexts for Promoting More Just and 
Inclusive Ways of Teaching and Learning

Cultivating the next generation of STEM scholars and writers who are well posi-
tioned to contribute to innovation is the collective goal we share in our pedagogies. 
As scientists who teach writing, we are committed to creating a formula for this 
journey of decolonizing science and democratizing knowledge. Because scientific 
disciplines have historically sidelined the research of those already marginalized in 
scientists’ broader societies, knowledge is and has been a structural inequity. Ad-
dressing the exclusionary ways our disciplines were formed and currently operate 
requires altering the fabric of how we teach; this must be enacted at multiple lev-
els. We cannot stop at making our reading lists more inclusive; we must also hold 
students accountable for understanding what is at stake and how to disrupt these 
structures as they participate in knowledge production.
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These teaching methods do not go unquestioned in our experiences. Students 
have usually been taught prior to their first year in college that the sciences are a 
place of certainty, single answers, and exactitude. They often have the sense that 
multiple ways of knowing must not be valid, and that questioning of established 
paradigms is undesirable. Some struggle to accept decolonizing ways of thinking 
about research, expertise, and knowledge production. However, helping them to 
examine case studies such as those cited here from various disciplines, and then 
asking them to practice citation in the ways we’ve outlined helps many to re-assess 
their relationships to the sciences. 

Teaching STEM writing in a way that promotes transparency about the in-
tellectual histories (including the successes and the failures in those histories) of 
STEM disciplines in order to instill sound research and communication methods 
harnesses the power of teaching to transform society. Doing so through critical 
analysis of how writers know what they know, disrupts the myth of neutral scien-
tific ways of knowing, while composition offers a site of liberation for those mar-
ginalized and excluded by the sciences.
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Appendix: Philosophy of Science Writing Prompt:

What is truth? And, how do we seek it? Is there only one truth? Are there multiple 
truths? Is truth necessary in science? Why or why not? How did your gender, sexu-
ality, race, class, religion, neighborhood, nationality, personality contribute to your 
understanding of your world and what is meaningful? How do you begin research? 
What is important to you? Why do scientists rely on models and theories which 
are at least partially inaccurate? How is this related to implicit or unconscious bias? 
Explicit bias? What role does ethical research play in your approach to or thoughts 
about science? What is your goal in science? 
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Students whose primary language is not White Mainstream English, the version 
of English most valued by academia, often feel disadvantaged in classrooms where 
the majority of the reading, writing, and discussion is conducted in White Main-
stream English. Students may view their language identities as a liability rather 
than an asset, which can hinder their ability to think through course concepts, 
read and comprehend academic publications, participate in class discussion, and 
complete ambitious and thoughtful writing projects (Baker-Bell, 2020). This view 
is reinforced when their field and their instructors implicitly or explicitly uphold 
the notion that White Mainstream English is the rightfully preferred English va-
riety for the field, ignoring the historical and ongoing impacts of white language 
supremacy (WLS) on our everyday linguistic practices (Lee & Rice, 2007); this 
is why I am using “White Mainstream English,” rather than terms like “Standard 
Written English” or “Edited American English,” in this chapter: to highlight the 
role that white privilege plays in making certain Englishes or languages “standard” 
(Baker-Bell, 2020, p. 3). In STEM writing classes, this notion is codified by the 
concept of English as the International Language of Science (EILS) or the use of 
White Mainstream English in most publications, conference presentations, and 
other texts circulating within the field. While we ought not assume that any stu-
dent who does not have a background in White Mainstream English will automat-
ically struggle with confidence or communication in a writing course and must 
assume that even students from similar linguistic backgrounds will have different 
attitudes and experiences, acknowledging that white supremacy culture has created 
a barrier for many of our students is an important first step in enacting anti-racist 
pedagogical practices in writing instruction to create a more inclusive classroom. 
For STEM writing instructors, one way to do this is to teach the historical origins 
of EILS to illustrate that White Mainstream English’s use in their field is not a 
rightfully-earned position but rather the result of factors related to colonialism, 
power, and luck (Huttner-Koros, 2015; Phillipson, 1992; Porzucki, 2014). 

In this chapter, I present a series of lessons that use translingual pedagogical ap-
proaches to challenge white supremacist conceptions of linguistic ability and create 
a more inclusive STEM writing classroom. The lessons teach students the history of 
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EILS as a means of challenging embedded notions of White Mainstream English 
supremacy in STEM, pairing that with reflective writing on the students’ own views 
of their linguistic practices. Table 2.1 outlines the different parts of this lesson. 

Table 2.1. Overview of Assignment Sequence Detailed in This Chapter.

Activity Topic

Individual written reflection Personal views of writing ability, specifically looking 
at multiple linguistic identities or practices

Whole class discussion Personal views of writing ability, specifically looking 
at multiple linguistic identities or practices

Small group discussion Hypothesizing about how and why White Main-
stream English became the language of science 
(EILS)

Assigned reading History and complications of EILS, specifically:
Nina Porzucki’s “How did English become the 
language of science?” from The World
Adam Huttner-Koros’ “The Hidden Bias of Sci-
ence’s Universal Language” from The Atlantic

Individual written reflection Identifying and challenging limiting beliefs about 
writing ability

Mini-lecture Benefits of multilingualism and speaking or writing 
in multiple Englishes

To better understand the context and necessity of these lessons, I begin the 
chapter with a review of the damaging impacts of WLS on STEM students and 
examine how translingual pedagogies may assist in addressing those harms. I then 
discuss how to enact a translingual pedagogy in a STEM writing course through 
these lessons, discussing each part of the lesson in depth and ending with student 
responses, including how to respond to student resistance. 

(White Mainstream) English as the 
International Language of Science (EILS)

In our pursuit of inclusive pedagogical practices, we must first acknowledge that the 
dominance of this particular variety of English, White Mainstream English, is both 
the product and proponent of WLS. The Conference on College Composition and 
Communication’s (CCCC) “Statement on White Language Supremacy” defines 
WLS as a structural tool of white supremacy that uses “the ideology of individual-
ism as it works with meritocracy” to position performance in White Mainstream 
English as a valid criterion for evaluating communication skills (CCCC Statement 
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on White Language Supremacy, 2021). White Mainstream English’s dominance in 
STEM fields is tied to the global spread of English and is largely the result of West-
ern countries using English as a tool to dominate and control new, current, and 
former colonies, a tactic Robert Phillipson (1992) refers to as linguistic imperial-
ism. While there are obvious benefits to having a global lingua franca (or common 
language), the dominance of White Mainstream English has created concern about 
its negative impacts for other languages because this linguistic imperialism places 
White Mainstream English above other Englishes and other languages. While the 
debates about the causes, costs, and benefits of EILS will continue to produce im-
portant insights, for the purposes of the set of lessons I present in this chapter, I will 
focus on the ways EILS’s positioning of White Mainstream English as the “rightful” 
and “natural” language of science harms multilingual students. 

Publication in STEM journals demonstrates the negative impacts EILS has 
on multilingual writers. Writers based in the United States enjoy a greater rate of 
publication and are more likely to serve on the boards of academic journals in their 
fields (Canagarajah, 1996, 2002; Gibbs, 1996), and more recent metanalyses from 
multiple STEM fields have found that academic journals feature more writing from 
scholars in countries where English is the dominant language (Clavero, 2011; Yen 
& Hung, 2018). The deep, personal impacts this has on STEM students are visi-
ble in Dhatri Badri’s opening vignette (this collection), where she shares the ways 
in which her identity as an Indian woman prevented her from feeling a sense of 
belonging in STEM. Scientists whose first language is not English face a 30 per-
cent lower chance of having their papers be accepted for publication than native 
English speakers (Pronskikh, 2018) and cite their own English-language research 
more frequently than the research written in their mother tongue (Grabe, 1988), 
highlighting that publishing in White Mainstream English is an important tool 
for gaining cultural capital. These practices, often made obvious in bylines, impact 
how STEM students view themselves, their linguistic abilities, and their chances 
of contributing knowledge in their field. A study of 45 multilingual international 
students found that 82 percent of respondents rated their English skills as “weak” 
or “adequate,” and there was an inverse relationship between respondents’ assess-
ment of the strength of their English abilities and their perception of English’s 
importance in their field (Tardy, 2004). Multilingual students may feel defeated 
or overwhelmed by the position of White Mainstream English as the primary lan-
guage of STEM, particularly if White Mainstream English’s position of supremacy 
is seen as innate and their language practices are seen as detracting from their ability 
to communicate in White Mainstream English.

Yet despite these harms, STEM (writing) instructors may not prioritize linguistic 
justice, which Jerry Won Lee (2016) defines as “confronting the inequitable discur-
sive economics that afford disproportionate amounts of social capital to certain lan-
guage practices over others” (p. 176). This may be because they view STEM writing 
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as chiefly communicating objective knowledge. In the previous chapter, Jameta Ni-
cole Barlow and Kylie Quave pinpoint how the misunderstanding of science as a 
“neutral, value-free way of knowing the world” often hides the influence of colonial-
ism on STEM and the inequities embedded in the generation of scientific knowledge 
(this collection). This misunderstanding can also hide linguistic hierarchies. Many 
hold the view succinctly articulated by Vitaly Pronskikh (2018) that “[m]uch of the 
STEM discourse is sufficiently technical to reduce the role of natural language and 
linguistic injustice to a relatively minor degree” (p. 83). This avoidance is further 
incentivized by a false belief that writing instruction is separable from the course 
content (Donnell et al., 1999; Minakova & Canagarajah, 2020) and by institutions’ 
undervaluing of teaching writing across the curriculum, which allows them to rel-
egate writing instruction generally, and critical literacy awareness more specifically, 
to first-year writing programs and writing centers (Jordan & Kedrowicz, 2011). But 
the reality is that STEM writing’s replication of linguistic injustice has major con-
sequences. Beyond impacting students’ views of their own language practices and 
scholars’ publication rates and prestige, the linguistic injustice caused by complicity 
with WLS in the STEM writing class reduces our capacity to address global problems 
meaningfully, as explained by Ghanashyam Sharma (2018):

These monolingual orientations are uniquely harmful for the 
STEM fields because scientists are among the first in line to have 
to cultivate a sense of global citizenship, advance knowledge, 
and address social challenges on global scales. Curricular and 
pedagogical blind spots created by monolingual worldviews can 
create practical challenges when STEM scholars and students are 
faced with the complexities of conveying specialized knowledge 
to outside and mixed audiences. They can also undermine aca-
demic engagement in cross-cultural and transnational communi-
cation as well as obscuring political and socioeconomic issues in 
academic and professional writing. (p. 44)

Just as Asao B. Inoue (2019) argued that those in the field of writing studies have 
power in arguments around the valid use of language and thus a responsibility to 
dismantle WLS, those in STEM fields have a responsibility to challenge the monolin-
gual view of White Mainstream English as the sole valid language of communication 
for science. While I contend that linguistic justice does not necessarily require remov-
ing English as the international language of science, the “confrontation” it requires of 
us does prompt us to acknowledge and work to undo the negative impacts EILS has 
on writers from different linguistic and cultural backgrounds. This is owed both to 
the STEM community, which is made up of (largely multilingual) faculty, research-
ers, and students from a variety of cultural and linguistic backgrounds, and to the 
public, which depends on STEM’s findings to shape their lives. 
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Contextualizing EILS through Translingual Pedagogies

Much like Barlow and Quave (this collection) advocate for an anti-colonialist peda-
gogical approach that examines and challenges how knowledge has been produced in 
STEM, I advocate for a translingual pedagogical approach that examines and chal-
lenges positioning White Mainstream English as the “language” of science in order to 
create a more inclusive STEM classroom and global community. Translingualism is a 
tool for challenging WLS’s monolingual views and creating a more equitable STEM 
field. Like multilingual views of language, translingualism acknowledges the valid-
ity of multiple linguistic expressions; however, where multilingual views of language 
suggest linguistic systems are separate and compartmentalized, translingual disposi-
tions view languages as dynamic and fluid, flowing into each other and informing 
each other more than we might initially think (Frost et al., 2020). As Nancy Bou 
Ayash (2020) explains, this approach is inherently anti-racist because it “contests a 
dominant monolingual English-only ideology, which propagates problematic repre-
sentations and treatments of language as stable, internally uniform, and having status 
outside and beyond the cultural, political, economic, and ideological forces that bring 
about its practices” and instead “foregrounds the mutable, performed, and emergent 
nature of language and insists on the agency of its users and learners” (p. 14). A trans-
lingual approach to language not only advocates for those for whom English is their 
second language but also for those “native speakers” who primarily communicate in 
other varieties of English like Black English (Lee, 2016, p. 178). Challenging the idea 
of language as discrete and concrete opens up space for a diversity of language prac-
tices, including different varieties of a language, to be considered valuable. 

Translingual pedagogical approaches are utilized in two ways in the lesson I 
present in this chapter: challenging how students view the powerful position of 
White Mainstream English and leading students to see the value of their own trans-
lingual writing processes. To practice a translingual pedagogy means we must be 
honest with students about the inaccuracies of White Mainstream English’s asser-
tion that it has “status outside and beyond the cultural, political, economic, and 
ideological forces that bring about its practices” (Ayash, 2020, p. 14). The lesson 
series presented in this chapter does this by teaching students the history of the 
perception of White Mainstream English as the “language” of STEM, illuminating 
the forces that brought White Mainstream English to that place of prominence 
alongside reflections of their own linguistic practices in order to encourage students 
to feel confident in their own diverse linguistic abilities. One of the most obvious 
ways that translingual approaches can be adopted is through the creation of mul-
tilingual writing products that utilize code-meshing, the practice of using differ-
ent language varieties or languages in the same rhetorical context (like combining 
White Mainstream English with Black English or combining English and Span-
ish) which many see as a tool for promoting egalitarian language practices (Ricker 
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Shreiber & Watson, 2018). However, this is not the only avenue for embracing 
translingual writing pedagogy; truly translingual approaches to language show that 
multilingualism can play a pivotal role at other stages of the writing process, even 
for writing projects that are monolingual (Lee, 2016). Developing awareness and 
appreciation for translingual writing processes has the potential to help our stu-
dents see the value of their own diverse language practices rather than viewing them 
as detracting from their ability to communicate in White Mainstream English. 

Learning the History of White Mainstream 
English’s Ascent to EILS

The lesson I outline in this chapter would be suitable for any discipline-specific 
STEM writing course or even a general STEM course with a significant writing 
component. I developed it specifically for an upper-division elective writing course 
titled Technical Writing for Scientists and Engineers that I taught at my previ-
ous institution, a four-year public research university where writing was primarily 
taught through required first-year writing courses embedded in residential colleges. 
This was the first upper-division interdisciplinary writing elective offered on our 
campus, and it grew out of conversations with STEM professors and department 
administrators who wanted to both prepare their undergraduate students to write 
in the major and provide graduate students with the opportunity to TA for the 
course, giving them teaching experience that might also further hone their own 
writing skills. The goal of the course was to acquaint students from different STEM 
fields with some of the most common genres of STEM writing, including research 
articles, review articles, research posters, and conference proposals. STEM profes-
sors I collaborated with on the course expressed a desire for students to develop 
confidence in these genres and in their writing, reading, and critical thinking skills. 

I’ve primarily taught this lesson in courses where the majority of students were 
multilingual, though, as I’ll share later in the chapter, students whose home language 
closely resembled White Mainstream English also benefit from this series of lessons. 
Because the course was writing-focused, we did have explicit conversations about 
WLS from the very first day of class. On the first day of all of my writing classes, 
I show Jamila Lyiscott’s spoken word poem “3 Ways to Speak English” (https://
www.ted.com/talks/jamila_lyiscott_3_ways_to_speak_english) as a way to intro-
duce thinking about text rhetorically and linguistic justice. In it, she challenges the 
ways white people react to her performance of White Mainstream English as a Black 
woman and highlights the ways her being a “tri-lingual orator” is both shaped by 
violent historical forces of colonialism and works to make her a better communicator 
(Lyiscott, 2014). While explicit classroom conversations about WLS in academia will 
support the lesson presented here, it can stand on its own as an introduction to EILS. 

https://www.ted.com/talks/jamila_lyiscott_3_ways_to_speak_english
https://www.ted.com/talks/jamila_lyiscott_3_ways_to_speak_english
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I find it most impactful to teach this early in the semester or quarter, though it may 
also be helpful at the start of units focused on style or editing.

Beginning to Examine Personal View of Writing Ability

I begin with an in-class reflective assignment where students freewrite (record 
one’s thoughts in writing without stopping to consider structure, composition, or 
grammar) answers to the following questions about their writing development:

1. How would you assess your overall writing ability? What do you think are 
your strengths? Your weaknesses?

2. What types of feedback have you gotten from instructors in the past? What 
negative feedback sticks out in your mind? What positive feedback can you 
remember?

3. Do you speak different languages with your family, friends, or in other con-
texts? Or do you speak other types of English than the type of English we 
read in STEM journal articles? Describe the different languages and/or En-
glishes you speak in different contexts.

4. Do you think the different languages or Englishes you speak help or hurt 
your ability to write in academic settings? Why or why not? Do you ever 
use your other languages or Englishes when thinking about, planning, or 
drafting writing assignments? If so, how?

Though these can be assigned for homework or presented to students all at 
once, I prefer to put one set of questions up on the board or projector screen, allow 
a few minutes for students to write, and then put up the next set, telling students 
that they can take more time on questions they find more generative. This approach 
also gives me the opportunity to explain what I mean by “other Englishes” and list 
examples of how they might use different languages and Englishes in their com-
posing processes. I then have a fifteen-minute whole-class discussion, asking for 
student volunteers to share their responses to questions 3 and 4. This discussion 
can alleviate students’ sense of alienation in their language practices or beliefs about 
them and introduce them to new ideas or insights about linguistic practices. We 
also begin to discuss concepts like White Mainstream English and WLS toward the 
end of this discussion if we have not covered them in previous classes. I also collect 
students’ freewriting so that I get to know students’ individual experiences and 
viewpoints of their linguistic practices. 

Brainstorming then Reading about the Causes of EILS

I then put students into groups of 3 or 4 to hypothesize about why White 
Mainstream English became the international language of science, asking them to 
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appoint one student notetaker to record their ideas. For interdisciplinary courses, I 
put students in groups according to major (or similar majors) so that they can dis-
cuss both EILS broadly and why they think White Mainstream English is the lan-
guage most often used for their specific discipline. This leads to the next question 
I give them to discuss: “Is English, specifically White Mainstream English, a ‘good’ 
language for science? Why or why not?” After groups have discussed for about ten 
minutes, I have each group share the ideas that came up in their discussion. Some 
are able to pinpoint specific historical phenomena that contributed to White Main-
stream English becoming a default language, like computers and coding languages 
being created in the United States. Other students may have knowledge about 
other languages (Latin, French, or German) being used in their field in past decades 
and centuries. This discussion, especially sharing ideas about whether or not En-
glish is a “good” language for STEM, is an important first step toward examining 
the belief that White Mainstream English’s higher status is innate and separate from 
those of other Englishes or languages. 

I typically end class here and assign students two brief readings from popular 
journalism sources that explain the history and consequences of EILS. The first is an 
audio broadcast (also available as a text article) produced by Nina Porzucki (2014) 
for The World, titled “How did English become the language of science?” The piece 
covers the rise of EILS in the 20th century, attributing it largely to German falling 
out of favor after World War I. Understanding how EILS is culturally and historically 
influenced enables students “to develop an understanding of the discipline as cultur-
ally situated” and challenge the “Eurocentric perspective” that STEM is taught from, 
as Alicia Bitler and Ebtissam Oraby elaborate on in their chapter later in this section 
(this collection). The second piece I assign, “The Hidden Bias of Science’s Univer-
sal Language,” by Adam Huttner-Koros (2015) in The Atlantic, focuses on the ways 
EILS harms scientists whose native language is not White Mainstream English, the 
production and circulation of scientific knowledge, and other languages. I like to start 
the next class period with an open discussion in which students share their reactions, 
experiences, and questions they have about the content presented in the readings. If 
discussion stalls, I’ll ask students to take a few minutes to review the pieces and write 
two discussion questions, then ask them to read their questions aloud. For especially 
quiet classes, taking five minutes for students to freewrite a reflection can help them 
gather their thoughts to begin a class discussion, or students can be paired off to share 
their freewritten thoughts with a partner. 

Challenging Limiting Beliefs about 
Writing and Multilingualism
After this discussion, I transition back to where this series of activities started: 

students reflecting on their views of themselves as writers. I ask students to revisit 
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their writing from the previous class, specifically their thoughts about their weak-
nesses as a writer. I explain the concept of limiting beliefs, which are ideas that 
people hold to be true about themselves that hold them back in some way; they 
often begin with statements like “I can’t” or “I don’t” and are typically adopted 
from our experiences, education, faulty logic, or out of fear. I then prompt students 
to write out some limiting beliefs they have about themselves as a writer, sharing 
some examples like: “I don’t have anything original to write about,” “Nobody will 
care what I have to say,” “I’m not a good enough writer to do this topic justice,” or 
“I am bad at grammar.” I share research with students about the negative impacts 
of limiting beliefs, of which there are many; Tamlin Conner and Lisa Feldman 
Barrett (2005), for example, found that unconscious beliefs can hinder our ability 
to embrace challenges, and thus simply identifying our limiting beliefs can be an 
important first step to becoming more capable and confident writers. To continue 
this process, I ask students to do the following with their limiting beliefs:

1. Write out where you think these beliefs originate from. Are you extrapolat-
ing one piece of feedback you received once? Are you using this as an excuse 
to not try something new or something that scares you? 

2. Challenge your limiting beliefs. Write out evidence that contradicts or chal-
lenges your limiting beliefs. What positive feedback have you received about 
these aspects of your writing or thinking? Alternatively, how might simply 
identifying these limiting beliefs serve you in your journey to dismantle them?

I conclude by sharing overviews of research on the writing skills of multilingual 
students and students who speak different versions of English in order to help stu-
dents see their language practices as assets rather than liabilities before prompting 
them to reframe their own limiting beliefs in light of this information. There are 
numerous pieces of research supporting the assertion that multilingualism improves 
creativity, critical thinking, and cultural awareness, but I like to show students the 
American Academy of Arts & Science’s 2017 report from the Commission on Lan-
guage Learning’s executive summary, which highlights the specific positive impacts 
speaking multiple languages has on one’s cognitive abilities, cultural sensitivity, and 
even on preventing or slowing negative health impacts associated with aging (Com-
mission on Language Learning, 2017). I invite multilingual students who have 
examples of their multilingualism giving them greater rhetorical knowledge and 
flexibility to share those experiences with the class, providing concrete examples of 
how these strengths manifest themselves. Once we’ve discussed the specific benefits 
of multilingualism, I prompt students to think about how this might cause them 
to rethink their limiting beliefs. I then ask students who are comfortable to sub-
mit their written reflection on limiting beliefs to me so that I can be aware of the 
areas they are working on gaining confidence; given that all students have different 
experiences and perspectives, these are helpful for me as I continue to deepen my 
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understanding of my specific students’ attitudes toward writing and their linguistic 
abilities, especially those who are less willing to share in discussion. I can also refer 
back to these before commenting on students’ writing to tailor my feedback to 
their specific concerns. 

This lesson combines both instruction on the history of EILS with personal 
reflection in order to help students not only understand how EILS has been shaped 
by WLS but how those practices, in turn, impact their conceptions of themselves as 
people and as writers and thinkers in the STEM community. Combining this with 
small-group and whole-class discussions gives students the opportunity to learn 
from their peers’ application of the material to their own writing lives. 

While the type of reflective writing described here may be less popular in 
STEM writing courses than in expository writing courses, it is essential for trans-
ferring writing skills from one writing situation to another and for facilitating the 
types of attitudinal shifts around linguistic practices necessary to enact an inclusive 
pedagogy (Hendricks, 2018; Herrington & Stassen, 2016; Yancey et al., 2014). In 
her study on how college students develop as writers, Lee Ann Carroll (2002) ad-
vocates for writing instructors to help students gain awareness of their own devel-
opment through “self-reflection that learns a new knowledge or skill by unlearning 
and revising old knowledge or skill” (p. 131). If we want students to question their 
internalization of White Mainstream English as supreme language, we must guide 
them to question their own internalized views of it before introducing new trans-
lingual views of writing. This reflection helps students develop a wider, more flexi-
ble approach to the writing process, and it is central to aiding in their development 
of the types of critical thinking skills that will enable them to question the impacts 
WLS has had on academic writing and STEM writing in particular. Ideas about 
these and other potential benefits of metacognitive and reflective assignments in 
STEM writing courses can be found throughout this collection (e.g., Badri; Barlow 
and Quave; Callow and Shelton; Bitler and Oraby).

Before turning to how students react to this lesson, I’d like to consider how 
translingualism is at play here. While I do tell students they are welcome to write 
in other Englishes or utilize code-meshing to write in other languages in their 
free-written self-reflections (a practice I welcome whenever students do reflective 
writing), for many students, the readings they did, the discussions we had, and 
the writing they produced were in White Mainstream English. The reason I label 
this pedagogical practice as translingual is because it runs counter to the monolin-
gual perspectives upheld by WLS by directly challenging the notion that White 
Mainstream English is innately superior to other Englishes and languages through 
teaching the history of the social, political, and economic forces at play in crowning 
White Mainstream English the international language of science. The final piece 
of the lesson, teaching students about the benefits of multilingualism and speaking 
multiple Englishes, begins the work that I will continue throughout the semester 
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of making room for students’ linguistic backgrounds and practices to be seen as 
having a positive impact on their language abilities. This work includes Lyiscott’s 
“3 Ways to Speak English” from the first day of class and also includes instructional 
texts on science writing that acknowledge the ways power and privilege play a role 
in shaping what are often assumed to be “objective” scientific texts. In my STEM 
writing course, I rely on excerpts from The Scientists’ Guide to Writing by Stephen 
Heard (2016) because it acknowledges the cultural and historical factors that influ-
ence norms of scientific writing, like this excerpt from his chapter on sentences that 
contextualizes the use of passive voice in scientific writing: 

Early scientific writing was predominantly active-voice (Gross et 
al. 2002). This fit well with science done by respected gentlemen 
and with authority derived from virtual witnessing (Box 11.1): 
vivid description of the actors and the action conferred rhetorical 
strength. As science became professionalized in the nineteenth 
century, however, scientists looked for objectivity in prose—with 
objectivity meaning “knowledge that bears no trace of the know-
er” (Daston and Gallison 2007). The passive voice let writers 
suppress any mention of the person who actually conducted the 
experiment, analyzed the data, or drew the conclusion. This is 
odd, though, because we all know it’s only pretense: trees don’t 
fell themselves! Authority in modern science comes from our 
adoption of appropriate conduct and techniques—not from 
pretending we don’t exist. (p.165)

Instructors can also assign texts from the field of writing studies on the rhetor-
ical choices made in scientific texts, including Wayne C. Booth’s (2004) discussion 
of the decisions made by Watson and Crick to humbly present their double-helix 
findings (pp. 57-59). These texts and ideas help students continue to hone their 
rhetorical skills by considering the ways in which context, purpose, and audience 
shape even seemingly objective scientific texts, and they elucidate the reality that 
our conventions around language are culturally produced. 

Student Reactions and Growth Opportunities

In this section, I present the most common types of student responses to this se-
quence of lessons, both to demonstrate their value for students and to prepare 
instructors for discussions about WLS and potential resistance points. My students’ 
reactions to this assignment vary. I’ve had a student come to my office hours to tell 
me they decided to teach their two-year-old child their family’s home language after 
learning there are benefits to multilingualism, and I’ve also had a student in class 
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discussion accuse me of not doing my job by presenting this “distracting” lesson 
when I could be teaching them White Mainstream English. I’ve also been met with 
silence in the whole-class discussion portions of this lesson, even if their freewriting 
shows engagement with the ideas and readings. Even those who are skeptical of 
the lesson early in the semester sometimes cite it in their end-of-semester reflective 
portfolios and course evaluations as an important spark for shifting the way they 
thought about writing. Because no two individuals have the exact same attitude 
toward language difference, it is important to meet students where they are and to 
be mindful of their experiences and attitudes in individual conferences and written 
feedback with them. This section, thus, is not meant to generalize how different 
student “types” may react to this series of lessons but rather to help prepare instruc-
tors for a few broad categories of responses. 

Students who respond positively to the lesson often demonstrate how these 
ideas impacted their own attitudes and approaches to their writing, thinking, and 
composing processes in their final freewriting on their limiting beliefs on writing, 
though insights also develop in small and large-group discussions. Multilingual 
students, particularly multilingual international students, sometimes express re-
lief that their struggles with learning the expectations of communicating in White 
Mainstream English are not a personal failing and are instead influenced by a spe-
cific set of historic and cultural factors. One student wrote in his written reflection 
identifying and challenging limiting beliefs about his writing ability that he was 
relieved to hear from other native speakers of White Mainstream English that they, 
too, struggled with early drafts, and the historical context for EILS helped him 
see that he was not doomed to be a bad scientist because he struggled with White 
Mainstream English. In recognizing this historical context, white students who 
communicate primarily in White Mainstream English are often shocked by the 
prospect that they could be reading or writing in French or German if not for the 
circumstances that led to EILS. These students sharing their surprise or comment-
ing on how ill-prepared they would be to read biology articles in French is a stark 
example of WLS, and it often softens their disposition toward the translingual ped-
agogical approach I adopt in my classes. For many students, this lesson sequence 
contextualizes the prominence of White Mainstream English in STEM communi-
cation in a way that helps them develop greater empathy toward themselves and 
their classmates; I see this empathy toward others most clearly in peer review and 
class workshops later in the semester. 

Some students take this awareness a step further and become interested in 
linguistic justice or in building a more audience-aware communication style in 
STEM. Building on the earlier lesson using Lyiscott’s “3 Ways to Speak English” 
to illustrate the ways power plays a role in our reaction to different Englishes, and 
Black English specifically, students who communicate in different varieties of En-
glish often connect the role that power played in establishing EILS to the ways their 
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own varieties of English are treated in the United States. These students are often 
the most willing to begin to challenge conventions of STEM writing, like adopting 
the #BetterPoster1 model over the traditional scientific research poster, and em-
brace a translingual disposition in their drafting process that helps them integrate 
their different linguistic practices in a way that feels productive rather than detract-
ing from their ability to communicate effectively. Linguistic justice and shifting 
STEM audiences’ expectations for STEM communication become a secondary 
interest for some students, whether they are multilingual, speak multiple varieties 
of English, or adhere fairly closely to White Mainstream English in the majority 
of their communication. These interests are encouraged by ideas in course readings 
and discussions, including the Heard (2016) and Booth (2004) ideas referenced 
earlier, and they can also be explored through class discussions and workshops of 
sample student texts that continually call attention to audience responses to texts. 

Some students are, of course, more resistant, objecting to the pedagogical ap-
proach or the content presented in the lesson sequence. For students in any of 
my writing classes who are resistant to my broader pedagogical practices, specifi-
cally utilizing reflection and encouraging a translingual disposition, I share research 
from the field of writing studies that supports these practices, including many of 
the texts cited in this chapter. However, some students are so deeply rooted in 
the idea that writing is a skill that can be easily transmitted to them using the 
banking model of education that they expect me to be focused solely on sharing 
knowledge about “good writing” with them rather than leading them to reflect on 
their own writing processes and the cultural and historical forces influencing them. 
Though this attitude about the banking model of education is present in most writ-
ing courses, in my experience, it is more common in STEM writing courses where 
students appear to have already internalized the idea voiced by Pronskikh (2018) 
that the “technical” nature of STEM communication makes it more objective and 
thus makes linguistic justice less relevant. Multilingual international students who 
have been working on their White Mainstream English skills for years in order to 
prepare them for success in their education and future careers, for example, may 
have little interest in performing inquiry into their own language practices, par-
ticularly if they see this as detracting from the time I have to teach them White 
Mainstream English. When these attitudes appear in class discussion, I like to offer 
more context for the impossibility of a static “Standard English” existing. One way 
I do this is by reciting or showing students the prologue to the Canterbury Tales, 
which is incomprehensible to modern-day English speakers, to show students how 
drastically the English language has changed in just 600 years. I may also introduce 

1  #BetterPoster is a template for scientific research posters created by Mike Morrison that min-
imizes text on the research poster in favor of making it easier for people to read the main finding of 
a research project when perusing poster sessions. It focuses on meeting the needs of the genre while 
also encouraging discussion about research during a poster session rather than silent reading. 
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the concept of World Englishes, asking students to consider what is needed from 
a lingua franca and why we punish writers who effectively communicate mean-
ing but do not perform White Mainstream English flawlessly. I also express my 
commitment to helping students work on the literacy skills they want to develop 
while highlighting the benefits of viewing texts as being shaped rhetorically and 
influenced by the context in which they were written and approaching grammatical 
issues by performing inquiry in their own patterns of error. While this does not win 
over all the skeptics in my class, it tends to soften many students’ dispositions to-
ward my approach. I am careful to encourage audience awareness, though, teaching 
students to be mindful that some professors or journals will be much stricter about 
adherence to proper grammatical or syntactical conventions; in our class, though, 
we will focus most heavily on the necessary thinking and composing skills that tend 
to be more difficult to develop than proper proofreading. 

Toward a More Inclusive STEM Writing 
Class and Community

In this chapter, I’ve presented a lesson that combines written self-reflection, small-
group and whole-class discussion, and instruction on the history of EILS and the 
benefits of multilingualism and communicating in multiple Englishes aimed at 
helping students better understand the historical roots of and impact of WLS on 
STEM writing. I contend that this translingual pedagogical approach challenges as-
sumptions about the “rightful” place of White Mainstream English as the language 
of STEM, assumptions that can harm the attitudes and practices of students who 
are multilingual or who communicate in other Englishes. This lesson has taken on 
additional importance in recent years with the rise of text-generating generative 
artificial intelligence systems like ChatGPT; these tools are produced by schol-
ars in STEM fields and currently produce text that largely adheres to these stan-
dards dictated by WLS. I often follow this assignment with readings about biases 
in ChatGPT, giving my STEM writing students the opportunity to examine how 
language bias in STEM can have broader impacts on our world. 

Of course, this short lesson sequence is not the only necessary step in creating 
an inclusive STEM classroom; this approach must continue throughout the se-
mester in order to truly help students feel that their linguistic practices and back-
grounds are welcome in the STEM writing classroom. For example, I mentioned 
earlier that this lesson helped students gain empathy that manifested itself in their 
response to their peers’ papers in group conferencing and peer review. I did not 
rely on this singular lesson sequence to shape peer review practices, though; I mod-
eled a respectful form of peer response and specifically asked students to focus on 
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higher-order concerns and avoid making judgments of a student’s grammar, punc-
tuation, or other minor language issues. In other words, this assignment sequence 
is an important foundational lesson in creating an atmosphere that is accepting of 
language difference and, more specifically, the translingual nature of writing, but 
this attitude must be affirmed in other teaching practices as well. 

My primary goal in this lesson is to create a classroom environment where all 
students, regardless of their home languages or cultural backgrounds, can learn, 
and challenging WLS is central to achieving this goal in any writing course. But 
a necessary and related outcome of these kinds of pedagogical shifts is creating an 
attitude in academia and in STEM specifically that is more welcoming of so-called 
“language differences.” If English is to be a lingua franca for the scientific commu-
nity, why can’t we loosen our understanding of what “correct” English is? What 
is lost in the refusal to be accepting of World Englishes? Seeing students embrace 
these ideas about challenging WLS gives me hope that these kinds of lessons will 
equip the next generation of researchers and scientists to make productive changes 
to the expectations of language practices in STEM journals, classrooms, and con-
ferences, but we cannot shirk our own responsibility to push for greater acceptance 
of language difference. As scholars in writing studies and as scholars in STEM 
fields, we have the power to influence our colleagues, colleges, and publications to 
recognize the white supremacist roots of the adherence to a strict form of White 
Mainstream English. We ought to use it to create a more inclusive field. 
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During my (Holly’s) first teaching job in Chile, mi hermana anfitriona introduced 
me to a Spanish idiom, “tener buen lejos,” which means something or someone 
looks good from a distance but becomes less attractive once you get a closer look. 
For many diverse students, STEM fields are initially attractive, but the actual ex-
perience of entering a STEM field often results in underrepresented students being 
disparately turned off and turned away. Biology instructors at our own university 
are aware of opportunity gaps in their introductory survey courses, which have 
impacted access to STEM fields for students who are historically underrepresented 
in STEM majors, and these instructors have even actively researched and imple-
mented opportunities for change. One of their published studies specifically recog-
nizes the following:

Underrepresented minority (URM) students in the United States 
. . . start college with the same level of interest in STEM majors 
as their overrepresented peers, but 6-[year] STEM completion 
rates drop from 52% for Asian Americans and 43% for Cauca-
sians to 22% for African Americans, 29% for Latinx, and 25% 
for Native Americans (Theobald et al., 2020, p. 6476).

While STEM faculty have focused on mitigating disparate impacts on stu-
dent attrition based on achievement to provide greater access and opportunities in 
STEM, we focus on experience for the same purposes. Both Dhatri Badri’s vignette 
and a journal entry from Alicia Bitler and Ebtissam Oraby’s chapter in this volume 
have highlighted the role that a single course can have for students in situating 
themselves and their chosen STEM field. Badri related how bridging the gap be-
tween her place in STEM and her experience as a woman of color helped her 
to engineer her own inclusion, while the journal writer in Bitler and Oraby said 
that recognizing cultural situatedness led to understanding her discipline better. To 
these insights, we add a chorus of student voices on how and to what extent these 
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acts of bridging, engineering, situating, and recognizing knowledge and identity 
within a single course can impact student experience.

This chapter describes our journey as writing instructors situated within a dis-
ciplinary writing program to propose and teach a course entitled Critical Science 
Literacy in the Natural Sciences. This chapter attempts to synthesize some of the 
theoretical strands that feed into the critical science literacy (CSL) framework and 
describe the course we designed to enhance students’ capacities for critical inquiry 
into their own disciplines. Such capacities can facilitate students’ identities as scien-
tific practitioners, which can then enhance their agency and feelings of legitimacy 
as communicators and can also enable them to critique and disrupt from within 
disciplinary structures that have caused historical exclusion or harm. Consequently, 
CSL can better support students across diverse backgrounds who are working to-
ward a degree, and eventually a career, in the natural sciences. In this chapter, we 
describe the theoretical underpinnings of CSL and how our institution and pro-
gram contexts revealed a need for CSL-based curriculum. We then offer an over-
view of the course itself and finally reflect on its successes and possibilities based on 
student survey data.

The Framework: Critical Science Literacy 

We have adapted the concept of CSL from Susanna Priest (2013) and Maria E. 
Gigante (2014), who developed the concept in response to the social turn in the 
natural sciences and to increasing lay publics’ participation in science. Priest high-
lights the social and cultural nature of science, writing that scientific knowledge 
includes “the kind of everyday, tacit knowledge of ‘how things work’ that members 
of a culture take for granted but outsiders can find mystifying” (p. 138). The other 
key piece of Priest’s definition is the civic importance of scientific knowledge: cit-
izens need to be able to “sort out which truths should be relied on in any given 
moment” (p. 138). These “moments” of reliance on science have proliferated in 
part because of the grave stakes of issues like climate change and global pandemics 
and because of the multitude of public-facing platforms on which scientific debates 
now play out. 

Gigante (2014) takes up Priest’s version of CSL but expands its role in under-
graduate science education. Gigante calls on specialists in writing studies, rhetoric 
of science, and science communication to help introduce CSL because undergrad-
uate survey science courses do not often focus on how “scientific culture operates,” 
nor are students typically “prompted to take responsibility for communicating their 
research to nonexpert publics” (p. 78). Personally and professionally, we can attest 
to a growing necessity for scientists to be able to communicate with different kinds 
of publics. Gigante asserts that a key element of CSL is rhetorical knowledge and 
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suggests that “a rhetorically grounded science writing course can assist science ma-
jors with understanding the intricacies of scientific communication” within and 
beyond science (p. 79). We argue that CSL can help expose what Jennifer Mallette 
describes in this volume as “tacit requirements and expectations” in science, which 
“can serve to widen gaps between students with and without access to stronger 
preparation in writing, better mentoring, or effective peer educational networks” 
(this collection). Additionally, CSL can help students recognize and, we hope, dis-
rupt what Jameta Barlow and Kylie Quave (this volume) term “white empiricism” 
and other “inequitable forms of knowledge production” in STEM (this collection).

Whether or not they do so deliberately in their claims that science is social, 
civic, and rhetorical, Priest and Gigante evoke “threshold concepts” in biology. Jan 
H.F. Meyer and Ray Land (2012) define a threshold concept as “a transformed way 
of understanding, or interpreting, or viewing something without which the learner 
cannot progress” (p. 3). Threshold concepts in a discipline have certain characteris-
tics: they transform understanding, are irreversible (once you know, you cannot un-
know), are integrative (that is, they reveal interrelated ideas), are bounded, and are 
potentially troublesome. “Troublesome” knowledge can refer to the conceptually 
difficult or tacit, which is why grasping a threshold concept can often be accompa-
nied by an “Ah ha!” moment. 

Charlotte Taylor (2012) notes that threshold concepts in biology can be diffi-
cult to generalize because there are so many far-flung subfields that comprise the 
biological sciences, all with different foci and methods: environmental, cellular/
molecular, marine, biochemistry, physiology, evolutionary, genetics, etc. Speaking 
broadly, however, she found that threshold concepts in biology tend to be inter-
related, and deeper understanding comes from link-building (examples include 
the complexity of living systems, probability and uncertainty, consequences of 
meiosis, and creating hypotheses). The webbed, cumulative nature of scientific 
knowledge creates challenges for teaching undergraduate biology courses, and 
these challenges may lead to pedagogies that are more focused on “fact-transmis-
sion” than on the contexts, cultures, and processes of science (Taylor, 2012, p. 90; 
see also Weinstein, 2009).

Threshold concepts from writing studies relevant to CSL are that writing is 
a social and rhetorical activity and that writing enacts and creates identities and 
ideologies (Adler-Kassner & Wardle, 2015). These understandings have been called 
for and cultivated by every contributor to this volume as we recognize the situat-
edness of science knowledge across time, space, and identity. Of particular interest 
to us as writing instructors is the role of language in learning science because, first, 
many scientific discourses can be technical and specialized and difficult to learn, 
and second, because scientific language varies so much as its audiences and stake-
holders shift. Meyer and Land’s (2012) characterization of the role of language in 
the threshold concepts framework is helpful:
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Specific discourses have developed within disciplines to represent 
(and simultaneously privilege) particular understandings and 
ways of seeing and thinking. Such discourses distinguish individ-
ual communities of practice and are necessarily less familiar to 
new entrants (p. 14). 

Not only is language characterized as a layer of difficulty (an aspect of “trou-
blesomeness”) in achieving a threshold concept, but the passage also alludes to 
power relationships inherent in learning disciplinary discourse. We propose that 
CSL acknowledges (the learning of ) scientific discourse(s) as its own threshold 
concept, particularly in the sense that discourse is something “without which 
[students] cannot progress” (p. 14) within the discipline. Facility with discourse 
should not be limited to mastery of terminology but should include recognition 
of the highly rhetorical and hierarchical nature of scientific discourses. To that 
end, CSL includes the ability to move across multiple discursive channels because 
communicating in science often involves acts of translation and accommodation 
(Fahnestock, 1986). 

Learning disciplinary discourse also involves moving through certain kinds of 
communities and cultures. To learn science—to learn to be a scientist—is in large 
part a process of language learning, but one that includes “not merely knowledge 
of form, but knowledge of the rhetorical requirements of that form and of the 
writing behaviors common to professional scientists” (Poe et al., 2010, p., 23). 
Cultivating what Mya Poe, Neal Lerner, and Jennifer Craig call a “scientific discur-
sive identity” can be challenging, given that it requires understanding “the social 
significance of appropriating scientific discourse in interpersonal and intrapersonal 
contexts” (Brown et al., 2005, p. 781; emphasis added). Scientific texts have social 
significance to the degree that they conform to certain tenets, such as objectivity, 
certainty, and authority (or, read another way, exclusion). The more technical or 
specialized a discourse, the more difficult it may be to enter into because, often, 
these discursive practices are so different from the kinds of literacy practiced in per-
sonal lives and communities (Adler-Kassner & Wardle, 2015). This leaves us with 
questions about the ways that scientific discourse occludes subjectivity, uncertainty, 
and exclusion based on difference. 

As we developed our own CSL course, we wished to focus not only on the rhe-
torical and social aspects of science and its discourses but also on the ways that these 
knowledges have traditionally harmed or excluded certain groups; the ways that 
scientific texts have suppressed, sterilized, or rationalized that harm; and the ways 
that scientific practice and communication have discouraged a sense of belonging 
among those with ostensibly conflicting cultural frameworks and literacy practices. 
That is, we wanted to lean into the criticality of CSL. To build a more capacious 
CSL, we borrow from Allan Luke’s (2012) work on critical literacy (distinct from 
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CSL and from the phrase “critical thinking” commonly used in K-12 teaching and 
learning contexts), a framework that entails:

a) a focus on ideology critique and cultural analysis as a key 
element of education against cultural exclusion and marginaliza-
tion; b) a commitment to the inclusion of working class, lin-
guistic, and cultural minorities, indigenous learners, and others 
marginalized on the basis of gender, sexuality, and other forms 
of difference; and c) an engagement with the significance of text, 
ideology, and discourse in the construction of social and material 
relations, everyday cultural and political life (p. 6).

Many in the various but interlocking fields of Science and Technology Studies 
(STS) have written of the ways that scientific practice has lent itself to the kinds of 
critiques Luke enumerates here (Epstein, 2007; Nelson, 2016; Roberts, 2011; and 
TallBear, 2013 are but a few examples). We try to feature, whenever possible, these 
critiques in our courses. 

In sum, we embrace Priest’s emphasis on the social and civic nature of science 
and Gigante’s emphasis on science as rhetorical. In our own development of a CSL 
course, we also focus on the ways that scientific discourse can suppress human 
bias and the very real repercussions that bias can have on material conditions and 
embodied experience. Because acquiring a new discourse is like taking on a new 
identity, we aim to teach skills in rhetorical analysis, but in critical terms, and ask 
constantly how scientists’ experiences and positions shape how they conceive of 
and communicate science. Our ultimate goal is to work against the “weed out” 
culture so commonly seen in undergraduate science programs; just as advocates are 
pushing for more human-centered approaches for the stakeholders of science (pa-
tients, consumers, citizens), this course seeks to create communities of belonging 
for young scientists themselves.

The Context: The Institution and the Program

The University of Washington is a public Research I university located in Seattle. As 
of autumn 2022 (UW is on the quarter system), the flagship Seattle campus enrolls 
over 48,000 students, including 33,000 undergraduates. About 26 percent of its 
students hail from Washington State, and 11 percent are international students; 36 
percent of students identify as Caucasian, 24 percent as Asian, 9 percent as His-
panic/Latino, 5 percent African American, and about 1 percent each as Hawaiian/
Pacific Islanders and American Indian. The most popular majors include computer 
science, business administration, psychology, biochemistry, and electrical engineer-
ing, and 48% of students occupy STEM majors (University of Washington, 2022). 
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Competition for admission into many STEM majors at UW can be intense, 
which makes for a high-stakes experience. Demand for STEM majors has increased 
so much in the last decade that students must apply for acceptance to the most 
popular majors, though acceptance rates are highly variable; for example, nearly 
100 percent of the 550-600 students who apply to the biology major are accepted, 
whereas over 7,500 students named computer science as their top choice for a 
major, but there are only 550 spaces per year (Stiffler, 2022). While the numbers 
for the biology major seem reassuring on their face, one staffer from the department 
admitted that the introductory courses serve a “weed out” function, which prompts 
questions about the forms of gatekeeping students experience as they progress to-
ward (and through) their majors. Additionally, persistently low funding from the 
state and increased reliance on funding from industry (UW is among the top ten 
universities receiving industrial support in the US) have led to a STEM-oriented 
culture on campus that is felt across disciplines and departments.

The Program for Writing Across Campus (PWAC)1 offers disciplinary writing 
seminars in two different formats, linked and unlinked. The linked courses (the ma-
jority of the courses we offer) are each connected with large lecture courses in a wide 
variety of disciplines that range from philosophy to biology (we offer writing courses 
linked with several of the institution’s most popular majors listed above). Only stu-
dents enrolled in the lecture course are eligible to take the linked writing course. In 
recent years, PWAC has been offering a growing number of unlinked discipline-spe-
cific courses: writing in the humanities, writing in the social sciences, technical writ-
ing, and CSL. While all our courses satisfy the general education Composition and 
Additional Writing requirements, they are not required for any major or program. 
Students seeking to satisfy their writing requirements in discipline-specific contexts 
tend to gravitate toward our program rather than taking general composition courses.

All PWAC writing assignments and scaffolding activities are designed to cultivate 
students’ knowledge of the topics, genres, and methodologies of the lecture course (or 
discipline) with which it is linked. PWAC instructors, as writing rather than content 
experts, help students orient themselves in a particular field and orienteer themselves 
toward developing disciplinary writing identities. This specificity of writing contexts 
enables PWAC instructors to develop inquiries surrounding students’ writing and 
learning that are infrequently addressed in other institutional contexts.

The unlinked CSL course we present in this chapter was first conceived based on 
the observations, experiences, and critical conversations among three biology-linked 
writing instructors (one of whom is Holly) and, later, with the PWAC director 
(Megan). BIOL 180 is the first of a three-sequence introductory set of biology courses, 

1  The program was formerly called The Interdisciplinary Writing Program, but the name was 
changed in 2022. Data for this chapter were collected prior to the name change, but for practical 
purposes, we use the new name here.
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which regularly enrolls 600-800 students, mostly sophomores (Brownell et al., 2014; 
Haak et al., 2011). Students must pass these courses to continue major coursework in 
biology. The department has taken steps to fill opportunity gaps based on class struc-
tures/activities and measuring student achievement scores quantitatively; however, 
qualitative student experience has not been considered during these studies.

As an anecdotal insight into potential student experience, two PWAC instruc-
tors (Holly and Hsinmei Lin) observed the first day of class in BIOL 180. One 
slide from the lecture dealt with defining science in contrast to pseudo-science and 
religion. In the scenario, someone had crashed on a bicycle, and the wounds were 
now healing. Students were asked to explain the healing process according to sci-
ence (“The blood clotted to form a scab, and now my cells are regenerating skin.”), 
pseudo-science (“I was wearing my lucky shirt, so I made it through.”), and religion 
(“I prayed, and a higher power healed me.”). 

For the PWAC instructors, the scenario established a straw-man argument 
where pseudo-science and religion could be simplified, essentialized, caricatured, 
and knocked down easily in contrast to science. Hsinmei noted that pseudo-science 
is often used as a colonizing proxy term for Indigenous Traditional Knowledge 
(TK) and/or Traditional Chinese Medicine (TCM), which was part of her own 
cultural background. Holly reflected on her own extended identity crisis when she 
was told by her undergraduate science instructors that there was no room for her 
faith tradition if she were pursuing science and how she later discovered that many 
famous scientists did, in fact, draw on their faith traditions to animate their work in 
science. Underrepresented students could feel that important and complex aspects 
of their identities are not welcomed in disciplinary coursework even when active 
learning components are implemented structurally. 

Student identity and experience are important for understanding inclusion but 
were not addressed by the Biology Department studies. It is worth noting that some 
of the structural changes implemented by the Biology Department still provided 
hope for greater access in STEM courses, so we will briefly overview some of the key 
findings based on their framing around “achievement” (even though “opportunity” 
may be a better framework for placing responsibility on the program, rather than 
students, for disparate results and access). Theobald et al. (2020) note that grades in 
STEM courses are heavily dependent on exam scores, so exam score “achievement 
gaps” (in the language of the Biology Department) create a barrier for URM students 
when grades fall below the threshold that allows for continued study or if students 
decide themselves to withdraw. The research team was able to show that active learn-
ing reduced “achievement gaps” in exam scores by 33 percent and passing rates by 45 
percent. Overall, they propose that deliberate practice and a culture of inclusion are 
the two key elements to reversing achievement gaps in STEM courses.

If active learning increases opportunities for URM student success, what does 
this active learning look like? David C. Haak et al. (2011) show that high-structure 
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classes with pre-reading quizzes, informal class group work, and multiple-choice 
clicker or random call questions were able to halve the “achievement gap” observed 
in traditional lecture-based class structures. Questions that prompted students to 
engage higher levels of Bloom’s taxonomy and opportunities for group work where 
students could co-construct knowledge were crucial. Sara E. Brownell et al. (2014) 
explain that experimental design is a fundamental skill and an important aspect of 
science literacy and critical thinking. Asking students to analyze an experiment OR 
design an experiment using worksheet prompts as a group for 30 minutes during 
class led to more accurate conceptions of sample size and repeating an experiment. 
In addition, Sarah L. Eddy et al. (2015) identify several dimensions that can be 
used to evaluate a class’s overall active learning elements for students: does the class 
create opportunities for student practice, logic development, accountability, and 
reducing student apprehension?

All of these studies identify aspects of STEM content courses that can reduce 
differential passing rates for underrepresented students based on exam scores. How-
ever, constraints remain in the learning system overall related to class size, time, 
content, instructor training, etc., and as noted before, the studies do not collect or 
address actual student experience. 

To return to the anecdotal example of defining science, a more complex and 
inclusive understanding of science would mean shifting away from a framework of 
“evidence-based teaching” and toward a pedagogical and curricular emphasis on 
belonging and equity (see Mallette, this volume). To do so means examining the 
underlying values and activities of a scientific community, such as asking questions 
and making systematic observations, rather than setting science in conflict with 
other knowledge systems or ways of knowing. It would also mean asking students 
to identify what parts of their own backgrounds contribute to the ways they ap-
proach or participate in science, which is how Holly and Hsinmei, as writing in-
structors, expanded this conversation in their own linked writing classes.

The authors of this chapter recognize that writing courses have unique poten-
tial to emphasize elements identified as important for underrepresented student 
success in BIOL 180 research, such as practice, logic development, and reducing 
student apprehension and feelings of exclusion. By foregrounding the nature of 
science and the positionality of its practitioners, CSL can enhance students’ feelings 
of inclusion in STEM courses (and fields). 

The Course: Critical Science Literacy in 
the Natural Sciences (ENGL 296)

After observing the ways that undergraduates were moving toward and through 
natural science majors, we saw the need for a course that supplemented (and, 
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ideally, reframed) students’ apprenticeships in the sciences. We named the course 
“Critical Literacy in the Natural Sciences,” hoping to capture the theoretical in-
vestments we have described and also hoping to market the course to (current or 
aspiring) science majors looking to satisfy a composition requirement. In planning 
discussions, the authors (Megan and Holly), along with a doctoral student in biol-
ogy, Aric Rininger, developed a curriculum where students would learn to become 
confident, authoritative participants in science and scientific discourse while at the 
same time becoming familiar with the ways that Western values are embedded 
and centered (often invisibly) in the sciences and its related institutions. Through 
course content and culturally responsive, anti-oppressive pedagogies, the course 
aims to help students interrogate these values as they enter advanced study.

Like all PWAC courses, our CSL course implements pedagogical approaches that 
our program holds dear: students work with a variety of texts, including primary and 
secondary scientific texts as well as their own and their peers’ writing. Throughout, 
they move through cycles of reading, discussion, reflective and formal writing, peer 
review, conferencing, revision, and intensive instructor interaction and feedback. 

The course is organized around three broad learning goals, listed below, with 
narrower, orienting questions following each goal. In this course, and as we spell 
out explicitly in the syllabus, students will work toward the following:

Understanding the nature of science as contingent, contested, and situated.

• What purpose does science serve? Does it have social or moral 
responsibility?

• How are questions formulated and answered in the sciences? What 
kinds of questions can science answer? Why do people choose particular 
questions in science, and how do they develop hypotheses? What socio-
political and ethical values underlie scientific assumptions, questions, and 
hypotheses?

Engaging a diversity of ways of knowing and doing in science across cultures 
and nations, including identifying strengths and limitations of different approaches.

• What are essentialist vs. holistic ways of knowing in science?
• How do scientists situate the self in relation to various communities (aca-

demic, professional, disciplinary, cultural, national, indigenous, etc.) and 
ecologies (environmental, institutional, research contexts, topics/objects 
of inquiry)?

• By what means can students locate themselves within scientific practice 
and discourse? What kinds of cultural and intellectual capital do they 
bring to the course, and might they bring to scientific inquiry?

• How can students deploy a critical lens as they navigate scientific fields 
first as apprentices and then as professionals?
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Tracing the genealogies of ideas in circulation as information moves through 
pipelines and networks. 

• How do scientific concepts and “discoveries” get reified as they are com-
municated across various platforms? How do reified concepts privilege or 
harm certain groups? How does “reality” differ across those groups?

• In what ways can novice scientists use transformative communication 
practices within a realm where the language of Western mainstream 
science is dominant?

• How can inquiry into scientific content provide occasions for writing to 
learn as a form of reflection and engagement? Equally important, how 
can communicating scientific content provide occasions for learning to 
write in order to share that knowledge with particular audiences?

• How can intertextual connections across time and space provide greater 
insights into particular “facts”?

• In what ways can scientific communication practices (both traditional 
and transformative) serve as a vehicle for responding to all of the above 
questions?

According to the American Association for the Advancement of Science’s 
Benchmarks for Science Literacy (1993), “Students should learn that all sorts of 
people, indeed, people like themselves, have done and continue to do science” 
(n.p.). These students bring a huge diversity of cultural and intellectual experi-
ence to their studies but may not always feel that non-Western ways of knowing 
and practicing are embraced (or even acknowledged). UW’s STEM education is 
seen internationally as second to none, but our undergraduate and postsecond-
ary programs encounter the same pipeline issues that the sciences face globally: 
women, people of color, and indigenous populations are dropping off of scientific 
career pathways because scientific fields are not sufficiently culturally responsive 
(Grunspan et al., 2016). This course aims to help students become aware of these 
hierarchical traditions and to enable them to critique and transform traditional 
approaches to doing science.

After developing the course in 2019 and submitting it for the formal course 
approval process, the English department chair informed us that, while he loved 
the course, we would need to present the syllabus at a meeting of department chairs 
in the Natural Sciences division of our College. This was a courtesy expected of any 
department developing a course out of their disciplinary wheelhouse: as English 
faculty, we needed to get the science department chairs’ blessing to offer a course 
situated in the sciences. 

As program director, Megan prepared to present at that meeting and did so 
somewhat apprehensively. After all, the idea for the course first came about after we 
had been observing survey science courses with some concern. While our course 
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contains no explicit critique of the science curriculum at our institution, it does 
critique some of the traditional methods and assumptions embedded in science 
generally. We were surprised and delighted, however, to hear rave responses from 
the science chairs. They explained that their own major curricula were so packed 
with content that they had no time to explore issues like the nature of science or 
uncertainty, subjectivity, or racism in science. The only concern they brought up 
was that there was no way we would be able to serve hundreds of natural science 
majors in a given year. Indeed, with classes capped at 23 (as most composition 
courses are at UW) and at three sections a year, we are lucky if we can serve 70. 
Still, we were pleased to move forward with the course, and we have been offering 
about one section per quarter, three to four quarters per year, since 2019. Below, 
we describe our three major assignment sequences, along with reflections on the 
assignments’ strengths and suggestions for adapting them. 

Project 1: Tracing the Life of a Scientific Fact

This assignment draws its inspiration from Jeanne Fahnestock’s classic (1986) 
article, “Accommodating Science: The Rhetorical Life of Scientific Facts,” in which 
Fahnestock analyzes rhetorical shifts as scientific articles are translated from spe-
cialized research reports to public-facing summary articles. In this project, students 
select a topic or event (the Rover landing on Mars and the U.S. arrival of the Asian 
giant hornet, aka “murder hornet,” are two recently selected topics), typically find-
ing the item on a social media platform like Twitter and collecting publications 
translating the study on different platforms until they trace it back to the source, a 
peer-reviewed research article.

Students analyzed the ways that authors’ rhetorical strategies (e.g., tone, voice, 
use of images and layout, etc.) changed across publications and then presented their 
analysis in Adobe Creative Cloud Express (formerly called Spark), a free online pro-
gram for producing multimedia content. The program is accessible and user-friendly 
and offers a platform for integrating images, text, and other media, which in turn 
encourages deep analysis of visual, textual, and digital rhetorics. We have found that 
students not only become more able to demonstrate how the writing occasion and 
audience expectations shape the ways that “facts” get represented in texts, but they 
also come to question the very nature of a scientific fact. If a tweet attempts to cap-
ture attention and persuade, then so does an article in Nature, in its own way. The 
assignment also has the added benefit of cultivating media literacy and research skills 
through the “tracing” process (see Megan’s version of the prompt in the Appendix). 

Students report through assignment debriefs, mid-quarter check-ins, and 
course evaluations that learning about the ways that information changes as it is 
translated across platforms is transformative for them. We find it to be an especially 
successful assignment at the start of the quarter because it sets up a foundation for 
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students’ understanding of accommodation for different rhetorical situations and 
the stability (or rather dynamic nature) of scientific knowledge, which informs 
their future thinking and writing. Additionally, it is a creative, low-stakes “writing 
to learn” assignment that eases students into the next, higher-stakes project.

Project 2: Generating a Scientific Question

The second assignment sequence asks students to consider the scientific hy-
pothesis and research question.2 Where do research questions and hypotheses come 
from? What assumptions about reality are embedded within them? How does the 
formulation of a research question select certain realities and deflect others? We 
hoped, through this project, to pull back the curtain on the ideological dimensions 
that are presumed to be neutralized in scientific research.

In the first part of this project, students read and discuss an excerpt from 
Robin Wall Kimmerer’s book Braiding Sweetgrass, where the author, a botany pro-
fessor and member of the Citizen Potawatomi Nation, describes the question that 
brought her to a botany major as an undergraduate. She wrote, “I wanted to learn 
about why goldenrod and asters look so beautiful together”—to which her adviser 
responded, “That is not science,” and “If you want to study beauty, you should go 
to art school” (2013, p. 39-41). 

After guided discussion about what counts as science and what kinds of ques-
tions are legitimate, students then describe their own curiosities about the natural 
world (which are often the inquiries that drove them to science in the first place). 
Finally, they convert these questions into a formal research design proposal, some-
times writing toward a real-life targeted audience, such as the UW Mary Gates Re-
search Scholarship. In the process of drafting, students examine real-life proposals 
and consider how their own inquiries must be (re)framed for the conventions of 
formal, institutional contexts.

While students report that this assignment has a lot of practical value—for 
many it is their first opportunity to compose in a genre that they will use profes-
sionally—we ourselves sometimes feel challenged to support it as fully as we can. 
Neither of us is a scientist. While we do guide students to think through tenets of 
experimental design like internal and external validity, replicability, etc., we are not 
able to guide them as well as we would wish (dilemmas about instructor expertise 
and authority are not uncommon in disciplinary writing programs). However, it 
gives students more time, space, and authority to apply principles of experimental 
design than during large survey courses and offers an opportunity to “learn to 
write” in a disciplinary genre.

2  UW quarters are approximately ten weeks long, and each major project is spaced roughly 
three weeks apart. 
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Our limitations in Western science give way to even greater limitations 
in other scientific traditions, such as indigenous science, holistic or “folk” ap-
proaches, or TCM. Some students bring with them immensely valuable cul-
tural experience that they can juxtapose against Western frameworks, gaining 
a deeper understanding of each; other students do not necessarily possess such 
backgrounds. In future versions of the course, we hope to provide richer intro-
ductions to non-Western scientific frameworks. This might include guest speak-
ers or field trips and certainly should include the hiring of instructors who can 
bring multi- or transcultural perspectives on science. Perhaps most important, 
we need to better facilitate cross-pollination among students—for example, by 
sharing former or current student writing—so they can benefit from each other’s 
immense intellectual and cultural knowledges. 

During revisions of this chapter, we learned that PWAC instructor Christo-
pher Chan, who has been teaching ENGL 296 in recent quarters, has updated this 
assignment sequence. He assigns an “ethnographic vignette” in which students are 
asked to “answer a question about how people conduct, live with, think about, 
talk about, experience, or contribute to science: a short, descriptive essay that il-
lustrates a scene that you observed, and then uses this observation to explicate an 
answer for your question.” We love this adaptation and believe it responds directly 
to the course’s orienting question about how scientists situate the self within vari-
ous communities.

Project 3: Science Literacy Narrative 

All scientists have intellectual, cultural, and linguistic histories. For the (ostensi-
ble) sake of neutrality and objectivity, apprentices are trained to divorce themselves 
from these histories, especially when they are doing and communicating research. 
This assignment asks students to read examples of different types of scientists’ nar-
ratives, which reveal how personal history and professional practice can interface. 
Examples of such narratives include a 2019 op-ed by Katherine Hayhoe, a climate 
scientist and self-described evangelical Christian; Nobel Prize winner Youyou Tu’s 
(2011) narrative about how her cultural grounding in TCM enabled her to develop 
the anti-malaria drug that has saved millions of lives; and/or the documentary film, 
Oliver Sacks: His Own Life (Burns, 2020), about the famous neurologist and his 
struggles with homophobia and addiction. 

Students also read the chapter “How Does Rhetoric Work in Multimodal 
Projects?” in Ball, Sheppard, and Arola’s 2018 textbook Writer/Designer to help 
them ground their choice of a genre that best serves their own scientific nar-
ratives. In their narratives, which have included podcasts, films, comic strips, 
photo essays, and medical school personal statements, students explore how their 
identities, investments, and intellectual interests have shaped their trajectories 
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as scientists. Holly has used digital stories as a particular genre for the class in 
which students share their videos at a class showcase event. This assignment is a 
form of reflection and an orientation to/within the desired scientific field, but we 
also hope that it will serve as a form of self-advocacy—a confident declaration of 
intention to participate.

In Their Own Words: Student Survey Feedback

We wanted to be able to assess how we were achieving our learning goals, so we 
have administered a survey to each course section since we first offered it in the 
winter of 2020. We obtained IRB approval and collected responses anonymously 
at the end of the quarter, explaining that responses might be used in scholarly pub-
lication, that participation was completely optional, and that it had no bearing on 
course grades. Given its voluntary nature, we acknowledge selection bias may be 
at work in the responses. However, while generalizable patterns are helpful, even 
disparate responses are informative and offer possibilities for differentiated instruc-
tion. From the survey, which consists of seven open-ended questions, we hoped to 
gain a deeper understanding of the following broad questions, which organize the 
themes we discuss below. 

• How did students’ understanding of science as contingent, contested, and 
uncertain change while taking a CSL course?

• How did the course affect students’ sense of belonging in the discipline?
• Did the course encourage students to make connections to other courses/

learning occasions in the field?

Shifting Understandings

Of 32 responses to the question, “How has your belief in scientific certainty 
shifted?” 18 said that they had come to understand scientific knowledge as dy-
namic. As one representative response stated, “I think this class has pushed me to 
be willing to question the extent and limits of science.” Of the 12 who said that 
their understanding of scientific certainty had not shifted, the belief went both 
ways: some students maintained their belief in scientific certainty; others (about 
three) maintained their prior belief in uncertainty (the course only affirmed it). 
These two responses stood out in their juxtaposition:

My belief hasn’t shifted because I’m queer, disabled and neurodi-
vergent- bias in science affects me and my people to an extremely 
dramatic degree.
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No, I still believe that science is absolute. Although there may be 
bias, as long as the evidence is there, it is ok.

The first response shows awareness of the ways that identity and positionality 
affect beliefs about the nature of science. It is plausible that those who occupy tra-
ditionally marginalized identity groups are better positioned to embrace scientific 
contingency, just as those with non-normative cultural backgrounds seem better 
able to integrate multiple scientific frameworks (as we discussed above). However, 
it is hard to apply the logic in reverse since those who affirmed their belief in scien-
tific certainty did not (could not?) attribute their beliefs to their own positioning. 
These observations only affirm to us the importance of asking students to share 
their own experiences and identities with the class community.

In addition to students’ shifting perspectives on scientific certainty we observed 
a shift in their overall metacognition about the nature of science and scientific com-
munication. In response to the multi-part question, “What were your goals for tak-
ing this class? Did these goals change over time? To what extent did the course align 
with your goals?” we noticed a pattern in which students said they initially wanted 
to “gain skills for scientific writing” (33 of 39 responses) and to “fulfill [the] general 
education writing requirement” (7 responses). A number of respondents (about 10) 
expressed a pivot not just in their scientific understanding but also in the kind of 
knowledge they viewed as important, some noting the unexpectedness of the shift. 

Over time, I became interested in the person behind the pub-
lication; what they’re [sic] motives are or beliefs, etc. Having 
finished the course, I can say that I did align with the types 
of things that I wanted to learn. I want to be a more capable 
scientist, obviously, and I think that this course helped me more 
carefully define what “capable” means.

To be honest, my main goal for taking this class was to receive 
my English composition credit. However, as the class continued, 
I realized that I really enjoyed the readings and discussions. This 
class has taught me to think in slightly different ways, and to—
above all—ask questions.

Other students did not report such a shift, though we were satisfied to see that 
the course still met the practical goals students arrived with. We are reminded here 
of the writing to learn/learning to write duality of disciplinary writing instruction. 
The phrase “writing to learn” is shorthand for the idea that the very act of writing 
stimulates a deeper understanding of a given concept. “Learning to write” (or “learn-
ing to communicate”) involves practicing composing discipline-specific genres (e.g., 
a research proposal), largely for the purposes of application in real-world contexts. 
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Good disciplinary writing courses involve both learning goals, but we were 
unsurprised that students may value “writing to learn” and “learning to write” 
differently, depending on their larger goals. The following responses show such 
different goals—one was self-understanding and intellectual challenge, the other 
professional preparation. 

I wanted to continue to understand who I was as a writer and 
develop my writing skills as a scientist. This class definitely 
challenged me to try things that I have never tried before, and I 
thought it really pushed me out of my comfort zone.

I wanted to get better at reading and writing critical science liter-
ature to help prepare me for nursing school as well as a career in 
nursing.

Sense of Belonging in the Sciences

As our course goals indicate, an essential element of CSL is a sense of belonging 
in the sciences. Enhancing students’ feeling of belonging in their future field helps 
address pipeline issues for URM students, but our hope, too, is that our students’ 
sense of their own humanity as scientists will support their understanding that 
science is a social, human-driven enterprise. 

Of 37 responses to the question, “Do you feel like you have a greater sense of 
belonging in the sciences after taking this course? Why or why not?” 22 said they 
felt a greater sense of belonging, five said no, and four gave a qualified response. 
Some of the explanations students gave for a greater sense of belonging include 
an expanded exposure to/interest in other classmates’ areas of research, increased 
confidence in “involving myself in more opportunities related to science,” an ability 
to read and write about science in new ways, feeling “more connected with science 
than before,” and overcoming a “sort of ‘imposter syndrome’.” Some students re-
sponded that even though their sense of belonging was not affected, their knowl-
edge increased. For example: 

I don’t necessarily feel a greater sense of belonging, but I do feel 
a greater sense of understanding regarding scientific publications 
and communication in general.

I’m not sure, I am more aware though of how exclusionary 
the current and especially the past fields of science have been 
towards anyone outside of white males.

One key finding that relates to students’ belonging is their ability to choose 
their own assignment topics—in survey responses and course evaluation responses 
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alike, this is one of the most highly lauded aspects of the course (as it is in our 
other science writing courses). Encouraging students to select their own writing 
topics may have had the unanticipated effect of cultivating a sense of belonging 
in the sciences for students, perhaps more than any other aspect of the curric-
ulum, as this response illustrates: “Every single project I did directly related to 
something I was truly interested in. It made it so easy to write about something 
you care about and not just some essay prompt.” We urge educators to allow 
student choice whenever possible in order to encourage student ownership of 
their own work.

Making Connections

The final question in our survey was, “What connections did you notice be-
tween your learning in this course and other courses? Are there frictions or tensions 
with learning in other courses?” As the subquestion shows, we considered it a very 
real possibility that CSL could challenge what students were learning in other sci-
ence courses. The responses revealed a much more interesting picture. In fact, not 
only did some students see alignment between CSL and other science courses (6 of 
33 responses), but many others (14 of 33) spoke about how this course and their 
other studies in science were mutually reinforcing. We were surprised and delighted 
to see that, for these students, learning transfer was so immediate and so visible. A 
couple representative responses include:

This course helped me be more aware of the rhetorical situa-
tion and the audience my writing is addressing. This awareness 
helped me write to my audience better in other science classes. 
In addition, reading and researching more about scientific fields 
that interest me in this class helps me gain more interest and 
motivation in work for other science classes.

Science has always been about asking questions, and this class 
has helped me ask myself more questions when I read a source.

We find responses like these heartening and hope to enhance these connec-
tions by encouraging students to pursue topics in the CSL course that they are 
simultaneously learning about in other science courses. We also surmise that if 
CSL can help science students better contextualize and create connections across 
traditionally siloed training milestones (e.g., courses in the major) in science, then 
this may have meaningful implications for students’ sense of belonging in their 
desired fields.

Other students (about 13 of 33) did not see alignments or even saw active 
tensions between the CSL and other science courses. Interestingly, students did not 
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cite differences in content but rather characterized the tensions as pedagogical or, 
in a couple cases, epistemological in nature. A couple of students pointed explicitly 
to grading systems as key factors, as this one did:

Some frictions in other courses is the grading system. I really 
enjoyed that this course had a grading contract so I was respon-
sible for my own grade. We were graded on improvement and 
completion, not right or wrong.

As another student pointed out, the nature of knowledge tends to be of less 
concern in other science courses, which may have inhibited their ability to draw 
connections:

There was more wanting to know about where information came 
from in this course than others I have taken. Some other profes-
sors don’t seem to care much about those things.

While the student above noted that the nature of scientific knowing is a matter 
of value, the student below observes that it is a matter of time and the imperative 
of content coverage in science courses:

Science courses don’t have the time to teach you the things that 
this class does. That’s understandable, as there is enough to go 
over in a basic STEM class. Where else am I supposed to learn 
this except from a more humanities-centered class?

What the variety of responses to this question tells us is that some students are 
more open to connections between CSL and science courses, in spite of pedagogical 
and epistemological differences, and some view them as (even justifiably) siloed (i.e., 
the sciences and the humanities should each stay in their lane). From these findings, 
we take away an increased motivation to help students bring inquiries from other areas 
of their studies into our course. A question for future research is to explore the ways 
science education is structured, pedagogically and institutionally, since those structures 
likely have direct implications for how students perceive course content. How do high-
stakes exams and grade curves, for example, shape students’ knowledge frameworks? 

Final Thoughts

As the last excerpt above notes, the humanities may have a meaningful role in science 
education. We continue our efforts to that end through our Critical Science Literacy 
in the Natural Sciences course, to which students have responded overwhelmingly 
positively. Demand for the course increases every quarter. But aside from the findings 
we describe above, it remains unclear how or whether students are bringing CSL 
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forward into their further studies in science. Certainly, we have no evidence that 
science instructors are aware of the course, let alone aligning their courses with ours.

There are some glimmers of change, however. Just in the few years elapsed be-
tween the introduction of this course and the completion of this chapter, there has 
been a visible shift in the Biology Department’s curricular emphases on the situated 
nature of science and its harmful histories. The department has even begun to assign 
more writing in its intro series courses (which is no small feat in a course with 700+ 
students enrolled) and has invited Megan, in her new role as campus-wide Director of 
Writing, to come speak at the Biology Teaching and Learning Group about teaching 
writing in science. We view these as promising shifts, though their incrementality 
reminds us of the many institutional barriers in place to major curricular reform. 

For most STEM majors on campus, writing requirements are not “baked in” 
to the major pathway. Rather, students must “forage” for courses to satisfy those 
requirements. Some of them do find their way to our course, but even three or four 
full sections a year serve only a small fraction of the total number of natural sciences 
majors on our campus. As we have said, the chairs of the natural sciences depart-
ments appeared wildly enthusiastic about the CSL course, but none have signaled a 
commitment to supporting (with funding or labor) a more systematic offering of this 
curriculum. We aspire to even greater collaboration with and buy-in from science 
departments that may have the resources to support the broader reach of CSL curric-
ulum. The siloed nature of university disciplines (and department budgets) certainly 
discourages that kind of transdisciplinary collaboration, but we hope to leverage the 
growing interest in social justice to foster a stronger exigence for institutional change. 
Meanwhile, we offer our colleagues the findings in this chapter and in this volume as 
a testament to the possibilities for inviting rather than suppressing various identities, 
experiences, and knowledge traditions as a means to belonging in the sciences. After 
getting a closer look at the sciences, can all students, in fact, see themselves reflected? 
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Appendix: Project 1: Tracing the Life of a Scientific Fact

Background

The study of a scientific phenomenon triggers a wide variety of forms of com-
munication, like ripples in a pond. Most published scientific research starts as a 
peer-reviewed article, but it can get portrayed in a press release, a journalistic arti-
cle, a social media post, and even make its way into mainstream media like movies 
or late-night talk shows. The nature of research findings can change, and sometimes 
get distorted or simplified, as it is translated across communication platforms.

Adjustments in communication are often appropriate according to changing 
audiences and purposes, such as research reported to a general scientific audience, 
a more specialized field within science, or to K-12 students or general public audi-
ences. However these adjustments still have an impact on what is understood (or 
understandable), in what ways, and by whom. (One example of such a cluster of 
texts is here: https://www.nps.gov/whsa/learn/nature/white-animals.htm). In what 
ways do these acts of translation affect the actual information?

Assignment Overview

For this project you will select one particular phenomenon and study the “ge-
nealogy” of that phenomenon as it moves through various stages of translation: 
from grant proposal to research article to press release to mainstream media cover-
age to social media to textbook (to documentary, to literature, to . . .). Not all re-
search articles get translated into other venues, so you will need to find one that has 
been described in multiple venues. The best way to go about this is to work your 

https://doi.org/10.1073/pnas.1916903117
https://doi.org/10.1038/nm.2471
https://www.washington.edu/opb/uw-data/fast-facts/
https://www.washington.edu/opb/uw-data/fast-facts/
https://www.nps.gov/whsa/learn/nature/white-animals.htm
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way backward: start with some kind of communication in the mainstream media 
or in social media and trace your way back to the original study.

For this assignment please find a minimum of four different pieces of sci-
ence communication that all relate to the same research findings. Your sources 
should have no more than two of the same genre in any analysis (e.g., no more 
than two tweets, or research articles, etc.). This document gives some pointers 
on tracing a piece of scientific information across sources (see https://tinyurl.
com/3x26a8un).

Assignment Requirements

This project will be composed as a presentation in Adobe Spark, which we 
got some practice with when we created our own introductions during Week 1 
(see https://spark.adobe.com/sp/). I hope you feel some confidence using the 
platform now, but please do refresh yourself with this tutorial if you need to (see 
https://tinyurl.com/9y2nsxue). In your Spark presentation you should include the 
following elements:

• Inclusion of at least four related sources, as described above.
• A written and visual representation of each source. The visual repre-

sentation is most likely to be a screenshot, though you are welcome 
to include web links as well. For the textual description, you should 
consider describing the source in such a way that that the author and 
context is fully clear, e.g., “Dina Smith is a geneticist at Harvard and 
she published an article on her research about mice brains entitled 
‘Mice Brains and DNA…’ etc.”. You don’t need a formal citation in 
the body of the presentation, though you will need them in the refer-
ences (see below).

• A central claim or “takeaway” about how or whether the information has 
shifted across sources (e.g., the information was distorted or simplified; 
the findings were clearly portrayed and remained faithful to the original 
claims; the findings became more emotional, etc.).

• Written analysis that amounts to a minimum of about 1200 words. It is 
perfectly appropriate if chunks of text are broken up by images, external 
links, or other media. Your analysis should be rhetorical in nature—feel 
free to attend to forensic, epideictic, and deliberative rhetoric and to the 
ways that particular vocabulary, titles, images, and tone shift across the 
translations.

• A list of references at the end of the Spark presentation, properly for-
matted according to APA format (use the menu on the left for info on 
formatting different kinds of sources: journal articles, websites, etc.)

https://tinyurl.com/3x26a8un
https://tinyurl.com/3x26a8un
https://spark.adobe.com/sp/
https://tinyurl.com/9y2nsxue
https://owl.purdue.edu/owl/research_and_citation/apa_style/apa_formatting_and_style_guide/reference_list_author_authors.html
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Timeline
• Library instruction with biological sciences librarian: Friday, 4/8, 1:30pm
• Rough draft due in Canvas and to peer conference groups: Wed., 4/14, 

5pm
• Conference: 4/15 and 4/16 (see Canvas for your assigned time)
• Final draft: Wed., 4/21, 10pm
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Integrating Social Justice Data and 
Scaffolded Writing with Universal Design 
Principles Into Introductory Statistics

Laura Kyser Callis
Curry College

The very history of modern statistics is entrenched in racism (Clayton, 2020). The 
famous statisticians whose names grace the methods students learn in introductory 
statistics, such as Karl Pearson and Ronald Fisher, were overt white supremacists and 
eugenicists (Clayton, 2020). To be redundantly clear: the methods that we teach our 
students were developed for the expressed purpose of having a seemingly objective 
measure to demonstrate the inferiority of specific populations of people (Clayton, 
2020). Moreover, mathematics and statistics have often been used as weapons of op-
pression historically, in living memory, and today—redlining, algorithmic policing, 
and even, closer to home for our students, the use of mathematics placement metrics 
to limit who is allowed access to high-quality mathematics instruction and STEM 
careers (D’Ignazio & Klein, 2020; Ngo & Velasquez, 2020). Undergraduates can and 
should have these conversations—and, indeed, in my (elective) History of Mathemat-
ical Inquiry class, students engage in these topics with passion. However, most college 
students do not take math electives. Many students end their mathematics study with 
a required quantitative reasoning course, such as college algebra or, increasingly, sta-
tistics. It is understandable that statistics faculty may be reluctant to include the racist 
history of statistics in their courses. Statistics is often compulsory for students and a 
service course for faculty. Students may already be disengaged due to the compulsory 
nature, and faculty feel pressure to “cover” an ambitious list of topics in a syllabus to 
support the needs of other departments. Even if instructors were aware of this history, 
sharing it with students would, first, be time away from helping students develop the 
statistical mindset and skills necessary for their careers and civic participation and, 
second, could risk students’ disengagement from the field altogether. 

One solution is to integrate social justice topics and data sets into the syllabus, 
to use data sets about racism, sexism, and injustice to teach the statistical topics ad-
dressed in introductory statistics. This approach frames statistics as a powerful tool for 
highlighting the reality of injustice; it is not just a tool of the oppressor. This method 
can broaden the range of students who are interested in statistics and mathematics by 
demonstrating that statistics can be used for purposes other than finance or science; 
statistics can be used to help others and understand the scope of real-world problems. 

https://doi.org/10.37514/ATD-B.2024.2364.2.06
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Giving students the tools to understand and quantify real-world problems with 
statistics is only part of the equation, however. To truly be able to use statistics 
for change, students need practice in communicating as well. Just like “Standard” 
English (see Blomstedt, this collection), mathematics and statistics are languages 
of power. People listen when statistics are used. Statistics instructors apprentice 
students into thinking statistically and communicating quantitative information. 

This chapter describes two assignments that integrate real data about social 
justice topics and prompt students to write about quantitative information about 
social justice topics. The assignments, one used as an in-class lesson or discussion 
board prompt and the other used as a midterm project, were both used in an intro-
ductory statistics course. In this chapter, I first articulate the conceptions of equity 
that inform this work. Next, I detail the contexts of the college and the course in 
which the assignments were used. Then, I describe each assignment and the stu-
dents’ responses to the assignment, explaining how concepts of Universal Design 
for Learning (UDL) can be seen in the assignments. Last, I identify challenges that 
arise in designing and enacting these assignments and similar ones. 

Theoretical Framework

Rochelle Gutiérrez (2012) described different conceptions of equity used by math-
ematics educators and researchers. She identified two dimensions of equity: the 
dominant axis, which addresses access and achievement, and the critical axis, which 
is concerned with identity and power. Through the dominant axis lens, educators 
consider whether students have opportunities to learn mathematics at a high level 
and whether these opportunities result in equitable outcomes. Educators and re-
searchers ask, do policies result in learners from historically excluded populations 
enrolling in higher-level mathematics courses at the same rate as their peers? Does 
the curriculum support them in understanding key ideas? Do students from mar-
ginalized backgrounds learn as much and persist as long in STEM courses as their 
peers? The assumption of this lens is that educators are working to include students 
in the dominant system. However, the dominant axis does not prompt educators 
to consider if the system itself is a just one. 

In teaching literature, Rudine Sims Bishop (1990) wrote about how books are 
mirrors and windows, allowing one to see both oneself and to learn about others. 
Gutiérrez (2012) similarly used this metaphor when explaining the role of identity in 
equity in mathematics education—part of the critical lens. If the only mathematicians 
highlighted in mathematics textbooks are white and male, female students of color 
may not see themselves in mathematics. If mathematics instruction only rewards fast 
fact recall and symbolic manipulation, students with processing difficulties or dyscal-
culia may not see themselves in mathematics. If the discourse around mathematics 
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ability is about ranking or if classroom activities valorize competition, women, who 
are more likely to be socialized to cooperate, will be less likely to see themselves in 
mathematics. If placement policies consistently keep students of minoritized racial or 
linguistic groups in courses that repeat previously learned content, students may not 
see themselves in mathematics (Larnell, 2014; Ngo & Velasquez, 2020; Rios, 2023). 
If practice problems are primarily about optimization and consumer finance, learners 
who are more concerned with improving the world around them may not see them-
selves in mathematics. As Muna Abdi (2021) noted, “It is not inclusion if you are 
inviting people into a space you are unwilling to change.” 

The critical axis also addresses the idea of power. The power dimension is multi-
level. At a micro level, there are power differentials in classrooms. At a macro level, 
there are power differentials in what counts as knowledge or proof, or who is asked 
to provide data to support their claims (D’Ignazio & Klein, 2020). The assign-
ments described in this chapter are most aligned with the power dimension in that 
they support students in using mathematics to examine social injustice. In this way, 
they are aligned with the work of Eric Gutstein (2006) in Reading and Writing the 
World with Mathematics. Building on Paulo Freire’s work, Gutstein defined reading 
the world with mathematics: “to use mathematics to understand relations of power, 
resource inequities, and disparate opportunities between different social groups and 
to understand explicit discrimination based on race, class, gender, language and 
other differences” (p. 25-26; see also Fink, this collection). To write the world with 
mathematics is to use mathematics to change the world. Gutstein’s work offers up 
cases where students and communities have used mathematics to work for change, 
as have others (e.g., D’Ignazio & Klein, 2020; Turner & Font Strawhun, 2013). 

The assignments I describe here were designed to address issues of identity and 
power. They were written in a context infused with efforts to address achievement 
and access through policy changes, curriculum examination, and professional de-
velopment efforts around UDL. Admittedly, the assignments are focused more on 
understanding statistics than on understanding the social dynamics that lead to 
injustice. They are focused more on learning to write in the field of statistics than 
writing to change the world with mathematics. They are not social justice mathe-
matics lessons; they are statistics lessons that use social justice contexts. However, 
this approach may be one that is easier for statistics instructors who are new to 
social justice education to implement within their introductory statistics courses 
without sacrificing class time for addressing statistical concepts. 

Context

Curry College is a proudly neurodiverse college that welcomes students with a wide 
range of academic preparedness. A small private college south of Boston, Curry has a 
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nationally recognized Program for Advancement of Learning (PAL), an optional fee-
based program that supports students diagnosed with specific learning differences, 
executive function challenges, and attention deficit disorder. About 20 percent of 
incoming students enroll in the program. A recent survey of Statistics 1 sections es-
timated that between 29.0 percent and 43.5 percent of students identify as having 
a learning or attention disability or having an individualized education plan in sec-
ondary school (McNally, 2024). Because of the prevalence of students with learning 
differences and PAL faculty, the culture at Curry College may be very different from 
other colleges. Students talk more freely about their learning disabilities (LD), and 
many faculty understand LD through a difference versus a deficit lens. There is also fa-
miliarity with UDL principles. In this chapter, I will call attention to the elements of 
UDL or UDL-Math that are used in the assignments (CAST, 2011; Lambert, 2021). 

Curry College also has a moderately racially diverse student body. Although we 
are a primarily white institution, our racial diversity mirrors that of our location, 
Massachusetts. Two-thirds (66.3 percent) of the students identify as White, 12.30 
percent are African American, and 7.58 percent are Hispanic or Latino (Curry 
College | Data USA, 2021). In Massachusetts, 79.4 percent of residents are White, 
9.5 percent are African American, and 13.1 percent are Hispanic or Latino (U.S. 
Census Bureau QuickFacts, 2022). Like other colleges across the country, Curry is 
not immune to the increasingly overtly racist and sexist rhetoric. In 2022, Curry 
experienced a bias incident the College took very seriously, canceling classes to 
host a mandatory community meeting of students, staff, and faculty. During that 
meeting, students asked faculty to include more opportunities to learn about and 
talk about racism, sexism, and social justice in their courses. Some of the materials 
described in this chapter were developed in response to students’ requests. 

With an acceptance rate of 88 percent in academic year (AY) 2023–2024, 
students in our courses vary widely in their academic preparation. Surveys of our 
students in Statistics 1 show that some students have taken AP Statistics or another 
statistics course in high school, while other students stopped at Algebra 2 in their 
penultimate year in secondary school. Students typically take Statistics 1 in their 
first or second year at Curry to meet their general education quantitative require-
ment or a prerequisite requirement for their major. There is often a significant 
amount of time between this course and students’ previous mathematics courses. 
In our in-take assessments, student responses vary widely in regard to their per-
ceived skill and interest in mathematics. Given the diversity in our courses, the 
faculty have agreed that class size for mathematics courses be capped at 26; statistics 
courses are usually at capacity, though summer courses may be smaller.

The course uses a simulation-based inference (SBI) curriculum rather than the 
consensus curriculum, Introduction to Statistical Investigations (ISI) by Nathan 
Tintle and colleagues (2016). In the consensus curriculum, students first study de-
scriptive statistics and then learn the formal rules for when they can apply different 
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distributions—primarily the binomial and normal distributions—to conduct dif-
ferent tests of statistical inference. Typically, there is a focus on formalism, notation, 
and hand calculation. In SBI, students study statistical inference at the beginning 
of the semester. They create chance models with real and digital dice, spinners, 
cards, and other probability devices to represent the null hypothesis and sampling. 
The curriculum we use has freely available applets for this purpose. Nationwide, 
researchers have found that the SBI approach has helped students to learn and re-
tain more statistical concepts, particularly students with weaker procedural fluency 
(Chance et al., 2018; Tintle et al., 2012, 2018).

In our pilot of this curriculum at Curry College, we found that students with 
learning disabilities performed better both in terms of their final grades and in 
terms of a low-stakes concept inventory under the SBI curriculum, compared to the 
previously used consensus curriculum, even when active learning techniques were 
used with the consensus curriculum by an experienced instructor (Callis, 2022b; 
Callis & McNally, 2021; McNally, 2024). In our early investigations of instruc-
tional practices that relate to students’ development of conceptual understanding, 
opportunities to talk with each other and with the professor about their thinking, 
in real time in the classroom or over Zoom, seemed to be a key component. Thus, 
the class uses small group work, whole class discussion, and immediate feedback 
systems through Desmos Activity Builder during class time.

The Assignments

Discussion Board: School Discipline

In most learning management systems, there are tools for creating discussion 
board assignments, where students and the instructor can write and react to each oth-
er’s responses. In a statistics course, this tool allows students to consider their peers’ 
methods and conclusions, some of which are legitimate and some of which are not, 
and to benefit from the feedback that the professor gives to their peers. A discussion 
board can be a space that is in between the informality of a student’s own notebook, 
which only needs to be understood by one individual, and a formal paper, which is 
expected to provide enough detail to be understandable by the academic community 
and to follow the conventions and formalism of a particular discipline. 

As part of addressing students’ desire to have more opportunities to engage in 
social justice issues in their other courses, I created three discussion board prompts 
that ask them to apply the methods they have learned to scenarios addressing racism 
and sexism. I piloted these prompts in a summer 2023 course. Some of the students 
completed the course asynchronously, and some joined a synchronous session on 
Zoom, so there were likely varying degrees of feelings of belonging among different 
students. Students were graded on the prompts and received ongoing feedback 
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from their peers and from me. At the end of the semester, students chose one of 
their responses to write up more formally for an ePortfolio, a requirement of the 
General Education curriculum. One of the prompts is presented below.

Discussion Board: The Chance Model & Pre-School Discipline

There are a lot of data that suggests that African American children 
are more likely to receive exclusionary discipline consequences, like 
suspension and expulsion, than White American children in public 
schools, even for the same behavior. One group of researchers at 
the Yale Child Center began to investigate whether teachers might 
be more likely to unconsciously expect African American children 
to misbehave [see https://tinyurl.com/yzut382r]. They asked teach-
ers to watch a video of four children together in a preschool set-
ting: an African American boy, an African American girl, a White 
boy, and a White girl. The teachers were told that the researchers 
were interested in teachers’ perception of misbehavior, but they did 
not tell the teachers they were investigating race. Teachers were told 
to press a bar if they saw misbehavior in the video, but no misbe-
havior occurred. The teachers were then asked which child they 
were the most “concerned” about in terms of needing to watch for 
potential misbehavior. There were 132 teachers in the study. 42 
percent of the teachers chose the African American boy as the child 
they were most concerned about in terms of potential misbehavior.

In a 2-3 paragraph response, address all of the questions below.

1. Why might this issue be worth investigating?
2. What is the research question?
3. What is the parameter of interest?
4. What percent of the teachers would you expect to choose the 

African American boy if race and gender were not factors?
5. What are the null and alternative hypotheses? Write them in 

words and symbols.
6. What is the value of the sample statistic?
7. How would you set up a simulation to determine if the 

sample statistics could have occurred due to chance alone?
8. Run the simulation using spinners in the applet [see https://

tinyurl.com/rt585wxk]. Report your p-value.
9. Make a conclusion about this study. Does race and/or gender seem 

to impact teachers’ anticipation of preschool students’ misbehavior?

https://tinyurl.com/yzut382r
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Student Response. Eight of the students who wrote responses to this prompt 
correctly answered all parts of the question and engaged in a concerned way about 
the topic itself—children and racism. They explained the null model conceptually—
if racism were not a factor, we would expect the African American boy to be picked 
1 out of 4, or 25 percent, of the time. This could be modeled by spinning a spinner 
with four equal parts, each part labeled with one of the children, and spinning the 
spinner 132 times to represent the 132 teachers. These eight students were also able 
to articulate conclusions that reflected their understanding of the simulation and the 
resulting p-value. These students were able to write the hypotheses correctly with 
formal notation, H0:π = 0.25 and HA:π > 0.25, where π represents the long-run pro-
portion of times the African American boy would be chosen if it was random chance. 

Four of the students set up their null hypotheses “incorrectly”: H0:π = 0.5 and 
HA:π > 0.5, but these were sensical “mistakes”—in their less formal writing, they 
explained that they were testing a hypothesis that African American and White 
American children were equally likely to be identified by the teachers; gender was 
not taken into account. Indeed, one of the students herself pointed out this dif-
ference in method. Their conclusions would have been valid if they had included 
the African American girls in their sample statistic. The linked article notes that 11 
percent of the teachers chose the African American girls, so the sample proportion 
of teachers choosing an African American student would be 42% + 11% = 53%. 
However, this “mistake” led to very rich discussions. For instance, it does not make 
sense to test the one-sided alternative hypothesis HA:π > 0.5 if our sample pro-
portion is smaller than the null hypothesis parameter value, as 0.42 is compared 
to 0.5; this reason is why these four students were getting such unusual p-values, 
over 0.50. A one-sided alternative hypothesis needs to align with the direction of 
the data. The “mistake” also highlights the importance of multivariable thinking. 
If we ignore gender and use the sample statistic of 0.53, the proportion of teachers 
who chose an African American student, we find that the p-value is quite large, 
around 0.28. The sample proportion of 0.53 is so close to our null hypothesis pa-
rameter value of 0.50; a difference of 0.03 could be due to chance. However, when 
we consider gender and race, when we use the sample proportion of 0.42 teachers 
choosing an African American boy as concerning and the null hypothesis parame-
ter value of 0.25, the p-value is very close to 0. The sample proportion of 0.42 is so 
far away from what we would expect under the chance model, 0.25, that it is not 
reasonable to think this difference would be due to chance. These are major topics 
in statistical inference—multivariable thinking, the role of chance, factors that im-
pact the strength of evidence—and these issues were able to surface in the first two 
weeks of the semester through a writing assignment that gave students access to 
their peers’ thinking and the instructors’ thoughts on their thinking. These oppor-
tunities might have occurred during a traditional class, but the writing assignment 
allowed there to be a public record of these topics. 

https://tinyurl.com/rt585wxk
https://tinyurl.com/rt585wxk
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The affective impact of writing for others about social topics is also evident here. 
Students commented on the unfairness of African American preschoolers being ex-
pected to misbehave more by teachers. They cheered each other on in their responses 
as well. Often, mathematics is portrayed as cold and unemotional, but educational 
researchers know that emotion is an important part of learning. One student com-
mented on the prompt’s impact on her perception of mathematics in a response to a 
peer’s post: “It’s interesting how statistics can be used to solve societal and racial issues, 
I feel like that’s often brushed past and it is mainly only viewed as something used 
solely for math-based problems.” Addressing social issues in community writing as-
signments like discussion boards may be a way to bring emotion back to mathematics. 

Mid Term Project: Deaths in Police Interactions

One of the challenges instructors face in introductory statistics courses is giv-
ing students the opportunity to explore all parts of the statistical inquiry cycle. In 
our curriculum, students identify a research question from an existing study, but 
they do not create their own research question. Developing a research question, 
collecting or finding a data set, and cleaning the data can all take well over a se-
mester, leaving little to no time to explore and analyze the data itself. In addition, 
learning how to conduct the methods using technology itself can be a challenge. To 
give students an opportunity to engage in more parts of the statistical inquiry cycle, 
for the past three years, I have assigned a controlled research project; students must 
use the data set I choose in Google Sheets so that I can support them; being familiar 
with 30 to 50 different data sets that students find would take too much time away 
from the work that I know has an immediate impact on student learning. 

The data set we use is found at www.fatalencounters.org (Burghart, 2021). 
Housed in a Google Sheet, it attempts to document every death that has occurred 
in a police interaction. Paid and volunteer researchers use media reports, but they 
also comb through files from Freedom of Information Act requests and other data 
sources. There are over 30,000 cases, but the author is clear that this is not exhaus-
tive; there is no way to know how many people actually die in police presence. 
There are several variables, some well researched and others still developing, from 
the intended and actual use of force, the location, the race, recorded gender, and 
age of the deceased. Students are tasked with identifying a research question that 
can be answered with this data set and working through the statistical inquiry pro-
cess to answer that question in a final, short paper. 

Another challenge that instructors face with final papers such as these is receiving 
poor quality products that are difficult to grade. One solution to this is breaking a 
project into steps and giving feedback to students throughout the semester on each 
step. For this project, each step is a step in the statistical inquiry process. First, in the 
second week of class, I orient students to the data. Students have some time to talk 
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in groups about the data set and develop three research questions that they think 
could be answered by this data set. They post their potential questions on a discussion 
board post. I give them feedback on their questions. For example, Does the race of the 
police officer matter? is a very important question but one that cannot be answered by 
this data set, as there is no information about the officers. Students also benefit from 
support in developing research questions that lead to a plan of action. For example, 
one student suggested, Does the location matter? While an excellent question, it does 
not have an obvious plan of action. Instead, we might ask something like, Are people 
disproportionately likely to be killed in a police interaction in a city or suburb? In a state 
with gun control laws or without? In higher poverty neighborhoods or lower poverty neigh-
borhoods? Students might ask questions that leave very little to write about, questions 
that are mathematical questions and not statistical questions—questions that do not 
anticipate variability. For example, students have suggested How many victims have 
been shot by police? This question can be answered with a single number; it is a math-
ematical question, not a statistical question.

In the fourth week of class, students review my comments and the comments of 
their peers to choose a research question. On the discussion board, after a brief con-
versation with peers in class, they brainstorm some graphs and methods that could 
help them answer the research question. This step is another opportunity for me to 
give them early guidance. For example, students are often interested in the number 
of deaths that occur in different states. However, states vary significantly in their 
populations; a bar graph of the number of deaths in each state would look very sim-
ilar to a graph of the state populations and add very little insight. On the discussion 
board, I coach them through thinking about rates per 1000 people, very similar to a 
percentage, that could help us understand the relationship between states and deaths 
that occur in police presence in a deeper way. As another example, students are often 
surprised to find that there are more instances of White people dying in a police inter-
action than African Americans—14,731 White people, or 46.78 percent of the data 
set, compared to 8,545 African Americans, or 27.13 percent of the data set. However, 
there are more White people in the United States than there are African Americans. 
The United States is 75.5 percent White and 13.6 percent African Americans; 27.13 
percent is a lot higher than 13.6 percent, and this is what is meant by the idea that 
African Americans are disproportionately likely to be killed in a police interaction.

The discussion boards are also a way for the instructor to gain data to inform 
instruction. Based on the questions I see students asking, I create videos using their 
lines of inquiry to show them different spreadsheet techniques, such as pivot tables. 
Watching these videos and trying some techniques is their pre-homework for the 
two class sessions that we spend working on the project, either independently or in 
groups, as I circulate to help. For efficiency, during this class period, I also group 
students together who have similar lines of investigation so that they can support 
each other, and I can troubleshoot the same technique fewer times.

http://www.fatalencounters.org
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The discussion boards also serve as a way for me to address students’ use of 
language before their final product. There are language challenges that are both 
mathematical and contextual. Contextually, for example, students sometimes refer 
to the deceased in the spreadsheet as “criminals” or “suspects,” but they are not 
all criminals or suspects. Indeed, one of the deceased has the age listed as 0.25—a 
three-month-old baby who was killed in a vehicle pursuit, the linked story ex-
plains. A three-month-old baby cannot be a criminal or a suspect. As a mathe-
matical example, the issue of the denominators used in percentages often appears 
when students are studying two categorical variables. For example, students are 
often interested in the relationship between the highest use of force and gender. In 
a pivot table, students can find the total number of women who died in a vehicle 
pursuit. Dividing by the total number of women would lead to a different percent-
age than dividing by the total number of people who died in a vehicle pursuit. The 
sentence construction must match the calculations so that we understand which 
“whole” or divisor was used. Some guidance can be provided on the discussion 
board, and some points are worthy of addressing with the whole class during class 
time. This feedback is more likely to be picked up by students than comments on 
an end-of-term paper.

The discussion boards also allow students to interact in a hybrid social/aca-
demic way that may be limited during class time due to seating habits. On the 
discussion board, the instructor can direct students to others who have similar ideas 
for research projects, enabling them to find peers to work together with—either to 
work together on one common project or to submit separate projects but support 
each other with technology during class time. In interviews with students with 
learning disabilities or negative prior mathematics experiences, students reported 
that these structured times to interact socially and academically helped them learn 
more both during and outside of class time (Callis, 2022b). 

Student Response. Statistics 1 is an introductory class; it introduces key ideas. 
In mid- and upper-level classes, these ideas are reinforced and mastered. The Fatal 
Encounters project is also a midterm project submitted in the seventh week of class; 
it is more a learning opportunity than a formative assessment. Given these stipula-
tions, Tables 4.1 and 4.2 show some data from student papers. 

The first finding is that, while the project allows students to choose variables 
other than race, students are willing to investigate race. Table 4.1 lists the topics stu-
dents chose during the 2022-2023 academic year. Students were also very interested 
in multivariable thinking. For instance, some wondered if the relationship between 
gender and the highest level of force used was different for different racial groups. The 
asterisk indicates that projects in this topic may overlap with other topics.

Second, students were able to engage with the learning outcomes for the 
course. Table 4.2 describes the learning outcomes and the degree to which they 
were achieved by students through the project. 
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Among the fall 2022 papers, 21 students communicated clearly about the 
meaning of the quantitative information and connected the numbers with the con-
text. In contrast, 22 students communicated and made connections but required 
clarification on some points on the final paper. These numbers are not necessarily 
comparable. Students varied in the complexity of their questions and the com-
plexity of the spreadsheet mechanics to answer their questions. More complexity 
results in a higher challenge to precisely articulate conclusions. In short, this is not 
a standardized assessment. 

Table 4.1. Topics Chosen by Students in Fatal Encounters in Police Interac-
tions Project

Topic Number of student projects spring 
2022

Number of student projects fall 
2022

Race* 17 (53%) 11 (37%)

Age* 6 (19%) 8 (27%)

Gender* 9 (28%) 5 (17%)

Geography 8 (25%) 2 (7%)

Time 0 1 (3%)

Mental Health 1 (3%) 1 (3%)

Other 1 (3%) 1 (3%)

Total 32 29

* Projects may overlap in topic.

Table 4.2. Learning Outcomes Addressed by the Fatal Encounters Project

Learning Outcome Level

Engage in regular discussion of quantitative information or results, 
with special emphasis on the context of the problem and general, 
real-world knowledge.

Achieved by all who 
submitted paper

Utilize statistics software to perform data analyses to interpret and 
compare multiple representations of quantitative information and 
draw inferences from them.

With support

Organize, summarize, interpret, and compare single-variable data 
using descriptive methods of statistics.

With support

Recognize and apply the different representations of quantitative in-
formation (e.g., symbolic, visual, numerical, verbal) when describing 
relationships between two variables.

With support

Communicate quantitative information effectively, incorporating 
symbolic, numeric, and/or graphical representations and appropriate 
syntax within verbal and written communication.

Varies; majority met 
with support & feedback
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The purpose of the project is not just to master learning outcomes, however. The 
project also provides the instructor with ways to see students’ capabilities beyond 
mathematics. Through mentoring students in this project each semester, I witness 
their writing skills, their perseverance, their ability to act on feedback, and other skills 
needed in their workforce and civic life. I call upon what I notice about individual 
students in many situations. I invite students with quality projects to present at the 
college academic forum. Two of my students, both women, have presented, and one 
of them went on to present at the Joint Mathematics Meeting, the largest mathe-
matics conference in the world, on a panel on undergraduate research (Conley et al., 
2023). Inspired by Talithia Williams’ introduction to her book Power in Numbers 
(2018), where she describes a moment when a teacher suggested she study mathe-
matics, I personally invite students to take more mathematics, and my observations 
of their work on the project or in class directly impact the invitations. At the end of 
the semester, I look at all students who have received a grade of B- or higher. I write 
them emails, personalized based on their major and the skills I’ve noticed that they 
bring to the class, to suggest they consider a math or data analytics minor. Students 
often write me back with grateful emails, surprised to think of themselves as a “math 
person.” When mathematics is done in a social, supportive environment with a real 
purpose that matters, many more people can think of themselves as “math people.” 

Universal Design for Learning

Based on learning sciences, the UDL Guidelines provide a framework for designing 
instruction to support students with learning differences (CAST, 2011). Like uni-
versal design in architecture, the elements of design in UDL often end up benefiting 
all learners, including neurotypical learners. UDL calls for engagement in the three 
neural networks used in learning: the affective network, the recognition network, 
and the strategic network. These networks are activated across the process of learning: 
accessing, building, and internalizing knowledge. A full discussion of the Guidelines 
is outside the scope of this chapter; more detail can be found at https://udlguide-
lines.cast.org/. Here, I give a few examples of how the assignments described above 
demonstrate elements of UDL. I do not claim that these assignments are exemplars of 
universal design. Instead, I offer an example of how statistics instructors might begin 
to think through elements of their assignments with UDL in mind.

Under “Engagement,” to activate the affective network and provide access to the 
content for students, Guideline 7 calls for recruiting interest by optimizing individ-
ual choice and autonomy (Checkpoint 7.1) and relevance, value, and authenticity 
(Checkpoint 7.2). The authors of the Guidelines recognize it is not appropriate to give 
choice over every component of an assignment; as an example, I limit students to a 
particular data set rather than allowing them to choose a data set so that we can better 
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support each other. Students do, however, have a choice in their research question. 
They are allowed to choose whether they work independently or with a group; even if 
they work with others, they are allowed to choose whether they will submit separate 
individual papers or one final group product. They have some choice in their analysis 
methods, though this is highly guided by the instructor through feedback so that 
they are making sensical choices. The context of these two assignments is also socially 
relevant. Students had asked for more opportunities to discuss racism in their other 
courses; they lived with racism through the bias incident. They themselves remem-
ber being students in preK-12 schools and have thoughts and opinions on teachers’ 
perception of misbehavior, or lack thereof. Students are also learning skills, such as 
manipulation of data through Google Sheets, that they can use in their classes and 
their daily lives. While many students will go on to learn other data analysis software, 
because Google Sheets is free, widely accessible, and shareable, it or Microsoft Excel, 
which behaves similarly, is likely to be highly used in their careers or personal lives. 

Under “Representation,” to activate the recognition network and build un-
derstanding, the Guidelines recommend attending to vocabulary, symbols, syntax, 
and structure (Checkpoints 2.1 and 2.2). Statistics is a particularly language- and 
symbol-heavy discipline. It is not just a matter of new vocabulary and symbols; 
familiar words and symbols are also repurposed. For example, the word “mean” 
now signifies average; the word “variable” is no longer just a placeholder for an 
unknown numerical value; the symbol π now represents a population parameter 
instead of a familiar irrational constant. There is also a high level of precision re-
quired, both when explaining common quantities like percentages, as described 
earlier, and when explaining new concepts, like a p-value. For example, the p-value 
is not the likelihood that the null hypothesis is true; it is the likelihood of getting 
results similar to the observed statistic if the null hypothesis were true. To novices, 
these seem like equivalent descriptions, but they have very different meanings and 
consequences. The two assignments highlighted here provided repeated opportuni-
ties, through the discussion boards, for students to use both more casual language 
and to try out the more formal language of the discipline. The discussion board 
allowed me, as the instructor, to give students feedback on their developing use of 
the language of the discipline. Instruction for these assignments was also provided 
with multiple media (Checkpoint 2.5). Students had access to closed-captioned 
videos demonstrating how to use the applets and execute techniques in Google 
Sheets. Students also had static handouts with annotated pictures. In addition, I 
demonstrated to students in class and during office hours in real time and coached 
them as they tried the techniques themselves. 

Under “Action & Expression,” to activate the strategic network to internalize 
learning, the Guidelines suggest supporting planning and strategy development 
(Checkpoint 6.2). For example, they suggest providing “prompts to stop and think 
before acting,” “checklists and project planning templates,” and “guides for breaking 

https://udlguidelines.cast.org/
https://udlguidelines.cast.org/
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long-term goals into reachable short-term objectives.”(CAST, 2011, p. 26) In the 
Fatal Encounters project, the discussion board prompts served as a guide to break 
the long-term project into short-term objectives: identifying a research question, 
planning an analysis method, conducting the analysis, and writing the findings. 
There was also a template for completing the assignment, with a model response, 
so that students could envision the final product. The prompt for analyzing the pre-
school teachers’ data was also scaffolded with individual prompts to work through 
the process. Eventually, the hope is that students will be able to work through the 
process on their own, but in an introductory statistics course, repeated, explicit 
modeling of the inquiry process can support students to internalize it.

There are other ways in which these assignments incorporate the UDL Guide-
lines and ways in which the assignments may fail to incorporate the Guidelines. 
Awareness of the Guidelines and the way they inform assignments helps me, as an 
instructor, think more carefully about what I emphasize and make explicit to stu-
dents and how I can continue to improve the assignments over time.

Challenges in the Design and 
Enactment of the Assignments

All teaching has challenges. Some challenges are meaningful and interesting. In 
enacting these assignments, I have mostly found meaningful and interesting chal-
lenges. In designing additional assignments that integrate social justice data sets, 
I continue to face challenges and wonder whether there are challenges that are 
still unknown.

With the Fatal Encounters project, the first challenge is helping students navi-
gate discomfort with an open-ended, ambiguous project. In most school contexts, 
students are not typically asked to develop their own research question, and many are 
unaware of what a worthwhile research question would be. This can cause frustration 
and confusion among some students. However, I believe that sitting with this frus-
tration, confusion, and anxiety is a life skill they will call upon in their careers, and so 
it is worth the time, effort, and discomfort to help them build this skill. At the end 
of the project, I teach them how to talk about this experience in interview questions. 

Whenever a project is incorporated into a course, the first question other fac-
ulty often ask is, how do you find the time? This question especially comes up when 
technology is used because both the content and the technology are new to stu-
dents. In my experience, introductory statistics students typically know very little 
about spreadsheets; even understanding the impact of clicking on a cell, column, or 
row is new. I front load many issues by using the discussion board to give feedback, 
giving students a few minutes in class to read the feedback and brainstorm with 
their peers, and providing videos and handouts as resources. Instead of a midterm 
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exam and review period, we work for two 75-minute periods in class on the project. 
If students have not completed the project by then and still need support, I meet 
with them during office hours, either in person or over Zoom. During these weeks, 
I schedule extra time for office hours, which is a challenge with a full course load, 
advising duties, and service commitments. However, this challenge is meaningful 
and interesting: meeting with students individually is rewarding and positively im-
pacts my relationship with them. It helps them develop a habit of meeting with 
their professors, which will support them in their other courses.

In designing lessons that incorporate social justice contexts, the biggest chal-
lenge is finding studies and data sets. Racism, sexism, and injustice are complex, 
multivariable issues. Therefore, studies investigating these issues use complex meth-
ods for multivariable analysis, which introductory statistics students have not yet 
been exposed to. In addition, our curriculum uses simulation-based inference (SBI), 
which often requires that we have close-to-raw data, which is typically not provided 
in papers or available by contacting the authors. Creating new lessons requires a 
significant amount of time reading research studies to understand the phenomenon 
oneself and searching for data that would not only be accessible to students at a 
given point in the semester but also highlights a particular mathematical idea, such 
as factors that influence the width of a confidence interval or size of the p-value. 

There may be challenges and difficulties that I am not aware of. I recognize that 
for many students in my classes, issues of racism, sexism, and injustice could be 
painful issues to consider. I am a white woman. While I have experienced sexism, I 
have not been afraid for my safety in a police interaction because of my race. I have 
not felt like a teacher expected I would misbehave. Before we begin a lesson, I check 
in with students using a Desmos slide to see how they feel about the topic. This lets 
me assess if we are in a somewhat safe space. For instance, one beginning slide asks 
students what they think about deaths that occur in police interactions. So far, stu-
dents have indicated that it is upsetting, wrong, tragic, and important to address. A 
secondary reason I have for allowing students to choose their own research question 
is so that students can choose to examine something other than race. I don’t ask 
students to present their findings or to share their personal experiences. I do not 
include questions that ask about racism on high-stakes summative assessments. I 
thank students for being willing to engage with difficult topics. I hope that these 
choices mitigate the discomfort the right amount. Bringing emotion back into 
mathematics, rehumanizing mathematics, is not without risk. 

Conclusion

Often, the discourse around equity in STEM is about increasing the number of stu-
dents who go further in STEM pathways and careers. The outcomes of interest are 
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participation rates, pass rates, and persistence rates. Even in introductory courses that 
serve non-STEM majors, questions of success for introductory quantitative courses 
are often framed around success within a student’s major or career. However, prepar-
ing students for careers is only one goal of higher education. We are also responsi-
ble for preparing students—of all majors—to become active, caring citizens. To this 
end, introductory courses that serve the general student body can be a place where 
students can learn to consider, discuss, investigate, and write about challenging and 
important issues affecting our world. Courses can attend to both the dominant axis, 
to access and achievement, as well as to the critical axis, to identity and power, and 
hopefully, the work on both dimensions will be mutually reinforcing. 

The Curry College mathematics faculty has a commitment to equity. As a 
department, we worked together to pilot a curriculum and examine its impact 
on students with learning disabilities and African American students, not just on 
the aggregate learning gains (Callis, 2022b; McNally, 2024). We examined and 
changed our assignments, our policies, and our course offerings using the UDL 
frameworks (Callis, 2022a). As a result, we have seen positive outcomes in the 
access and achievement dimension. The diversity of students taking upper-level 
mathematics courses has outpaced the growing diversity of the college (McNally & 
Callis, 2021). The gap between students with learning disabilities and neurotypical 
students and between BIPOC students and white students has narrowed in multi-
ple measures in Statistics 1 (McNally, 2024).

On the critical axis, I hope that the assignments I design, like the ones described 
here, address issues of identity and power. I hope that students are able to see them-
selves as mathematical because mathematics is about collaboration, about trying things 
out, about caring relationships, and about addressing issues that matter. I hope, too, 
that they learn that mathematics is a tool for critiquing injustice; it is not just a tool for 
science and finance. Though it is necessary to critique the disciplines of mathematics 
and statistics, which enjoy their own unearned privilege as “objective,” many instruc-
tors, myself included, dare not broach this topic with introductory statistics students, 
who may already be suspicious of a subject that has been unkind to them in their K-12 
schooling. Perhaps, however, by using data sets that highlight injustice to teach the 
statistical topics we are charged with teaching anyway, we can recruit a wider range of 
students to the quantitative fields. Then, perhaps they can join us in the critique—or 
they can stand on our shoulders, as Newton stood on the shoulders of his forebearers, 
and see new possibilities for mathematics and statistics based on justice. 
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In this chapter, we will share about a course that brings together history, philos-
ophy, cultural studies, and science.1 In the winter of 2020-2021, our four-year 
research university announced an initiative for interdisciplinary teaching teams to 
propose courses that would bring together science and humanities. According to 
the call for proposals, the intention of these courses was to enrich studies for both 
science and humanities students: 

For students in STEM, they understand STEM as fields that 
must interact with and be informed by fields outside of STEM, 
and they learn to draw upon the knowledge and methodolo-
gies of these fields. For students in the Humanities, Arts, Social 
Sciences, they learn that their own fields can have an impact on 
knowledge in key areas of STEM, and they learn about method-
ologies and knowledge of STEM that they can draw on in their 
studies.

The authors, Ebtissam and Alicia, responded with a proposed course on Arab and 
Muslim science. Alicia is a STEM (science, technology, engineering, and math) 
education instructor whose research interests include a utilization of multiple epis-
temologies of science in classrooms (Bang & Medin, 2010). Ebtissam is an Arabic 
language instructor whose research interests include the decoloniality of knowledge 
and Arab and Muslim ways of knowing. We have been writing and thinking to-
gether for many years and often discussed our overlapping interests in Arab and 
Muslim epistemologies of science. Arab and Muslim cultures are inseparable and 
entwined as Arab refers to the culture shaped by language, and Muslim refers to the 
culture shaped by religion. These two cultures exist side by side in the Middle East, 
being informed by and changed by each other. 

1  At the time of this project, Bitler was an instructor at The George Washington University.
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When planning the course, we thought about three audiences: the future sci-
ence educators whom Alicia teaches, the Middle Eastern Studies students whom 
Ebtissam teaches, and other science and humanities students who were the target 
audience of the initiative. Science students learn their discipline within a Eurocen-
tric perspective, implicitly learning that science is apolitical and acultural. Through 
the referencing of only Western scholars, students also begin to view science as a 
historically European enterprise, ignorant of the innumerable contributions of in-
dividuals from other cultures. These beliefs about what science is shape how science 
is conducted and, therefore, what can be known (Harding, 1998). By ignoring 
different epistemological underpinnings of science, the field is likely limited in 
its ability to solve the many problems facing the world (Elby et al., 2016). There-
fore, we believe that it is vital for science students to develop an understanding 
of the discipline as culturally situated. It is potentially even more vital for future 
science teachers to develop this understanding, as the way that they teach can have 
an exponential impact on future scientists. Middle Eastern Studies students, like 
individuals worldwide, are often unaware of the complexity of Arab and Muslim 
cultures that shaped science and the world. They likely have heard references to 
important Arab and Muslim scholars, but they learn about them separate from 
understanding how culture shaped those thinkers and how those thinkers shaped 
the world as we know it.

The course we proposed focused on the history of Arab and Muslim science and 
the distinct ways science is thought about in various cultures. We engaged in the in-
augural offering of the course in the fall of 2021 with students from diverse majors, 
such as political science, classics, and public health. One of the students had taken 
several Arabic language classes, and one of them was a native Arabic speaker and a 
practicing Muslim. Although we had hoped the course would be of interest to science 
students, none were able to join for the first semester that it was offered.

Our course centered on exploring the fundamental beliefs that form the basis of 
Arab and Muslim scientific thought juxtaposed with Western and other non-West-
ern perspectives on science. We investigated how cultural influences shape the com-
prehension, implementation, objectives, and recognition of science across various 
societies. While we acknowledged scholarship discussing Arab and Muslim scien-
tific achievements that influenced the European Renaissance (Al-Khalili, 2010, 
2011; Nasr, 1976, 1984, 1988, 2001, 2003, 2010), our primary focus wasn’t on 
covering this content. Instead, we aimed to analyze the varied manifestations of sci-
ence in different cultures and civilizations, challenging the Eurocentric monopoly 
on the history, philosophy, and teaching of science. Our course underscored the 
significance of recognizing that all knowledge, including science, is culturally sit-
uated. Although our course’s approach may not directly align with traditional sci-
ence education, we contend that the critical perspectives and inquiries we explored 
are essential for engaging with any form of knowledge production. This chapter 
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emphasizes the crucial role that reflective writing played in fostering the critical 
analysis of these epistemological frameworks within our course.

Course Intent and Goals

To destabilize and challenge the prevailing view of science as Western, male, and 
white, we created a course to provide space for students to explore a non-Western 
epistemology of science and think of science as diverse and inclusive. Throughout 
the course, students explore Arab and Muslim science history and culture as part 
of a globally shared human heritage to open a space for other ways of thinking 
about and doing science. Arab and Muslim scholars have contributed to science in 
meaningful and often unacknowledged ways, founding disciplines like chemistry, 
algebra, modern surgery, and optics—shaping science as we know it. 

The course did not intend to stop at learning about Arab and Muslim science but 
focused more on learning from it. Learning about may promote a diverse represen-
tation in curriculum, but it does not challenge the dominant Western epistemology. 
Learning from, on the other hand, means to be challenged, to listen attentively to 
others, and to respond to and be changed through the encounter (Todd, 2003). Our 
course involved examining scientific achievements in Arab and Muslim civilizations. 
However, our focus wasn’t on mere historical facts. Rather, we aimed to use Muslim 
perspectives on science to analyze their underlying epistemology and contrast them 
with modern views. For instance, when studying al-Jazari’s (1136–1206) inventions 
(Hill, 1991, 2020), we paid more attention to understanding his approach to science 
rather than just the specifics of his creations or their relation to European literature on 
mechanical engineering and other fields. Specifically, we explored his book, The Book 
of Knowledge of Ingenious Mechanical Devices (1206), where he detailed his inventions 
with descriptions, drawings, and instructions for design, manufacture, and assembly. 
We questioned what drove al-Jazari to share such detailed information and discussed 
the Islamic concept of knowledge sharing (Anand & Walsh, 2016), comparing it 
with the modern patent system and considerations of research funding and profitabil-
ity. Furthermore, we examined al-Jazari’s integration of art, humor, and theater into 
his inventions, emphasizing the interconnectedness of arts and sciences in his work. 
This inquiry allowed us to reflect on broader themes of interdisciplinary collaboration 
and the holistic nature of knowledge creation. 

By focusing on the cultural underpinnings of Western science (Harding, 1998), 
we examined the situatedness of knowledge. In alignment with the work of Megan 
Callow and Holly Shelton (this volume), our course aimed at critically analyzing 
Western values often embedded in science fields. Students learned how claims of 
objectivity and value neutrality in Western science stem from European culture 
and its Christian origins. By examining the historical erasure of Arab and Muslim 
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science (Lyons, 2014), we highlighted the political and colonial aspects of knowl-
edge. Mapping other epistemologies of science—Buddhist, New Confucius, indig-
enous, postcolonial, and feminist epistemologies—provided opportunities for stu-
dents to question the foundations of science. Throughout the course, our primary 
aim was to establish a platform for critical analytical comparison and encourage 
students to reflect on the cultural foundations of their commonly accepted notions 
about science. We sought to inspire students by exposing them to non-Western per-
spectives on science, encouraging them to reconsider their understanding of science 
and its purposes. This invited the students to see how culture shapes the purposes of 
producing scientific knowledge, the ways of knowing, and the questions that guide 
scientific research. Our introduction of non-Western scientific frameworks, like 
Arab and Muslim science and other non-Western sciences, offered a much-needed 
multicultural perspective on science and provided important background essential 
for students to develop critical literacy of science (Callow & Shelton, this volume).

The shape of the course was parabolic, starting and ending with a specific Arab 
and Muslim context while thinking more globally in between. This pattern is ap-
parent in Appendix A, which outlines all the course texts and essential questions. 
The course started by exploring some of the vast history of Arab and Muslim sci-
ence, focusing on the Golden Age of Islam. We then moved to exploring the con-
cept of epistemologies of science, not only within Arab and Muslim culture but 
also within other cultures. We finally returned to the history and Arab and Muslim 
science with a new in-depth ability to analyze its epistemological underpinnings. 
This arch allowed the students to self-reflect and critique their taken-for-granted 
thinking about science, therefore inviting a destabilization of the students’ Western 
perspectives on science to which they have been continually exposed through edu-
cational institutions and society.

Writing Assignments and Responses

In order to think critically about the course subject, the students read complex 
texts, wrote reflection journal entries prior to each class, discussed emerging under-
standings with partners and with the whole class, completed three group research 
projects, and wrote two papers. By engaging with seminal readings, students ex-
panded their knowledge of Arab and Muslim history and culture, an often misrep-
resented culture in the United States and a mostly unrepresented history in science 
classrooms. Through in-class discussions, students and teachers challenged each 
other’s understandings of the readings and each other’s cultural beliefs that shape 
their thinking. Through group projects, students explored topics addressed in class 
in more depth, synthesized multiple sources, formulated arguments about specific 
topics, and communicated what they learned to their classmates. 
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In addition to reading and discussing with others, we believe in the concept of 
writing to learn (Gere, 1985), that writing is an essential sense-making process that 
is vital to deeper engagement with ideas and self-exploration. Research supports 
that this is important in science classes as well as more humanities-oriented classes 
(Prain & Hand, 2016). The writing assignments in our course provide opportuni-
ties for students to reflect on the cultural situatedness of science. Where the proj-
ects were designed to build deeper knowledge of Arabic and Muslim science, the 
writing assignments were for students to make sense of what they read and learned 
through their own unique perspectives and voices. To open space for students to 
reexamine their existing modes of thinking and engage with new ideas, the course 
involved three major writing assignments, which will be explored in the following 
sections. The first and ongoing assignment is a weekly journal reflection working 
through their emerging thinking in response to the course texts. The second as-
signment, completed at the beginning of the course, is a reflective narrative essay 
through which students explore their personal experiences in and perceptions of 
science. Near the end of the course, students complete the third writing assignment 
in which they reflect on their emerging understanding of perspectives of science 
and how those understandings may impact their studies, work, and life.

Journal Reflections

For all class sessions, students write journal reflections (see Appendix B) rep-
resenting their study and emerging understanding of the readings and videos for 
the day. The reflections are intended to help the students put the specific texts into 
a bigger picture and to allow the students to think about how science is viewed in 
different places and at different times. They require the students to be self-reflective 
regarding their own beliefs and experiences and how these beliefs are challenged by 
the readings. Additionally, the reflections enable them to participate well in class 
discussions and to document the development of their thoughts about key ideas 
throughout the course. The journal reflections are open in terms of structure, with 
no specific prompts given for each reflection. They are low-stakes opportunities 
with no end goal of preparing something for an outside audience (Gere, 1985). To 
reiterate the low-stakes nature, each reflection is worth a small number of points, 
which students earn based on assignment completion. The only requirement is that 
they include an analysis that goes beyond a summary of the assigned texts. If we feel 
a student did not meet this requirement, we provide written response questions to 
guide deeper analysis but do not deduct points unless it is an ongoing issue. 

In an end-of-semester course evaluation during the fall of 2021, students men-
tioned that they found the weekly journal reflections helpful as a space to construct 
their emerging ideas about the texts and prepare for discussing those ideas with their 
peers. We believe that the open-ended structure allowed their own understanding 
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to emerge. Throughout the course, students said that they were challenged to make 
sense of what they read and were experiencing both inside and outside of class in 
an ongoing way. This extended interpretive labor placed students in the mindset 
of continual meaning-making. Evidence of this mindset was particularly clear in 
class discussions, as students would frequently refer to conversations they had with 
friends or family related to ideas in the assigned readings. From the instructor per-
spective, the journals were also a space for one-on-one asynchronous dialogues with 
the students. Additionally, reading these journals before class provided us a preview 
of how students were making meaning of the texts, what points they highlighted, 
and what questions they had. This allowed for the discussion prompts to be tailored 
to and built on the insights of the students. 

In addition to students commenting that the journal reflections were helpful 
and us finding that they provided useful insight, the journal reflections showed 
clear evidence of students making connections across time and across disciplines. In 
the weekly journal reflections, students connected the readings with their previous 
educational experiences. For example, one student wrote the following in a journal 
reflection:

I read a book in my seventh grade humanities class that I 
thought of throughout the “Narrative as Inquiry” (Hendry, 
2010) reading. The book was called The Things They Carried by 
Tim O’Brien (2009), and a major theme we discussed in class 
was the idea that, as the book progressed, we realized that the 
narrative that the narrator was creating might not have exactly 
matched what had objectively taken place. Despite the narrator’s 
memory of and feelings surrounding incidents occasionally being 
different than the factual order of events, what mattered most in 
the book was the way the narrator experienced and remembered 
things. This was mind blowing to me in seventh grade – the idea 
that truth is not one objective thing, or that no one person or 
being decides what truth is, but instead, that truth is dependent 
on perspective. It was the first time I remember considering that 
a plurality of truths can exist at the same time, and I remember 
that for weeks after that class discussion, I approached many 
conversations imagining what truths others might be holding 
that could complement or contradict my truths. Only during 
the “Narratives” reading did I remember that experience, and 
realize that that is a way I was encouraged to employ a multi-
plicity of truths (as opposed to one Truth) in some pockets of 
my education. I did not see those same ideas presented in my 
science classes though; I almost entirely was educated to believe 
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in one scientific Truth and think in the way that science should 
be presented in a dry, “vacuum” style. 

This quote demonstrates a student making sense of past experiences in a hu-
manities course, in past science classes, and in our course. It shows her making 
sense of her perception of truth and reconciling past enlightenments with the pres-
ent. Her use of lowercase and capital “T” in truth also indicated to us that she was 
making connections to a past course reading, Sushi, Science, and Spirituality (Ka-
sulis, 1995). She spoke at large in class about her appreciation for the capital and 
lowercase use of the word when we read that text. Although not always described to 
this level of detail, this type of moment was common in student reflection journal 
entries and in class discussions.

In addition to students showing evidence of working on connecting their past 
understandings with their emerging understandings in the journals, they also ac-
tively worked to reconcile their emerging understandings of science with previously 
gained expertise in their primary disciplines. The quote below is from a senior 
whose studies focused on history and classics:

In history, especially ancient history, we often discuss the impact 
of creation stories and conceptions of the afterlife on politi-
cal and cultural norms, and it came as no surprise that it also 
impacted the study of science. It emphasized the huge role that 
religion plays in every aspect of life, whether we like to admit 
that or not. Seeing how science and history are both heavily 
influenced by the dominant religion—and seeing how that 
changes how we treat the world we live in—was so intriguing to 
me because it finally helped me understand just how interdisci-
plinary the two subjects are. 

This student was able to better understand her own discipline through an in-
depth exploration of the cultural situatedness of science. This is just one example 
of using writing to actively make cross-curricular connections, a skill that is vitally 
needed in college students (Bear & Skorton, 2019). There were many such mo-
ments in the students’ journals.

Writing provides a modality for the students to actively connect different 
aspects of their identities as shaped by their past, their educational experiences, 
exposure to new ideas in texts, and critical dialogue. We do not grade or even 
comment on the accuracy of ideas. Rather, the journals create a dialog where we 
ask thought-provoking questions, provide additional resources, and give personal 
responses based on our own experiences and beliefs. The journals are not a place 
for polished ideas to be judged by an outside audience. They are an incubator for 
ideas (Pearse, 1985), a low-stakes informal platform that provides a safe space for 
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students to try new ideas and ways of thinking that might feel risky and poten-
tially transformative.

Essay on Personal Experiences and 
Perceptions of Science

Near the beginning of the course, students write a self-reflective essay (see Appen-
dix C) on their personal experiences and perceptions of science. The goal of this paper 
is to make space for them to explore their own histories in and beliefs about science. 
They are prompted to base their writing on reflection questions such as what their 
first memory of science was, what science activities they have engaged in throughout 
their life, what science means to them, and how their experiences shaped their beliefs 
about science. It is vital to reflect on one’s own understanding in order to be able to 
form comparisons to the perspectives of others. Through remembering significant 
experiences they had with science and reflecting on their own perspectives of science, 
the students examine where their preconceived notions come from. This prepares the 
students to be able to be more open to learning from other perspectives, including 
those of the authors of assigned readings and others in the class.

At the end of the semester, students were asked to provide feedback on the 
course and all of the assignments. They did not talk a great deal about any of 
the large writing assignments. However, they did talk extensively about how valu-
able and open the class conversations were and how open they were to learning 
from their classmates. We believe that the self-reflection facilitated through the 
first paper assignment contributed greatly to students’ openness to others. By ex-
amining the backgrounds that shaped their personal ideas about science and the 
roots of these perspectives, students were able to culturally situate their own un-
derstandings. Without self-examination, individuals are likely to believe their own 
perspectives are truth rather than recognizing that experiences and culture shape 
beliefs (Singh, 2021). In class conversations, the students showed that they were 
continually self-reflective and open to self-critique. We observed that the students 
were willing to not only hear other students’ ideas but also to deeply think about 
the different perspectives and contemplate integrating new perspectives into their 
own worldviews.

In the first paper, which focused on students’ personal experiences in and per-
ceptions of science, students found a space to explore how they view science and 
where those ideas came from. One student wrote about how science was always 
presented as an objective truth:

School always taught me about science as a logical realm with 
one correct answer that accords with the laws of nature, whatever 
they may be. Overall, then, I had always learned that there was 



A Curriculum Exploring Arab and Muslim Science  |  109

one law governing all the universe, an answer for every question, 
a path to be taken to an enlightened end all thanks to science.

This student spoke in class about the fact that she always enjoyed science but 
lost interest when science was not able to cure an ill family member, even though 
she was taught in school that science had all the answers. She also indicated that if 
science was talked about in a more tentative manner, she may have maintained a 
greater interest in the discipline. Her life experiences did not match what she was 
being taught, which had a detrimental effect on her interest. We believe that having 
a space to reflect on how her experiences shaped her beliefs about science invited 
her to begin to reconcile these tensions.

Another student described her perception of science and “scientist” in a way 
that, according to Miller et al. (2018), is very common:

Growing up, my preconceived notion of a scientist was an old 
white cisgender male pouring brightly colored vials into beakers. 
This image was usually accompanied by scientific equations 
and complicated work that would make any young elementary 
school student rethink a career in the sciences. I was only taught 
the names and legacies of these men, but never of those who 
looked like me or my classmates. 

As a female person of color who was in her first year of college and was inter-
ested in pursuing a science-related major, the acknowledgment of her perception 
of a scientist as very different from her own identity is vital to reconciling those 
differences (Barton & Tan, 2010; Johnson, 2007). She did not talk more in class 
about the difference between herself and the stereotypical scientist. She was the 
least outspoken student. It was clear to us that she used the assignment to think 
through something that she may not have felt comfortable openly discussing 
with others. 

Not all the students had a typical Western perspective of science, however. For 
example, one of the students reflected on her lifelong experience of science as an act 
of creation that is deeply connected with the arts: 

How I viewed science throughout my life; [is as] a tool for bet-
tering my life and the lives of those around me through creative 
power. This is why I have been so excited about our conversa-
tions in class about the deep connection between art and science; 
to me, the pursuit of science has always fueled my pursuit of art, 
and vice versa. . . . I think of science as the pursuit of knowledge 
for the sake of creating a better world. And it is in that image of 
a “better world” that we see discrepancies; that image does not 
look the same for everyone. To some, “better” might mean more 
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equitable, but to others, it might mean more profitable, more 
aesthetically beautiful, or healthier. 

In the paper, she shared her childhood experiences of mixing flavors in the 
kitchen, creating toys, and creating a music-activated light-up skirt for a Cinderella 
performance. In the assignment, she identified her situatedness. Prior to this paper 
she may have approached texts with an unconscious belief that everyone viewed 
science the same way that she did. Through engaging with different readings in the 
course, she was able to openly and consciously encounter different conceptualiza-
tions of science that were not utility-based. 

The initial paper invited students to reflect on what their beliefs were and 
where those beliefs came from. Without this grounding, students likely would 
have encountered all new ideas with an undercurrent of unconscious beliefs 
rather than an active reflection and reconciliation with their conscious beliefs. 
The assignment began the work of giving voice to the dialogue between their 
identities and new ideas.

Similar to our first assignment, in their STEM writing course, Barlow and 
Quave (this volume) also started their course by requiring their students to write a 
philosophy of science reflecting on the nature of their knowledge production. As 
Barlow and Quave highlighted, students starting a course with reflecting on their 
personal philosophies of science was an important step for understanding other 
philosophies of science. For us, too, this assignment was very crucial for students to 
understand the underpinnings of their beliefs and become open to other perspec-
tives on science. 

Essay on Emerging Understandings 
and Perspectives of Science

Upon completion of the course, as the final assignment, students wrote a 
self-reflective essay (see Appendix D) on their emerging perspectives of science and 
how they foresaw those emerging understandings and perspectives shaping their 
future scholarship, work, and being in the world. The goal of the paper was to 
make space for students to explore how their thinking shifted due to experiences, 
readings, and discussions both in and outside of the class. We believe that it is vital 
to reflect on one’s own beliefs in order to be able to continually critique societal 
representations of science, with which we are inundated. Examining the changes 
in their perspectives of science was a critical step for the students to then reflect on 
how they can have a voice calling for change in the larger community.

In their final reflection on their journey of learning throughout the course, 
students mapped the transformation of their thinking about science. For example, 
one student wrote:
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There was never a divide between humanities, philosophy, sci-
ences, and religion during the Islamic golden age, so why does 
the Western world strive so hard to push this divide? This course 
educated me to not see education as a linear concept, but more 
so an exploration of how different disciplines interact. There was 
no shame in having equal interests in fine arts and hard sciences. 

Reflecting on how the course broadened her horizons, this student started to ques-
tion how much knowledge she was really missing by receiving a Eurocentric science 
education. Changing her perspective of science, that it contains indisputable answers, 
she pledged to perceive science with a critical eye as much as she does other disci-
plines. Later in this paper, she described her future career in public health, in which 
she intended to bring her understanding of the importance of actively listening and 
having respectful conversations in order to embrace and welcome people’s different 
ways of thinking and belief systems. As a young woman of color studying science, she 
expressed her growing confidence in her voice and expanded perspective on science.

Another student wrote about how her ideas on the purposes for science changed 
throughout the course:

Even though I already had a more complicated view of science 
than many in the Western world, the biggest shift in my think-
ing occurred with learning about the purpose of science in the 
Arab World, and also encompassed how other societies viewed 
the idea of the truth. No matter how open-minded I was about 
science not being omniscient, I always saw it as something driv-
en by profit. This class, however, and especially the discussions 
we had over the course of the semester, showed me how we can 
still make scientific progress even without profit motivation. . . . 
The shift from for-profit to satiating curiosity was immense for 
me, and it forced me to rethink so many other Western scientific 
achievements, even the ones of which I was already critical.

Despite claiming that she never saw science as omniscient prior to the class, she 
did put the study of science on a pedestal. She went on in the paper to discuss that, 
as a gifted student, she always felt like she was wasting her abilities by not studying 
science. Throughout the course, she came to understand that science is not bet-
ter than humanities but is just different than humanities and can and does often 
occur in conjunction with humanities. She explained that since science can exist 
outside of economic motivation, being a STEM major does not equate to prestige. 
This understanding made the student feel more confident in her decision to study 
humanities. It also made her feel more confident exploring her interests in science 
despite not studying science in any official capacity. This aligns with the findings 
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of Callow and Shelton (this volume), where students found a sense of belonging in 
science after a critical science literacy course. 

Throughout this course, students encountered science as developed by people 
around the world and understood that science may be thought of differently in 
non-Western cultures. This allowed students from diverse backgrounds, beliefs, and 
interests to better see themselves involved in science and reconcile who they are and 
want to be.

Lessons Learned, Challenges, and 
Implications for Science Teachers

This course is an example of working across disciplinary lines to engage with scholar-
ship from history, philosophy, cultural studies, and science. The writing assignments 
described were created for the class in order for students to examine the overlap of 
culture and science and to write to learn (Gere, 1985). Although this course is unique, 
similar writing activities could be utilized in any science content class to help students 
negotiate their identities and expand their thinking. At a minimum, students could 
be assigned reflections on their understanding of what science is at the beginning and 
end of science courses, with intentional exposure to varied ways of thinking about 
and doing science throughout a course. Students could also be encouraged to keep 
a personal journal, continually reflecting on the representations of science that they 
are exposed to and how they are making meaning of the content they are learning.

From the experience of this course, the format and requirements of writing 
assignments impact the students’ openness toward the assignments. As previously 
described, students found the writing assignments in this course helpful for their 
intended goals. One point of feedback they provided was about the word require-
ments of the journal reflections. Because it is important to only grade for the in-
tended purpose of an assignment, all writing assignments had grading criteria that 
highlighted the quality and depth of thought rather than aspects such as grammar 
and editing (see Appendices B–D). However, there was a required word limit for 
each assignment. For the journal reflections, some students found the word re-
quirement to be a little long, given the twice-weekly expectation. They felt that 
it impeded their ability to write for learning by shifting the focus to writing for 
a requirement. This further highlights that the more stringent and criteria-driven 
grading is, the less free students will feel to do the self-reflective work that is the 
purpose of the assignment. Along these same lines, we believe that if our comments 
on the journals were more judgmental and less reflective, students would not have 
felt as comfortable expressing their emerging ideas.

Overall, despite years of science classes in elementary and secondary school 
and several college science courses, students in this class repeatedly commented 
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that they had never been exposed to ways of thinking about science that went 
beyond the empirical, rational modality, which is the norm in Western approaches 
to science. Students reflected that being exposed to culturally situated ideas about 
scientific knowledge—knowledge for its own sake, the overlap between science and 
aesthetic arts, and various conceptions of what can and cannot be known—trans-
formed their thinking. More than transforming their thinking, for several students, 
the new perceptions increased their interest in the discipline and made them feel 
more confident that their voices matter.

One of the major challenges that we face for our specific course is getting 
students interested and registered. The course was a response to an institutional 
initiative to bridge STEM, humanities, arts, and social sciences in a co-teaching 
opportunity involving a STEM and a humanities professor. Although our course 
received institutional approval to run, its continuation after the first year was hin-
dered by the lack of departmental support for interdisciplinary scholarship. The 
course does not fulfill any requirements, and many of the ideas highlighted in the 
course description and syllabus are disarmingly foreign to students and professors. 
We hope for this course to continue as a disruptive space to interrogate the sta-
tus quo in STEM education (Introduction, this volume) and impact students in 
STEM fields in a way that makes them question dominant paradigms in their disci-
plines and examine their cultural underpinnings. We hope that it allows students to 
go beyond learning and mastering the contents of their subjects to inquiring about 
the types of questions and methodologies that drive their field of study, where they 
stem from, whose interests they serve, and what beliefs about the world and hu-
manity lie beneath them. We hope to create space within academia for courses that 
invite students to reflect on the production of knowledge as a culturally situated 
political act. Solutions for us include making the course fulfill general education 
requirements or count toward majors or minors. This would involve educating de-
partment heads on the importance of the ideas. It also involves advocating for more 
institutional integration of humanities and arts with STEM. More importantly, the 
lack of interest in this topic highlights the necessity for science teachers (elemen-
tary, secondary, and post-secondary) to become knowledgeable about and imbed 
ideas about the culture of sciences in their courses, which also brings into question 
teacher preparation in STEM fields. 

As clarified earlier, the focus of this chapter is on highlighting the role of re-
flective writing in facilitating critical comparative examinations of epistemologies 
of science rather than providing information on how to include Arab and Muslim 
science in different science classes. Nevertheless, it’s crucial to underscore the im-
portance for science educators to integrate Arab, Muslim, and other non-Western 
achievements into their curricula. For example, they can include Ibn Al-Hay-
tham’s work when teaching the scientific method, alongside other significant 
contributions from this historical period. Resources and videos showcasing such 
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achievements are available on the web at https://www.1001inventions.com. Sup-
porting this integration are works from Bala & Duara (2016), Barnard (2011), 
Ganchy (2009), Saliba (2007), Tibi (2006), and Gutas (1998). By incorporat-
ing diverse perspectives and historical achievements into their teaching, science 
educators can provide students with a more comprehensive understanding of 
the development of scientific thought. Our course highlights the importance of 
examining the history and geopolitics of science in a way that goes beyond listing 
names of culturally diverse scientists. This approach allows students to see science 
as a human enterprise of exploration of the natural world and inquiry toward it 
rather than as a collection of absolute facts, laws, and equations to study or apply. 
Through learning about how science is approached differently in various cultures, 
students can develop critical thinking skills and learn to question and evaluate 
the underlying assumptions and biases embedded within scientific theories and 
practices. Ultimately, this approach fosters a more inclusive and equitable ap-
proach to science education, encouraging students to engage with science as a 
dynamic and culturally situated endeavor.

Some researchers are arguing for a shift toward an appreciation for multiple 
and often culturally situated ways of understanding science (Bang & Medin, 2010; 
Hammer & Elby, 2002; Russ, 2014). Meghan Bang advocates supporting a learn-
er’s navigation of what she calls multiple epistemologies. In a 2010 article, Bang 
and Medin discussed the impact of a three-week summer camp on Native Ameri-
can students. The curriculum of the summer camp was designed around cultural-
ly-based practices and aimed to support the navigation of multiple epistemologies 
of science. They showed that respecting multiple epistemologies can have a positive 
impact on student learning. Elby, Macrander, and Hammer’s 2016 study showed 
that unique focuses with different communities lead to distinctive observations, 
distinctive questions, and distinctive interpretations of findings. Additionally, there 
is research showing that the Western culture of science makes it difficult for many 
minority students to assimilate into scientific communities (Brown et al., 2016), 
particularly women of color (Carlone & Johnson, 2007). 

Thus, although science content courses typically have a set of stringent ob-
jectives that must be met during the course in order to prepare students to be 
well-versed in their discipline, a sole concentration on those objectives, to the ex-
clusion of consideration of cultural underpinnings, may discourage students from 
remaining in the field. It may particularly discourage students who are already 
underrepresented in science and who may bring unique ways of thinking that are 
vital to approaching the problems facing the world. Therefore, it cannot be up to 
elective courses to expose students to other ways of thinking about science. In every 
science course, there should be space for examining the social underpinning of sci-
ence. One way of implementing these much-needed reflective practices into science 
courses is through reflective student writings such as those described in this chapter.

https://www.1001inventions.com
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Appendix A: Course Outline and Texts

Week Class Questions we’ll explore . . . How to prepare for this class . . .

Week 1 Class 1 Why Arab AND Muslim 
civilization not Arab OR 
Muslim civilization?

Video: Islam, Empire of Faith (video on 
YouTube, 0:00-1:47)Class 2

Week 2 Class 3 Why do some people hate 
Muslims and Arabs?

Jigsaw Readings:
Islam Through Western Eyes: From the 
Crusades to the War on Terrorism by Jona-
than Lyons (chapters 1 &7)
Islam Through Western Eyes: From the 
Crusades to the War on Terrorism by Jona-
than Lyons (chapter 3)
Covering Islam: How the Media and the 
Experts Determine How We See the Rest of the 
World by Edward W. Said (chapter 1, section 1)
Video: Islam Through Western Eyes (speech 
by Jonathan Lyons on YouTube)

Week 3 Class 4 Is there a conflict between 
knowledge and faith?
Where is the oldest univer-
sity in the world?

Readings:
Research online to find out: What are the 
first Universities? Who is Fatima Al-Fihri? 
What was women’s role is Arab and Muslim 
education?- follow your curiosity
Education in Islamic History (article in 
Egypt Today, 2017)

Class 5 Reading: The Basis of the Teaching System 
and the Educational Institutions by Seyyed 
Hossein Nasr (chapter 2)

Week 4 Class 6 What did your group find 
out about the history of 
Arab and Muslim science?
What’s unique about Arab 
and Muslim Science?

Reading: Islam Through Western Eyes: 
From the Crusades to the War on Terrorism 
by Jonathan Lyons (chapter 4) 

Class 7 Group research project on history of Arabic 
and Muslim science and how cultural 
beliefs shaped that advancement 

Week 5 Class 8 Did all science come from 
Greek civilization?
Who was shining during 
the dark ages?
What did science look like 
during the Golden Age of 
Islam?

Videos:
The House of Wisdom: How the Arabs 
Transformed Western Civilization (speech 
by Jonathan Lyons on Library of Congress 
website)
1001 Inventions and the Library of Secrets 
(video on YouTube)

Class 9 Reading:  A young Muslim’s guide to the 
modern world. 1993 by Seyyed Hossein 
Nasr (chapter 5: Islamic Science)
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Week 6 Class 10 What the heck is an episte-
mology?
What does culture have to 
do with science?

Reading: Epistemology: Internet Encyclo-
pedia of Philosophy (website)
Videos: 
Intro to Epistemology #1: The Nature of 
Knowledge (video on YouTube, 0:00-3:47)
Philosophy of Science: Epistemology Ap-
plied (video on YouTube)

Class 11 Reading: “Is science multicultural?: 
Challenges, resources, opportunities, 
uncertainties” by Sandra Harding: (chapter 
4: Cultures as a Toolbox for Sciences and 
Technologies)

Week 7 Class 12 What did you learn about 
your personal epistemolo-
gies of science?

Reading: Cultural Processes in Science 
Education: Supporting the Navigation of 
Multiple Epistemologies by Bang & Medin 
(2010)
Video: Recycling is Like a Bandaid on Gan-
grene (2019 video on The Atlantic) 

Class 13 Individual paper exploring their personal 
experiences and perceptions of science

Week 8 Class 14 Who else has “other” ways 
of thinking about science?

Video: The Dalai Lama: Scientist (2019 
documentary)

Class 15 Reading: Sushi, science, and spirituality: 
Modern Japanese philosophy and its views 
of Western science by Thomas Kasulis 
(1995)

Week 9 Class 16 What did your group learn 
about different epistemolo-
gies of science?

Readings:
Western science and traditional knowledge- 
Despite their variations, different forms of 
knowledge can learn from each other by 
Fulvio Mazzocchi (2006)
Multicultural Science Education: Theory, 
Practice, and Promise edited by Steinberg 
and Hines (chapter 10: Defining a Theoret-
ical Framework for Multicultural Science 
by Samina Hadi-Tabassum)

Class 17 Group project comparing three different 
epistemologies of science 

Week 10 Class 18 Who’s who in Arab and 
Muslim Epistemology?

Reading: Epistemology in Islamic Philoso-
phy: Islamic Philosophy Online (website)
Video: Knowledge Triumphant, The Con-
cept of Epistemology in Islam (documenta-
ry on YouTube)

https://docs.google.com/document/d/1KZsujHI28QNBL_DnRXKmuscSR4tXuMOdrSDY0uWYe-A/edit?usp=sharing
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Week 10
contin-
ued

Class 19 Readings: Epistemological Foundations of 
Natural Sciences in Islam by Marziyehsadat 
Montazeritabar (2019)
Knowledge Triumphant: The Concept of 
Knowledge in Medieval Islam by Franz 
Rosenthal (chapters 3 and 4)

Week 11 Class 20 How do stories shape epis-
temologies of science?

Readings:
Braiding Sweetgrass - by Robin Wall Kim-
merer, 2013 (chapter 1: Skywoman Falling)
“The Study Quran.” A new translation 
and commentary: Creation Story from the 
Quran translation by Nasr, Seyyed Hossein, 
Caner K. Dagli, Maria Massi Dakake, 
Joseph EB Lumbard, and Mohammed 
Rustom (2015): (chapter 2:27-49)
OPTIONAL: Adam and Eve Story from 
the Bible

Class 21 Videos: Hay - The Kid Searching For God 
(video on YouTube)
The place of philosophy in religion pt. 3 - 
Hayy bin Yaqzan (video on YouTube)

Week 12 Class 22 How did your group use 
representation to change 
perceptions about science?

Readings:
Ibn Tufayl (A bentofail) and the Origins of 
Scientific Method by Enrique Cerda-Olme-
do (2008)
Narrative as Inquiry by Petra Munro Hend-
ry (2010)

Class 23 Group project critiquing and reimagining a 
media representation of science

Week 13 Class 24 What do you want to learn 
more about?

Readings: TBD based on student interests

Week 14 Class 25 What does all this mean to 
us now?

Readings: TBD based on student interests

Class 26 Reading: The Geopolitics of Knowledge 
and the Colonial Difference by Walter D. 
Mignolo (2008)

Week 15 Class 27 What question do you have 
for Guest Speakers? 

Field Trip to the Turkish Islamic Center

Class 28 Guest speaker: Dr. Seyyed Hossein Nasr

Final 
paper

Individual paper reflecting on your emerg-
ing understanding of multiple epistemolo-
gies of science and its impact on your work 
in their discipline and future careers
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Appendix B: Journal Reflections

Why: Writing weekly reflections will help you to put the specific readings into the 
bigger picture. They will allow you to think about how science is viewed in the 
world and how that is different and similar in other places and at other times. They 
will also help you to be self-reflective regarding your own beliefs and experiences, 
how the reading may challenge your beliefs, and how your perceptions are contin-
ually emerging. Additionally, your reflections will enable you to participate well in 
class discussions and to document the development of your thoughts about key 
ideas in the course. You should come to class prepared to introduce your ideas in 
class discussions and to test their significance through scholarly conversation.

What: For all class sessions, you will write journal reflections representing your 
study and understanding of the readings and videos for the day. Each reflection 
must include:

• analysis of key concepts, ideas, and perspectives that appear in the course 
readings and videos.

• exploration of the issues you find most compelling.
• questions that will help you and your classmates develop understanding 

of the readings.
• relevance to your field of study.

Reflections should not be organized in the form of a thesis and argument. They 
should not be presented as an essay. Instead, they should represent the diverse range 
of thoughts, questions, and interpretations that emerge as you study an assigned 
text in the form of “thinking out loud on paper”. This type of journaling is one that 
many scholars find useful for germinating new and creative thoughts. Reflections 
should:

• be at least 400 words.
• use 25 words of direct quotation at maximum.
• provide references to sections of the assigned text.

How (you’ll be assessed): Instructors will evaluate your reflections in terms of their 
meeting the criteria outlined above (at least 400 words, no more than 25 words of 
direct quotation, references to sections of text discussed) and based on thoughtful 
engagement with the assigned readings. You will not receive evaluative comments 
on your reflections as they are based on your opinions and developing ideas. How-
ever, you may periodically receive comments and questions to further probe your 
thinking. You should spend time reflecting on these comments but do not need 
to submit a response. Bring a hard or electronic copy of the reflection to class for 
reference during the discussion. 
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Appendix C: Personal Experiences of 
and Perceptions of Science

Why: The goal of this paper is to make space for you to explore your own history 
in and beliefs of science. It is vital to reflect on your own understandings in order 
to be able to form comparisons to the perspectives of others. Through remem-
bering significant experiences you had with science and reflecting on your own 
perspectives of science, you will examine where your preconceived notions come 
from, which is a critical step in being able to become more open to learn from 
other perspectives.

What: This assignment will be in the format of a narrative that demonstrates 
thoughtful reflection on beliefs and experiences. Consider the following prompts 
when beginning the narrative:

• What was the first time you recall engaging in science?
• What science activities have you engaged in throughout your life.
• What is science to you?
• Who are scientists?
• What do scientists do?
• How have your experiences (school, friends and family, media, etc.) 

shaped your beliefs about what science is?

Before writing your narrative, consider starting by doing a few free writes or 
graphic organizers to get your thoughts down without concern for how to do well 
on this as a class assignment. In other words, spend time really reflecting inwardly 
before being concerned about the final outward representation. 

The final submission should be between 3 and 5 pages, double-spaced. As this 
is a self-exploration, reference to other sources is not required. However, if external 
sources are used, there must be correct APA formatting and a bibliography. The 
final document should be well-edited. You are encouraged to seek the assistance of 
a research librarian and of the writing center.

How (you’ll be assessed): Papers will be evaluated based on the depth of reflec-
tion and analysis. The narrative should describe experiences and events related to 
your understanding of science, taking into account the context of these experiences 
and providing an analysis of and an interpretation for the connections between 
past experiences discussed and perspectives. The narrative should give meaningful 
consideration to questioning your taken-for-granted assumptions about science by 
tracing their sources in your personal history. 

This paper is worth a total of 10 points: 6 points for depth of reflection, 4 
points for clarity, organization, and mechanics. 
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Appendix D: Emerging Understanding 
of Perspectives of Science

Why: The goal of this paper is to make space for you to explore your emerging 
understanding of and perspectives of science. It is vital to reflect on your own 
understandings in order to be able to continually critique what you are exposed 
to through classes, media, etc. Reflecting on your own perspectives of science is a 
critical step in being able to reflect on how you can have a voice in the larger com-
munity, which is the second main goal of this assignment.

What: This assignment should be a thoughtful reflection on your shifting beliefs 
and the experiences, readings, and discussions that caused those shifts both in and 
outside of this course. Discuss the most transformative aspects of this course explic-
itly and with citations. You will then reflect on where you will go from here. How 
will your new perspective shape your future career, studies, relationships, conver-
sations, etc.?

The final submission should be between 3 and 5 pages, double-spaced. Ref-
erence to course materials or other materials that you engaged with and found 
meaningful this semester should be included using correct APA formatting and 
a bibliography. The final document should be well-edited. You are encouraged to 
seek the assistance of the writing center.

How (you’ll be assessed): Papers will be evaluated based on the depth of reflec-
tion, and analysis. The reflection should describe transformations you experienced, 
engagements that caused those transformations, and future impacts of those new 
perspectives.

This paper is worth a total of 10 points: 6 points for depth of reflection, 4 
points for clarity, organization, and mechanics. 

• What changed - Description of transformation 
• How it changed - Engagements with course aspects that caused 

transformation 
• What now - Future impacts of new perspectives 
• Proper citation and bibliography
• Clarity, organization, and mechanics
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In Technical and Professional Communication (TPC), the service course is an “in-
troductory [course] for nonmajors delivered primarily as a service to other depart-
ments and programs on campus” (Melonçon & England, 2011, p. 398), and the 
course is designed to prepare students to “adap[t] emergent knowledge to specific 
workplace or community-based contexts” (Scott, 2008, p. 382). The connection 
between TPC’s service course and STEM is long established, with scholarship 
showing the historical relationship with engineering as early as the 19th century 
(Kynell, 2000). The first textbook specific to technical and scientific writing was 
written in 1911 by Samuel Earle and established the rising importance of TPC to 
technical and scientific fields (Connors, 1982; Cook, 2002). The service course is 
rooted in late 19th-century courses in writing for engineers (Kynell, 2000). Service 
courses have advanced since the early emphasis on basic elements of written com-
munication to encompass more nuanced and rhetorical elements of technical and 
professional writing necessary to succeed in the STEM workplace, which includes 
issues of diversity, equity, and inclusion (DEI). As a professional practice, TPC 
uses writing and communication to move audiences to action, and an emphasis 
on application and practice is fundamental to the work of TPC. This is not to say 
that TPC has been devoid of theory. Rather, it has been a field where theory moves 
into practice more smoothly than other humanistic endeavors (e.g., Melonçon & 

https://doi.org/10.37514/ATD-B.2024.2364.2.08
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Schreiber, 2018). TPC is uniquely poised to move the conceptual imperative of 
justice (e.g., Agboka & Matveeva, 2018; Walton & Agboka, 2021; Walton et al., 
2019) to actual practice throughout TPC programs that teach large numbers of 
STEM students every year. In light of ongoing conversations around justice in 
TPC, we asked: What happens in a large TPC service course program when it 
creates a programmatic inclusion vision and then sets out to enact it via diversity 
work?

We used the TPC service course as the site of our work because it provides 
“rich locations for program administrators, instructors, and researchers to ask and 
test central questions about TPC as a field and its role in shaping professional 
communication practices in both the workplace and the public sphere” (Schreiber 
et al., 2018a, p. 1). While scholars have taken an interest in the service course 
(e.g., Boettger, 2010; Read & Michaud, 2018; Schreiber et al., 2018b; Newmark 
& Bartolotta, 2021), TPC has little research that explicitly focuses on assignments 
that work toward programmatic inclusion. As noted by Rita Kumar and Brenda 
Refaei (2021), “STEM is often seen as a more challenging area in which to practice 
equity and inclusion due to the pragmatic nature of the content and the perceived 
inflexibility of the curriculum” (p. 113). The possible inflexibility of the curriculum 
in STEM fields makes required courses like the service course even more important 
to students’ futures, and it makes the necessity for grounding TPC and writing 
curricula in ways where students can see the necessity of inclusive approaches.

In this chapter, we discuss a way to address this collection’s emphasis on “ac-
tional steps faculty can enact to make their STEM writing spaces more inclusive 
and challenge assumptions about disciplinary writing” (see Introduction, this col-
lection). We start by describing our theoretical framework that situates program-
matic inclusion within STEM services courses. Next, we move to our educational 
context, followed by an analysis of student documents based on student learning 
outcomes (SLOs) and their connection to programmatic inclusion. We end with a 
discussion of what worked well for this assignment and what could be improved in 
order to facilitate better implementation of programmatic inclusion. 

Theoretical Framework

In Sara Ahmed’s groundbreaking book, On being included (2012), she writes a 
cautionary tale of what happens when diversity initiatives are not carried out in 
practice. Ahmed explained that “when diversity work becomes a matter of writing 
documents, it can participate in the separation of diversity work from institutional 
work” (p. 87), and those documents end up being “non-performative,” meaning 
that they stand in place of saying the work needs to be done rather than doing the 
work. While “what is attended to can be thought of as what is valued” (p. 30), it 
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takes more than documentation because “we have to work on them to make them 
work” (p. 119). Writing program administrators are taking seriously how issues 
of “race, accessibility, and assessment” (Voss et al., 2021, p. 14) inform the devel-
opment of inclusive writing programs and course designs. TPC programs are no 
exception (Agboka & Dorpenyo, 2021). But how do faculty and program admin-
istrators make them work?

From TPC scholarship, we highlight several recent attempts to operationalize 
the theory of social justice(s) at the course and program level. Chen Chen (2021) 
and Jennifer Bay (2022) explained the process of developing an undergraduate 
technical communication introductory course through a socially just pedagogical 
approach. Cruz Medina and Kenneth Walker (2018) proposed contract grading to 
disrupt the distributions of power within assessment practices and explained that 
this framework is “not about mainstreaming shared values” but “making course 
values explicit” (p. 52). The idea behind “making course values explicit” is also 
seen in the work of Jennifer Mallette and Amanda Hawks (2020). Using grading 
contracts, they explained that “instructors can detail what students can expect from 
instructors and what the instructor expects from students, which can help students 
see how assessment connects to course outcomes” (Mallette & Hawks, 2020, p. 4). 
This transparency among instructors and programs can aid in distributing power 
that would otherwise be hidden. 

Connecting assessment to outcomes by aligning course and program outcomes 
not only provides transparency between student and instructor, but it also allows stu-
dents to use their previous knowledge and grow over the term. Linda Driskill (2013) 
argued for the importance of making course outcomes explicit and that “whatever 
assessment is used must be related to the specific objectives, prior experiences, and 
long-range plans of the students” (p. 65). Robert Mislevy and Norbert Elliot (2020) 
discussed the positioning of students and instructors and explained that SLOs as ex-
plicit statements of values “advance opportunities to learn for all students” (p. 148). 
Writing explicit and useful SLOs enables TPC to move toward more equitable assess-
ment practice because the outcomes clearly indicate how students will be assessed, 
thereby allowing for greater opportunity for all students (Griffith et al., 2024). 

In a special issue that foregrounded accessibility, Sushil Oswal (2018) explained 
the necessity of access, broadly construed to include disabled students, but also as a 
reminder that focusing on accessibility creates a “rich rhetorical user experience for 
diverse populations” (Hitt, 2018, p. 62). Pushing this idea further, Lisa Melonçon 
(2018a) crafted an Ahmed-inspired theory of “orienting access” that asks program 
administrations and faculty to work toward creating inclusive and diverse learning 
spaces (p. 46), which expanded previous arguments that called for an “ideology of 
inclusion” (Oswal & Melonçon, 2017, p. 68). Instantiating Ahmed’s concepts of 
phenomenology, “ideology of inclusion” prioritizes experiences of those who have 
endured unjust systems and institutions. Holding this ideology means that faculty 
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and administrators who want to perform programmatic diversity work must “ac-
quire critical orientations to institutions in the process of coming up against them” 
(Ahmed, 2012, p.174). Putting diversity work into practice means articulating our 
intent for inclusion in the TPC service course program. Programmatic inclusion is an 

antiracist, intentional programmatic perspective that takes as its 
central aim access and equity by starting with non-harmful consid-
erations for course and curriculum design; creating learning op-
portunities to achieve equitable outcomes for all students; teaching 
skills and knowledges that expand students’ writing abilities and 
processes; demonstrating ways to use communication to advocate 
for or to affect strategic change. (Melonçon, 2024)

The definition does important work in codifying the work of social justice at 
the program level by making tacit knowledge explicit. Defining programmatic inclu-
sion affords TPC program administrators and faculty to have a clear direction and 
approach to make their programs inclusive. Too often, the work of program admin-
istration is not explicitly codified and documented, but a hallmark of TPC has been 
in the field’s effort to build, maintain, and sustain knowledge management practices 
for organizations through writing, communicating, and managing information. In 
this way, creating a definition of programmatic inclusion achieves the same goal that 
knowledge management practices do in many workplaces and organizations. The 
definition creates knowledge sharing, encourages interaction and reflection, demon-
strates a process for all stakeholders, and makes internal knowledge external and ex-
plicit. Jennifer Mallette (this volume) adds to the goals of programmatic inclusion by 
arguing students need to “understand what they are being asked to do in the class and 
how it helps them make progress toward course goals” (this collection).

Programmatic inclusion grounds every decision made, including the creation 
of assignments. Ahmed (2012) forcefully reminds us that diversity work, what we 
are calling programmatic inclusion, has to be enacted through performance and 
an attention to the transformative work the policy reflects. Too often, attention is 
redirected to the policies themselves as evidence of a commitment to diversity, and 
those lacking in structure for implementation will only perpetuate the problems 
identified. In the next section, we describe one part of the program’s commitment: 
an assignment that underscores the imperative for an inclusive approach to curric-
ular design that also enacts the learning outcomes of the program. 

Educational Context 

Our data comes from an English department housed within an R1 university in 
the Southeast. The TPC service course program within the department serves some 
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~4,800 students a year in three courses—engineering, allied health sciences, and 
business. The courses are differentiated by the content brought in by students. For 
example, in the engineering version of the course, the readings, data, and other ex-
amples are drawn from engineering scenarios, and students are encouraged to use 
their content knowledge when completing assignments. Our focus in this chapter is 
on the STEM students in engineering and allied health sciences, which account for 
~1,700 students a year. The service courses for engineering and allied health sciences 
majors are not general education courses, but they are required as part of the differ-
ent major curricula. The rationale for requiring the service course is the emphasis 
on providing in-depth writing and communication instruction by experts in writing 
and communication. In limited conversations with stakeholders in engineering and 
in allied health science, we have been told that the courses are doing what they need 
them to do for the students. However, we remain interested in advancing conversa-
tions so that we can better align the goals with the course, which include issues of 
DEI enacted through performance and an attention to the transformative work the 
inclusivity reflects. The program uses a uniform curriculum with a common textbook 
and four required assignments. The document series, the first project of the term, asks 
students to engage in real and meaningful inclusivity work outside of the academy. 
This assignment presents a problem-based scenario (Melonçon, 2018b) that is similar 
to what they may encounter in the workplace. The students are asked to write three 
short documents for three different audiences. For most scenarios, students need to 
write to an external audience as well as to two different internal audiences. Students 
can choose from multiple scenarios and in each course, one of the available scenarios 
explicitly addresses an inclusivity problem. 

Allowing students to choose from a selection helps students select a meaningful 
scenario that aligns with the STEM major and specialization. For example, prob-
lem-based scenarios in engineering may focus on a computer or civil engineering 
problem. The document series assignment represents what Michele Eodice and her 
collaborators (2016) refer to as meaningful writing assignments. In other words, to 
achieve learning objectives, assignments must do more than interest students; they 
must meaningfully engage students through their relevance to the students’ lives. 
Meaningfulness is a crucial characteristic, especially as it relates to programmatic 
inclusion because for students to meaningfully engage, assignments must consider 
alternate perspectives and experiences. (See Appendix for assignment description, 
problem-based scenarios, and rubric.)

The TPC program has asked instructors to keep the following questions in 
mind throughout the term as a key part of their pedagogy:

• How does this document/deliverable affect existing workplace power 
dynamics, if at all?

• Who does this project leave out?
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• How might the final deliverable address, maintain, or facilitate inequita-
ble or unjust practices and power structures in organizations?

Thoughtful and meaningful assignment design presents instructors and ad-
ministrators with the opportunity to enact program and course goals. Assignments, 
such as the document series, demonstrate an overall programmatic inclusion frame-
work goal by helping students and instructors put TPC theory into practice.

In what follows, we present the results of our coding of student work that high-
light ways that meaningful assignments can move students toward learning out-
comes while demonstrating the integration of programmatic inclusion. Explaining 
the connections between assignments, outcomes, and programmatic inclusion ex-
emplifies a move toward realizing the assignment as the nexus of all the forces in 
play in the service course program.

Looking at Student Documents Programmatically 

The programmatic inclusion scenarios that include an emphasis on DEI were in-
troduced into the document series assignment in fall 2020. Our analysis looks at 
student finals from spring 2021 and fall 2021 because it allowed instructors to 
teach the assignment once before we examined the results. The data presented in 
this section has been exempted and approved for use under University of South 
Florida Institutional Review Board, #002887. 

Table 6.1 shows the total number of student documents for the semesters 
under examination. The total number of student samples is 1,695, with our focus 
on the 28 percent (n = 488) of students selecting the DEI-focused scenario. Table 
6.1 highlights a difference between allied health science students and engineering 
students who selected the programmatic inclusion scenario. Less than 15 percent 
of the Engineering students selected the scenario, whereas a little over 40 percent 
of the allied health science students chose it. 

Table 6.1: Percentage of Students Who Selected the Programmatic Inclusion 
Scenario (Total N = 1695; DEI n = 488)

Course Spring 2021 Fall 2021

Allied Health Sciences 44% (n = 204) 41% (n = 189)

Communication for Engineers 11% (n = 47) 14% (n = 48)

To gain insight into student engagement, students were asked to provide a 
short, written comment to explain their scenario selection. One allied health sci-
ence student commented, “Cultural and diverse issues are important to me and 
I found it interesting to fix internal issues such as this.” An engineering student 
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remarked, “It struck me the most as I read it. Discrimination is an extremely 
serious offense for any person or organization to be accused of and I wanted to 
tackle the most severe and toughest situation.” The scenarios require STEM stu-
dents enrolled in service courses to actively consider meaningful writing outside 
of the academy and its relevance in workplace settings. While workplace writing 
may seem far from classroom writing, TPC classroom projects promote con-
nections to “the applicability or relevance of the projects” (Eodice et al., 2016, 
p. 82) that students may encounter on the job. In other words, the merging 
of a student’s past experiences, acquired skills, and future goals resonates with 
workplace-centered rhetorical situations of service course writing and student 
experiences. Students were asked to create three correspondences based on the 
scenario they selected.

In order to better understand the students’ uptake of DEI as it relates to the 
SLOs of the course, the student examples were coded based on four criteria: empa-
thy, language awareness, power, and point of view (POV). 

• Empathy 
 ◦ Did the student offer an apology when corresponding to the person 

who complained? Did the student show an empathic stance (an un-
derstanding that the issue was indeed a problem) toward the situation 
in the documents to their supervisors?

• Language awareness
 ◦ Did the student incorporate appropriate language that shows an 

awareness of DEI (e.g., including words such as “diversity,” “culture/
cultural,” “inclusion/inclusivity/inclusive,” etc.)?

• Power
 ◦ Did the student properly acknowledge the role of organizational pow-

er in addressing and solving the problem? For example, establishing 
the matter was still ongoing, not solved, and/or required stakeholder 
approval or agreement.

• POV
 ◦ Did the student switch between writing as an individual and as a rep-

resentative of the organization? 
Empathy and language awareness align with the assignment’s SLO that asks 

students to develop an appropriate writing style, while the power and POV align 
with the SLO for addressing purpose and audience. These four criteria, which be-
came our coding schema, connect the programmatic inclusion framework to SLOs 
by asking students to work through problem-based scenarios similar to common 
workplace situations that require students to engage in actions, through writing, 
that advocate for change to more equitable practices in the workplace.
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Beyond aligning with the SLOs, the criteria materialize Ahmed’s (2012) diversity 
work. Empathy and language awareness intentionally engage students in communi-
cating information in an anti-racist and inclusive nature, while power dynamics and 
POV move students toward practicing critical thinking and problem solving. These 
ideas connect the vision of programmatic inclusion to the practice of assignment 
design and SLOs—to engage in a programmatic inclusive framework by doing some-
thing about the problem instead of only theorizing. Programmatic inclusion is an ex-
tension of the type of action-oriented writing that characterizes TPC and ensures that 
STEM students have exposure to how change can be enacted within an organization, 
thereby tying coursework directly to their disciplines and future work. We opted to 
sample 60 student documents, which is a little more than 10 percent of the student 
work that focused on the DEI scenarios. Unlike writing analytic models that borrow 
from quantitative models for a confidence interval or a purely qualitative approach 
that uses a small sample, we followed our own experiences that suggested results 
would replicate. We initially coded 30 student samples, then did another 30. When 
the coding of the second set of 30 aligned with the first set, we felt that this number of 
student data would achieve a measure of transferability, which suggests that conclu-
sions or processes can be used in other contexts, as well as credibility, which focuses 
on whether we are accurately describing the thing (Lincoln & Guba, 1985).

After a normalizing session where we coded a couple of student examples to-
gether, two of the researchers independently coded the samples using the coding 
scheme seen in Table 6.2. This simplicity of the coding scheme works well for 
program evaluation because it aligns with the rubrics used by students and faculty 
throughout the course to connect SLOs to student drafts and finals. 

After both researchers had finished coding the sample independently, they met 
and discussed disagreement in the codes in order to reach a consensus on the sample 
(see Clegg et al., 2021; Smagorinsky, 2008). The discussions helped to ensure the 
codes were applied consistently across the data set; consistency was further verified 
by an additional researcher (Clegg et al., 2021). We should note that we coded the 
student sample based on a holistic interpretation of the entire assignment, which is 
comprised of three short documents. Table 6.3 displays the summary coding results 
of the STEM students, and Table 6.4 shows the summary of the coding broken 
down by the two student populations (allied health sciences and engineering).

Table 6.2: Coding Scheme for Analyzing Student Documents 

Numerical 
Code

Definition of Code

1 No evidence or very little evidence of criteria in student writing

2 Some evidence of criteria in student writing; more than 1, but less than 3

3 Substantial and complex evidence of criteria in student writing 
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Table 6.3: Summary of Coding Schema (N = 60)

Empathy Language Power POV

Coded 1 17% (n = 10) 3% (n = 2) 17% (n = 10) 18% (n = 11)

Coded 2 22% (n = 13) 43% (n = 26) 82% (n = 49) 78% (n = 47)

Coded 3 62% (n = 37) 53% (n = 32)  2% (n = 1)  3% (n = 2)

Table 6.4: Summary of Coding Schema Split by Course (Allied Health n = 31; 
Eng n= 29)

Empathy Language Power POV

Health Eng. Health Eng. Health Eng. Health Eng.

Coded 1 16%  
(n = 5)

17%
(n = 5)

3%
(n = 1)

3%
(n = 1)

19%
(n = 6)

14%
(n = 4)

23%
(n = 7)

14%
(n = 4)

Coded 2 26% 
(n = 8)

17%
(n = 5)

45%
(n = 14)

41%
(n = 12)

77%
(n = 24)

86%
(n = 25)

77%
(n = 24)

79%
(n = 23)

Coded 3 58% 
(n = 18)

66%
(n = 19)

52%
(n = 16)

55%
(n = 16)

3%
(n = 1)

0%
(n = 0)

0%
(n = 0)

7%
(n = 2)

Table 6.4 shows the summary of the coding schema as it is divided per course. 
When looking closely at the number of students, there are no significant differences 
between the students in allied health science and engineering. This similarity sug-
gests that once students engage with the material, they are engaging at equivalent 
levels, no matter their disciplinary background. This information is important for 
the learning outcomes of the assignment, as well as for framing the results and dis-
cussion of the student data. 

Results of Coding Categories

As seen in the empathy category, 62 percent (n = 37) of students offered a full 
apology to their audience. The apology was a key marker to indicate that students 
understood that the audience deserved some empathy and goodwill. Students’ ability 
to show empathy relates to the purpose and audience learning outcome, as well. A 
representative example of an apology (coded as a 3) comes from a student who wrote: 

Greetings Ms. Mudnal, I’m responding to your letter pertaining 
to Coughyfilters’ policy on excessive piercings and/or tattoos. 
Thank you for reaching out to me about this issue and I sincere-
ly apologize that we did not create an environment where you 
would feel comfortable discussing this policy during the process 
of your hire.
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The student’s apology acknowledged the need for empathy, and the student’s 
clear and direct apology shows the student negotiated the dynamic of balancing the 
needs of the recipient while fulfilling the responsivity of organizational authority. 
Here is an example coded as a 2: 

As of January 20, 2021, a request was sent out to our account 
manager at Expedient HR Solution to [sic] have this rule ‘exces-
sive piercings and/or tattoos will not be allowed and could result 
in termination at any time’ revised accordingly. We currently 
await this pending request and we here at Coughyfilters, LLC 
apologize if you felt any way disrespected by this rule.

While there was an apology issued, this example was coded a 2 because the 
apology is not forefronted, and the apology also lacks a clear awareness that the 
company was wrong or at fault. The two examples illustrate the complexity of the 
assignment but also show why it is important for TPC service courses to integrate 
assignments focused on inclusivity that ask students to consider an issue from mul-
tiple perspectives, including perspectives that indicate a problem exists.

As seen in the data, the majority of students also engaged with language aware-
ness. Our sample shows that 43 percent (n = 26) of students engaged with language 
awareness concepts at the 2 level, while 53 percent (n = 32) engaged with it fully at 
the 3 level. Students were addressing and discussing issues around DEI, including 
aspects of culture, race, identity, and representation. A representative example coded 
as a 3 from an engineering student demonstrates this language awareness when they 
wrote: “We at Heartline pride ourselves on having a qualified and diverse staff. We 
need to ensure that we don’t overlook any candidates due to their ethnicity or racial 
background.” Words such as “diverse,” “ethnicity,” and “racial background” speak 
to the nature of how most students write away from traditional white, hegemonic 
standards. The choices students made in their responses to various audiences argu-
ably point to students’ awareness of DEI issues via their language choices in their 
writing. Alternatively, the following is an example coded as a 2: 

I am emailing you to assign a meeting today to discuss the dishon-
esty of the first round of interviews done by the HR department 
in the company and further steps to solve the issue. Attached to 
the email is the letter of the complaint I got from the manager of 
Diversity Hiring Help about the issue. We must meet as soon as 
possible as this affects Heartline’s reputation hugely.

In this example, the student implicitly talks about diversity and inclusion, but 
it could be made more explicit with the use of clear language and intent. Our 
data provides a traceable throughline to show how programmatic inclusion guides 
SLOs, which in turn can be seen in student final products. 



Programmatic Inclusion and Diversity Work  |  133

In the power category, 82 percent (n = 49) of students acknowledged issues of 
power at the coded level of 2, which shows they attempted to solve the problem 
by communicating with other stakeholders, including superiors, and offered some 
indication that the solution would take time and be ongoing. We also coded 17 
percent (n =10) of student work at 1, while only a single student was coded as a 3 
(see example in ‘What Could Be Working Better’ section). The student deliverables 
code at a 2 displayed an awareness of power roles within an organization and the 
need to acknowledge authority—both theirs and others—in their correspondence. 
Many students wrote similarly to the following example coded as a 2 from an allied 
health science student who stated that there was a flaw with the hiring practices in 
the handbook and the student notes there is a rule:

that talks about excessive piercings and tattoos not being allowed 
on women; we don’t necessarily have to get rid of this rule, but I 
will like for you to add an exception to the handbook that states 
that people with certain religious believes should get a pass.

By interrogating power structures and organization practices each time students 
produce a deliverable, students will learn the impact of their actions and the roles they 
can play in promoting DEI in their workplace. This stance is especially important 
for students because it assists in developing their ability to consider the concerns and 
perspectives of others, which is often seen as something separate in STEM education. 
Humanities-based approaches to writing challenge STEM students to engage with 
critical thinking and problem-solving in relation to empathy and power. In contrast, 
the following is a student example coded as a 1: “The purpose of this memo is to make 
you aware that the new hire Purnima Mundal, feels that the employee handbook’s 
policy on excessive piercings should be revised to make an exception for cultural 
and religious observances.” This example misses the SLO because it demands their 
supervisor do something that misses the nuance of the workplace power dynamic. 
The internal documents that students write as part of this assignment consistently 
failed to recognize organizational power dynamics. Giving students the opportunity 
to consider these sorts of power dynamics is key to the purpose and audience SLO, as 
well as helping them understand the difficulty of effecting change in the workplace.

As seen in the POV category, 78 percent (n = 47) of students switched to “we” 
or “our” at some point in at least one document, which resulted in their work being 
coded as 2. However, only two students in our sample wrote an entire document 
from their company’s perspective by using “we” and “our” consistently. A represen-
tative example of the 78 percent comes from an allied health science student who 
wrote: 

I understand that during the first round of interviews, the 
HR department were in charge. Since I oversaw the second 
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session of interviews, this leads me to believe that the HR 
department may have practiced biased hiring procedures. Due 
to this, I have sent a memo to the Board of Directors to see if 
we can investigate the HR department’s hiring procedures to 
make sure that we are practicing equality during these hiring 
sessions.

With only one “we” as a representative of the company, this example suggests 
that students are attempting to write both individually and as part of the company 
in which the scenario requires them to participate; however, the persistent use of 
“I” indicates that students do not fully understand how they need to represent their 
organization in documents that are sent to audiences outside of their organization. 
In contrast, the following is a student sample coded as a 1:

My name is [Student Name] and I am the office administrator 
of Coughyfilters, LLC. It has come to my attention that the 
Expedient HR Solutions Company are the makers of the em-
ployee Handbook at my company. According to your handbook, 
‘excessive piercings and/or tattoos will not be allowed and could 
result in termination at any time’ and one of my employees have 
brought this specific line to my attention and informed me that 
they believe their tattoos and piercings are a representation of 
their cultural heritage. 

In this example, there is no awareness of organizational authority and the ne-
cessity to shift POV. Our data showed partial acknowledgment of the organiza-
tional author with students switching between “I” and “we.” This connects to DEI 
principles by acknowledging the role of the individual within the organization and 
the importance of responsibly negotiating the impact of the power an individual 
has when speaking as part of that organization. Shifts in POV signal engagement 
with critical thinking, problem-solving, and accountability because it asks students 
to consider their roles and how they are perceived by others in a critical and self-re-
flective manner. The shift in POV from “I” to “we/our” shows that students can 
recognize that sometimes they need to communicate as a representative of the or-
ganization in order to affect change. 

Discussion of Student Data 

From the student data, we have come to two broad discussion points that will be 
of interest to the interdisciplinary audience of this book: what is working well with 
this assignment and what could be working better.
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What Is Working Well

From our analysis, several aspects of this assignment are working well: empathy 
and language awareness, power and POV, and positive engagement from the allied 
health sciences students.

Empathy and Language Awareness 
As the data illustrates, students did not gain full competency in these areas, 

but they did show an awareness that, from a programmatic standpoint, should be 
taken as a positive. For example, students made an effort to apologize while also 
incorporating language choices that displayed an awareness of DEI concepts. The 
assignment moves social justice from an abstract idea to more concrete practices 
and asks students to engage with and respond to problems with diversity and in-
clusion that occur in business communication. Students addressed and discussed 
issues around DEI, including aspects of culture, race, identity, representation, and 
inclusion. The students’ ability to navigate issues around DEI demonstrates a prac-
tical association from the assignment to workplace practices. When considering the 
SLO of writing style, our data provides a traceable throughline to show how our 
programmatic inclusion guides our learning outcomes, which in turn can be seen 
in student final products.

Power and POV 
Our research allowed us to see that students in both engineering and allied 

health science are starting to negotiate issues of relative power dynamics and POV 
when positioned as a company employee in a realistic workplace setting. Issues of 
power represent that students acknowledge hierarchy and authority within orga-
nizations and their implications. While this assignment allows students to address 
inclusivity in the workplace, the service course overall should help students under-
stand that their writing has consequences and effects change. In this case, students 
need to choose to uphold or dismantle current policies. When students are asked 
to consider how to challenge policies, they gain experience with the multiple layers 
and nuance of how communication, and its related power, works at the organi-
zational level. Insights into power and its influence in upholding or dismantling 
inequalities is a key aspect of the SLO and goals of the assignment.

For example, issues cannot be resolved without input from superior stakeholders, 
and those stakeholders must be addressed appropriately based on their role within the 
organization. Practically, authority in these scenarios often means that the issue cannot 
be solved by the decisions of the author, and the student must address a superior to 
make a request for change. The following sample student document illustrates these 
moves, and it was the only document to do it this effectively and receive a code of 3:
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Dear Alan Critten
It has come to my attention about the employee handbook that 
it may not be as inclusive as we have thought. One of our new 
hires, Mrs. Purnima Mudnal, mentioned about the section that 
involves women getting too many piercings and or tattoos. Mrs. 
Mudnal explained to me that the piercings she has is a part of 
her heritage and felt pressured to sign the book to keep her job. 
Mrs. Mundal brought this up in hopes that she will not be ter-
minated from her job as it is stated in the handbook.
Since we are a growing business, which will entitle more employ-
ees, which would mean that more individuals will have different 
forms of heritage. I propose that we rewrite the handbook to 
allow for more freedom of individuality and expression of one’s 
culture provided that it will not get in the way of their work. If 
we show that we care for our employees and show that we hear 
them and respect them for their individuality, we will be able to 
maintain loyal employees. This will make them feel respected 
and included in the environment and less likely to quit.
Please do consider this as soon as possible. We need to make 
the work environment as inclusive and less problematic for our 
employees as possible. Without them, we cannot do our busi-
ness and grow at a rate that is much befitting our product. I am 
available by text or email. You can reply to this email if you wish 
or call me at (813)999-1111. Please do consider what I have sug-
gested, the sooner we can resolve this the better it will be for us.

Sincerely, John Doe

In this example, the student acknowledges the authority of the superior while 
foregrounding the importance of the situation. The student makes a request and 
then provides supporting reasons for enacting the request that align with organiza-
tional goals. The correspondence concludes with a request for a meeting, acknowl-
edging the need for collaboration and negotiation. This student has appealed for 
change within the power structures inherent in the organization. 

We do, however, concede that only one student received a 3 out of 3 in relation to 
power, as the majority of students did not acknowledge they could not solve the issue 
themselves, and many assumed that a positive outcome was a foregone conclusion. 

Allied Health Science Student Engagement 
Roughly 43 percent of the allied health science students chose to write about 

the programmatic inclusion scenario despite having three other scenarios as options. 
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Students who chose these scenarios explained their rationale: “I choose this scenario 
because it had to do with discrimination and that is a topic that I fully support to 
end” and “I choose this scenario because it is important.” Both of these demonstrate a 
move between the scenario, a classroom activity, and DEI issues that exist in the world 
outside the classroom. Helping students make the connection between classroom as-
signments and situations they will encounter in the world illustrates the impact of 
programmatic inclusion as it leverages outcomes and assignments in the curriculum 
to make DEI concepts applied. This connection is aided by an exercise given to stu-
dents prior to the selection of the document series scenario. In this exercise, students 
are presented with a scenario in which a co-worker has posted an offensive comment 
in a company Slack™ (business messaging) channel. Students are asked to write a post 
to their superiors explaining the situation and how they have handled it. This exercise 
introduces DEI issues in the workplace and prepares students to deal with the more 
complex issues they will address in the document series.

While students did not get to full competency of the SLOs with this assignment, 
the data underscore that the assignment is mostly working as intended. The data 
illustrates that there were more 2’s and fewer 1’s across all criteria of the student docu-
ments we analyzed (n = 60). This improvement suggests that students are understand-
ing the goals of the assignment and are able to produce a series of documents that 
show engagement and at least a minimal competency with the concepts. The goal is 
for students to understand the application of writing as it relates to issues of inclusion 
following calls to promote inclusion in micro- and macro-social contexts (Riedner 
et al., in this volume). This is an important distinction and one that circles back to 
ensuring that what we do in our TPC courses will prepare students for the workplaces 
they will enter and to perform and engage in their civic lives. We acknowledge that 
things such as workplace documentation, policies, and the projects that TPC prac-
titioners produce have often contributed to the inequity and exclusion that upholds 
racist systems. We take seriously our commitment to teach students skills they can use 
to create more equitable and inclusive organizations.

What Could Be Working Better

The purpose of this section is to highlight what is still not working to success-
fully reflect the goals of programmatic inclusion. We examine how engineering stu-
dents were far less likely to engage in DEI scenarios. Students are starting to engage 
with issues of power and POV, and lastly, we explore how professional development 
for instructors could potentially help improve the assignment outcomes. 

Engaging Engineering Students 
The engineering students selected the programmatic inclusion scenario at 

lower rates than the allied health sciences students. An illustration of the disconnect 
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engineering students experience between DEI issues and their own work is evi-
denced by how often they select another document series scenario that has DEI 
overtones but does not foreground them. In this scenario, students are placed in 
the position of a project manager overseeing wetlands preservation. One of the res-
idents, an important figure in her community, has complained about the noise and 
mess. In this case, students are working in a community in which a minority pop-
ulation is the majority and must address the concerns to the community’s satisfac-
tion. Students selected this scenario in greater numbers than the newer scenarios, 
highlighting DEI criteria, as it has more of the trappings of an engineering-driven 
scenario. These students reflect on their reasons for choosing this scenario: “[The 
wetlands preservation] scenario seemed the most straightforward” and “I chose [the 
wetlands preservation] scenario because I immediately knew what genres to use 
for each document.” Helping these students to understand that DEI issues will 
arise in their jobs even when they may not immediately realize it and facilitating 
connections between the engineering roles they will occupy and the inevitability of 
white hegemonic values in their workplaces would help them see the relevance of 
diversity issues in their workplaces.

Aside from the Slack channel exercise discussed previously, the data suggests 
that engineering students are not seeing the relevance of DEI issues to their jobs. 
Even among those who selected the programmatic inclusion scenarios, engineering 
students are not making nuanced connections between their classroom tasks and 
the work world. Facilitating engagement with DEI issues could be done in the 
classroom by highlighting that every field and organization will confront issues of 
diversity and inclusion. 

Power in Relation to Audience
We recognize that there are more ways that we can encourage this assignment 

to work more effectively. In part, this realization is derived from coding the doc-
ument series assignment materials for the first time in a systematic way with a re-
search team. For example, the fact that only one student received a 3 in the Power 
and POV categories suggests that this is one area of the assignment that could be 
improved. Students would benefit from understanding power dynamics and their 
abuse in organizations. While most students acknowledged that it was necessary 
to ask for permission to effect change, students often assumed that their superiors 
would agree without negotiation. In many correspondences, a positive outcome 
was a foregone conclusion. In preparing to complete the assignment, more in-class 
discussion of power dynamics and how they manifest in organizations is needed. 
Adding more direct instruction and engagement could facilitate a more nuanced 
and realistic approach to workplace communication as students consider how 
power impacts effect change.
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POV as Representative of the Company
An additional area that could be working better is student development of a 

deeper understanding of the impacts of their personal role on their audience. The 
majority of students moved from speaking as an individual to a representative of 
the company—seen through the use of “our” and “we” in at least one document. 
The exposure to POV signals that students are beginning to understand the com-
plexities of the organizational author and how speaking as the organization com-
plexifies diversity issues. 

In order to fully understand purpose and audience as part of this assignment, 
students should recognize how their role and the way it is signaled in a document 
impacts their audience and achieves their purpose. The shift in POV speaks to 
the purpose and audience learning outcome. Personal accountability and critical 
thought are fundamental to achieving this central outcome and are especially im-
portant in a DEI context, in which all aspects of power need to be interrogated.

Professional Development for Instructors
In addition to work in the classroom, which will benefit students, the TPC 

program used programmatic inclusion as a way to also help sensitize our instructors 
to issues of diversity and inclusion through professional development opportuni-
ties. Aligning with trends in the field, our program is staffed 95 percent by contin-
gent faculty with no TPC background (Mechenbier et al., 2020), and the success of 
the most well-designed curriculum hinges on how it is taught. Research has shown 
that contingent faculty desire professional development (Wilson et al., 2020). Be-
cause of this, the implementation of programmatic inclusion encompasses how we 
use professional development to facilitate instructor strategies for approaching DEI 
principles in the classroom. All the elements of the document series assignment 
that need improvement could be addressed through professional development, spe-
cifically through discussion of power and POV issues, as well as by showing engi-
neering students that DEI issues are relevant to their work. Addressing these issues 
requires an awareness of organizational culture and applied workplace knowledge. 

DEI issues often revolve around issues of power, making the power and POV 
criteria especially relevant. Students need to understand that power should be ac-
knowledged and integrated in order to attempt to effect change. These power issues 
are seen in the way that students address their superiors and in the way they adopt 
organizational authority in reference to their own personas. In professional develop-
ment, instructors can be sensitized to the role of power in organizational hierarchies 
and examine the ways in which individuals reinforce or challenge authority through 
communication. Professional development can empower instructors to leverage the 
resources included in the curriculum, making DEI relevant and highlighting the 
necessity for responsibly negotiating DEI issues. Similar to issues of organizational 
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hierarchy, students need to know that DEI issues will arise in every workplace. For 
the engineering students, this means understanding that their jobs will encompass far 
more than technical problems. Professional development affords program adminis-
trators the opportunity to share disciplinary knowledge with instructors so that they 
can more effectively draw explicit connections between SLOs and issues of DEI.

Conclusion

We opened this chapter with the recognition that TPC is a field committed to 
theory-to-practice connections. Our TPC service course program’s commitment 
to programmatic inclusion engenders a programmatic perspective that drives as-
signment design, pedagogy, and outcomes in ways that give students the opportu-
nities to apply conceptual premises of inclusion, diversity, and equity in practice. 
Using programmatic inclusion as a consistent guide for programmatic decisions 
explicitly enacts Ahmed’s (2012) theory of diversity work. Assignments that use 
problem-based scenarios guide discussions around inclusion and belonging and 
give students the opportunity to confront inequity in the workplace and respond 
by effecting change. 

However, we acknowledge that there is still much work to do. In this case, 
we wanted students to use an assignment’s SLOs as a way to move the conceptual 
ideals of equity and inclusion into practice. While our analysis found evidence 
of effective applications of DEI principles, we also found that students are not 
fully making connections between the importance of language and the documents 
needed in the workplace to change embedded and implicit issues of inequity.

Our goal has been to explicate an assignment that applies principles of DEI in 
a way that is replicable. Assignments such as the document series, created through 
the vision of programmatic inclusion, lead to using curricular elements such as 
outcomes and problem-based scenarios as opportunities for advancement toward 
learning opportunities that address equity and justice. The assignment outlined can 
be adapted in any service course or other writing courses, such as an introduction 
to TPC, editing, proposals or instructions, and capstone courses, which are all 
common courses in TPC degree programs. This example allows programs to put 
theory into practice by giving students experience with the types of diversity issues 
they will face in the workplace.

Acknowledgments

We gratefully acknowledge the support of the University of South Florida and Eric 
Putz with USF Writes for use of the data presented.



Programmatic Inclusion and Diversity Work  |  141

References

Agboka, G. Y., & Dorpenyo, I. K. (2021). Curricular efforts in technical communication 
after the social justice turn. Journal of Business and Technical Communication, 36(1), 
38–70. https://doi.org/10.1177/10506519211044195

Agboka, G. Y., & Matveeva, N. (Eds.). (2018). Citizenship and advocacy in technical 
communication: Scholarly and pedagogical perspectives. Routledge. https://doi.
org/10.4324/9780203711422

Ahmed, S. (2012). On being included: Racism and diversity in institutional life. Duke 
University Press. https://doi.org/10.2307/j.ctv1131d2g

Bay, J. (2022). Fostering diversity, equity, and inclusion in the technical and professional 
communication service course. IEEE Transactions on Professional Communication, 
65(1), 213–225. https://doi.org/10.1109/TPC.2021.3137708

Boettger, R. K. (2010). Rubric use in technical communication: Exploring the process 
of creating valid and reliable assessment tools. IEEE Transactions on Professional 
Communication, 53(1), 4–17. https://doi.org/10.1109/TPC.2009.2038733

Chen, C. (2021). Trial and error: Designing an introductory course to technical 
communication. In M. J. Klein (Ed.), Effective teaching of technical communication: 
Theory, practice, and application (pp. 111–129). The WAC Clearinghouse; University 
Press of Colorado. https://doi.org/10.37514/TPC-B.2020.1121.2.06

Clegg, G., Lauer, J., Phelps, J., & Melonçon, L. (2021). Programmatic outcomes in un-
dergraduate technical and professional communication programs. Technical Communi-
cation Quarterly, 30(1), 19–33. https://doi.org/10.1080/10572252.2020.1774662

Connors, R. J. (1982). The rise of technical writing instruction in America. 
Journal of Technical Writing and Communication, 12(4), 329–352. https://doi.
org/10.1177/004728168201200406

Cook, K. C. (2002). Layered literacies: A theoretical frame for technical communication 
pedagogy. Technical Communication Quarterly, 11(1), 5–29. https://doi.org/10.1207/
s15427625tcq1101_1

Driskill, L. (2013). Designing a visual argument course in an era of accelerating 
technological change. In E. R. Brumberger & K. Northcut (Eds.), Designing texts: 
Teaching visual communication (pp. 49–69). Baywood. 

Earle, S. C. (1911). The history and practice of technical writing. The Macmillan Company. 
Eodice, M., Geller, A. E., & Lerner, N. (2016). The meaningful writing project: Learning, 

teaching, and writing in higher education. Utah State University Press. 
Griffith, J., Zarlengo, T., & Melonçon, L. (2024). A field wide snapshot of student 

learning outcomes in the technical and professional communication service 
course. Journal of Technical Writing and Communication, 54(1), 46–68. https://doi.
org/10.1177/00472816221134535 

Hitt, A. (2018). Foregrounding accessibility through (inclusive) universal design in 
professional communication curricula. Business and Professional Communication 
Quarterly, 81(1), 52–65. https://doi.org/10.1177/2329490617739884

Kumar, R., & Refaei, B. (Eds.). (2021). Equity and inclusion in higher education. 
University of Cincinnati Press.

https://doi.org/10.1177/10506519211044195
https://doi.org/10.4324/9780203711422
https://doi.org/10.4324/9780203711422
https://doi.org/10.2307/j.ctv1131d2g
https://doi.org/10.1109/TPC.2021.3137708
https://doi.org/10.1109/TPC.2009.2038733
https://www.google.com/url?q=https://doi.org/10.37514/TPC-B.2020.1121.2.06&sa=D&source=docs&ust=1723989866415075&usg=AOvVaw0__GrroxV0mpMzAkRSVEDc
https://doi.org/10.1080/10572252.2020.1774662
https://doi.org/10.1177/004728168201200406
https://doi.org/10.1177/004728168201200406
https://doi.org/10.1207/s15427625tcq1101_1
https://doi.org/10.1207/s15427625tcq1101_1
https://doi.org/10.1177/00472816221134535%20
https://doi.org/10.1177/00472816221134535%20
https://doi.org/10.1177/2329490617739884


142  |  Burry, Gubala, Griffith, Zarlengo, Melonçon

Kynell, T. (2000). Writing in the milieu of utility: The move to technical communication in 
American engineering programs, 1850–1950 (2nd ed.). Ablex Publishing.

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic inquiry. Sage.
Mallette, J. C., & Hawks, A. (2020). Building student agency through contract grading 

in technical communication. The Journal of Writing Assessment, 13(2), 5. https://
escholarship.org/uc/item/4v65z263

Mechenbier, M., Wilson, L., & Melonçon, L. (2020). Results and findings from the 
survey. Academic Labor: Research and Artistry, 4(1), 27–64. https://digitalcommons.
humboldt.edu/alra/vol4/iss1/4

Medina, C., & Walker, K. (2018). Validating the consequences of a social justice 
pedagogy: Explicit values in course-based grading contracts. In A. M. Haas & M. F. 
Eble (Eds.), Key theoretical frameworks: Teaching technical communication in the twenty-
first century (pp. 46–67). Utah State University Press.

Melonçon, L. (2018a). Orienting access in our business and professional communication 
classrooms. Business and Professional Communication Quarterly, 81(1), 34–51. 
https://doi.org/10.1177/2329490617739885

Melonçon, L. (2018b). Critical postscript on the future of the service course in technical 
and professional communication. Programmatic Perspectives, 10(1), 202–230.

Melonçon, L. (2024). Programmatic imaginations through a curricular history of technical 
and professional communication. Manuscript submitted for publication.

Melonçon, L., & England, P. (2011). The current status of contingent faculty in technical 
and professional communication. College English, 73(4), 396–408.

Melonçon, L., & Schreiber, J. (2018). Advocating for sustainability: A report on and 
critique of the undergraduate capstone course. Technical Communication Quarterly, 
27(4), 322–335. https://doi.org/10.1080/10572252.2018.1515407

Mislevy, R. J., & Elliott, N. (Eds.). (2020). Ethics, psychometrics, and writing assessment: A 
conceptual model. Utah State University Press.

Newmark, J., & Bartolotta, J. (2021). Creating the “through-line” by engaging industry 
certification standards in SLO redesign for a core curriculum technical writing course. 
In M. J. Klein (Ed.), Effective teaching of technical communication theory, practice, and 
application (pp.147–165). The WAC Clearinghouse; University Press of Colorado. 
https://doi.org/10.37514/TPC-B.2020.1121.2.08

Oswal, S. K. (2018). Can workplaces, classrooms and pedagogies be disabling? Business and Pro-
fessional Communication Quarterly, 81(1), 3–19. https://doi.org/10.1177/2329490618765434

Oswal, S. K., & Melonçon, L. (2017). Saying no to the checklist: Shifting from an 
ideology of normalcy to an ideology of inclusion in online writing instruction. WPA: 
Writing Program Administration, 40(3), 61–77.

Read, S., & Michaud, M. (2018). Hidden in plain sight: Findings from a survey on the 
multi-major professional writing course. Technical Communication Quarterly, 27(3), 
227–248. https://doi.org/10.1080/10572252.2018.1479590

Schreiber, J., Carrion, M., & Lauer, J. (2018a). Guest editors’ introduction: Revisiting the 
service course to map out the future of the field. Programmatic Perspectives, 10(1), 1–11.

Schreiber, J., Carrion, M., & Lauer, J. (2018b). Afterword: Service courses as an extension 
of technical and professional communication disciplinary identity. Programmatic 
Perspectives, 10(1), 231–242.

https://escholarship.org/uc/item/4v65z263
https://escholarship.org/uc/item/4v65z263
https://digitalcommons.humboldt.edu/alra/vol4/iss1/4
https://digitalcommons.humboldt.edu/alra/vol4/iss1/4
https://doi.org/10.1177/2329490617739885
https://doi.org/10.1080/10572252.2018.1515407
https://www.google.com/url?q=https://doi.org/10.37514/TPC-B.2020.1121.2.08&sa=D&source=docs&ust=1723989866342270&usg=AOvVaw1SaVbiH86E2THDREaDSVfH
https://doi.org/10.1177/2329490618765434
https://doi.org/10.1080/10572252.2018.1479590


Programmatic Inclusion and Diversity Work  |  143

Scott, J. B. (2008). The practice of usability: Teaching user engagement through 
service-learning. Technical Communication Quarterly, 17(4), 381–412. https://doi.
org/10.1080/10572250802324929

Smagorinsky, P. (2008). The method section as conceptual epicenter in constructing 
social science research reports. Written Communication, 25(3), 389–411. 
https://doi.org/10.1177/0741088308317815

Voss, J., Sweeney, M. A., & Serviss, T. (2021). A heuristic to promote inclusive and 
equitable teaching in writing programs. WPA: Writing program administration, 44(2), 13.

Walton, R., & Agboka, G. (Eds.). (2021). Equipping technical communicators for social 
justice work: Theories, methodologies, and pedagogies. Utah State University Press.

Walton, R., Moore, K., & Jones, N. (2019). Technical communication after the social justice 
turn: Building coalitions for action. Taylor & Francis.

Wilson, L., Mechenbier, M., & Melonçon, L. (2020). Data takeaways. Academic Labor: 
Research and Artistry, 4(1), 65–87. http://digitalcommons.humboldt.edu/alra/vol4/iss1/5

Appendix: Document Series Project Description

This project asks students to consider how letters, memos, and emails function 
rhetorically in various scenarios.

Learning Objectives:

• Practice writing various forms of business correspondence and documents 
(i.e., email, letters, memos)

• Address purpose and audience in business correspondence
• Practice selecting the appropriate correspondence genre (i.e., email, let-

ters, memos) for a specific rhetorical situation
• Develop a professional writing style, paying particular attention to conci-

sion (i.e., avoiding wordiness), paragraph construction, and tone

Allied Health Sciences Diversity Scenario:

You are the manager of the Graphics Department at Heartline, Inc., a medi-
um-sized company with three offices and 300 employees that sells a mobile app 
that monitors customers’ heart function. Your department has recently begun hir-
ing to fill up to eight positions from entry-level to middle-manager. As a depart-
ment manager, you have been sitting in on the second round of interviews. The 
first round of interviews, consisting of phone interviews, is solely completed by the 
HR department. The second round of interviews consists of Zoom or Teams online 
meetings with several members of your organization, including yourself, your boss, 
an employee specialized in the position, and someone from HR.
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A few weeks into interviewing, you receive a letter from someone named Xaviare 
Roberts. She is connecting with you from a non-profit organization called Diver-
sity Hiring Help. Ms. Roberts informs you that they have had more than a dozen 
qualified applicants apply to available positions, but not a single person has been 
contacted by your HR department. Ms. Roberts explains that each applicant has 
worked closely with a hiring consultant to perfect their resume and cover letter 
for your firm’s specific job listing. Additionally, each applicant meets, or exceeds, 
the required qualifications in your online job posting. Yet, still, not a single person 
from her organization was contacted for an interview.

Ms. Roberts explains her company’s mission is to help people of color find 
jobs. She suggests that none of her applicants were contacted because they do not 
possess Caucasian-sounding names.

While the first round of interviews is determined by HR, you know that 
Heartline values diversity in the workplace. As a manager, it is your responsibility 
to encourage equitable hiring practices. Ms. Roberts’ allegation merits investigation 
and revision of hiring practices.

Deliverables

Based on the scenario above, your deliverables will be the following:

• Document to Ms. Roberts at Diversity Hiring Help
• Document to the Board of Directors at Heartline
• Document to Heartline’s HR department

Communication for Engineers Diversity Scenario:

As the office administrator of Coughyfilters, LLC, a small mask-making com-
pany (less than 50 employees in one office), you are in charge of staffing and train-
ing. Your primary job is to oversee daily operations, new employee training, and 
on-going employee development. Your firm has gotten busier, which has required 
more hires in a short period of time, so it is imperative that all staff are trained and 
ready to begin work. Your boss, president and founder, Alan Critten, has approved 
additional hires for the increase in business. Your newest hire, Purnima Mudnal, 
who works in Marketing, started work at the beginning of the month.

Two weeks after Ms. Mudnal went through training, you receive a letter from 
Ms. Mudnal. She explains that, on her first day, she was asked to read through and 
sign the employee handbook. Upon reading the handbook, she was surprised to 
read that “excessive piercings and/or tattoos on women will not be allowed and 
could result in termination at any time.” Ms. Mudnal states that her numerous ear 
and nose piercings are a cultural representation of her heritage. She felt pressured 
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to sign the handbook in order to keep the job, but she feels strongly that the hand-
book should be revised.

As you investigate the matter further, you discover that the handbook was writ-
ten by an outside human-resources consulting firm called Expedient HR Solutions. 
At Expedient, you work with your assigned account manager, Ms. Linda Fleming.

In order to make revisions to the handbook, you will need to get approval 
from your boss, Mr. Critten. You also will need to communicate with Ms. Fleming 
to explain the need for revisions and what revisions are necessary. Finally, you will 
have to respond to Purnima Mudnal.

Deliverables

Based on the scenario above, your deliverables will be the following:

• Document to your boss, Mr. Critten
• Document to Linda Fleming at Expedient HR Solutions
• Document to Purnima Mudnal
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Section 2. Challenging Orientations to 
Instruction and Assessment

In the second section of the collection, we turn our attention explicitly to peda-
gogy and assessment. All disciplines have their own ways of communicating—from 
the genres they select to the syntactical structures and citation practices they use. 
These communicative practices serve very important, practical purposes and reflect 
the work the community does. Similarly, all disciplinary communities have ways of 
viewing the world that shape the ways in which those communicative and practical 
aspects are performed. What counts as evidence, for example? What kinds of ques-
tions are worth exploring, and which are not as relevant? What are our end goals in 
disciplinary writing courses or disciplinary courses that incorporate writing? What 
kind of writing is fair and appropriate to assign? These are questions we must consider 
when planning and enacting our courses, but they are not always questions with easy 
answers. These systems of doing help communities function and contribute to the 
world in specific and necessary ways. Yet, the hidden assumptions that often come 
with this work contribute to the marginalization of individuals in STEM.

The chapters in this section ask us to think actively about the ways in which 
disciplinary practices and norms are reified in the language choices we make and 
the types of questions we consider, as well as the practical applications of social 
justice orientations to our work. They ask us to move beyond teaching formulaic 
approaches to communicating as a member of a disciplinary community and into 
spaces where individuals have agency to critique and question those practices. Fi-
nally, they ask us to consider our own roles in designing inclusive spaces and to be 
more intentional and conscious about the impacts of assignments and classroom 
interactivity. Here, we are more actively engaging with instructor worldviews and 
orientations to education. While there are still clear take-aways and applications, 
the chapters are much more philosophical in content. 

This section continues the theme of creating space with reflections by Madison 
Brown and Madeline Dougherty. Brown’s reflection on the power of process-ori-
ented assessment on her identity and sense of belonging in a physics course asks us 
to challenge our conceptions of the types of knowledge we can assess in our courses. 
Similarly, Dougherty highlights how the type of feedback we provide students can 
have significant impacts on their sense of belonging within educational and disci-
plinary spaces (in Dougherty’s case, a STEM vocational program). These vignettes 
are followed by chapters discussing the ways in which we can create space for stu-
dents to learn and grow as members of their discipline while still leaving space for 
negotiating disciplinary orientations with their own identities. 
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The chapters in this section explore topics such as the transfer of critical rea-
soning and judgment in engineering spaces (Riedner et al.), frameworks and as-
signments that exemplify best practices in writing across the curriculum and in-
clusive teaching (Mallette), creating scaffolded, meaningful writing assignments 
that engage students in activities that lead to public-facing artifacts (Seraphin), 
challenging traditional grading frameworks in a biochemistry undergraduate re-
search course to illustrate inclusive strategies (Newell-Caito), and incorporating 
public-facing genres into a STEM student teaching program that call for an activist 
lens as it relates to disability (Johnson et al.). The section concludes with a demon-
stration of the power of liberatory frameworks within neuroethics courses (Fink). 
In this final chapter, Fink shows how to apply Freire’s concept of conscientização to 
a pedagogical orientation applicable to STEM educational spaces.
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Student Vignette

Madison Brown
University of Maine

When reviewing our General Physics II midterms, one question had stumped ev-
eryone. Dr. Sirvon shared that no one scored full points. He proceeded to perform 
the “correct” solution on the whiteboard, but before moving on, he paused to share 
the “success” of one respondent. Given certain items (a wire and nail), the question 
asked the student to construct a magnetic field. It was a short answer test question, 
no calculations required. 

Dr. Sivron always said he wanted to see our sweat on the test, wanted us to fig-
uratively beat our heads against our desks a little at first, and always, always, always 
draw a free body diagram. He encouraged us to think both critically and creatively. 
I felt a sense of belonging in my major when my professor opted for a process-ori-
ented versus product-oriented grading approach. It wasn’t about whether I was 
right, how good my maths were, or if I could substitute variables and follow in-
structions; it was a measure of my understanding and comprehension of the theory 
and principles of electricity and magnetism. 

The student with such an inventive response, one that lacked practicality but 
oozed with ingenuity, was mine. I was being anonymously honored in front of my 
whole class of all-male peers, lauded for my creativity, and given half points on a 
question I didn’t answer as expected. In that midterm review, I was no longer the 
only girl in the class, but I was the only student to earn points on a test question 
that had stumped everyone, even me. I was able to bask in my “incorrect” but in-
ventive response because only Dr. Sivron and I knew who submitted that answer. I 
had used a science-driven process to arrive at the objectively wrong answer. Every-
thing my formal education suggested up to this point equated incorrect responses 
with no credit, zero points. 

Dr. Sivron challenged my conceptions of education and learning. I thought I 
had to be “right” to learn. I thought 100 percent meant faultless effort, and the only 
way for me to have pride in my work was perfection. He taught me I was wrong 
because my short answer had, in fact, produced a magnetic field, albeit a weak one. 
Seven years later, I still remember the precious gift Dr. Sivron gave me on that small 
liberal arts campus during our midterm review. He gave me a chance to believe in 
myself, to call myself a physicist, and to belong.

https://doi.org/10.37514/ATD-B.2024.2364.2.09




151DOI: https://doi.org/10.37514/ATD-B.2024.2364.2.10

Student Vignette

Madeline Dougherty
University of Maine

In 2008, I began an 18-month STEM-centered vocational school. Female students 
were not rare, but we were not common either. Throughout the school, students were 
given constant written feedback in the form of grade sheets. My grades were consistent 
but below average, and the comments on my grade sheets tended to focus on areas 
where I could improve. The instructors offered useful, constructive criticism but al-
most no praise, even when I thought something had gone well. As a result, I began to 
believe that I was a terrible student; I had stacks of grade sheets to confirm my beliefs. 

The more I listened to other students brag about their current aptitude and 
imagine their future post-graduation success, the more I felt that I did not be-
long in this community. Those who were most successful seemed to be large, loud, 
type-A personality men, not me. As the school continued, I learned to work harder 
and study smarter, but my grades continued to be below average. In fact, some of 
my worst grades came at the end of the course in areas where I knew I would be 
spending the majority of my professional career. However, despite my lack of con-
fidence, I graduated with my peers and continued into work experience. 

During the first two years of work experience, we continued to receive frequent 
written evaluations on our abilities. The grades themselves were pass/fail, so every-
one received more or less the same score, but the comments continued as before: 
“Needs to improve . . .,” “Unable to . . .,” “Failed to . . . .” Again, instructors gave 
respectful, constructive criticism but very few positive comments. After nearly two 
years, I approached the evaluation for a major qualification. Based on the written 
feedback I had received, I was so convinced of my ineptitude that I considered 
withdrawing from the qualification process. After one particularly difficult day, I 
began to mentally prepare myself to talk to my boss about declining the final eval-
uation. Luckily, my boss got to me first. Looking back, I think he had some idea 
of what was going through my head because he pulled me into his office, looked 
me straight in the eye, and said, “You know you’re really good at this, right?” I was 
flabbergasted. I had no idea. I knew I was working incredibly hard, but I felt that 
was the effort required to barely keep up with my peers. I didn’t know I had gone 
from below average to excelling because no one ever told me. Even as I improved, my 
graded comments continued to be the same lines of “Fix this…,” “Work on that…” 
After that conversation with my boss, I started to feel as if I belonged in my posi-
tion in ways that I never had before. It only took one person telling me Yes, you are 
good enough for me to see myself as an equal member of the workforce.
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Years later, I returned to the school as an instructor. More experienced instruc-
tors told me, “Be the instructor you wished you’d had.” I adapted my teaching 
strategy in many ways to abide by that advice, but one major technique was to tell 
students when they were doing well. I never blew smoke; I was always honest, but I 
was very careful to give credit where credit was due. I praised students verbally, and 
I wrote it down on their grade sheets. Of course, I provided the same constructive 
feedback that I had received, but if a student excelled, I made sure they knew it and 
had a reminder to read amongst all the generally negative written feedback. When 
I started training new instructors, I passed the technique along as a best practice. I 
taught new instructors that part of teaching is building confidence and belonging. 
I told them one of the easiest ways to do that is to tell the students when they are 
doing well and write it down so they can go back to it when their confidence starts 
to slip.
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There has been significant research scholarship that reports on differential treat-
ment of STEM students and faculty around race, gender, ethnicity, and other social 
categories (Tonso, 2006; Foor et al., 2007; McGee & Martin, 2011; Secules et 
al., 2021). As one example, Mary Blair-Loy and Erin A. Clef (2022) provide an 
important study of culture around scientific merit, which devalues the contribu-
tions of faculty women and people of color. As Blair-Loy and Clef point out, it is 
important to respond to differential treatment as well as research and document 
this treatment. Aligned with Blair-Loy and Clef ’s emphasis on responding, our 
chapter focuses on creating inclusive classroom practices in engineering classrooms. 
This chapter discusses the goal of promoting inclusion by supporting engineering 
students to recognize their own capacities, each other’s capacities, and the social 
and discursive contexts in which they learn and work—a concept that we call en-
gineering judgment. 

The chapter takes engineering judgment as a starting point for discussions of 
recognition and inclusion in engineering classrooms. In previous work, we have 
discussed engineering judgment as a holistic, participatory capacity that integrates 
the technical and social context of engineering work, the cultural and discursive 
production of professional identities, and the cognitive processes underpinning 
naturalistic decision making (Francis et al., 2022). This previous work situates en-
gineering judgment as a learning process through which students come to recog-
nize a range of patterns and social practices as they accumulate decision-making 
experience over the course of their career trajectories. However, the capacity to 
learn judgment, as we expand upon below, rests upon students being included and 
recognized in engineering classrooms.

This chapter brings recognition into the conversation of engineering judgment. 
It argues that participation in engineering judgment practice requires a learning 
process and pedagogical structure where a student attains both recognition from 
others and self-recognition that they are a legitimate participant in engineering 
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work. In learning structures that support the development of engineering judg-
ment capacity, students are recognized by their peers, faculty, and professionals 
as engineers when they exercise engineering judgment and when they are able to 
successfully communicate their judgment to multiple audiences. 

We add to previous discussions the idea that such learning requires recognition 
by others. In an engineering context, discussion of recognition by self and others 
raises questions about who is included as contributing to learning, and more spe-
cifically, how recognition is situated within micro contexts (i.e., classrooms and 
teamwork) and macro contexts (i.e., larger social structures and histories in which 
learning takes place). Recognition as an aspect of engineering judgment and an as-
pect of engineering education more broadly, therefore, draws attention to inclusion 
and belonging and, concurrently, to marginalization and exclusion in the contexts 
of engineering education. 

To extend this discussion of recognition, this chapter puts engineering judg-
ment in conversation with scholarship on belonging and inclusion, as well as mar-
ginalization and exclusion, that are currently circulating in multiple disciplinary 
spaces, including rhetoric and composition and engineering education. Building 
upon data collected from student interviews, the chapter concludes by pointing 
out the need for classroom strategies that acknowledge, foreground, and integrate 
practices that enable recognition and inclusive learning of engineering judgment. 

Judgment and Recognition

Engineering judgment is an important concept because it addresses how students 
are taught capacities to participate in professional life and to identify as engineers. 
Previous research has argued that engineering judgment as a capacity, an individual 
skill, or self-understanding can be taught and learned through embedded writing 
assignments where the process of developing reports, presentations, and posters 
about ongoing projects creates contexts that require students to exercise and justify 
a range of decisions (Francis et al., 2020; Francis et al., 2021; Paretti et al., 2019). 

Elsewhere, we have developed the concept of engineering judgment by draw-
ing from frameworks of academic literacies (e.g., Lea, 1998; Lea & Street, 1998), 
discourse identities (Gee, 2000), and naturalistic decision making (Mosier et al., 
2018). Taken together, these theoretical frameworks describe how students develop 
fluency for participating in the discourse of their discipline and thus create a sense 
of belonging in the discipline. This approach to engineering judgment involves 
not only understanding the communicative language of the discipline but also ad-
dresses how students learn to express themselves through communicative forms 
appropriate to a task’s context, purpose, and audience expectation (Carter, 2012; 
Mathison, 2019; Russell, 2002; Thaiss & Zawacki, 2006). This communicative 
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fluency is taught in writing in the disciplines (or WID) curriculum where, as Susan 
McLeod (2012) argues, faculty “teach students to observe disciplinary patterns in 
the way [that their language] is structured, helping students understand the various 
rhetorical moves that are accepted within particular discourse communities” (p. 
59). Teaching the communicative practices and tasks of a disciplinary community 
teaches communicative conventions of a discipline, enabling students to identify 
and be recognized as part of the disciplinary community (see Allie et al., 2009, for 
a discussion of this process in engineering specifically). 

Emphasizing the importance of explicit instruction in communicative conven-
tions of disciplines, scholars in engineering education have pointed to the need for 
writing instruction that introduces students to the genres, recognizable rhetorical 
moves that achieve particular outcomes within disciplinary discourse (Berkenkotter 
et al., 1988; Miller, 1984; Russell, 1997). Scholars have argued that engineering 
disciplines with a focus on writing that include a nuanced concept of genre, audi-
ence, purpose, conventions, and attention to professional engineering contexts and 
traditions is a means of creating entrance into professional spaces and fields and for 
students to learn to identify as engineering professionals (Artemeva, 2007; Conrad, 
2017; Dannels, 2000; Paretti, 2008). This scholarship has focused on how to make 
the teaching of writing in engineering contexts more nuanced by focusing on rhe-
torical awareness, where students learn to develop writing practices that respond 
to different audiences (Artemeva, 2005, 2007, 2009; Dannels, 2000, 2002, 2003; 
Paretti, 2006; Winsor, 1996). Rhetorical awareness suggests attention to genre con-
ventions of the discipline, its purpose, goals, audiences, and other areas that may 
be implicit in written communicative practice but are essential for academic and 
professional success. The pedagogical goal is for students to learn and practice en-
gineering judgment capacities through writing and for them to be recognized and 
self-recognize as having these capacities.

These observations that students develop engineering judgment and commu-
nicative capacities in which they are recognized as engineers suggest that writing 
skills (i.e., understanding and use of genre, audience, purpose) are a means through 
which students are recognized and recognize themselves as belonging to the en-
gineering community of practice. When students learn forms of communication 
of their engineering discipline and use these forms of communication to make 
and communicate judgments, they see themselves and are seen by others as part 
of a disciplinary or professional community (Wenger, 1998). This recognition ac-
knowledges student ability to apply and communicate specialized knowledge and 
analytic techniques to interpret information in ways that lead to meaningful engi-
neering judgments. In other words, to be successful, students must be recognized 
by others (faculty and peers) and, thus, come to recognize themselves as individuals 
capable of exercising engineering judgments. Judgment, in this line of reasoning, 
is the capacity for understanding and responding to situations, adapting thinking, 
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making decisions, and communicating decisions. However, to exercise engineering 
judgment, students must demonstrate proficiency in these capacities in ways that 
are recognized by others, including their faculty and peers or other engineering 
professionals.

To summarize, in an engineering teaching context, developing and learning 
engineering judgment requires:

• Analytical skills: developing capacities to understand and respond to 
situations, to adapt thinking, and to make decisions;

• Rhetorical and communicative skills: understanding and use of genre, 
audience, purpose, etc.;

• Social context that enables these capacities to be developed creates oppor-
tunities for students to fully participate in learning and creates opportu-
nities for students to be recognized as full participants. 

This chapter develops the third area of engineering judgment: recognition. It 
draws upon scholarship in engineering education, rhetoric and composition, and 
other fields that are interested in processes of inclusion and exclusion, where gen-
der, race, and other attributes designate some as inside a community while others 
are designated as outside of the community (Riedner, 2015; Young, 2003). 

This expanded discussion of recognition places learning and teaching of engi-
neering judgment in larger contexts than just classroom-level pedagogies or team 
building. In an engineering context, the valuation and worth of student work 
(grading, feedback, and other modes of evaluation), participation on teams, and 
contribution to labor of teams (including writing and analysis) all result in rec-
ognition of students as included (or excluded) members of the community. This 
process of recognition is thus situated within local sites of engineering contexts and 
broader educational and institutional contexts. Recognition occurs within social 
interactions among and between faculty and students, among individual students 
and student teams. Recognition also takes place within larger institutional contexts 
and histories, professional standards, and the wider social interactions and histor-
ical situations that provide the context in which learning and teaching take place. 
Recognition is situated within histories, structures, and discourses through which 
“individuals are socially assigned and ascribed” (McCall et al., 2020, p. 81). Thus, 
the teaching of engineering judgment—a learning process through which students 
come to recognize a range of patterns and social practices as they accumulate deci-
sion-making experience over the course of their career trajectories—must account 
for the social and discursive contexts in which students are included, excluded, or 
marginalized, and subsequently evaluated and valued. 

To put it another way, recognition takes place in micro social contexts (class-
room interactions, grading and other forms of evaluation, feedback from instruc-
tors and peers, support for awards and honors, letters of recommendation, etc.) 
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that resonate with macro educational structures, systems, traditions, and histories 
(Claris & Riley, 2012; Inoue, 2015). In order to teach engineering judgment so 
that students achieve recognition of their participation in disciplinary communities 
and for students to see themselves as members of their disciplinary communities, 
engineering educators must understand both the micro and macro social and writ-
ten and oral communicative contexts in which classroom teaching and teamwork 
take place. Even more specifically, engineering educators need to understand how 
micro and macro contexts impact recognition of students themselves and their 
contributions to teamwork. To expand a discussion of micro and macro contexts 
in which engineering judgment is taught and learned and in which students are 
recognized as capable of engineering judgment, we turn to scholars of rhetoric and 
composition who argue that classroom-level practices and strategies are not re-
moved from these larger systemic, structural, and historical contexts but in fact are 
deeply embedded within them (Inoue, 2015; Walsh, 1991). Our effort here is to 
understand and expand an understanding of how and where engineering judgment 
is taught by engaging with this scholarship and to understand the possibilities and 
constraints of recognition.

Social and Discursive Contexts of Teaching

The current moment, as Deborah Brandt (2015) argues, is a period of mass literacy 
where “the rise of mass writing has accompanied the emergence of the so-called 
knowledge or information economy” (p. 3). An information economy creates a 
context in which workers, nations, regions, industries, and globally minded univer-
sities, in some instances with directives from governments or professional organiza-
tions, shift their curriculum to facilitate acquisition of literacies to create curricula 
that will enable students to discern, use, apply, and communicate information—in 
other words, exercise judgments. 

Brant’s work allows us to approach teaching broadly as shaped by historical 
situations (p. 7), the particular political and national economies that necessitate the 
development and teaching of particular kinds of literacies and judgments. This con-
textual approach to teaching is echoed by Brian Street (2017), who points out that 
academic literacies take place within “social context and with cultural norms and 
discourses” (p. 24). More pointedly, as Street’s work suggests, academic literacies 
are developed in contexts of multiple forms of power that are immersed in political 
economy and social worlds at the local, national, and global level (see also Burry 
et al., this collection). Power—in all its forms, institutional, historical, discursive, 
social forms organized around race, gender, and other social categories —is always 
present in educational settings, including classrooms, curricula, interactions, and 
scholarship (Inoue, 2015; Walsh, 1991). Social relations, multiple forms of power, 
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and economic forces shape the experiences that students bring to education and 
take from their education, the capacities for discernment they develop, the writing 
that they do, and the recognition and self-recognition they develop. 

This understanding of teaching and classroom practice as situated within larger 
contexts resonates with scholarship in writing studies that emphasizes that educa-
tional practices and educational outcomes are deeply imbued in real, lived experi-
ences. These experiences include work, class identity, racial, gender, disability, or 
other social formations, and are connected to the historical and the structural to the 
personal and the lived (Mohanty, 2003). As James P. Gee (2000) notes, construc-
tions of [student] identity are always embedded in the socially and historically con-
structed community or cultural narratives that, to a large extent, shape the identities 
(discourse or otherwise) that are available to individuals and that individuals refer to 
and negotiate with. Focusing on the social and institutional features that constitute 
the context within which students learn, Karen Tonso’s work on engineering identity 
looks at how social and institutional features, and in particular, language, create cul-
tural spaces that yield particular expectations and pressures. These existing cultural 
forms define sets of norms and expectations that individuals engage with as they 
negotiate and construct their identities (Tonso, 2006, pp. 273-274). 

Importantly, a substantial body of work in engineering education over the past 
decade or more has repeatedly demonstrated the ways in which these existing social 
practices exclude and marginalize students who do not fit what Alice L. Pawley 
(2019) refers to as the “ideal engineering student”: “White, male, between the ages 
of 18–22, lives on campus and lacks major obligations such as full-time employment 
or family care” (p. 24). Tonso’s ethnographic work of engineering student design in 
the early 2000s highlights the ways in which women (as well as men who do not fit 
key stereotypes) were both discursively and practically excluded from conceptions of 
what it means to be an engineer (Tonso, 2006, 2007). In her study of the identities 
used to describe engineering students at one public, engineering-focused university 
in the US, she found that collectively, the available set of terms and the images they 
invoked “gave unequivocal messages that women are generally not recognized as 
engineers” (Tonso, 2006, p. 292). Cynthia E. Foor, Susan E. Walden, and Deborah 
A. Trytten’s (2007) seminal study of “Inez,” a first-generation, multi-racial, low 
socio-economic status female engineering student uses critical cultural theory to 
demonstrate the ways in which students who are outside the dominant culture 
(white, middle-class, heterosexual, male) are othered and excluded from the culture 
of engineering programs. Using theories of intersectionality, Erin A. Cech and Tom 
J. Waidzunas (2009) highlighted the ways in which engineering culture is heter-
onormative, positioning homosexuality as incompatible with technical competence 
in their qualitative study of engineering students who identified as gay, lesbian, or 
bisexual. Ebony O. McGee and Danny B. Martin (2011), drawing on stereotype 
threat and critical race theory, detail the repeated exclusions experienced by Black 
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undergraduate students in mathematics and engineering at four universities in the 
Midwestern US as they confronted the implicit and often explicit stereotypes that 
suggest Black students cannot succeed in STEM fields despite years of work to de-
velop and promote a more inclusive engineering culture. Recent work by Stephen 
Secules et al. (2021) on experiences of “professional shame’’ among engineering 
students demonstrates the ways in which students experience the social worlds of 
engineering differently based on their demographics, with women and racially di-
verse students demonstrating more awareness of the gendered and raced construc-
tion of norms and expectations in engineering. Moreover, these experiences extend 
into graduate education as well; quantitative research on engineering identity by 
Matthew Bahnson and colleagues (2012) found that white and male engineering 
graduate students experienced statistically significantly higher recognition of their 
engineering identity than female graduate students and graduate students of color. 
Across numerous quantitative and qualitative studies over time at a wide range of 
institutions, researchers continue to find that the socially constructed culture of 
engineering programs continually reproduces implicit biases, cultural norms and 
expectations, interpersonal interactions, uneven access to resources, and more that 
marginalize and exclude students who do not match the implicit white, male, mid-
dle-class, single, heterosexual norm.

Classroom learning and evaluation is addressed by Asao Inoue (2015), who dis-
cusses classroom ecologies, or material conditions and discursive contexts in which 
complex interactions take place that are influenced by local events and histories (pp. 
77-86). Writers, as Inoue emphasizes, “learn to write in “real social contexts,” with 
real people in mind as their audience, from real people’s words about their words 
and worlds, from material action and exchange in material environments” (p. 91). 
Multiple, intersecting, and intersectional forces shape the institutional places and 
instructor approaches to the teaching of writing. As a formal curriculum—one 
that is authorized by institutional committees and by other authorizing bodies at 
universities, supported implicitly and explicitly by corporations, and sanctioned by 
nation-states—the lived experiences of writing are situated within complex con-
texts that link students and faculty to institutions and places; engineering exists in 
complex social and historical contexts. As Inoue argues, “environments,” that is, 
economic, political, and historical contexts along with social beliefs and practices, 
all complex and intersecting forces, “affect people . . . as we dwell and labor because 
we dwell and labor in those places” (p. 79). 

To expand this discussion, students learn, write, participate in teamwork, learn 
engineering judgment, and are assessed for their learning in socially constructed cul-
tures of engineering programs. In terms of evaluation of student performance and 
valuation of student contribution, Inoue argues that assessments of student writing 
and classroom performance by instructors are located within racialized (and we add 
gendered) systems. Inoue observes that instructor assessment of student writing 



160  |  Riedner, Francis, Paretti

performance is neither free of macro social ideas of race (and gender and other 
social designations) nor are they free of judgments about the appropriate or valued 
forms of creation and communication of knowledge. Assessment, he says, “ha[s] 
uneven effects on various groups of people . . . [and]privilege some students over 
others” (p. 19). Thus, assessing student writing and learning engineering judgment 
both take place within systems that are shot through with racialized and gendered 
meanings that can create marginalization and exclusion. 

Judgment of Student Writing

Understanding the evaluation of student learning and student performance as a 
social activity that is part of larger, powerful structures that are present in mi-
cro-teaching contexts and classrooms raises questions about how students whose 
identities or whose contributions to teamwork do not fit the normative stereotype 
of engineering (this point will be elaborated below). Scholars in composition stud-
ies draw attention to obstacles that students who are underrepresented in STEM, 
minoritized students whose voices in STEM have been pushed to the margins, 
first-generation students, and other students face in writing classrooms that are not 
set up to recognize their knowledge, experience, or other mitigating factors that 
impact classroom participation.1 This attention to how personal experiences of stu-
dents, and their development of identities, is echoed in scholarship that considers 
the experiences of disabled students in engineering curricula. Cassandra McCall 
and colleagues (2020) suggest that students’ ability to acquire professional identity 
can be impacted by disability. As they argue, “little work has examined the way 
students with disabilities experience, interpret, and engage the field to become pro-
fessional engineers” (McCall et al., 2020, p.80). 

Inoue and other writing studies scholars describe a felt sense of failure pro-
duced by teaching systems, pedagogical practices, and assessment of student writ-
ing that are not attentive to the knowledge and learning of minority students. To 
understand the broader context in which marginalization and exclusion take place 
in educational contexts, Inoue, therefore, looks to “broader patterns” (p. 21) and 
“historical exigencies” (p. 64) that influence the assessment of student writing. His 

1  The position of students can vary depending upon institutional and other social contexts. Full 
participation requires recognition, and a minoritized individual is more at risk of not attaining that 
recognition. This is different from under-representation, which may relate to the number or propor-
tion of individuals sharing an identity in a given context (e.g., African American, queer, male, etc.). 
For the purpose of discussing recognition, minoritization may be more relevant. For example, we are 
aware that a student who is minoritized at one institution may not be minoritized at another. As a 
result, it is important to attend to the particular institutional contexts and histories where teamwork 
takes place. 
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work investigates how assessment of student writing that does not understand stu-
dent experience can have a negative impact on individual students and calls upon 
instructors to be “attentive to structural racism, the institutional kind . . . that 
makes many students of color like me when I was younger believe that their fail-
ures in school were purely due to their own lacking in ability, desire, or work ethic” 
(p. 4). Inoue asks teachers of writing to consider the evaluation and assessment of 
student materials, asking “how does a teacher not only do no harm through [their] 
writing assessments but promote social justice and equality” (p. 3).

Current conversations in composition studies suggest that teaching, including 
teaching in engineering contexts, must consider how instructor feedback can have 
a marginalizing impact on students whose experiences do not fit with social norms. 
How instructors respond to, assess, and communicate assessment of student writ-
ing can result in marginalization and exclusions that are linked to broader patterns, 
powerful structures, and embedded institutional practices. 

This discussion impacts and develops how we view engineering judgment as a 
learned skill where students develop capacities to understand and respond to situa-
tions, to adapt thinking, and to make decisions and a learning process through which 
students come to recognize a range of patterns and social practices as they accumulate 
decision-making experience over the course of their career trajectories. To undertake 
a learning process where students learn engineering judgment necessitates consider-
ation of how instructors recognize and evaluate student performance and how this 
recognition and evaluation can, as Inoue points out, impact student learning. At 
the micro level, how instructors evaluate student products and performance, provide 
feedback, guide (or fail to guide) teamwork, and understand and evaluate student 
contributions to teamwork can have a significant impact on student’s development of 
engineering judgment. As we go on to discuss in the next section, the need for a focus 
on the social and institutional contexts in which judgment is learned is suggested by 
data we gathered from student interviews. This data indicates that processes of mar-
ginalization and exclusion are active in engineering teaching contexts.

Case Study in Student Engineering Judgment Experiences

In the larger research project that we are undertaking (IRB# NCR192007), we ex-
plore how students participate in the construction and communication of engineer-
ing judgments through their writing projects (Francis et al., 2022). Although a full 
discussion of this project is beyond the scope of this chapter, student interviews from 
this wider project suggest a need for discussion of processes of marginalization and 
exclusion that interfere with the acquisition of engineering judgment capacity. Our 
data come from students in a systems engineering senior project cohort of 2020-2021 
at the first and second author’s institution. The senior project course (i.e., capstone 
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course) holds a critical place in the undergraduate systems engineering curriculum, 
as it is the course that provides the most extensive integration of professional practice 
with mastery of foundational systems engineering science and concepts. Moreover, 
the systems engineering capstone course emphasizes teamwork and professional com-
munication. Although the systems engineering students will have worked on several 
team projects by the time they have reached the capstone course, the senior project is 
unique in that it allows students full autonomy over their project selection, problem 
formulation, and course(s) of action. Thus, teams must work together to enact judg-
ments and choices related to the type of project they’d like to construct, the problems 
they will focus on throughout that project in response to their key stakeholders’ con-
cerns, and the types of solutions they’d like to deliver.

Therefore, the data we collected provide in-depth insight into the construc-
tion and communication of engineering judgments by undergraduate students. 
Data were collected from 11 semi-structured interviews with six students enrolled 
in the systems engineering senior project. All of the students have received prior 
instruction in WID courses that focus on the application of risk, uncertainty, and 
statistical decision theory to engineering problems and have had prior experiences 
completing substantial semester-long projects in engineering teams. These projects 
have required the student participants to apply engineering judgment to problems 
with significant uncertainties and conflicting objectives. 

Our analysis of this data has allowed us to explore the choices students express 
in their writing about their judgments, as well as the processes used to construct 
both the judgments and the written document. These data suggest several import-
ant subthemes instructors must be aware of when designing assignments, course 
objectives, or classroom experiences. For example, one important subtheme has 
emerged from the data collection that indicates possible processes of marginaliza-
tion at work in the formation of teams and the evaluation of student contributions 
to teams by instructors. At least one student reported occasions where marginaliza-
tion impacted team construction and how recognition influenced the steps taken 
when team members needed to resolve conflict or otherwise work through unspo-
ken or implicit processes of marginalization to complete their work. For example:

The teams—it was mostly—I liked working with [name redact-
ed], so we decided that we were going to do something together. 
[Name redacted] was last man standing at some point, so we told 
him to join. And then there was [name redacted], who I think he 
joined late or something so he needed a team, and we had him 
come on board. So there was that. That’s how the team came 
about.

This excerpt shows that some teams are the result of marginalized students 
being forced by circumstance to work together. The reasons these students were 
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unable to find teams are not clearly elucidated in the interviews. However, this brief 
thought shared by one of the participants points to a greater need for understand-
ing how student project teams are formed and may indicate a lack of guidance from 
instructors about how students are included in teams. 

Additionally, our data suggests that conflict resolution is another need from 
faculty that is potentially under-described in the corpus. Consider the following: 

At that point, I [pushed for] my team, I’m like I’m willing to 
change the whole thing myself. Just let me do it, because I feel 
like now that clarified a lot of things that maybe we were not 
getting, and I kind of—at the very end I saw where the issue 
was. My team was reluctant so there was a lot of dynamics where 
like, no, we don’t want to change anything. My issue was we 
weren’t changing anything and that wasn’t taking us anywhere. 
Now that we’ve found the thing that gives us the best chance at 
understanding what it is that we should do, and we should ac-
tually do it, even if it means that there is a change [that’s kind of 
my mentality is], I will work day in and day out to get it done. 
But they were like no, we don’t want to change it. I understand, 
they didn’t want to change everything so radically with only one 
submission left. So . . . Our paper was very patchy. I basical-
ly—I tried to incorporate the latest feedback that we got [in the 
sections that I wrote]. They were not on board, so half the paper 
was on one topic. The other one was all over the place. So, yeah, 
I totally understand why we didn’t get the grade that we wanted.

Although conflict was not widely discussed in these interviews, this excerpt 
clearly shows that team dynamics affected judgments about the problem being 
formulated, the analyses being constructed, and the interpretation of those results 
that could be constructed by the team. In this excerpt, the student felt that the 
team should be more willing to make changes to their project scope and deliv-
erables, even down to the last submission (e.g., “I understand, they didn’t want 
to change everything so radically with only one submission left.”). The student 
reported, “They were not on board, so half the paper was on one topic. The other 
one was all over the place.” 

As many scholars have argued in recent years, the marginalization and exclu-
sion of students who do not fit the normative stereotype of engineering (i.e., white, 
male, cis-gendered, heterosexual) is a function of many facets of engineering culture 
that serve to continuously reproduce and validate some identities over others. Tonso’s 
work on engineering identity production highlights the ways in which the cultural 
production of engineering identity often excludes women and some men, and work 
by Donna Riley, Amy E. Slaton, and Alice L. Pawley (2014), McCall et al. (2020), 
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Cech and Waidzunas (2011), McGee and Martin (2011), and others have similarly 
highlighted cultural exclusions along race, (dis)ability, and sexual orientation. In such 
environments, students need both guidance and support in exploring their own sense 
of identity, including both their personal understanding of self and their view of how 
they are viewed by others. There is a need for instructors and teaching assistants to 
play an explicit role in helping students understand how these cultural production 
dynamics influence engineering teamwork and knowledge production.

Consequently, it is increasingly important to help instructors and teaching as-
sistants determine how identity production should intersect with team formation. 
Moreover, instructors and teaching assistants can help students to understand how 
identity production dynamics influence decision making within teams. This guid-
ance is not external to the goals of teamwork; it is, in fact, fundamental to it due 
to its centrality in the construction of and participation in engineering judgment. 
If students are to develop the participatory capacity of engineering judgment, they 
must be recognized as legitimate contributors to their teams, and they must be fully 
included in teamwork. Because social and power dynamics can limit the recogni-
tion of some students’ contributions to teamwork and can interfere with the learn-
ing of engineering judgments on the basis of the perception of identity, pedagogies 
of inclusion are central to this learning. 

Inclusive Teaching

Our review of the data generated by our student interviews suggests some possible 
avenues of development of inclusive classroom practice that can support student 
learning. The second excerpt from a student interview demonstrates that teamwork 
often involves decision making and complex engineering judgments that require 
the collaborative participation of multiple team members. Engineering educa-
tors who aim to foster engineering judgment skills may consider guiding students 
throughout the teamwork process to explore intra-team dynamics while identifying 
some of the complex judgments teams will be required to make in order to com-
plete their work. Our data suggest that these judgments include but are not limited 
to: understanding audience or framing important problems; selecting appropriate 
analytical methods or work processes; synthesizing and interpreting work products, 
including addressing unexpected research findings or scope changes; consulting 
clients, subject matter experts, or external resources; and, determining how, when, 
and to whom to communicate their findings or work products. These are complex 
tasks that necessitate a collaborative and inclusive approach to teamwork, which 
must be guided and cultivated.

Engineering judgment and intra-team dynamics are implicated in processes of 
recognition introduced earlier in this chapter and observed by other investigators 
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such as Tonso (2006). Recognition takes place within larger institutional contexts 
and histories, professional standards, and the wider social interactions, discourses, 
and historical situations that provide the context in which learning and teaching 
take place. Our data suggests that recognition occurs within and between teams 
as students build their own perceptions of who they and their peers are within 
the local social and cultural contexts they inhabit. These perceptions of each other 
can influence, as the second student quotation suggests, how the students choose 
whom to work with and how they delegate the roles and tasks that team mem-
bers are responsible for within teams. These perceptions and decisions based upon 
these perceptions can influence the delegation of work and respect given to dif-
ferent contributions that are necessary for successful teamwork. Without explicit 
acknowledgment of social contexts that privilege certain groups over others, team-
work can contribute to practices of marginalization. Thus, the teaching of engi-
neering judgment—and relatedly, guidance given to students about teamwork and 
the evaluation of individual student contributions—must account for the social 
and discursive contexts in which students are included, excluded, or marginalized, 
and subsequently evaluated and valued. 

As our data suggests, engineering educators must be aware of how students 
recognize each other’s professional skills and capacities and how this recognition 
is integrated into team dynamics and decisions. Pedagogical approaches that ex-
plicitly and carefully guide students to consider aspects of group formation, de-
composition of work processes and synthesis of work products, and exploration of 
cultural, social, or political factors that influence and partially determine student 
work are key to promoting inclusion in the engineering classroom. This guidance 
is crucial for student learning because, as Scott Weedon (2019) observes and as 
our data suggests, engineering work is mediated through embodied and enacted 
communication practices. These communication practices have the potential to 
either be sites of recognition and inclusion or marginalization and exclusion. To 
account for social and discursive contexts and to promote inclusive practices, we 
put forward questions that provide a conceptual framework for teamwork design: 

1. How might engineering educators design transparent pedagogical practic-
es that address the micro (i.e., university culture, classroom dynamics) and 
macro (i.e., racial and gender dynamics) social contexts in which students 
develop engineering judgment capacities? 

2. How might engineering educators design transparent pedagogical practices 
and assignments that enable students to recognize, address, and integrate 
differences among team members, recognize historical practices of margin-
alization, and develop a teamwork culture that cultivates full participation 
and recognition of the contributions of all team members (see Mallette, this 
collection)? 
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Instructor Assessment

How an instructor’s view of student performance may be disconnected from actual 
student skills and disconnected from the dynamics of teamwork is another factor 
in creating more inclusive recognition. Tonso (2006) shows that student skills and 
capacities may be different from professor expectations or what an instructor rec-
ognizes or is able to see in her comparison of two student teammates, “Martin” and 
“Marianne” (pp. 293-297). First, Tonso notes that although Marianne possessed 
“technical skills that exceeded those of most senior students” (p. 293), Marianne’s 
“being considered a bona fide engineer in the team did not carry over into her 
being considered that way” across a range of other situations in other courses and 
in on-campus recruitment by prospective employers (p. 294). Marianne’s part-time 
job as a research assistant gave her real-world insights that made her better pre-
pared than her teammates for design work and made her an indispensable part 
of her team whose work could not proceed without her input or authentication. 
Similarly, “Martin” was not known widely outside of his team (the same team as 
Marianne’s) “as a ‘star’ student engineer because he was not visible to faculty and 
administration” (p. 295, italics added). Tonso notes that Martin did not partici-
pate in certain aspects of identity production that could have earned him greater 
recognition by declining to “exploit and control others, act as if he were superior 
to women in normative heterosexual relations, or beat his own drum” (p. 295). 
Instead, he “generously shared his work so teammates [whose other responsibilities 
interfered with project work] would have something to say during presentations 
to faculty and client” (p. 295). Tonso notes that Martin embodied “counter-he-
gemonic leadership” and “prototypically feminine practices during teamwork” (p. 
296), including empowering and valuing teammates’ voices and putting engineer-
ing work quality above classroom-required products. Importantly, Martin’s leader-
ship style contrasted with that modeled by at least one professor described by Tonso 
as recommending “a divide-and-conquer model where the leader cracked the whip 
and told teammates what to do” or with other more recognized students who were 
“doing very little themselves, telling others what to do, and later taking credit for 
that work” (p. 296). 

This discussion from Tonso’s work indicates three factors relevant to our dis-
cussion of how instructor perspective can impact student recognition. First, most 
student team dynamics are invisible to the professors and, in some cases, the clients 
who must evaluate the products of and the individuals constituting student teams. 
Next, the students who comprise student teams are evaluated both by professors 
and other students against recognized gender, racial, and other identities. Finally, 
faculty and clients who occupy positions of institutional authority recognize and 
legitimize a subset of the possible student identities available to each of the stu-
dents. This has a range of implications for our discussion. On one hand, faculty and 
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instructors are important agents in the curation and reproduction of recognized 
campus engineer identities because they incentivize and legitimize certain roles or 
types. In this case, both Marianne and Martin were not the types of students widely 
recognized as occupying the highest levels of the hierarchy described by Tonso, but 
both students developed a wider range of skills and capacities that are critical to en-
gineering practice, such as teamwork than their peers who may have received more 
personal recognition from professors, clients—and possibly, prospective employ-
ers—than their accomplishments warranted. In concordance with Tonso’s obser-
vations, our own data suggest that inter-dynamics of teamwork are more complex 
than an instructor may be aware of (or perhaps interested in). In assessing teams, 
the information that instructors have about individual student contributions may 
not recognize reality on the ground, particularly when that reality is intertwined 
with micro and macro social contexts and communicative practices that exclude 
certain student identities from processes of institutional recognition. Instructors 
need to understand that their own social context, their position of authority, and 
their insight into student dynamics may not align with student capacities or team-
work dynamics while providing a strong stimulus to the reification of processes of 
engineer identity recognition and legitimization. 

Engineering educators might consider how to design transparent assignments 
and experiences that enable students to intentionally and reflexively engage in the 
processes of forming work teams, making decisions as a team, distributing work, or 
resolving team conflicts. As Jennifer Mallette argues in this collection, transparent 
course and assignment design is the practice of clearly communicating gloss, tasks, 
and evaluation criteria with the goal of inclusion for all students. These experiences 
or assignments could involve foregrounding recommendations about team deci-
sion making when data, tools, techniques, or findings conflict with a priori expec-
tations. These experiences or assignments should also foreground how decisions are 
made by the team and how intra-team conflicts should be resolved. Many students 
do not receive explicit instruction in team dynamics, and such dynamics are among 
the key changes in the transition from school to work. For example, Ben Lutz and 
Marie C. Paretti (2021) point out that relationship building is critical to engineer-
ing work, where learning processes are “(mostly) informal, unstructured, sporadic, 
and motivated by production of goods or services.” (p. 134). Their findings suggest 
that while students often wrestle with cultural and institutional factors during their 
schooling, assignment designs or experiences that explicitly highlight social pro-
cesses at the organizational, workgroup, and interpersonal levels have the potential 
both for improved professional preparation and classroom inclusion. 

There is extensive research from a number of fields that provides pedagogical 
guidance on how to set up productive teams that can come to collective decisions. 
For example, in their review of the literature on engineering and computer science 
project teams, Maura Borrego et al. (2013) suggest that team-based assignments 
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are effective for training in team-based skills such as communication and coordina-
tion and have the potential to involve interdependence among team members. The 
authors include several recommendations for instructors, including i) establishing 
activities for goal-setting and establishing team interaction rules, ii) project scaf-
folding, iii) guidelines for dealing with conflict, iv) guidelines for forming smaller 
teams (including trial periods and rules for switching members), v) exercises for 
developing mutual understanding and respect, and vi) utilizing grading schemes 
that motivate participation in team projects (Borrego et al., 2013, p. 497). 

These findings suggest several important actions that can be taken by instruc-
tors who seek to create classrooms and course activities that foster inclusion. As-
signments and classroom activities can be designed to address and provide guidance 
with areas that require engineering judgment, such as how to integrate feedback, 
how to make collective decisions, how to include all team members in decision 
making, how teams address unexpected results, dealing with uncertainty and am-
biguity, and iteratively moving toward a solution as much as they are designed to 
assess the ability to understand and apply knowledge. 

Instructors can begin by guiding students to develop a system of mutual ac-
countability. This system of mutual accountability should be inclusive in assessing 
strengths and weaknesses of members, be aware of gendered perceptions of certain 
types of skills (such as writing tasks often assigned to women), and be inclusive of 
how different voices are acknowledged and heard. Race can also weigh in as teams 
can be a place where students experience microaggressions. If there is no way to 
get past biases and past experience, if there is no guidance on how to equitably 
distribute labor, then certain team members won’t be considered for certain types 
of tasks, tasks may not be aligned with students’ capacities, or students may not 
receive recognition for the work they in fact produce. 

If engineering judgment involves learning to work through complexity and 
act, this capacity includes how teams of engineers work through complexity and 
act as a group in and through written language. The marginalization reflected by 
the first student quotation suggests that these key skills may not be learned by 
some students who are not included in teamwork or who are included as an after-
thought. These skills may not be recognized by some students who, intentionally 
or unintentionally, exclude others from full participation in teamwork. As a result, 
guidance with inclusive participation and inclusive communication should not be 
an afterthought or left to chance but an explicit aspect of pre-professional pedagog-
ical practice—including guidance on team formation, intra-team communication, 
teamwork decomposition and distribution, and other important judgment pro-
cesses affected by the dynamics of recognition and inclusion.

To address these dynamics, assignments and classroom activities can address 
and provide guidance concerning the construction and communication of engi-
neering judgments to audiences, including faculty evaluators and peer co-workers, 
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but with an eye to the wider range of audiences that students will interact with in 
the professional world and that can recognize student’s capacity to enact engineer-
ing judgment. Although many students wish to create more inclusive learning and 
work environments, they need guidance on how to recognize their own capacities 
and experiences, how to recognize each other’s capacities and experiences, and how 
to recognize the social and discursive contexts in which they learn and work. Stu-
dents need to be guided to cultivate inclusivity and need resources to be capable 
and inclusive partners. Assignments can be designed to make students aware of the 
experiences of others and how those might influence engineering work products 
and judgment. Instructors can foreground the following questions as they design 
teamwork assignments: How can we guide the ways in which students manage their 
projects? How can we design assignments that draw out specific work processes and 
team contributions? How do we assess contributions to project formation and un-
certainty management? How might we ask team members to assess their own skills 
before assigning tasks? How might assignments ask students to evaluate their own 
growth and learning?
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Students know they need to communicate effectively to be good engineers, and 
engineering programs are required by the Accreditation Board for Engineering and 
Technology (ABET) to provide opportunities for graduates to develop effective 
writing and speaking skills (ABET, 2019; Williams, 2002). As engineering com-
munication research demonstrates, integrating writing into engineering courses is 
crucial for student success (e.g., Ford, 2012; Ford & Riley, 2003; Paretti, 2008; 
Reave, 2004). Furthermore, situated learning offers the most effective approach 
for introducing and building students’ disciplinary knowledge and expertise, as 
well as creating the conditions for the potential transfer of writing knowledge from 
classroom to workplace (Ford, 2004; 2012; Ford et al., 2021; Paretti, 2008; Walker, 
2000). How students receive communication support, however, can vary widely 
from university to university (Reave, 2004; Ford & Riley, 2003) and even across 
engineering programs within a single university (e.g., Ford, 2012; 2018; Mallette 
& Ackler, 2019). 

One issue is that writing and communication-based assignments may be 
incorporated into engineering courses without specific and explicit writing in-
struction (Paretti, 2008; Reave, 2004), a challenge that instructors attempt to 
address through various integration models (e.g., Ford, 2012; Ford & Riley, 
2003). Because so many of the norms and conventions of the discipline are 
left unsaid, students may struggle to navigate what instructors require (Paretti, 
2008), and employers find that new graduates are often unprepared to commu-
nicate in the workplace (Ford et al., 2021). As the editors argue in the introduc-
tion to this section, “the hidden assumptions that often come with this work 
contribute to the marginalization of individuals in STEM” (this collection). 
These tacit requirements and expectations can serve to widen gaps between stu-
dents with and without access to stronger preparation in writing, better men-
toring, or effective peer educational networks. Thus, engineering assignments 
may further exacerbate inequities among students who are less prepared or less 
able to ask for and receive mentorship, those who are multilingual writers (and 
thus learning conventions of written English alongside disciplinary-specific de-
mands), or those who might otherwise struggle to acquire writing knowledge 
that isn’t sufficiently or explicitly outlined. For underrepresented students (e.g., 
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women or racially minoritized students) who already find themselves overcom-
ing barriers, struggling on these assignments may reinforce messages that they 
are unable to succeed in engineering or do not belong in engineering courses or 
professional settings.

However, if engineering communication assignments and expectations poten-
tially exacerbate inequities, then integrated writing courses could be used to remove 
or reduce barriers and make this writing knowledge explicit for all learners. Disci-
pline-specific technical communication classes can also be intentionally designed 
with inclusion as a core value, as addressed by Justiss Burry et al. in this volume. 
Furthermore, as Rachel Riedner, Royce Francis, and Marie Paretti (this collection) 
argue, writing offers “a means through which students are recognized, and rec-
ognize themselves, as belonging to the engineering community of practice” (this 
collection). These courses can also serve to disrupt ideas about who belongs, what 
success means, and how rigor is enacted, exposing factors that contribute to struc-
tural inequities impacting student success. This chapter examines one such course, 
a one-credit online writing course for electrical engineering and computer systems 
majors. This course was not only designed to teach students engineering-specific 
writing skills but also to support their success through labor-based contract grad-
ing (Inoue, 2019), flexible policies (Boucher, 2016; Cheney, 2020; Santelli et al., 
2020), and effective course design that uses transparent assignment frameworks 
(Fink, 2003; CAST, 2023; Reynolds & Kearns, 2017; Wiggins & McTighe, 2005; 
Winkelmes et al., 2016).

Institutional and Programmatic Context

In spring 2021, Boise State’s electrical and computer engineering (ECE) pro-
gram had 339 enrolled undergraduate students. Like many engineering programs 
across the United States (ASEE, 2020), this program is predominately white and 
male: just 56 (or approximately 17 percent) enrolled students identify as female 
(J. Browning, personal communication, 23 February 2021). The ethnic/racial 
background of undergraduate students in ECE as compared to the total Boise 
State is summarized in Table 8.1. No students reported Native Hawaiian or other 
Pacific Islander ethnicity, nor Indigenous or Native American ethnicity. These 
numbers are roughly representative of the population of Boise State as a whole, 
with a higher representation of students with Asian ethnic backgrounds in ECE. 
Nonresident international students comprise 1 percent of the total student pop-
ulation (Boise State University, 2021); two international undergraduate students 
were enrolled as of fall 2021 (J. Browning, personal communication, 11 Novem-
ber 2021).
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Table 8.1. ECE Student Demographics by Ethnicity Compared to Boise State 
2020-2021 Totals

Enrollment by Ethnicity ECE 
Enrolled

ECE % 
Overall

Boise State 
Enrolled

Boise State 
% Overall

American Indian/Alaska Native 0 0% 77 <1%

Asian 46 14.0% 641 3%

Black/African American 5 1.5% 399 2%

Hispanic/Latino of any race 40 12.2% 3,047 13%

Native Hawaiian/Other Pacific 
Islander

0 0% 98 <1%

No Race/Ethnicity Reported 7 2.1% 720 3%

Two or More Races 14 4.3% 1,130 5%

White 227 69.2% 17,679 73%

Prior to fall 2020, ECE students and students in several other engineering dis-
ciplines were required to take Introduction to Technical Communication as a social 
science elective within the general education curriculum at Boise State. Programs 
required this introductory course with the goal that students would gain more writ-
ing skills while also fulfilling general education requirements. In ECE, the course 
was also a prerequisite for Electrical Engineering Practice, a junior-level profes-
sional skills course that was formerly a communication in the disciplines class. This 
junior-level course focuses on ethics, communication, and other professional skills, 
and it also serves as a course that supports the senior project course sequence. How-
ever, starting in fall 2020, the introductory technical communication course was no 
longer listed as a general education option. Engineering programs could not add 
an additional three-credit writing course without reducing the number of required 
technical credits or exceeding the 120-credit limit set by the state board. However, 
faculty in several engineering programs, including those in ECE, worried that their 
students would be unprepared to write in upper-level courses such as Senior Design 
Project, let alone when they entered the workplace. 

While the program could not find space for a full three-credit course, they were 
able to add one credit for a writing course at the sophomore level, which they asked 
me to design and teach. The result was a one-credit, co-requisite course with the re-
quired sophomore-level Circuit Analysis and Design lab, which typically has twelve 
short lab reports completed by two-person teams. I designed this course using my 
expertise and experience with engineering communication and based on my on-
going collaboration with ECE. For ECE’s undergraduate students, the one-credit 
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writing course would offer a chance to be introduced to technical communication 
within an engineering context, thus bridging their writing education from the first-
year writing course sequence. The course would also allow students to receive more 
writing support before entering the junior professional skills course and provide a 
more scaffolded writing education throughout the entire ECE curriculum. 

Given the class launched in fall 2020 in the midst of the pandemic, the course 
was designed as an online experience, which created greater flexibility for students 
to complete work within the various demands on their time and scheduling con-
straints, even when instruction returned to more in-person modes. In addition, 
the course served as an opportunity for the program to demonstrate that they were 
meeting ABET communication outcomes. The writing course supports and works 
with the content from Circuits Analysis and Design, allowing students to submit 
writing assignments to both courses. Integration is the goal each semester, but we 
continue to manage challenges. For example, the instructor and curriculum in the 
ECE course can change without the writing instructor’s knowledge, and expecta-
tions about the reports are not always communicated to students in a unified way. 
Despite these challenges, the students taking both courses experience them as more 
connected to their engineering education than when they took the three-credit 
writing Introduction to Technical Communication course. Finally, the instructor 
of the junior-level professional skills course makes efforts to align course content 
and approaches with this class and was involved in conversations on how to scaffold 
writing across the ECE curriculum.

Intents and Goals of the Engineering Writing Course

With these goals and programmatic context in mind, I applied a backward course de-
sign approach (Fink, 2003; Reynolds & Kearns, 2017; Wiggins & McTighe, 2005). 
Instead of designing a course to move through a textbook chapter by chapter, instruc-
tors use backward course design to begin by defining learning objectives and then cre-
ating scaffolding activities, formative assessments, and summative assessments aimed 
at helping students to achieve those learning goals (Fink, 2003). This design approach 
requires more work to understand what students should leave a class being able to do 
or what they should know. The instructor then designs the daily activities, readings, 
and assessments to support student progress toward those goals. When done effec-
tively, students understand what they are being asked to do in the class and how it 
helps them make progress toward course goals. And when paired with course docu-
ments that clearly communicate expectations and the purposes behind assigned read-
ings and assessments, backward course design ensures that an instructor has specific 
reasons for the work a student must complete. In this course, backward course design 
helped me decide which major projects (or summative assessments) would align with 
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the outcomes and support student learning; for example, I decided to leave out an 
oral presentation assignment that would not align with the outcomes.

I began this process by reviewing the College of Engineering’s mission and the 
ECE program outcomes. To frame the one-credit course specifically, I also gener-
ated program goals for a full engineering writing program to outline the orientation 
and focus for this course and others like it, should other engineering programs 
opt in. ECE program outcomes include an emphasis on technical skills, ethical 
decision making, lifelong learning, and strong professional skills (Boise State Uni-
versity, 2023). In addition to these program objectives, the ABET-driven student 
outcomes focus on 1) solving problems, 2) engineering design, 3) communication, 
4) ethical and professional responsibility, 5) effective teamwork/collaboration, 6) 
experimentation, data analysis, and drawing conclusions, and 7) lifelong learning 
and professional development (Boise State University, 2023). The two outcomes 
specific to a communication class are effective communication and teamwork, 
though students would be communicating about data drawn from their lab and 
would also be exploring how writing aligns with their professional goals. 

Thus, I developed the course outcomes based on where the course would fall 
in the students’ education, how it could support program outcomes, and what was 
feasible in one credit (see Table 8.2 for specific course outcomes). After developing 
the outcomes, I planned out specific in-class formative assessments and major proj-
ects as summative assessments, as listed in Table 8.2.

Table 8.2. Backward Course Design Outline for ECE Engineering 
Communication Course

Course Outcomes Exercises Major Project(s)

1. Investigate and apply the 
conventions and genres of engi-
neering communication, with a 
focus on their specific discipline

• examine practitioner examples
• project updates/status reports
• report sections
• style analysis

Engineering reports 
+ revision

2. Connect communication skills 
development with career goals

• reflections
• revisions
• professionalization plan

Resume

3. Communicate research findings 
to a technical audience

• project updates/status reports
• report sections
• creating engineering visuals

Engineering reports 
+ revision

4. Identify the range in audi-
ences and situations that will 
affect how they communicate 
and articulate differences in 
approaches

• reflections
• teamwork exercises
• writing for multiple audiences
• style comparison

Resume + engineer-
ing reports
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Backward course design was also critical for designing an effective online class, 
where students most frequently engage with content in the course’s learning man-
agement system. Because this writing course was designed to be taught online, 
I created discrete weekly modules that would take students 2-4 hours per week 
to complete, adhering to the time recommendations for online courses based on 
university policy. The course focused on rhetorical awareness, and I used genre the-
ory to frame the main assignments and contextualize writing skills. For example, 
students were asked to consider how the lab reports they created in the co-requisite 
class were more focused on meeting instructor requirements and demonstrating 
their learning. After completing a lab report for the class, they were then asked to 
write an engineering report that would be more aligned with what professional en-
gineers would create. While similar to a lab report, the engineering report required 
students to use rhetorical awareness and engage with genre theory to understand 
how the two documents differed and how the differences in audience, context, and 
genre expectations affected how they wrote. As what might be students’ first situ-
ated writing experience, the course itself was also structured so that students would 
understand that they would build on what they learned in subsequent engineering 
courses. Students need sustained, integrated writing throughout their full engineer-
ing education, and this course offered a place to begin those efforts.

Inclusive Practices Used

Since the course is heavily focused on writing and serves as a co-requisite for Cir-
cuit Design and Analysis and a prerequisite for Electrical Engineering Practice, I 
designed it to be a supportive, inclusive experience. Essentially, I set out to design 
a transparent, clearly outlined online course, which in itself is an inclusive prac-
tice (CAST, 2023; Design Justice Network, 2018); I also incorporated practices 
explicitly aimed at inclusion, such as labor-based contract grading and flexible 
policies. Ultimately, a course tied to other required courses could potentially 
function as a gatekeeper course (Jaschik, 2009), preventing students from con-
tinuing in their education. This writing course should instead provide a dedicated 
space for students to learn how to write like an electrical engineer, supporting 
their technical education in the corequisite lab. Thus, my designing and planning 
process was influenced by my desire to ensure the class supported student suc-
cess instead of creating another barrier to degree completion. Furthermore, by 
focusing on student support structures, I attempted to disrupt white, hegemonic 
frameworks, particularly around narrow concepts of rigor, success, and respon-
sibility (Brooks & McGurk, 2021). This disruption continues to be an ongoing 
process as I learn more about how these structures are enacted in my class and 
reflect on what students need.
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Equitable assessment became a key way I attempted to disrupt the white, hege-
monic frameworks that pervade university settings, particularly in engineering. In 
traditional grading frameworks, students may be sorted into groups (the A students, 
the C students), or faculty may compare students against each other or against a 
vaguely defined concept of success with roots in inequitable structures (Brooks & 
McGurk, 2021; Inoue, 2019). To push against these ideas about success and achieve-
ment, I opted to use contract grading or labor-based assessment (Inoue, 2019) as the 
basis of the course design to be used regardless of course instructor. In other words, 
instead of retrofitting a class designed around traditional grading frameworks or leav-
ing it up to individual instructors teaching the course to opt into contract grading, 
I aligned the entire course structure with contract grading. The contract focuses on 
completing specific labor and assessments: a student who is actively engaged and 
meets expectations on major assignments would be able to earn an A. Asao B. Inoue 
(2019) describes labor-based contract grading as having three dimensions: how stu-
dents labor, how much, and what it means. To demonstrate these three dimensions, 
students complete work, reflect in various ways, and keep labor logs. In my course, 
the contract outlined the work expected from them for each grade, and students 
completed weekly reflections where they shared how much time they spent on work 
for the week and what was meaningful from that week’s work. Similar to Inoue’s 
outlining of the elements of the contract, Table 8.3 below shows the categories for 
engagement and overall criteria for each grade, with the emphasis on meeting expec-
tations on major projects, completing most homework assignments and reflections, 
and being involved in peer review.1 The contract indicates that major assignments 
must meet expectations, which is further defined in the contract itself and is one way 
the approach may differ from Inoue’s (2019) approach (see Appendix A for one itera-
tion of the full contract). The goal, however, is aligned with Inoue’s (2019) arguments 
that we define labor, communicate expectations clearly for students, and provide rea-
sons for each task students will complete.

Because the labor-based assessment approach was central to the overall course 
design, this integration also meant that the instructor who co-taught with me in 
spring 2021 had a clear model for understanding contract grading since she had 
not used it before. Given that one engineering outcome is a focus on lifelong learn-
ing, contract grading also aligns learning outcomes with assessment, encouraging 
students to focus on their progress rather than a predetermined product with strict 
rules governing success. This inclusive assessment strategy thus encourages students 
to understand themselves as in process, as writers who will continue to learn more 
about effective communication beyond this class. 

1  I want to recognize the work of Dr. dawn shepherd, who shared the tables she uses to summa-
rize labor expectations for students. I have adapted the table for my courses and specific contexts, 
and I have altered categories/expectations, but the base design is hers.
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Table 8.3. Minimum Expectations for Each Letter Grade

A B C D F

Participation Expectations

Weekly reflections 13+ 11-12 9-10 8 7 or fewer

Revision workshop draft posts 3 2 2 1 0

Revision workshop peer 
responses (2 or more per 
workshop)

6 4-6 3 2 0

Consultation with outside 
reader (Writing Center, Career 
Services, mentor)

1+ 0-1 0 0 0

Writing Conference with Dr. 
Mallette

2+ 1+ 1 0 0

Homework and Projects Completed

Submitted major projects 4 4 4 3 2 or fewer

Completed weekly homework 90%+ 80-89% 70-79% 60-69% Less than 
60%

Projects Meeting or Exceeding Expectations

Exceeding expectations 0-4 -- -- -- --

Meeting expectations 3 or more 3 or more 2 or more 2 0

Not meeting expectations 0 1 or fewer 2 or fewer 2 3+

I began using this approach in the three-credit Introduction to Technical Com-
munication course housed in the English Department (see Mallette & Hawks, 
2020) and now housed in the Department of Writing Studies starting in 2022. 
However, contract grading requires some experimentation and adaptation to make 
it most effective for a given context and to ensure it is indeed an inclusive practice. 
In this one-credit course, I revised the contract several times based on student feed-
back and input from the co-instructor in spring 2021, and I continue to reflect and 
revise based on student experiences whenever I teach the class. For instance, after 
the first semester, I added language about the level of expectations because students 
were not submitting work that demonstrated they could meet the outcomes (e.g., 
they did not revise the lab report to reflect an understanding of professional engi-
neering reports, essentially submitting the same report for the subsequent assign-
ment). However, I lost the focus on process by requiring students to exceed expec-
tations on one assignment to earn an A. To support inclusion and student success, 
I adjusted the criteria again to enable students who fully meet expectations and are 
active in the course (but never, perhaps, exceed expectations on major projects) to 
still earn an A. This adjustment allowed me to continue to shift away from assessing 
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students based on narrow standards of success and instead focus on assessing their 
ability to meet the outcomes.

Because contract grading is a new assessment approach for many students, I 
asked them to review the contract at the start of the course and to complete several 
check-ins as a self-assessment tool (see Appendix B). In these reviews and check-
ins, they could share any questions or concerns they might have, ensuring that they 
understood how they were being assessed. In addition to using a contract, I wanted 
to involve students to move toward a more democratic classroom and disrupt the 
idea that the instructor is the absolute authority over student learning. At the start 
of each semester, I offer students a chance to review the contract’s terms and nego-
tiate. In the first semester, several students thought that requiring a Writing Center 
consultation to earn a B was overly burdensome, but they agreed that it was a 
good requirement to earn an A if A means exceeding expectations, so I altered that 
requirement. This review also functioned to help students acclimate to an assess-
ment approach that may be completely new to them. In the review, students asked 
questions and sought clarification on aspects of the contract, which helped me 
communicate elements more clearly and led to other adjustments.

Flexibility and Late Work

One adjustment was if I would accept or penalize late work. Originally, the contract 
outlined a set number of allowed late homework assignments, though students had 
a grace period in which to submit work with no questions. In the response period, 
some students asked if work would count as late if it was submitted in the grace 
period, so I clarified that it would be counted as on time if submitted within that 
period. However, late work policies have been criticized as an exclusionary tactic 
because penalties are more likely to undermine student success, particularly among 
neurodivergent students as well as students with family and work responsibilities 
(Boucher, 2016; Santelli et al., 2020). These policies may also be confusing and 
inconsistent across a student’s classes or in relationship to university-wide late work 
policies, or their understanding of policy may differ from the instructor’s intent to 
be more lenient than they appear in the syllabus (Santelli et al., 2020), meaning 
some students may not understand that they can request extensions. Furthermore, 
syllabus language and tone, as well as penalties, can imply that an instructor is 
inflexible or unaccommodating, even if the instructor may intend to create an in-
clusive, supportive educational space (Cheney, 2019; 2020).

Given the pandemic-induced shift to remote learning and increased attention 
on the pressures students faced in that period, more faculty have advocated for 
removing late policies and creating more flexibility in classes (Ezarik, 2021; Mc-
Murtrie, 2021; Kent State, n.d.; Schacter et al., 2021) or creating approaches and 
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policies that lead to what Matthew Cheney (2019) calls a “cruelty-free syllabus.” 
Thus, to remove a barrier, in the second iteration of the course, I decided to accept 
all late work completed. The impact on inclusion was immediate: several students 
who stopped submitting work mid-semester for a variety of reasons were able to 
submit enough to demonstrate they could meet the course’s learning objectives 
and earn at least a C. For the students who expected to fail, the flexible submission 
policy meant they were able to pass—and ultimately demonstrate they could meet 
the learning objectives.

When combined with labor-based assessment, flexible late work policies dis-
rupt the exclusionary norms that govern classroom interactions. Namely, students 
and faculty perceive submitting work on time as evidence of an individual’s re-
sponsibility, and they believe late penalties are fair because they reward students 
who submit work by the deadline (Santelli et al., 2020). Some faculty fear allowing 
students to submit work at any point would be considered unfair to the students 
who submitted work on time (Bosch, 2020; Harrington, 2019). However, in my 
view, these ideas of fairness are too often part of capitalistic ideologies that dictate 
productivity (and preparation for the working world) as the ultimate goal of ed-
ucation while ignoring the varied conditions students face. In addition, I argue 
that students should not be compared to one another since students have different 
needs and abilities. From my experience, students who complete work on time 
actually gain an advantage; allowing a few students to submit work late will not 
affect the experiences or achievements of those who submit work on time. Allowing 
flexibility in submitting work creates space for students to prioritize their needs 
without sacrificing academic success. Finally, a classroom is not a workplace, and 
while what we teach can apply to professional settings, it is my belief that the class-
room should be a space where students can be supported if they make mistakes or 
need additional support without undermining their success.

Student Opportunities to Revise and Reflect

With this goal of supporting success, the course structure not only allowed 
revisions to projects but encouraged them. Some students, for instance, were mo-
tivated to revise projects to reach the “meets” or “exceeds expectation” category 
for their work, partly to meet the terms of the contract but also because they were 
motivated to improve their written products. For example, many students needed 
an effective resume for their first major assignment, which they could then use to 
apply to internships and other opportunities. The revision flexibility also supported 
students who needed more time to write and revise, so if they didn’t meet expec-
tations on the first submission of an assignment, they could revise and resubmit.

Finally, the course also embedded regular, ongoing reflection as an inclusive 
practice. The reflection served a learning purpose: students had to articulate what 
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elements from the week they engaged with and how they might apply it outside the 
class. However, the reflection also functioned as a check to ensure students were 
not spending too much time on the class (2-4 hours a week)—or to prompt them 
to spend more time. Students could also share what was confusing or what they 
had questions about, which allowed me to adjust or connect with students period-
ically if they seemed to be struggling. These reflections ultimately gave them space 
to think and to ask questions, which was not only useful to them as learners but 
also allowed them to see the instructor as responsive to feedback and supportive of 
questions, creating more instructor presence in the online space. At times, students 
would use the reflections as an opportunity to share about the challenges in their 
lives, which would prompt an email to check in with them and to alert them to 
the ways they could take advantage of some of the course’s flexibility if needed. 
These methods thus helped counter the ways online classes can make students feel 
isolated from their peers as well as their instructor (Stavredes, 2011).

Transparent Assignment Frameworks

All these practices around assessment, flexible submission, revision, and reflec-
tion fit within transparent assignment frameworks, a practice aimed toward creat-
ing equitable and inclusive classroom spaces. Transparent course and assignment 
design—or Transparency in Learning and Teaching in Higher Education (TILT)—
is the practice of clearly communicating goals, tasks, and evaluation criteria to 
students (Winkelmes et al., 2016). Transparent design thus helps instructors en-
sure students understand the goals for all assignments (from low-stakes formative 
assessments to high-stakes summative ones), what specifically they are being asked 
to do, and what success looks like on a given task. The TILT assignment template 
requires instructors to provide the purpose of each assignment, the task or tasks 
students need to complete to produce the assignment, and the criteria by which 
they will be evaluated (Winkelmes, 2013). Faculty may already use some elements 
of transparent design in their courses and assignment descriptions, but they may 
not articulate these practices as inclusive and equitable ones. I learned about the 
transparent assignment framework in a semester-long faculty learning community 
focused on designing courses for student success hosted by Boise State’s Center 
for Teaching and Learning. This professional development experience helped me 
better understand what elements of course design are inclusionary, so I began using 
transparent assignments as an intentionally inclusive practice. Multiple students 
remarked on how clear and easy to navigate the course was, which demonstrates 
that this approach removed yet another barrier to their learning, particularly in a 
fully online course.

Ultimately, my argument here is that practices that focus on clear commu-
nication, organized materials, and fully planned and effectively structured course 
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design can be a tool for inclusion. This argument is at the heart of design justice 
approaches and Universal Design for Learning (UDL) (CAST, 2023; Design Jus-
tice Network, 2018). However, sometimes, this aspect of design can remain hidden 
as a strategy for inclusion, as teachers cast it as an effective or evidence-based prac-
tice rather than an explicitly equitable one. Thus, in addition to the practices that 
we frame as explicitly inclusive and equitable, we should consider how carefully 
planning and designing a course so that students have a seamless user experience 
is also a tool for inclusion. For instance, in the first semester I taught the course, I 
had a student with visual accessibility needs. The student needed to be able to work 
ahead in the class, so I made sure weekly modules were available at least a month 
ahead of time, and I used accessibility tools to ensure that the screen reader worked 
effectively with all documents. In addition, I presented information in multiple 
ways, as recommended by UDL approaches (CAST, 2023): I created videos, text 
to accompany the videos, the slides from the videos as separate files, course texts 
that I created, and opportunities to meet with me regularly. The student remarked 
that the course was one of the more accessible classes they had taken at Boise State. 
Furthermore, all students continue to benefit from these approaches. While these 
efforts required significant planning, these materials can continue to be used in 
future iterations of the course and revised/revisited periodically.

Student Responses to Course Approaches

Based on student responses in reflections and evaluations, my design and ap-
proaches succeeded in creating an inclusive writing course. On final course reflec-
tions, students responded that the course was thoughtful and accommodating and 
that the content was the most applicable out of all the writing courses they had 
taken. On their weekly reflections, students commented on the structure and flexi-
bility of the class, as well as how organized and navigable the materials were. Some 
students indicated relief that they had a class that reduced their barriers to learning, 
particularly in an environment where they were forced to take more remote/online 
courses than they would normally. The reflections also allowed them to share their 
learning and thinking as they progressed through the class. In these reflections, 
they indicated that the class allowed them to connect writing knowledge to their 
specific engineering discipline, perhaps for the first time. That alone made the class 
invaluable because it was situated within the academic and professional spaces they 
occupied. In the final reflection, they called out the genres they felt more familiar 
with that would apply to electrical engineering contexts and how they might apply 
their learning in their professional lives. They also talked about learning about 
technical style as well as strategies for successful teamwork, content they could see 
as immediately applicable to their needs as students and future professionals.
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One need was developing teamwork skills. In the first semester, students had 
to apply what they learned about teamwork more abstractly, but in the second 
semester, we asked them to work in their lab teams in our class to complete the 
final project. Given that engineering students may be asked to participate in teams 
without adequate support—instructors may provide little practical instruction and 
structure in favor of theoretical content (Adams, 2003)—the focus on teamwork 
and conflict management as a set of skills was new to most students (see Ried-
ner et al. in this volume for a discussion of teamwork, inclusion, and engineering 
judgment). One student applied those skills to get back on track with his partner 
when their collaboration had started to deteriorate, and that team was able to work 
together effectively and productively for the rest of the semester. Another student, 
who tended to take over projects because he worried his teammates would slack off, 
decided to give his teammate a chance; he discovered that his teammate was able 
to contribute actively. Other students remarked on the templates they could use to 
assign roles, schedule tasks, and make progress toward their final goal, and these 
lessons were impactful to many of the students who recognized that they would 
frequently be working collaboratively.

Overall, students noted that they had beneficial experiences and felt supported 
in their learning. The class was applicable to their discipline, and the situated learn-
ing meant that they could better understand what it meant to be an engineering 
communicator, which they believed would help them be successful as students and 
professionals. They made plans to take their resumes and apply to internships, and 
they understood that report writing would be a significant part of their future—
and felt that they would be able to craft those reports successfully. In the final 
reflection, many students expressed gratitude for the chance to take such a useful 
course that was also enjoyable, a course designed to lessen burdens for student 
learning and engagement. Ultimately, students had a positive experience because 
the design of the course facilitated their success through transparent design, flexi-
bility, and equitable practices.

Currently, we have some evidence that the course may have had an impact on 
student experiences. The instructor who taught the junior-level Electrical Engi-
neering Practice at the time of writing observed a modest increase in student scores 
in that course, though she noted that students still struggle with using some of the 
writing concepts covered in the one-credit course (E. McKinney, personal commu-
nication, Feb. 28, 2023). It may be that students are improving as communicators, 
but they are not yet fully transferring the knowledge and skills into other electrical 
engineering writing contexts. In addition, the instructor for the Circuit Analysis 
and Design co-requisite lab has changed several times, which has disrupted some 
of the integration as new instructors make changes. Future research should collect 
more specific data to assess the impact of the course and determine other avenues 
to support student writing across the curriculum. However, this one-credit class 
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did spark a move through the department to focus on writing more throughout 
the curriculum. For example, in fall 2021, I received a small grant from our Center 
for Teaching and Learning to lead professional development with a small group 
of faculty around writing and inclusive pedagogies. As part of that work, we also 
attempted to map where and how writing was occurring throughout the degree. 
I also met with and supported the senior project instructor to reconfigure writing 
assignments. Overall, the interest in writing across the entirety of the curriculum 
indicates the potential for broader impacts for electrical engineering graduates by 
creating a stronger culture of writing instruction. 

Lessons Learned from the Unexpected

As noted above, students found the course focused and organized, in part because 
of effective design and clear communication. This experience was also partly in-
dicative of the one-credit nature; I could only require about four hours of work 
each week, so each module was focused on a manageable amount of content. The 
disadvantage of the shorter time needed for the class, however, is that it was easy 
for students to put off the work until the last minute. A few students would often 
set the goal to do their work well before the deadlines for the next week, only to 
lament that they had to do it at the last minute yet again. These comments helped 
me understand the ways that they would use time allotted for the writing class for 
other purposes, consciously making choices to give less time and energy to this 
course. I supported these decisions, even if it meant the students may earn a lower 
grade. This honoring of student choice disrupts ideas that educators know what is 
best for students and that students have little autonomy. It also encourages students 
to make the choices they need to care for themselves and to choose how to priori-
tize their time.

Another unexpected element was how students responded to my overt state-
ment that contract grading was an antiracist teaching strategy. One Latinx student 
particularly pushed against the contract, challenging how I had framed it. He in-
dicated that he didn’t want to receive what he perceived as special treatment for his 
background and identity while also pushing against the framing of the contract 
as supporting BIPOC students specifically. However, he made me realize how I 
implied that I saw BIPOC students as deficient (and thus in need of special treat-
ment). For the second iteration of the class, I added a reference to Inoue’s book and 
clarified that the “emphasis is on effort and progress” in an effort to clarify how all 
students would benefit from the approach because it makes space for a range of 
experiences, expertise, backgrounds, and abilities (see Appendix A). I will continue 
to revisit how I communicate these goals with students, given the political climate 
in Idaho and my continued efforts to avoid deficit thinking.
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A final unexpected element was the ways students were able to recover from 
missing a significant portion of the work. In spring 2021, a few students had various 
personal crises that interfered with their ability to participate in the class. For exam-
ple, toward the end of the semester, one student let me know he had disappeared 
because of his mental health. When I charted a path for him to earn a C in the class, 
he leaped at the chance, which was made possible by our late work flexibility and 
the structured modules in the class. He worked through the modules that would be 
most useful and submitted work that met expectations; if the class had used more 
traditional late-work policies and grading criteria, it’s likely he would have failed. 
In addition, despite fears that this type of flexibility would create undue burdens 
for instructors, I have found that this flexibility did not substantially add to my 
workload, and it provided a path to success for the few who needed it since most 
students turned their work in on time or near the original deadline. Ultimately, 
this flexibility allowed students to demonstrate their ability to meet the course’s 
learning outcomes, and their progress toward degree completion was not derailed.

Reflections and Recommendations

Students appreciated that this class gave them a space to learn what it means to 
communicate in an engineering setting. Many students also saw this one-credit 
class as a supportive space with usable content and materials that reduced their fears 
about online courses. Students were also empowered to make choices that served 
them and their learning. These students also allowed me to understand the benefits 
of a carefully, fully planned course with a usable, accessible, and useful course site. 
In a time when students were taking more online or remote classes than they ever 
expected, a well-designed course was a respite from other courses where faculty 
may have been less experienced with effective online/remote delivery or were less 
transparent with their assignments. Repeatedly, students commented on how the 
class was easy to navigate, and they rarely struggled to find information to complete 
tasks. They were able to benefit from my experience with online teaching and my 
technical communication expertise, which I used to create useful, usable course 
materials to support their learning.

Their reactions and comments highlighted how effective and inclusive teaching 
isn’t always just about the content; if instructors can take the time to plan and use 
effective design principles to craft their materials, then students will benefit. Thus, 
one inclusive teaching practice is to make course materials accessible in terms of 
supporting screen readers and other accessibility tools and usable in terms of cre-
ating documents using design principles (such as contrast, repetition, alignment, 
and proximity) and consistent navigation aids such as headings, as well as struc-
turing the course sites to be easy to navigate within the constraints of a learning 
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management system. For instance, each week’s module had an overview page that 
summarized the content and main tasks for the week and then had a separate page 
for the week’s readings and another for the week’s assignments descriptions/submis-
sion links. The same formatting and navigation structure was used each week, along 
with clear headings, bullets, and tables to make specific information easy to find. 
Furthermore, having the course fully planned out and the course modules available 
at least a few weeks ahead sent students the message that the course had clearly 
defined goals and outcomes. This planning reduces anxiety and allows students to 
anticipate upcoming assignments—or, if they want to work ahead, gives them the 
chance to do so. Together, these experiences underscored how inclusive practices 
are augmented by clarity, transparency, and consistency in materials and content.

Ultimately, what I take away from this course design and instruction is that 
students require multiple avenues to success and that they should be allowed to 
define what “success” means to them in their own contexts within various con-
straints. By using flexible policies, labor-based contract grading, and transparent 
assignments, I was able to provide a structure where students could map their way 
to learning as best suited their goals, constraints, and abilities. This experience was 
made possible with careful backward course planning as well as the use of effective 
document design and communication strategies that are the focus of the technical 
communication field. These strategies augmented my desire to create an inclusive, 
supportive class for students.

Recommendations for Course Design and Teaching

Sometimes, faculty think that inclusive teaching requires the most innovative 
strategies that take a lot of time to implement, sentiments echoed in professional 
development. In addition, practices like contract grading can challenge both fac-
ulty and students. However, sometimes the small elements—choices that indicate 
care and support, that don’t necessarily take us much time or energy, and that may 
seem generally good practices—can add up to a class that is inclusive. A class that is 
designed to support all students must disrupt ideas of success and rigor that are part 
of white, hegemonic, and capitalistic structures because success cannot be framed 
as only possible for a subset of the student population. Thus, I offer the following 
recommendations for instructors:

Start by defining what rigor is in your courses. As Jamiella Brooks and Julie 
McGurk (2021) stressed in a recent workshop, a careful definition of rigor that is 
detached from deficit mindsets and examined critically leads to purposeful teach-
ing. With this in mind, what does rigor look like in your classroom and discipline? 
Who might be more likely to succeed based on that definition of rigor, and how 
can you shift that definition to include all students? How can you make that defi-
nition and expectations clear and transparent to all students?
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Involve students in the planning and assessment process. Invite student per-
spectives throughout the class, ask them to reflect frequently, request feedback on 
various elements of the class, and be willing to shift, revise, or otherwise adapt the 
course based on their feedback and experiences.

Reframe good teaching and effective communication practices as inclusive prac-
tices. The practices we use to teach and to clearly communicate are inclusive because 
they are responsive to all students’ needs. Thus, you can use tools like the transparent 
assignment framework (Winkelmes, 2013; 2016), accessibility tools, and UDL frame-
works (CAST, 2023) to communicate tasks and expectations clearly to students.

Revisit various course policies, such as penalties around late work. These pol-
icies often are detached from the course’s learning goals and approaches and can 
serve to burden already struggling students, such as neurodiverse students, students 
struggling with mental health, or students who already see themselves as outsiders 
in STEM spaces.

Rethink assessment and evaluation within the context of inclusion. Tra-
ditional grading often participates in white, hegemonic frameworks, even if the 
instructor resists these structures. In addition, traditional grading often means 
assessment approaches are unaligned with course outcomes and student needs. 
Alternative assessment approaches—such as labor-based contract grading (Inoue, 
2019), specifications grading (Nilson, 2014), or other forms of ungrading (Blum, 
2017)—offer the potential to better align assessment with course goals and to sup-
port student learning (see also Newell-Caito, this volume).

Thus, I conclude with an invitation. We must disrupt the frameworks that 
too narrowly define success and imply that certain students do not belong in these 
spaces, particularly given concerns around participation and retention in STEM. 
To engage in this disruption, we must be reflective practitioners who continue to 
learn and change our approaches based on how they impact our students. As we 
reflect on how our practices might unintentionally support the ideologies that are 
in opposition to our own values, we can then find ways to disrupt them in our 
classrooms. What I share here is just one point in my own process of unlearning; 
my own goal is to use reflection to adapt or completely revise what I do in the class-
room. This class is likely to change as I continue to critically examine what practices 
contribute to inequitable structures and what works to support student success. I 
invite each of you to join me in this process of reflection and revision as we work to 
open up our classroom spaces to support all students.
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Appendix A: Grading Contract

The following language is placed on the course syllabus under the heading 
“Evaluation”:

This course uses contract grading. Contract grading has been demonstrated 
to support student learning and offers an antiracist tool for evaluating writing.2 
Contract grading also emphasizes labor/effort, progress instead of products, and 
continuous improvement. Since writers can come from varied backgrounds with 
vastly different levels of preparation and different writing experiences, contracts 
also allow you to build on the skills you have currently and set your own goals for 
learning. While quality does factor in, particularly for the A grade, the emphasis is 
on effort and progress.

Table 1 outlines the minimum expectations for each letter grade. In order to 
earn a B, for instance, you must complete each requirement within the B column. 
Even if you sometimes complete the requirements for the A column, your final 
grade will still be a B. We anticipate that most students will earn either an A or a 
B in this class.

A change to the contract per 
negotiation from Fall 2020

The Writing Center visit requirement is now an “Outside Reader” require-
ment and is only required to earn an A in the class. To meet this requirement, 
you will take your writing to anyone outside of the class. This person can be 
at the Writing Center or Career Services, or you can have your work reviewed 
by someone outside of the class, such as an upperclassman in ECE, a faculty 
member, such as a professor or adviser, or another mentor, such as someone in 
engineering you work within your workplace or at an internship. When you meet 
this requirement, have the outside reader send one or both course instructors an 
email saying they met with you, or you can forward emails you have with them 
about your writing.

2  See Asao Inoue’s Labor-Based Grading Contracts: Building Equity and Inclusion in the Compas-
sionate Writing Classroom, available through the WAC Clearinghouse.

https://www.tilthighered.com/assets/pdffiles/Transparent%20Assignment%20Templates.pdf
https://www.tilthighered.com/assets/pdffiles/Transparent%20Assignment%20Templates.pdf
https://tinyurl.com/3udbmcsr
https://wac.colostate.edu/books/perspectives/labor/
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Table 1. Minimum Expectations for Each Letter Grade

A B C D F

Participation Expectations

Weekly reflections 13+ 11-12 9-10 8 7 or fewer

Revision workshop draft posts 3 2 2 1 0

Revision workshop peer responses 
(2 or more per workshop)

6 4-6 3 2 0

Consultation with outside reader 
(Writing Center, Career Services, 
mentor)

1+ 0-1 0 0 0

Writing Conference with Dr. 
Mallette

2+ 1+ 1 0 0

Homework and Projects Completed

Submitted major projects 4 4 4 3 2 or fewer

Late projects 1 2 3 4 4

Completed weekly homework 90%+ 80-89% 70-79% 60-69% Less than 
60%

Projects Meeting or Exceeding Expectations

Exceeding expectations 0-4 -- -- -- --

Meeting expectations 3 or more 3 or more 2 or more 2 0

Not meeting expectations 0 1 or fewer 2 or fewer 2 3+

What about pluses or minuses?

If a student generally meets all the requirements for a specific grade but misses 
in one column, the student may be able to earn a minus letter grade for the next 
tier, even if, technically. they would be in the lower tier. This approach means that 
the class offers more flexibility and enables students to be successful in whatever 
way they can, regardless of things that might pop up in the semester. For example, 
a student who manages to meet expectations on all major projects and completes 
all other requirements for the B but only does 77% of the homework may still be 
eligible for a B-.

What does it mean to meet expectations?

In general, meeting expectations will mean that the assignment attempts to 
include all required components using the parameters provided, even if they aren’t 
fully effective. Essentially, you will meet expectations if your attempt (on both 
homework and major projects) clearly makes an effort to follow guidelines and 
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demonstrate learning, even if you have areas to improve on. An example of not 
meeting expectations is taking your draft for A2 (the lab report) and not signifi-
cantly revising it and then resubmitting it for A3 (the engineering report) or ne-
glecting to use the appropriate report template.

If you submit a homework assignment or project that doesn’t meet expecta-
tions, you’ll be able to revise and resubmit. Again, the goal is for you to learn, so 
if you can demonstrate how you’re attempting to meet course outcomes, you’ll be 
meeting expectations and the grading contract. If you are asked to revise and resub-
mit a project, and the revision meets expectations, you will still be able to earn an 
A in the class based on the contract.

What does it mean to exceed expectations?

While meeting expectations is focused on giving it a good attempt and demon-
strating effort toward meeting the course outcomes, exceeding expectations is char-
acterized by being particularly effective, impactful, and/or successful. What this 
usually means is that you’ve revised a draft a few times and met with one of the 
course instructors or with other writing support to get feedback to make your at-
tempts more effective overall.

Do I need to exceed expectations on 
assignments to make an A?

If you are wanting to make an A in the class, you can aim to have all your as-
signments exceed expectations or just have them all meet expectations—that way 
if you show your progress through the semester and your final project meets or 
exceeds expectations, then you’ll still earn an A and will have demonstrated your 
learning. What you will need to do is at least meet expectations on all major proj-
ects and complete the additional work required for an A, including visiting the 
Writing Center or another form of writing support.

How Do I Know Where I Stand 
and Track My Progress?

You can use the table above to assess your current standing in the class, and 
we’ll periodically ask you to assess your grade/progress and make sure you under-
stand how to stay on track for the grade you wish to work toward. To help you 
track your progress in the course, you’ll be given a self-assessment tool that you 
and the course instructors can both see and access. We’ll periodically ask you to 
update your self-assessment and to reflect on your progress in the class. You’ll also 
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complete weekly reflections where you reflect on your learning for the week and 
set goals for the next week.

Participation & Engagement

To receive full credit for activities, reflections, assignments, you should submit 
your work by the designated due date, typically Friday of each week unless other-
wise noted. 

Communicate with us if you’re struggling to complete your work—we’ll 
work with you to find a solution!

Late work

As with fall 2020, we have no idea what might happen this semester, and we all 
have the possibility of getting ill, experiencing scheduling changes, taking on care-
taking responsibilities, and other challenges. For instance, Dr. Mallette currently 
has two young children at home, so we know how hard it can be to focus on work 
while also taking care of other responsibilities. Thus, deadlines are flexible, so think 
of them more as a “best-by” date. 

Getting in work on time will be most beneficial to you for your learning and 
progress in the class, but you have space to submit work late as needed.

Weekly work will be accepted late (particularly individual assignments), 
though it will benefit you if you turn them in on time to support your learning and 
progress toward the major projects. If you need more time to complete weekly work 
or feel that you’re falling too far behind, reach out to talk to us so we can figure out 
options.

Major projects will be accepted up to 48 hours late with no questions asked. 
We’ll also accept projects up to 1 week late as long as you let us know that you need 
more time. If you need more than 1 week for major projects, you’ll need to talk to 
us to create a plan for when you will be able to submit those projects. The contract 
builds in flexibility for late projects.

The key here is to communicate with me if something will impede you com-
pleting your work—we’ll work with you to find a solution! When you reach out, 
you don’t need to give us full details about what is causing you to submit work 
late unless you really want to or need help finding resources. And we will never, 
ever ask you to provide documentation for illness or anything else (and honestly, it 
violates HIPPA, so none of your other teachers should either). Our goal is for you 
to be successful, and as long as you’re able to complete work and meet the course 
objectives, then turning work in late is OK.
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Appendix B: Self-Assessment Tool

ENGR 207 Contract Check-In

Use this tool to track your progress in the class. You can maintain this as a 
Word document that you update for each of the check-ins throughout the semester 
(Week 4, Week 8, Week 13, and Final Course Reflection). You can also create a 
Google Document and share it with me so that we can both comment.

Below is Table 1, which outlines the minimum expectations for each letter grade.
Table 1. Minimum Expectations for Each Letter Grade

A B C D F

Participation Expectations

Weekly reflections 13+ 11-12 9-10 8 7 or fewer

Revision workshop draft posts 3 3 2 1 0

Revision workshop peer responses 6 6 4 2 0

Consultation with outside reader 
(Writing Center, Career Services, 
mentor)

1+ 0-1 0 0 0

Writing Conference with Dr. 
Mallette

2+ 1+ 1 0 0

Homework and Projects Completed

Submitted major projects 4 4 4 3 2 or fewer

Late projects 1 2 3 4 4

Completed weekly homework 90%+ 80-89% 70-79% 60-69% Less than 
60%

Projects Meeting or Exceeding Expectations

Exceeding expectations 0-4 -- -- -- --

Meeting expectations 3 or more 3 or more 2 or more 2 0

Not meeting expectations 0 1 or fewer 2 or fewer 2 3+

In the following sections, you’ll be filling out what you have completed so far 
to document your progress in the class.

Participation Expectations Table

Fill out the following table based on completed activities.
Participation Activity Number Completed

Weekly reflections

Revision workshop drafts posted
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Revision workshop responses

Writing Center visit

Writing conferences

Homework and Projects Completed Table

Fill out the following table based on work submitted, late work, or missed 
projects.

Activity Number for Each Item

Submitted major projects

Late projects

Completed weekly homework

Meeting or Exceeding Expectations
Expectation Number in Each Evalua-

tion Category

Exceeding expectations

Meeting expectations

Not meeting expectations

Current Standing

Based on your work completed as detailed in the tables, what letter grade are 
you currently meeting the expectations for? Look at your performance so far in 
the class (versus comparing against the final total—in other words, what is your 
standing currently?) Is this the performance in line with where you want to be? 
Type your answers below.

Goals

Reflect briefly on what your goals are for the next phase of the class. How will you 
continue moving toward those goals? What do you need to do to stay on track with 
your work or to get back on track? Type them below.

Questions or Concerns

What questions or concerns you’d like me to know about? Type them below.
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Putting Science in Black and White: 
Intensive Technical Writing Through 
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Humanity demands science, technology, engineering, and math (STEM) that can 
nimbly respond to its global health, economic, and environmental challenges. 
Unfortunately, as argued by Alo Basu (2021a, 2021b), the lack of gender and, 
especially, racial diversity in STEM disciplines threatens progress by the contin-
ued reliance on structural mechanisms for hoarding opportunity, which ultimately 
stifle innovation. Based on data from the United States Bureau of Labor Statistics 
(2020, 2022), employment in STEM disciplines offers greater earning potential 
than non-science or technology related occupations. Considering such a financial 
incentive, the fact that graduation rates in STEM disciplines (Riegle-Crumb et al., 
2019) are lowest for women and people of color suggests they are blocked from 
access. Indeed, while they represent 28.7 percent of the population, underrepre-
sented minorities (American Indian, Alaska Native, Black or African American, 
and Hispanic or Latino) obtained only 14.2 percent of doctoral degrees in science 
or engineering between 2019 and 2020 (NCSES, 2020). Further, while women 
earned nearly half of doctorates in that time frame, they constituted only one-third 
of doctorates in physical or earth sciences and merely one-quarter of doctorates 
in engineering, math, or computer sciences. At the same time, the diversification 
of these fields offers several advantages for both historically marginalized people 
and the general population. For example, in healthcare, which is dominated by 
white cis-male medical models, there is a particularly urgent need to address health 
disparities by the inclusion of diverse female and racial perspectives. Additionally, 
prevailing evidence of the “edge effect” —where creative solutions are likely to 
emerge from multicultural collaborations—suggests that only a diverse body of 
STEM practitioners can yield the necessary innovation to address pressing global 
challenges such as climate change. 

A brighter future requires our deliberate and relentless cultivation of inclusion 
in STEM, beginning with education (Basu, 2021a, 2021b). How do we interrupt 
the process of STEM attrition, enable more minorities to flourish in that arena, 
and achieve the richly diverse perspectives needed for future innovation? In this 
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chapter, I argue that writing through non-disposable assignments (NDAs) can be 
an effective means for chipping away at the inequities that block diversification in 
STEM. I, with Shannon Stock (Seraphin & Stock, 2020) and others (Seraphin et 
al., 2019), propose that in contrast to assignments that are discarded at the end 
of each semester (e.g., quizzes, individually-prepared term papers, or lab reports), 
NDAs (assignments that are prepared through peer-collaboration or produce pub-
licly disseminated learning objects) have the potential to enhance student learning 
and retention outcomes in the culturally responsive classroom while sustainably 
generating useful applications or new tools that can benefit society. Like the mean-
ingful writing projects highlighted in the work of Michelle Eodice, Anne E. Geller, 
and Neal Lerner (2017), NDAs also have the potential to be transformative for 
student learning and engagement. 

In this chapter, I begin by defining NDAs, first in the context of the Open 
Pedagogy movement and then using a six-leveled, three-dimensional (6x3D, nona-
gonal) framework through which they can be considered. Once we have observed 
that learning objects represent the tangible outcome of NDAs, writing will be pre-
sented as the ultimate learning object. Next, I describe how the writing powers 
of STEM students can be shaped to meet course grading specifications through a 
three-stage process, using examples and student feedback from my own teaching of 
a recent neuroscience course. Finally, I address the question of “Why teach writing 
through NDAs as a means for diversifying STEM?” by invoking my own margin-
alized perspective as a teacher-scholar navigating the intersectional identities of a 
Black woman, immigrant, and mother reentering the workforce.

Non-Disposable Assignments: A Tool for Breaking 
Barriers Through Open Educational Praxis

Information enthusiasts may agree that knowledge should be freely shared 
for the benefit of all humanity. Indeed, Maha Bali, Catherine Cronin, and Rajiv 
S. Jhangiani (2020) argue for a social justice perspective on open education. 
Open educational practice is characterized by an application of instructional 
methods and the integration of teaching materials that are broadly distributed 
and commonly shared. These often free and reusable teaching resources and tech-
niques represent “learning objects” (Retalis, 2003), constituting what is generally 
referred to as an Open Educational Resource (OER). In this spirit, an expanding 
culture of openness governs the creation and use of vital educational tools that are 
OER. Pedagogical practices advancing the objective of openness include those 
that either generate OER or facilitate the transfer of acquired knowledge be-
tween students, outside the academy, and even globally. The OER used in STEM 
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courses may range from large course apparatuses and designs (i.e., learning man-
agement course templates, course syllabi, textbooks) and moderately sized course 
content (instructional materials, assessments) to granular course components 
(individual course elements such as slides, illustrations, simulations). These OER 
traditionally originate with field experts in academia or publishing but are also 
amenable to student creation, modification, and reuse. Student-generated in-
structional materials, developed through “renewable” or “non-disposable assign-
ments,” represent some of the best examples of culturally rich and effective learn-
ing objects available for blended learning (Alvarez, 2013; Falconer & Littlejohn, 
2007). Furthermore, I suggest that the potential of OER depends on the peda-
gogical practice of using NDAs, which can sustainably generate the large number 
of learning objects of diverse origin that are needed for future open education. 
After many years of using group writing NDAs in anthropology, biology, neu-
roscience, and psychology courses, I can identify several assignments that both 
fulfill the objectives of open education while providing useful writing practice. 
These assignments vary in the gravitas or temporal and spatial reach of learning 
objects or deliverables. They also represent possible entry points for instructors 
wishing to experiment with this approach. 

As formative assessments that shape individual practice, NDAs can be con-
ceptualized through a 6x3D or nonagonal framework with learning products 
spanning six levels (i.e., Peers, Class, College, Community, National, Interna-
tional) across three key dimensions (Time, Space, and Gravity) (Seraphin et al., 
2020). This framework is illustrated in Figure 9.1, which has been adapted from 
Seraphin et al. (2020). On the X-axis of Time, NDAs are marked by openness 
because they self-perpetuate through direct adoption, customization, and reuse. 
Since OER are easily modified to suit current learning objectives, they exhibit 
shelf lives surpassing the ordinary limitations of copyright and traditional publi-
cation-expiration cycles. For example, a learning object or teaching resource that 
was created and shared by a colleague last year could be customized by another for 
deployment in a new course and even further modified for future reuse as teach-
ing needs or standards change. On the Y-axis of Space, OER also circumvents 
the physical and social structural boundaries that normally confine information 
within closely guarded spaces. Learning transfers across and transcends the usual 
margins separating those inside/outside the classroom, institution, community, 
and nation. For example, a learning object or teaching resource that was cre-
ated and shared by students in one class can be adopted, modified, and reused 
in informal as well as formal educational circles—eliminating the longstanding 
identity- or affinity-based barriers of privilege. This includes barriers such as the 
English language supremacy identified by Elizabeth Blomstedt and bias against 
non-Western epistemological science challenged by Alicia Bitler and Ebtissam 
Oraby (both in this collection).
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Figure 9.1: The space-time-gravity continuum for non-disposable 
assignments (NDAs). Adapted from Seraphin et al., 2018.

NDAs yield results in the form of learning objects that can be of tremendous 
value to students, their communities, and society. Thus, their Gravity can be viewed 
as proceeding along an imaginary Z axis whereby the results of open pedagogy 
have varying gravitas or significance, as determined by the degree of impact on the 
individual creator or a shared knowledge base. Depending on the information con-
veyed and the stakes involved, the learning object, for instance, a scientific meme 
about climate change, can simply educate or even serve to mobilize activism around 
causes such as the climate crisis and environmental justice. In this way, students de-
velop important literacy skills while generating texts that reflect their unique ideas 
and diverse perspectives. 

The most common NDA used in STEM courses unfolds at the level of Peers, 
where student–student teaching occurs through informal discussion, planning, 
and collaboration on learning objects, such as lab reports, shared among group 
members and with the instructor. Despite having the smallest temporal and spatial 
reach, the “Peer Level” NDA is foundational because it emphasizes peer-collabo-
ration, elevating student perspectives and decentering the instructor. Being largely 
informal and contained between the peer-peer-instructor triad, this may provide a 
safe space for underrepresented students to experience the freedom of articulating 
their viewpoints and practice skills necessary for eventual success, with NDAs of-
fering broader reach. It is important to note that the critical distinction making a 
lab report an NDA is this group requirement—which removes it from the realm 
of typical disposable assignments relegated to the classic student–instructor dyad. 

At the “Class Level,” NDA deliverables emerging from asynchronous discus-
sion forums, synchronous learning activities such as workshops, debates, study 
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guide development, and research presentations have an intermediate impact within 
the college. At the “College Level,” NDA writing could generate learning objects 
for a public research symposium, student newspaper article, or reusable laboratory 
manuals and protocols. “College Level” NDAs have the greatest impact within that 
imagined or real physical boundary between the institution, its affiliates, and out-
siders. While they have spatial reach across departments, student cohorts and may 
be preserved, the learning objects may remain confined to the academy.

Community-based learning or service-learning opportunities are increasingly de-
manded for college students. Through partnerships between the institution and com-
munity stakeholders, “faculty [are] able to take the classrooms out into the city and 
bring the city into their courses,” according to Davarian Baldwin (2021, p. 68). Such 
new initiatives enrich student learning objectives by imparting a sense of meaning 
and the added purpose of serving the public good. Community and service learning 
also function to better engage the surrounding people and neighborhoods that are 
often adversely impacted by the so-called “Ivory Tower,” which has an “elitist tradi-
tion of enclosure” (Baldwin, 2021). “Community Level” NDAs help to bridge the 
town–gown divide by generating learning objects that support public information or 
construct new channels of communication between entities ordinarily separated by 
college walls. By writing with, to, and for the benefit of their surrounding commu-
nity, STEM students directly challenge the elitist tradition of enclosure. While work-
ing in close collaboration with community partners, students can generate research 
reports to facilitate their organization’s mission. For example, through NDAs, STEM 
students can develop and disseminate scientific learning modules for use in public 
schools or craft op-eds to inspire public engagement around health and environmen-
tal problems. For example, students in my social neuroscience course recently part-
nered with community youth to build understanding on the developmental neurobi-
ological impact of peer-bullying via learning objects they created. Their work was, in 
turn, celebrated in a college alumni magazine article by Andrew Concatelli (2023). 
In highlighting their science advocacy and community involvement, STEM students 
can appeal to their alumni and trustees on the mutual benefits from inter-collabora-
tion (as opposed to coexistence) and begin to erase the legacy of suspicion between 
‘town and gown.’ In a predatory trend, higher educational institutions have partnered 
with cities in building “technology communities” or “knowledge districts” that ulti-
mately generate college revenue at the expense of surrounding neighborhoods under 
the guise of urban revitalization (Baldwin, 2021). Restoratively, STEM students can 
use NDAs to contribute to the communities they serve by generating learning objects 
through a fair process of exchange. 

The broader the geographic reach of STEM student writing accomplished 
through NDAs, the more altruistic or intrinsically motivated is the endeavor as recip-
rocal demands from an identifiable stakeholder become impossible. By this ultimate 
service to humanity at large, STEM students can generate objects for learning that 
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open higher education up to anyone with access to the internet nationally and inter-
nationally. Examples of “National Level” NDAs include a white paper describing a 
policy issue that can inform government deciders, a professional academic society or 
undergraduate research conference presentation, or an op-ed in a national newspaper. 

At the “International Level,” written NDAs can take the form of an open text-
book, social media infographic, a peer-reviewed publication, or editing Wikipedia 
for accuracy. Depending on the mode of dissemination, the learning objects created 
at these final levels have excellent reach and greater permanence. For example, info-
graphics made to inform the public on an issue can live on the internet forever once 
distributed through social media (e.g., Facebook, X/Twitter, Instagram, Pinterest, 
Tumblr), but their global accessibility depends on the route and frequency of re-
distribution. Contrastingly, Wikipedia edits are immediately accessible everywhere 
in the world but may easily be revised or erased by others. Finally, peer-reviewed 
articles in open-access journals have infinite reach as scientific learning objects. 
They also allow students to demonstrate disciplinary literacy and actively position 
themselves as authoritative practitioners in the field, which Rachel Riedner and 
colleagues (this collection) explain as necessary for promoting inclusion through 
professional identity formation.

Writing as the Ultimate Learning Object

Writing supports student learning across STEM curricula. First, writing is think-
ing. Necessarily, the process of writing involves planning, drafting, reading, and re-
vision. As such, it requires thinking about the subject of writing as well as thinking 
about one’s ideas on the subject in a non-linear and recursive manner (Hacker et 
al., 2009). That writing is thinking is also supported by the fact that metacognitive 
knowledge increases with writing skill, and both can be enhanced by pedagogical 
approaches emphasizing direct instruction on the metacognitive aspects of writing 
(Harris et al., 2010). Self-regulation, which involves goal setting, self-evaluation, 
and self-accommodation or help-seeking, is another key component of skilled 
writing (Harris et al., 2010). In this vein, Self-Regulated Strategy Development 
(SRSD) is an empirically supported pedagogical approach to facilitate the acquisi-
tion of effective writing strategies by providing students with knowledge of various 
writing tactics, supporting their self-management, and enhancing their motivation 
throughout the development process (Harris et al., 2010). 

According to Karen R. Harris, Tanya Santangelo, and Steve Graham (2010), 
SRSD includes six instructional stages. In the first stage, the student develops and 
activates awareness of what is needed for good writing in a particular genre. This 
may be accomplished through exposure to examples of that literature with an eye 
on the declarative, procedural, and conditional elements therein. In the second 
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stage, subjective aspects of writing, such as personal attitudes and beliefs about 
writing and the purpose and potential benefits of specific writing strategies to be 
learned, are discussed. In the third stage, the instructor models, for instance in col-
laboration with students, the constructive process of composition. A fourth phase 
involves memorization of certain mnemonics related to writing. More importantly, 
the self-regulation of student writing is supported by various means in stage five, 
culminating in their independent self-regulation and performance of writing tasks 
in stage six. A parallel of this is the “integrated knowledge” model described by 
Kara Taczak and Liane Robertson (2017), where students combine the acquired 
awareness of writers and the writing process with understanding gained from expe-
riences outside of the classroom. Importantly, this model recognizes the value in the 
diverse perspectives that students bring to learning and writing.

Second, adding to the premise that “writing is thinking,” this further represents 
a means for apprenticeship. Through writing practice, students can adopt a disci-
plinary framework, acquiring skills for technical communication with other sci-
entists. Despite the instructor’s propensity to recruit and indoctrinate their pupils 
into her own discipline, it is important that the writing strategies we teach serve 
students in many settings. Thus, special attention should be paid to science writ-
ing for different purposes and through different modalities. Students of STEM 
should be able to transfer their acquired writing skills to achieve effective commu-
nication or translation of science through audio-visual presentations and various 
genres or modalities of writing (e.g., technical reports, white papers, op-eds, social 
media). Third, contrary to learning strategies like rote memorization, writing is a 
form of tool used in the behavioral ecological sense because the technique is ob-
served, imitated, practiced, and reworked with increasing mastery. According to 
Ian McGilchrist (2019), the neurobiological phenomena that underpin our ability 
to grasp facts are akin to those that coordinate our ability to grasp the pen for 
communication through language. Thus, although typically conceived as a skill, 
writing is fundamentally a tool. As a tool, writing also facilitates the transmission of 
knowledge between individuals and groups, as well as across generations and time. 
It is in this final way that writing represents the ultimate learning object.

To curate high-quality, knowledge-based learning objects, the instructor must first 
consider factors influencing students’ motivation for working on NDA “products.” In-
structors should give full advanced disclosure of ultimate use(s) for student work with 
an option to contribute shared work anonymously (opt out of public exposure). By 
extension, the instructor could consider offering “traditional” disposable assignment 
options (e.g., essays) of equivalent weight for students who are not inclined toward 
public service or engagement. The instructor must also recognize a need for extensive 
scaffolding (support), develop a means for the internal vetting (i.e., quality control) 
of student-sourced learning objects, and adoption of grade-based incentives to facili-
tate the production of high-quality materials. For example, requiring multiple drafts 
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separated by peer-assessment and revision allows student work to keep pace with the 
course and improved by positive feedback while they exercise self-regulated learning. 
An additional benefit is double-blind peer assessment (in large courses where some 
degree of anonymity can be maintained), which may enhance knowledge gain and 
metacognition by exposing students to new information or ways of thinking. 

One early adopter of non-disposable assignments, Rajiv Jhangiani (2015), ob-
served significant creativity in what students brought to bear on their projects. For 
similar results, instructors should give latitude or flexibility to accommodate students’ 
creativity and heterogeneity of resulting learning objects/products. For example, in 
his initial attempts to incorporate NDAs in undergraduate courses, Jhangiani (2015, 
2017) began by encouraging projects aligned with program and course learning ob-
jectives. Requiring prior approval for student project ideas or offering students a lim-
ited range of projects that suit preexisting learning objectives may inevitably lead to 
empirically grounded solutions in the outcome of student work. Thus, principles of 
backward course design can be used as a preventative technique for failing NDAs. To 
increase the probability that high-quality learning objects will emerge from student 
NDAs, the instructor should model the creation process and show examples of NDAs 
achieved through best practices. Finally, it cannot hurt to review guidelines for open 
licensed publication (for true OER) or release (for assignments that are shared outside 
of the course, but not by definition OER, such as “letters-to-the editor”) of student 
work. The evaluation of learning objects created by students through NDAs requires 
the development of hitherto non-existent, empirically based standards for their clas-
sification and associated metadata. This metadata would facilitate future reuse or ad-
aptation of learning objects. In the meantime, one can develop personalized methods 
for rating (external quality control of ) student-sourced materials, keeping in mind 
that consistency in student outcomes and convergent solutions will emerge from 
empirically grounded work.

Example Non-disposable Assignments Featuring Intensive 
and Multipurposed Writing in a Scaffolded Environment

In the spirit of open pedagogy and with the aim to equalize access to the STEM 
professions, I have implemented intensive scientific writing through NDAs. To 
illustrate how this could be incorporated into STEM courses, I offer specific ex-
amples from my Brain and Behavior course. Student writing serves multiple func-
tions throughout the semester in this writing intensive course, which is required 
for second-year psychology and neuroscience majors. What follows is a detailed 
description of some NDAs as well as an overview of the method by which I have 
incorporated a focus on writing in this and other STEM courses. The major assign-
ment phases are illustrated in Figure 9.2.
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Figure 9.2: The three stages of STEM writing progression

Written NDA I: Writing as a Path to 
Establishing Healthy Classroom Norms

From the outset, themes of collaborative and inclusive writing are invoked when 
we begin the semester with an activity where students help to write a portion of 
the course syllabus. On the first day of lecture, each student is asked to describe, in 
one sentence entered on a shared electronic document, the attributes or values that 
they would like to have epitomized in our classroom culture. This information is 
summarized in a word cloud (an infographic that gives visual prominence to high-
er-frequency words), which becomes embedded in the “Class Norms” section of our 
course syllabus. Individual participation makes up 5 percent of the course grade, and 
the participation rubric includes a section related to the student’s adherence to and 
support of the collective norms established through this activity. This process of going 
from crowd-sourced information to a single infographic that serves as a semester-long 
learning object also foreshadows the ongoing production process for NDAs.

STEM Writing NDA II: Active Reading through Writing

Student writing should be used to support reading as a critical skill component 
of any college education (Klucevsek & Brungard, 2016). I address this through in-
terconnected individual and group learning activities. We use a digital textbook that 
has a built-in notebook and journal, which invite students to summarize and reflect 
on their course readings through daily writing. Whether similarly accomplished 
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with a physical textbook and note-taking, the act of paraphrasing course reading 
and personally relating important concepts through writing represents “active read-
ing.” This exercises individual metacognition and provides benefits for compre-
hension and retention of the information therein (Fisk & Hurst, 2003; Hirvela 
& Du, 2013). With “translanguaging,” where multilingual students apply all their 
linguistic knowledge toward making sense of an assigned reading (Hungwe, 2019), 
this paraphrasing may equalize reading skills in traditionally marginalized students. 
Thus far, the notebook and journaling are ungraded and merely offered as an op-
portunity for study skill enhancement. This could easily be formalized as an indi-
vidually graded component to maximize the incentives for improving literacy in 
STEM majors. In a connected learning activity culminating in shared learning ob-
jects, students can enhance their scientific literacy by collating what they and class-
mates identify as important information from the textbook while note-taking or 
journaling. Using a shared electronic document that I provide, groups of students 
are required to contribute written content to “fill in the blanks” on course exam 
guides containing only an initial list of keywords or phrases. Being crowd-sourced, 
this written NDA conserves individual studying effort by making light work of an 
otherwise labor-intensive task. In keeping with what Kristin M. Klucevsek and Al-
lison B. Brungard (2016) described as the need for STEM domain-specific literacy, 
this written NDA may also level the learning playing field by exposing important 
information that may have been missed by students with less experience reading or 
deciphering discipline-specific text. By using their own words to fill in the study 
guide, students also model skills for scientific translation, effectively peer-teaching. 
The class comes to realize first-hand a benefit of the NDA.

STEM Writing NDA III: Moodle Discussion Forums

Students practice communicating their own perspective or analysis through 
regular asynchronous discussion forums maintained on Moodle, a course learning 
management system. These required Moodle forums comprise 10 percent of the 
final grade and involve a two-step process whereby students initially respond to 
a posted discussion prompt (e.g., a case study, video, news article related to that 
week’s lecture topic). Next, they must comment on the responses of one or two 
peers, depending on the length of the multimedia prompt, for full credit. While I 
monitor the thread for adherence to class norms of conduct and may periodically 
inject additional resources for their consideration, I regard this as a predominantly 
student space devoted to their discovery through peer-peer interaction. Beyond al-
lowing them an opportunity to practice short-form science writing as they hammer 
out controversies related to brain and behavior, the forums also represent a “Class 
Level” NDA because of the compulsory and visible inter-peer exchange of perspec-
tives (here, the learning objects). 
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STEM Writing NDA IV: Semester Research Project

Two fundamental components linking all my courses are group research proj-
ects and intensive writing. Besides simulating the practical aspects of everyday sci-
ence, these afford an opportunity for students to build upon or transfer previously 
acquired skills and integrate their curricular knowledge, which is key for inclusive 
STEM learning (Basu et al., 2017). In laboratory courses, groups of students pro-
duce highly technical writing in the form of lab reports. In lecture courses, stu-
dents have more flexibility to communicate their ideas using a scientific framework 
through writing analytical or persuasive research papers. In both cases, the group 
element qualifies this form of writing as a “Class Level” NDA because students 
together plan, create, organize, refine, and combine individual subcomponents of 
the ensuing learning object, which may then be revised for resubmission. In a se-
mester-long NDA comprising 12 percent of the course grade, Brain and Behavior 
students practice a sequential approach to written communication by completing 
several ungraded, low-stakes assignments or learning activities that build up to two 
final group research deliverables: a paper (9 percent) and a presentation (3 percent). 
Not long after the syllabus review and introductory lectures, the semester research 
projects are launched with a class conversation about which of the course topics 
covered particularly interest them. Students are invited to enter three areas of re-
search interest into a shared Google document. I then identify relevant topics that 
will not be covered in detail and would complement the course before students are 
invited to sign up to research these topics in groups of three to five. The semes-
ter-long research projects then proceed through three successive stages: Novice, 
Practice, and Mastery. Each lasts approximately four weeks and includes ample 
opportunity for instructional guidance within as well as between stages. 

To begin the “Novice Stage” of the STEM Writing NDA, students receive spe-
cialized instruction from a Science and Electronic Resources Librarian about best 
practices for conducting a literature review, tools for managing bibliographic data, 
and the American Psychological Association (APA) Style (see Figure 9.2 earlier). At 
this stage, it may be useful to map the chosen research topic. This can be accom-
plished by simply brainstorming with paper and pencil or using a sophisticated 
library resource such as CQ Researcher or Credo Reference: Academic Core, which 
graphically displays related concepts, issues, events, and pro/con information. With 
a mind map in hand, students can better choose their search terms and decide 
which rabbit holes to pursue as they probe scholarly literature databases for refer-
ence information. After determining their topic parameters, students are encour-
aged to identify a problem or question to guide their research. One week after the 
library workshop, groups submit an ungraded topic declaration form including a 
preliminary bibliography, paper title, presentation title, and three to four scholarly 
resources per person. The “Novice Stage” concludes with a whole class discussion 
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about successes and problems encountered during the initial library research pro-
cess. In this way, the separate experiences of each group become an example or 
“learning object” from which others can benefit.

In preparation for the “Practice Stage,” a classroom workshop on the nuts and 
bolts of writing is held. First, students receive a list of resources outlining the basics 
of English grammar, how to paraphrase, when to use quotations, and how to avoid 
plagiarism. After discussing argument design around a thesis statement and the se-
lective deployment of resources to explain a principle or present evidence, we review 
different strategies for creating outlines (e.g., chronological, topical) and annotated 
bibliographies. Students then have approximately three weeks to prepare a graded 
paper Outline and Annotated Bibliography assignment. The outline must identify 
which students will be responsible for each part (i.e., which questions or subtopics) 
of the overall paper. Annotations must include a sentence explanation about how 
each resource will be used to advance their argument. This last requirement forces 
students to be mindful about how sources help their product. It encourages them 
to be more selective and even consider substituting or supplementing their source 
material at this stage. Since the writing-thinking-rewriting process is part of what 
is being assessed with NDAs, there are minimal benefits for students using artificial 
intelligence (AI). Along with an interim grade (0-3 out of 3 points), the student 
groups receive very detailed feedback about their thesis statement, outline, and ref-
erence choices. We then devote class time to discuss overall trends observed in these 
early submissions so that all students can benefit from my observations. To empha-
size the importance of a central theme, we also “workshop” their thesis statements. 
Notably, Jhangiani (2015) observed peer assessment of a quiz positively influences 
subsequent test scores in an introductory psychology course. In this vein, groups 
formally announce their semester-long research projects by sharing their prepared 
thesis statement. As a class, we discuss and troubleshoot the statements, clarifying 
the group writing goals in the process. Once each group addresses my feedback 
on their Outline and Annotated Bibliography, a completion grade of 3/3 typically 
replaces the interim grade. 

As part of the Practice Stage, students begin the process of writing their first 
draft. In preparation for this, they receive a brief workshop on how to construct a 
paragraph from components of the approved outline. At this stage, students may 
be able to identify parts of the outline that lend themselves to topical, explanatory, 
and transitional sentences. They are also encouraged to rearrange elements of the 
outline for improved argument structure or paper flow. Each member is required 
to contribute 500-750 words, not including the bibliography, to an APA formatted 
group paper due at the end of this stage—approximately three weeks after the Out-
line and Annotated Bibliography. As an additional support, I encourage individual 
students or entire groups to meet with me as questions emerge while preparing this 
first draft.
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The “Mastery Stage” begins with the submission of a first draft of group re-
search papers for formal assessment. In addition to a grade, the student groups 
receive a detailed mark-up of their paper with individual-specific and group-level 
feedback. In my response to each group, I also include some overall remarks based 
on all the essays submitted in the class. This circumvents students committing new 
errors with subsequent drafts. Student groups are also encouraged to submit a copy 
of their paper and assignment instructions for review by the campus Writing Cen-
ter staff. Ideally, once both forms of feedback have been received, we devote a small 
amount of class time to review and discuss next steps. After processing, collating, 
and organizing the feedback received, the student groups create and share their 
plan for revision over a series of weeks. I then work closely with individual stu-
dents or groups needing extra support while implementing the necessary changes 
for achieving full credit on the final submission. The culmination of their semes-
ter-long STEM Writing NDA is a graded final draft that is due at the conclusion 
of the semester.

STEM Writing NDA V: Public Presentation 
of Semester Research Project 

Continuing the “Mastery Stage” of the STEM Writing NDA, student groups 
prepare a 15-20 minute final presentation. This presentation is intended to intro-
duce new information into the course content. I instruct student groups to craft the 
presentation around their thesis. Using a data-centered argument, they are advised 
to tactically deploy resources in a manner designed to persuade the class of their 
perspective. A draft presentation is due two weeks in advance of the final presen-
tation deadline, and we discuss necessary changes. Finally, the last week of class is 
devoted solely to a symposium on their semester-long projects.

STEM Writing NDA: Student Feedback

Throughout the course, students had several small assignments to complete 
along the way. For example, topic choice, outline, preliminary bibliography, an-
notated bibliography, and first draft were all required before submitting a final 
draft and research presentation. At the course conclusion, 25 out of 30 students 
(83.33 percent) participated in an optional 4-question Moodle survey where they 
were asked to rate the statements in three questions according to the Likert scale 
(a. Strongly agree, b. Somewhat agree, c. Uncertain, d. Somewhat disagree, and 
e. Strongly disagree) with the ability to select multiple options. This was followed 
with a fourth short response question: “How has it been carrying out a semes-
ter-long research project? (Share anything you’d like me to know about your science 
communication journey).” These results are described in Table 9.1.
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Table 9.1. Responses from Most Students on a Brief Questionnaire Demon-
strated the Overall Success of Written NDAs. 

 STEM Writing NDA IV & V: Brain and Behavior Student Responses to an End-of-Term 
Course Evaluation Survey About the Semester-Long Research Project

Q1: It was helpful to have multiple, low stakes assignments to shape my writing practice and the 
final research products (presentation, paper).

Response 
Options

Strongly agree Somewhat 
agree

Uncertain Somewhat 
Disagree

Strongly 
disagree

Percent 
Chosen

76% 24% 0% 0% 0%

Q2. Interrogating the literature for a specific topic enhanced my learning of brain and behavior.

Response 
Options

Strongly agree Somewhat 
agree

Uncertain Somewhat 
Disagree

Strongly 
disagree

Percent 
Chosen

45.15% 46.15% 7.69% 0% 0%

Q3. My semester-long experience of technical research and writing left me feeling more empow-
ered, knowledgeable, or prepared for any future explorations of careers in STEM.

Response 
Options

Strongly agree Somewhat 
agree

Uncertain Somewhat 
Disagree

Strongly 
disagree

Percent 
Chosen

46.15% 38.46% 11.53% 0% 3.84%

Among student respondents, 76 percent strongly agreed, and 24 percent some-
what agreed with the statement: “It was helpful to have multiple, low stakes assign-
ments to shape my writing practice and the final research products (presentation, 
paper).” Among the 24 percent who “somewhat agreed,” the following comments 
highlight the overall positive experience of working on these assignments, notwith-
standing problems encountered by their individual groups:

I think having the research project being completed in sections 
over the course of the semester was helpful in making it better 
quality.
The semester-long research project was fun to have because 
we got to research a topic of our interest. Since it was a semes-
ter-long project, it was not as overwhelming as a normal project 
will have. In addition, it was a good idea to work in a group of 5 
because we had the chance of getting to know each other. 

At first, it was a bit intimidating to hear about this semester-long 
research project. However, because it was divided into multiple 
parts, the process didn’t feel overwhelming. Overall, I enjoyed 
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the process of studying a specific scientific phenomenon and 
working with my classmates. 

46.15 percent strongly agreed, 46.15 percent somewhat agreed, and 7.69 per-
cent were uncertain about the statement, “Interrogating the literature for a specific 
topic enhanced my learning of brain and behavior.” The following representative 
quotes were from students who strongly or somewhat agreed with this statement:

I thought it was interesting to [focus] on a topic and a specific 
subset of that topic to be able to become an expert in that field. I 
felt as if this did enhance my learning of brain and behavior. . . . 
This was the first research paper I worked on in a [STEM] field 
explicitly, which I did actually enjoy. I was able to elaborate on 
my knowledge of schizophrenia in a psychological sense and 
expand on [its neuroscientific bases [sic]]. . . .

I think that it was very interesting to carry out a semester-long 
research project because I was able to connect each topic that I 
learned in class to what my research project was based on. This 
enabled me to gain a greater understanding of both the course 
material, and my research. Understanding the fundamentals of 
neuroscience throughout the course helped me to communicate 
in a scientific way that was focused [on Post Traumatic Stress 
Disorder]. I think that applying this knowledge is a skill that I 
will continue to use in my scientific writing.

When asked to evaluate the statement “My semester-long experience of technical 
research and writing left me feeling more empowered, knowledgeable, or prepared 
for any future explorations or career in STEM,” 46.15 percent strongly agreed, 38.46 
percent somewhat agreed, 11.53 percent were uncertain, and 3.84 percent strongly 
disagreed. Three students who reported uncertainty about this added:

I like the idea of a semester long research project. I liked the 
ability to choose topics. However, I wish the groups were smaller. 
At times I felt that people had clashing ideas for the project and 
what we wanted to focus on. It was also hard to write a paper 
and try to get 5 people in the same place at once due to conflict-
ing schedules. 
Carrying out a semester long research project in the background 
of weekly quizzes, weekly Pearson assignments, recorded lectures, 
forums, and exams was far from ideal. Although the premise of 
a research project enhancing our scientific reasoning and writing 
was well-intended…
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I felt that the process would have been quite interesting, but 
I felt that the communication / organization between group 
members made the process quite stressful and disorganized… I 
felt that if there were an established platform for communication 
between group member, group planning and working would 
have [gone] more smoothly. However, [it] was fulfilling to have a 
side project / interest during this course. 

A student who chose both options “strongly agree” and “strongly disagree” for 
statement #3 said:

I really liked having a semester long research project. I think that 
it allowed me to become closer with people in the class who I 
wouldn’t have otherwise and thy was useful when trying to study 
or putting faces to names in the discussion forums. I also think 
these projects were very useful to develop my ability to write 
scientific papers and prepare my research to be presented. I’m 
a biology major, so I will definitely have to do more papers like 
this in the future, so having the opportunity to work together for 
the whole semester with check-ins along the way made it really 
easy to get it done. The feedback from my group mates, Profes-
sor Seraphin, and the [Trinity College] writing center allowed 
me to go back and edit my writing in a way that would allow me 
to [perform] better on the next paper that I write.

The following comments were made by a large number of students who chose 
“strongly agree” across the board:

I thought that the semester-long project was extremely valu-
able in that I learned so much about how to properly research, 
source, and write literature pertaining to the topic of substance 
abuse. Being able to engage with the material over the entire 
semester allowed for my understanding to deepen as [I] continu-
ally got to engage with the material in different forms. . . .

I think it was a good way to learn about neuroscience in a new 
way. Our class was so fast paced and lecture heavy, that having 
a chance to research something on our own was very helpful. I 
think it was a good way to meet other peers as well!

I really liked having it be a semester long because it allowed me 
to learn and take my time without an additional stress to make a 
final paper in a week. I also was able to connect with classmates 
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and discuss class topics and work. [Although I was extremely 
nervous,] I felt accomplished that I was able to present my work. 
I feel the semester-long research project was quite fun. I found 
it enjoyable to learn more about a specific aspect of brain and 
behavior and then share what I learned with the class. I also 
found it valuable to learn how to work in a group. Developing 
communication skills and the ability to work as a whole rather 
than separate parts was a good learning experience.
I liked doing this project even though it was more challenging to 
write a group paper compared to working independently. It was 
extremely helpful for the course overall to have a group of peers 
that I could talk to.
It was very helpful to have had multiple assignments for this 
semester long research project, as it provided a lot of feedback 
to help my group work on aspects of the paper (for example) in 
addition to allowing us to have a lot of time to not only grasp 
the material deeply but also to enhance our interests in the topics 
by exploring literature and research conducted about them.
I really enjoyed having a semester long research project, I think 
one of the main reasons why I enjoyed it so much is because we 
were able to turn in small portions of the assignment as we went 
along. [N]ot having to turn in the full project at a specific due 
date alleviated a lot of stress and allowed for me to plan ahead 
and produce my best work.

[I] thought it was very helpful to have a structured plan in doing 
this project especially considering it was done in a group. [Also 
I] think that the lecture time we spent talking to the library 
research staff was really helping in finding informational and 
credible sources. [H]aving Professor Seraphin check and give 
feedback on our work was really helpful in guiding us in the 
right direction. [T]he mandatory writing center appointment 
was also a good way to have our papers checked. [Overall, I] 
think the whole process was great and very helpful in completing 
this project.

Students and instructors can be resistant to the adoption of NDAs. Despite 
potential benefits, student reluctance to engage in group work represents an ob-
stacle for implementing group NDAs. One barrier to working in collaboration is 
the unequal effort and different costs incurred by group members (Terras et al., 
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2013). For example, social loafing within a group can discourage sharing among 
the more conscientious students demonstrating progress on group NDAs. While 
most groups in my course managed to work together very well by the end of the 
semester, there were one or two situations, largely exacerbated by student illness, 
where things remained shaky. In this regard, one student wrote: 

It has been an interesting experience carrying out a semester long 
research project. I think one thing that stands out is that through 
this project I was able to work with a diverse group of people 
and we had to really learn how to work efficiently together. I 
think this is a great experience as group work does not end in the 
real world. We had to step up and be leaders and each play a role 
which was sometimes difficult to navigate.

Written Non-disposable Assignments 
Represent a Means for Diversifying STEM

We should address inequities in STEM through the adoption of written NDAs be-
cause they subvert the structures that reinforce hegemony. We should also embrace 
them as a means for greater equity because of their ability to enhance learning. 
Students may struggle to find the purpose or meaning in traditional assignments, 
which they not only experience as rote and mundane but are tiresome to grade 
(Jhangiani, 2015). According to Allan and colleagues (2018), well-being and pro-
ductivity can be enhanced by doing work that benefits people other than yourself. 
In a study of students, working adults, and public university employees, it was 
found that people who do work to benefit others experience greater task meaning-
fulness and increased work meaningfulness over time (Allan et al., 2018). 

As knowledge workers, future students will ‘think for a living’ (Fontana et 
al., 2015). Thus, a soft skill educators should impart on students is self-regulated 
learning (SRL), or the ability to assume responsibility for one’s professional devel-
opment by self-regulating one’s personal learning needs in an increasingly knowl-
edge-intensive workforce (Fontana et al., 2015). NDAs enhance SRL by simulating 
the process by which future workers must gain and manifest expertise in a support-
ive educational environment. 

NDAs offer instructors the opportunity to increase students’ self-efficacy as 
they target the development of three general motivational beliefs (Pintrich, 1999 
& 2000), including self-efficacy beliefs, task value beliefs, and goal orientations. 
According to Albert Bandura (2002), self-efficacy not only supports our potential 
for success and feelings of well-being in a variety of life situations but also impacts 
the development of media literacy skills. This is particularly important as academic 
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achievement and media literacy are becoming increasingly linked (Terras et al., 
2013). Higher-order media literacy skills are needed to push student learning hori-
zons beyond the old limitations of time and space (Terras et al., 2013). To opti-
mize the learning potential of OER, instructors must attend to the psychological 
dimensions of media literacy skills in their students. Many cognitive (e.g., student’s 
cognitive load, mental representation of internet searches, recall of linear versus 
non-linear websites, pairing of learning goals with navigational skills), develop-
mental (age), and psycho-social factors (introversion-extroversion, meta-cognition, 
self-regulation, self-efficacy, self-esteem, and motivation) influence e-Learning by 
enhancing or impairing the acquisition or maintenance of media literacy skills (Ter-
ras et al., 2013). Metacognition is marked by the ability to evaluate, regulate, and 
monitor what one knows. The effective learner is not only aware of their knowledge 
but can recognize learning and speak to their learning process as this unfolds (Ter-
ras et al., 2013). By scaffolding stages of completion in NDAs, we train student’s 
metacognitive ability while stimulating the three critical phases of self-regulation 
(Zimmerman, 2002): forethought, performance, and self-reflection. 

As they write for different purposes, my students develop media literacy 
through discussion forums and the creation of audio-visual components for their 
final research presentations. Using NDAs can help level the playing field for stu-
dents from underrepresented groups. While those with developmental exposure, 
through gaming, etc., can easily transfer this experience to the educational task at 
hand, others having less ease with technology may struggle to meet the competing 
demands of two separate academic challenges: the learning activity and the tech-
nology (Terras et al., 2013). Prior life experience with technology can limit the po-
tential for achievement in using and generating OER because this is associated with 
different cognitive profiles (Terras et al., 2013), possibly via enhanced visual-spatial 
skills and lower higher-order processing skills as observed in video game players 
compared with non-games players (Green & Bavelier, 2006). Eszter Hargittai and 
Gina Walejko (2008) observed a reduction in typical gender differences, for shar-
ing on social media once internet user skill was controlled. Thus, as psychological 
enablers, NDAs represent an opportunity for instructors to impact development of 
a highly demanded vocational skill (i.e., media literacy) typically associated with 
relatively fixed characteristics such as socioeconomic status (Hargittai & Walejko, 
2008), educational opportunity, or age (Terras et al., 2013). By lessening barri-
ers to participation through open pedagogical practices that foster media literacy, 
the instructor could equalize the playing field for students from underrepresented 
groups. If other identifying student features (e.g., race, gender, ability, etc.) remain 
constant, we would thus expect to observe greater richness in the learning objects 
generated by a more inclusive and now diverse body of STEM practitioners. 

Why address inequities in STEM through the adoption of written NDAs? My 
personal answer to this question is informed by my positionality as a Black female 
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teacher-scholar with personal hindsight and deep aspiration for change. First, while 
reflecting on how I have felt enabled, writing emerged as a particular source of 
confidence that kept me grounded in the pursuit of education. My writing journey 
probably started in high school, where I excelled in Advanced Placement English, 
but my sense of being a good writer was instilled during a brief college experience 
at a historically Black institution, Howard University. In keeping with my initial 
identification as a pre-med major, I chose to enroll in a technical writing course to 
satisfy the English composition requirement. By mechanisms I cannot now recall, I 
was therein endowed with the knowledge of how to decipher and produce writing 
in the manner typical of science communication. I learned not only to decipher but 
also to adopt jargon as a second language. I came to embrace the rhythmic structure 
used for reporting empirical research as a stable, orienting device. In a History of 
the Black Diaspora course intended to fulfill the humanities requirement, I ex-
plored my Haitian ancestry through an ethnographic research paper that allowed 
me to experiment with writing infused with my personal voice. These two intensive 
writing experiences left me feeling capable and competent in writing for various 
purposes. Long after I had transferred from Howard to the University of Massa-
chusetts-Boston, where I ultimately earned my bachelor’s degree as a commuting 
student, I observed writing to be the way I could effectively signal my accumulating 
mastery of scientific concepts and principles—even when momentary changes in 
my work schedule or family demands periodically prevented top performance on 
quizzes requiring rote memorization. Eventually, it was my writing—and especially 
the innovative thinking that it revealed—which stood out, earning me admission 
to graduate school after a less-than-stellar undergraduate record. While studying 
human biology at Oxford University, I composed essays in preparation for weekly 
individual or group tutorials. This experience demonstrated to me that writing is 
not only a means for communication but also a device for thinking. The confidence 
I developed in writing helped me to distinguish between writer’s block, where 
emotions interfere with my productivity, and writing difficulty rooted in technical 
problems around preparation, focus, or confusion about the process. Eventually, 
my comfort with writing made completing my thesis less daunting.

Second, as the child of immigrants, the plight of poor and marginalized com-
munities within and outside of the academy particularly resonates with me. While 
advocating for institutional, infrastructural changes to help retain minority stu-
dents in STEM at the colleges where I have worked, I realized that my underrep-
resented minority neuroscience students are educated in a STEM context that is 
predominantly white, cis-gender, affluent, and also views itself as the gatekeeper 
for future opportunities in research and clinical practice. Although technically a 
part of the academy, they are tacitly maintained as separate and divided in a way 
that surely impacts their ability to learn and thrive in the disciplines. Over many 
years of teaching anthropology, biology, and psychology to class sizes of 1 to 300 
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students at small liberal arts colleges and large public or private universities, I have 
also recognized that behavioral sciences education presents special opportunities 
for an educator to engage students on the bio-cultural bases of human experience 
and its implication for important social issues, such as racial and economic health 
disparities. I also noticed the second tension—that between town and gown, or 
people who pay tuition and Others in their surroundings who are denied access 
to that commodified knowledge. In addition to advocating for minority students 
within the college walls, this inspired an interest in open pedagogy, which has the 
effect of enhancing the equitable dispersal of information—through the pedagog-
ical innovation of NDAs for STEM teaching. There are endless possibilities for 
fostering gains in social justice (Bali et al., 2020), diversity, equity, and inclusion in 
STEM by sharpening the tool of writing through NDAs. In other words: Putting 
STEM in black and white.
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Imagine we have two first-year college students, A and B. Student A comes into an 
English course having spent a summer at a writing institute. All summer, they were 
learning and developing their skills in writing. Student B has spent the summer 
working to make sure they have money for books and housing in the fall. At the 
end of the semester, student A produces a paper that exceeds your expectations for 
a first-year student and would be considered upper-collegiate level. In comparison, 
student B has developed and worked on their writing skills to produce a quality 
paper, but still has areas for improvement. Who deserves the A? It can be easy to 
unintentionally marginalize students with less privilege than their peers, which is 
why it is important to assess student work with equity and consideration of the 
whole student. But how do we do that? 

This chapter sets out to describe the pedagogical philosophy of “ungrading” 
proposed by Susan Blum (2020), but that builds on work by Alfie Kohn (1999) 
and others, which is a teaching style focused on removing grades from classrooms. 
Specifically, this chapter focuses on ungrading in a writing-focused junior-level un-
dergraduate analytical biochemistry laboratory course at the University of Maine. 
I will begin this chapter by describing the background and inclusive strategies used 
in ungrading. Then, I will address how select strategies were employed in my bio-
chemistry lab course and have become my standard approach in the course. I will 
finish with assessing the use of ungrading in my classroom using open-ended stu-
dent self-reflections.

When thinking about ungrading, it is equally important to think about why 
we grade. What does a grade represent? What is it to give a grade or to be graded? 
The way higher education in the United States perceives grades is that they rep-
resent the instructor’s evaluation of student work for the duration of the course 
(International Affairs Office, 2008). Grades are usually represented as letters (A, B, 
C, D, and F), numbers (0-100), or even a final grade point average (GPA). Ulti-
mately, the intention of giving a grade or “grading” is the act of distilling all student 
work into a simplified representation (letter or number). It is hard to imagine that 
one letter or number could possibly encompass all of a student’s work or growth 
during a semester or even, for that matter, on one assignment. James Felton and 
Peter Koper (2005) argue that grades are “inherently ambiguous evaluations of 

https://doi.org/10.37514/ATD-B.2024.2364.2.14


224  |  Newell-Caito

performance with no absolute connection to educational achievement” (p. 2). Un-
grading sets out to look at different ways we can assess student work without using 
these traditional grading systems. 

Why Grades are Not Effective for 
Assessing Student Learning

When I have asked students to reflect on how they have been traditionally graded 
in a classroom, many strong feelings arise. Students often reflect that they feel 
anger, anxiety, fear, and disgust. This is troubling since grades frequently guide ed-
ucational pathways, as students are often motivated in their coursework by subjects 
they feel they are “good at.” Yet, research has shown that grades are not useful tools 
for incentivizing students in a classroom. In fact, college students avoid challenging 
assignments (Milton et al., 1986), are dissuaded from learning (Butler & Nissan, 
1986), and have reduced creative thinking on course content (Milton et al., 1986). 
I often hear from students that grades in high school motivated them to choose 
their majors in college. These grades are a deciding factor in the career path of stu-
dents and the potential jobs that they are going to pursue later in life. 

Grades continue to influence students in college, as those students who re-
ceive higher grades in first-year science, technology, engineering, and mathematics 
(STEM) courses are more likely to continue in STEM fields (Thompson, 2021). 
This fact is particularly important for women and ethnic minorities as they have 
lower persistence rates in STEM majors and often have lower GPAs after the first 
year (Cimpian et al., 2020; Griffith, 2010). It is not a surprise, then, that these stu-
dents are underrepresented in STEM, as students will likely stay in a STEM major 
if their ratio of GPA in STEM courses is higher than non-STEM courses (Grif-
fith, 2010). It is an institutional problem when women and ethnic minorities are 
dropping out of STEM courses at a faster rate than their white male counterparts 
(Suran, 2021; Thompson, 2021). STEM, and I argue any field, can only benefit 
from a diversity of perspectives and backgrounds. Grades can have a negative im-
pact at every level of student learning where they are utilized.

In thinking about how grades are meant to work and how grades work oper-
ationally, I argue that there are five ways in which grading falls short in assessing 
learning in a course. In my experience teaching at the collegiate level, I find that:

1. Grades do not take into consideration the whole student. They don’t re-
flect the knowledge a student brings with them into the classroom and 
how much they learn over the course of a semester. Consider the student 
example described in the beginning of the chapter: a holistic approach to 
education seems more equitable because it accounts for the growth of the 
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individual rather than relying on skills taught before students enter the class-
room. Overall, grades are not always representative of the skills a student has 
gained over the course of the semester. 

2. Grades alone do not provide any meaningful feedback for students. A grade 
does not tell a student what could be improved upon on an assignment or 
where they are doing well. In fact, students tell me that the first thing they 
do when they get an assignment back is to look at the grade and then file the 
paper in their notebooks. They completely dismiss the comments given or 
the ways they could improve their learning. The grade appears to supersede 
feedback and demoralize students. Students often reflect to me that they 
are an “A” student or a “B” student. They appear to categorize themselves 
as a grade rather than a learner capable of growth. The question is, if there 
is feedback on an assignment and all the student does is just look at the 
grade and not the feedback, then is putting a grade on an assignment even 
worth doing? For me, it is important to focus on learning as a collaborative 
dialogue between student and instructor and not on grades. This shift to 
focusing on feedback as a tool for learning, rather than adding a grade, helps 
me to shift student mindsets to be more learning-focused.

3. Grades are not necessarily directly linked to our student learning outcomes. 
As part of our syllabi, we list carefully crafted student learning outcomes and 
student learning goals. Instructors often use two modes of assessing students 
on these outcomes: summative (cumulative) and formative (any feedback on 
improvement) assessments. If an assessment is linked with the learning goal 
(as we hope it is), there are several questions we can ask. Does giving a grade 
on that assessment help the student improve and meet the learning goal? 
When a student receives a grade on the assignment, does that give clarifica-
tion on a sticking point? Would students be less motivated to improve if you 
left the grade off and just gave feedback? If I tell you that a student got a “B” 
on an assignment or learning outcome, does that tell you anything about a 
skill or knowledge that a student has developed? Most often, the answer to 
these questions is “No.” I would argue that grades do not help guide learning 
as we may intend; it is the feedback and the growth from that feedback that 
is connected to our learning outcomes.

4. Grading can demoralize instructors. It severely underappreciates the amount 
of effort it takes to effectively give students feedback on completed work. 
Giving a grade requires that the instructor effectively describes expectations 
for student work, how those expectations align with course objectives, how 
the instructor will assess effort and learning based on the skill set of the 
student, and how the instructor will give effective feedback that will lead to 
student learning. Grading can turn the course culture from one focused on 
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learning into one focused on competition. Not only is there competition 
amongst students for the best grades, but there is competition between the 
teacher and the student for getting a higher grade. The focus of the class 
becomes on the grade and not on the learning outcomes. Moreover, there is 
often a deep mistrust between teacher and student. The student may not feel 
as though the teacher has their best interest at heart. Conversely, the teacher 
may not feel as though the student is putting their best effort forward and is 
constantly worried about ways to inhibit cheating. 

5. Grading doesn’t create a positive culture in our courses as it does not incor-
porate the whole welfare of the student. It doesn’t take into consideration 
their background and mental health. College student mental health issues 
have doubled in the past ten years and are especially a problem in ethnic mi-
nority students (Colarossi, 2022). Grades do not encourage students to be 
comfortable in a classroom and are anxiety-inducing. As mentioned above, 
the culture is not one focused on mental health but on competition. Grades 
pit students against one another and do not provide students with a safe 
learning environment where they can take risks, make mistakes, and learn 
from those mistakes. 

Alternative Methods in Ungrading

If the traditional grading scheme has negative impacts on student learning, can 
alternative methods be used to give positive impacts? Ungrading is the use of al-
ternative methods to remove the focus on grades and switch the focus to learning. 
Changing the way we educate from traditional methods, as seen with Madison 
Brown’s vignette (this collection), moves education to incorporating many modes 
of learning and supporting a variety of students in the classroom. If we can sup-
port women and ethnic minorities in STEM, we can create a space that supports 
and rewards creativity and learning rather than focusing on “correct” solutions. In 
the ungrading approach, students don’t have to be perfect to be successful. Stu-
dents can learn through mistakes and feel pride in their work and in their learning. 
Changing the approaches for assessment moves the classroom conversation from 
grades to feedback. Similar to what Janelle Johnson et al. describe (this collec-
tion), the ungrading approach seeks to avoid the “weed-out” approach and create 
a classroom that celebrates diversity and considers a more holistic approach to ed-
ucation. STEM classrooms typically have traditional formats, which often ignore 
other modes of assessment. The methods listed below, initially described by Jessie 
Stommel (2020), were those implemented in my classroom and could be used in 
any STEM undergraduate classroom to make the assessment process more trans-
parent to students. When students are included in the conversation of grading, 
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they are more likely to feel like it is simple and fair. Not all of these methods will fit 
in every classroom, nor should they, but educators should choose the methods that 
work best with their teaching style. Additionally, the list below is not exhaustive, 
and instructors shouldn’t limit themselves; they could create assessment strategies 
that work for them in their classrooms. The best relationships I have cultivated with 
my students have been when I am authentically myself in the classroom and don’t 
pretend to be someone I am not. For example, I am naturally introverted, so I am 
not going to be a loud, joking personality type in my classroom. Additionally, I 
utilize many teaching practices that allow students to engage in self-reflection and 
anonymous course engagement. For example, using clicker questions and using 
think-pair-share to answer questions or reflect on learning instead of raising hands 
gives other introverted people a way to participate in the course other than directly 
asking questions. Furthermore, creating a classroom community is important to 
me, so focusing on relationship-rich teaching (Felten & Lambert, 2020) and peda-
gogy of kindness by Cate Daniel (2019) resonates with me as an instructor. 

Minimal Grading

Minimal grading is using scales with fewer gradations. There are several meth-
ods that can be used, including strong/satisfactory/weak [three gradations], pass/fail 
[two gradations], +/- [two gradations], and turned in/not turned in [one gradation]. 
This accomplishes clarity in the classroom. First, there is wide variability between in-
structors grading the same work (Meadows & Billington, 2005; Schinske & Tanner, 
2014). Simplifying the grading scheme can produce more consistent results between 
instructors. Second, it can be hard for students to understand how they performed 
and what they need to improve upon with number grades. Lastly, this approach fo-
cuses students on the learning rather than grades, as students will look at the feedback 
rather than the grade itself. This is especially powerful if an instructor allows students 
to resubmit work in combination with the use of minimal grading. 

Grade-Free Zones

A zone is a defined period of time in a course. There are many different types 
of grade-free zones that can be implemented in a college course. An instructor can 
give grades on just a few assignments or not grade for two or three weeks, or it 
could be more extensive where students would not be graded for a third or half of a 
semester. It is up to the instructor to decide the length of time that grading will not 
occur and how it fits into the semester. This approach may seem a little perplexing 
to conceive, but the time that students are not graded could be spent simply letting 
them engage in course content before moving on to more traditional assignments. 
This time is often spent giving feedback and not grades. 
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Contract Grading

In contract grading (see Mallette, this collection), the course outlines in the 
beginning exactly what students need to do to earn specific grades. There are con-
crete criteria given for each grade a student could potentially achieve. Students can 
work toward whichever grade they would like to achieve based on the work they 
complete. The advantage for students is in the clarity of the expectations: there will 
be no additional work added or sudden removal of work from the grading scheme. 
If this approach is combined with flexibility where students can resubmit the work 
until they can get a satisfactory grade, it focuses the class on the quality of the work 
completed. There is less conflict over grades and less competition between students 
for the best grade: everyone can work toward their own individual goal. 

Authentic Assessment

In this strategy, students apply course content to their real-life communities. 
The definition of community could be broad or narrow, as it could be for the town/
city, college, or classroom community. The most important aspect is involving 
students in designing an assessment that conveys information to a real audience. 
Not only does this involve students in the decision-making of the course (course 
buy-in), but these types of assignments are important to students’ sense of identity. 
Every person has multiple identities based on differences that include, but are not 
limited to, socioeconomic status, age, gender, religion, race, and sexual orientation. 
Research has shown that creating a classroom where students can celebrate their 
identity can directly improve student motivation and learning (Lowe, 2019). The 
expression of identity in a classroom is important for all students, but it is especially 
important for helping low-income, first-generation, and racial/ethnic minorities 
(Harackiewicz & Priniski, 2018). Students who express their identity in the class-
room have an increase in student persistence through tough course material and 
continued participation in STEM courses (Murphy & Destin, 2016; Gurin et al., 
2002; Dewsbury & Brame, 2019).

Self-Assessment

Self-assessment utilizes the approach of metacognition, or thinking about learn-
ing. This is a cross-disciplinary approach that focuses on student awareness of their 
problem-solving skills, ability to judge how well they understand course material, 
and understanding their level of learning as the course progresses. As a part of the 
self-assessment, a growth mindset, or the idea that learning ability is not fixed, can 
be explored. Exploring growth mindset in the classroom has been found to especially 
benefit women and underrepresented minorities in math and science (Rattan et al., 
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2015; Kricorian et al., 2020). For students coming into a course with insecurities in 
course content, it is important to instill in our students that they can improve their 
comprehension of course content with practice and time. Many studies have shown 
that students have increased learning gains when completing self-assessments (An-
drade, 2019). More specifically, Heidi Andrade (2019) describes many benefits, in-
cluding helping students take responsibility for their learning, development of critical 
thinking skills, and the ability to set achievable goals for a course. Self-assessment is a 
powerful tool that puts the ownership of learning back onto the student.

Process Letters

This strategy asks students to reflect on their learning and the work they have 
completed over the course of the semester. In these reflections, students detail, with 
examples, what grade they should receive. This typically takes the form of an essay 
or formal letter. This approach focuses on student reflection on the learning that 
has occurred over the course of the semester and creates a space for persuasive writ-
ing. Usually, there is a meeting with the professor to discuss the process letter and 
decide together on a final grade in the course. Students can feel empowered in the 
classroom by being able to take an active role in deciding their own grade.

Background on the Course

The Course

The current form of the Analytical and Preparative Biochemical Laboratory is 
a course-based undergraduate research experience (CURE). This is an upper-level 
biochemistry lab for juniors at the University of Maine and is required for all the 
majors in the Department of Molecular and Biomedical Sciences. The goal for the 
class is to do original research by answering a research question with no known out-
come. To conduct research, we have a two-hour lecture that is discussion-based and 
a four-hour lab per week with two sections of the course. The purpose of the course 
is to purify a known enzyme from a new organism. This is novel research for which 
there are no protocols or data. The class must work together as a group to develop 
assays (or experiments) for expressing the enzyme, detecting the enzyme, creating 
the protein purification procedure for the enzyme, and characterizing enzyme func-
tion. This course, where faculty and students work together to research and create 
knowledge, reflects the critical pedagogy described by Ann Fink (this collection). 

An assignment is given prior to each lecture period where students research 
how an assigned assay works (the chemistry behind it) and bring a protocol to the 
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lecture class for the assay from the primary literature. We discuss the background 
as a class, where everyone contributes to the discussion. Since we are designing our 
own experiments, this is a calculation-heavy course. As such, every class period, stu-
dents break up into designated lab groups to work on practice problems related to 
data analysis they will encounter that week. After we have completed calculations, 
students are then given a loose experimental protocol to aid in protocol refinement. 
They work together in groups of two or three to complete the protocol and cal-
culations to prepare them for their laboratory session. Often, students must meet 
outside of class time to finalize the procedure for the experiment in the week ahead. 

During lab, students carry out the experimental protocols they developed and 
analyze the data. Sometimes, students will not have enough time to analyze data 
and must do this before the next lecture period. It is important that even if the 
student does not feel like an expert in the data analysis process, they try it on their 
own. I emphasize that they will learn a lot through mistakes or incorrect analysis, 
and they will not be graded on correctness, just completion. 

The next week in lecture, we work in a group to go over data analysis from the 
prior week. This approach gives students the ability to make changes and corrections 
to their data analysis. We focus on learning through making mistakes. Also, students 
can analyze data in different ways: there is often not a yes/no (black/white) answer to 
the analysis, but there is gray area where we discuss different approaches used in the 
field. In research, we often stay in the gray area until we get more data that makes the 
path clearer. Working as a group, we try to reach some general consensus on the data 
analysis, but there is often not one correct way to approach the problem. 

The major assessments in the laboratory are notebook checks and a final man-
uscript. The manuscript (described later) contains publishable quality figures and 
includes the traditional format of abstract, introduction, methods, results, and 
discussion with properly formatted references. While challenging, the manuscript 
represents a deep analysis and understanding of the context of the student’s work in 
the larger scientific community.

Motivation for Ungrading

I have taught this course traditionally graded for three years, but the COVID-19 
pandemic was announced, and I needed to pivot my laboratory course to an on-
line experience. This caused me to completely switch my assessment strategies in the 
course. Coming out of the pandemic, I wanted to keep the changes I made because 
I saw decreased anxiety and increased performance on assessments. Then I read the 
ungrading book (Blum, 2020), and I knew that I needed to take the next step toward 
being a more inclusive course by implementing this teaching philosophy. The catalyst 
to use ungrading in my classroom has, and always will be, my students. For example, 
in my spring 2022 analytical biochemistry laboratory, a student said to me: “My 
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entire life I have tried to learn in an environment that seems like it was set up for me 
to fail.” I wish this sentiment was the only time I had heard this type of comment, 
but I have increasingly seen an uptick of students with anxiety, depression, ADHD, 
and those with a variety of classroom accommodations. The feedback I get from these 
students is that they struggle mastering course content and managing workloads. As 
with most of us in the teaching profession, I want my classroom to be a supportive 
environment where my students can succeed regardless of their background or cur-
rent life experiences. Unfortunately, many students feel like they are trying to learn 
in environments that are not geared toward their success. As Ann Fink describes 
(this collection), the COVID-19 pandemic upheaved our lives but also allowed us 
to upheave the way we approached education. I have always been willing to try new 
approaches in my classroom that can benefit students, but the COVID-19 pandemic 
certainly motivated me/let me grant myself permission to radically change the way I 
teach. It led me to think holistically of my students’ needs and make sure they were 
included in classroom and grading decisions. 

Implementation of Ungrading

One of the guiding principles of ungrading is to engage students in their learning 
and make them the conductors of their learning train. In my classroom, I wanted 
my ungrading journey to focus on flexibility, self-assessment, authentic assessment, 
and direct student involvement in the grading process. In what follows, I describe 
how I incorporated each one of those changes in the course. 

Flexibility

Students’ lives (as our own) can be very complicated with many moving parts. 
Rigid deadlines and a lack of flexibility in turning in assignments can impact stu-
dent learning and feelings of success (Yoo, 2015). The goal with this course was to 
switch from a grade-focused course to a learning-focused course. To assist in this 
approach, instead of allowing students to turn in assignments once, each assign-
ment and set of data analysis can be turned in as many times as needed to obtain 
full credit on the assignment. This includes the notebook checks and the final man-
uscript. A minimal grading system is used where students are given three levels of 
grades: 50 percent (weak), 75 percent (satisfactory), and 100 percent (strong) on 
assignments. Feedback is given within our learning management system (LMS) to 
allow students to make changes to those assignments.

In the lab notebook assignment, students analyze their data to the best of their 
ability, and then during our lecture time, we discuss the results. This allows all 
students to weigh in on the interpretation of the data and make corrections as a 
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group. Individualized feedback is provided to students through the LMS. If the 
feedback is not sufficient or students need more help, then they are able to meet 
with the instructor to get additional assistance. Toward the end of class, there are 
three to four weeks where students are not receiving grades but focusing instead on 
the generation and analysis of data. 

The manuscript was a large undertaking since it was modeled on a journal ar-
ticle, including creating publishable quality figures (well-communicated, correctly 
formatted, with high-resolution). In terms of teaching how to write a manuscript, 
the assignment was broken down into two parts: the figures and the text. Every 
week, I would teach about the multi-step process of making publishable quality 
figures using professional software, and students would practice using the soft-
ware to create figures with their data. Again, feedback was given through the LMS. 
Teaching about writing the text of a manuscript was broken down into sections: ab-
stract, introduction, materials and methods, discussion, and overall specific journal 
formatting. Students were able to work on the first draft of the manuscript at their 
own pace, making individual appointments if they required immediate feedback. 
After completion of the first draft, feedback was given, and changes could be made 
until the due date. This approach allowed students to see that STEM as a whole, 
but specifically data analysis, making publishable figures, and writing a manuscript, 
are all iterative processes. The approach was used to demonstrate to students that 
revision is normal in science: despite our best attempts, perfection is rarely achieved 
the first time we try something new.

Another way I incorporated flexibility was by moving deadlines for students. 
Throughout the semester, I got to know my students and understand the complex-
ity of their lives. I moved deadlines around for students who had significant per-
sonal struggles since I knew that other faculty at the university would not likely be 
as flexible. For example, I had a student with a concussion, and once the two-week 
period passed for healing (doctor’s allowance), other professors made them turn in 
all of the missing work. This required the student to continue to work through the 
two weeks “off” even though their brain was still healing. As soon as I knew about 
the concussion, I told the student that I would be flexible with them on deadlines. 
They were very reluctant to move deadlines because they didn’t want it to appear 
as though they didn’t care about the class and wanted to appear “normal” (their 
words, not mine). I made sure the student knew they were going to be supported 
and could learn the material at their own pace so that they didn’t feel so anxious 
about coursework. Being flexible on deadlines not only allowed the student to heal 
properly but also allowed for this student to feel less anxious overall because they 
knew they could get all the work done. If I had not moved deadlines, the amount 
of work and strict deadlines that other courses required would mean that this stu-
dent would have been completing the work but not focusing on learning content 
in my course. At the end of the semester, this student was incredibly grateful for 
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this approach, but more importantly, very successful in learning course content as 
gauged by the quality of the final manuscript. 

Self-Assessment

In order to pivot the course to student learning, I give students four self-reflec-
tion assignments to analyze their growth mindset, metacognition, overall learning, 
and group dynamics (Appendix). Each self-reflection starts with a metacognition 
awareness inventory which consists of several metacognition-oriented questions 
and then gives students the choice on a Likert scale. Additionally, each self-as-
sessment asks for comments on concrete skills students could develop during the 
course. The reason I focus on skill sets is due to student feedback saying, “I am not 
going to be a protein biochemist. Why do I need this course?” Every year the Na-
tional Association of Colleges and Employers surveys employers across the country 
for qualities they are looking for in college graduates (Koncz & Gray, 2022). I list 
the top ten skills and ask students to reflect on which skills they want to develop. 
As the semester progresses, I ask students to reflect on the skills they have developed 
in the course. 

Other than the consistent questions and themes discussed above, the reflec-
tions often change in content throughout the semester. In the first reflection (first 
week of classes), students are asked open-ended questions on what knowledge and 
strengths they are bringing into the course and some weaknesses they would like 
help working on during the semester. The second assessment, given in week five, 
asks students about the hardest concept to master in the course so far and where 
they have received help on that concept. It also asks them to consider strategies 
that would improve their learning and one course norm they would change. In 
the third reflection in week ten, students are asked similar questions to the second 
assessment but also to comment on their progress so far in the course and think 
about assessing their grade in the course with evidence. This approach helps prime 
them for their last assessment in week fifteen, where they are asked about the 
structure of the course, struggles and successes, and, more importantly, where they 
write their process letter. 

One crucial part of every self-assessment is an open-ended question where stu-
dents can communicate to me any issue regarding their learning. Having a self-as-
sessment where there is open dialogue between the instructor and students is es-
sential. I have the opportunity and power to change the course based on student 
opinions, and this approach celebrates the critical pedagogy described by Fink (this 
collection). This creates an opportunity for discussion directly with me and lets 
students know that their opinions and perspectives are being valued. The feedback 
is often that students feel empowered when course norms change, and they feel like 
they are included in course decisions. 
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Authentic Assessment

To incorporate authentic assessment into my course, I give students a creative 
project. The authentic assessment described here is similar to Johnson et al.’s “Call 
to Action: Cultivating Activism Among Teacher Candidates” project described in 
this collection, as it was created to include and celebrate student identity and allow 
for flexibility in assignments. I also want this to be a student-driven assignment, 
and I focus the creative project around the theme of scientific communication. The 
communication of science from scientists to non-scientists is essential for both the 
advancement of science, as well as for human health. As a scientist, it is imperative 
that students are able to understand and explain primary scientific research. In this 
assignment, students have the opportunity to create their own project and rubric 
for peer grading centered around this theme. The overall purpose of the assignment 
is for students to have a direct contribution to the course in a way that celebrates 
their individuality and perspectives. 

In this course, there are a variety of projects submitted; some people present 
pieces of art using various mediums including embroidery, digital art, acrylic paint-
ing, or charcoal/pencil on paper. Also, in the artistic category, students have created 
comic strips, children’s books, and board games to convey scientific information. 
Other students have opted for a more traditional science approach with a five-min-
ute lightning talk on a scientific topic of their choice or a poster advertisement. The 
breadth of the projects has been vast, but the personal connection to the material 
has been clearly evident through student feedback. One student remarked: “The 
creative project was so much fun to do!! It was a good break from normal work and 
made me think and do something I enjoy in my free time.”

Process Letters

At the end of the semester, students have an assignment to write a process letter 
to determine their grade for the course, which is their final self-reflection. Students 
are given a detailed list of grading criteria at the beginning of the semester so that 
they know what they have to do to receive an “A,” “B,” or “C” as a grade. There is no 
option for a “D” or an “F” as these grades reflect that there is no meaningful learning 
taking place, and that isn’t something that is acceptable in the course. In the self-reflec-
tions, there have been students who described grades that were not consistent with the 
posted criteria for that grade. Moreover, there have been students who did not engage 
properly in the course. As a result, I hold individual meetings throughout the semester 
(the more often, the better) to discuss how they are not meeting course expectations. 
I explain in the grading criteria that my expectations for receiving an “A” are high but 
that I am on their side and am not trying to trick them into getting anything less than 
what they feel they deserve. In addition, to receive an “A,” students don’t have to fulfill 
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all the criteria, but they do need to fulfill most. The process letter reminds them of the 
grading criteria, but they are able to find and argue for other criteria that allow them 
to demonstrate their learning. Overall, in their process letter, students are asked to use 
concrete examples to show their understanding of the biochemistry content, how they 
engaged with the course, and how those correlated with grading criteria. 

Assessing Success of Ungrading

It is incredibly nerve-racking to make large changes in a course, especially without 
guaranteeing they will result in increased learning gains for students. In summary, 
the ungrading experiment in my biochemistry laboratory course has been a suc-
cess. After reflecting on my use of ungrading in this course, the major themes that 
emerged from the analysis included student trust building, appreciation of flexibil-
ity and feedback, increase in confidence, and gratitude for the ungrading approach. 

In terms of building relationships with my students, I experienced more mean-
ingful connections than in any prior time I have taught the course. Here is an 
example from a student: 

Yes, I confidently believe she does care [about my learning]. I 
think out of all the professors I have had she cares the most, 
which is so refreshing to have since she is very nurturing. I feel 
comfortable talking to her about my problems and ask for help, 
which I rarely do out of discomfort.

Students welcomed me into their lives and trusted me with their insecuri-
ties and struggles in STEM. Students were more comfortable focusing on learning 
course content and also healed some emotional wounds from interactions with pre-
vious instructors. One student commented that they “absolutely believe everyone 
involved with the course cares deeply about my learning of the material and not 
just assigning me a grade, which I can say is refreshing compared to other classes I 
have taken.” Not only did students interact with me in more positive ways but with 
one another as well. This was especially evident with group work: 

I have noticed communicating with my lab partners and doing ad-
ditional research has been excessively helpful to my learning. It helps 
me feel more comfortable in the classroom. I also really like the 
environment the TA’s and the professor create and the kindness they 
show. It makes me feel more relaxed, which in turn makes the class 
more enjoyable for me, so I have noticed that I am doing better.

As the instructor, I have noticed more camaraderie, connection, and eagerness to 
interact with one another over the course of the semester.



236  |  Newell-Caito

Incorporation of flexibility into the course was a major goal in my ungrading 
approach. In an analysis of student reflections, students perceived my flexibility as 
caring more about their learning than their grade: 

I really enjoyed this semester. One of the best parts was how 
obvious it was that all the instructors [sic] are TRULY pas-
sionate about teaching and helping improve our learning 
experience. I felt completely comfortable asking for help and 
not knowing the answer 100% of the time. I could tell you all 
LOVE the topics in BMB 464 and really enjoy teaching and 
helping us to appreciate analytical biochemistry! I’m grateful 
for how pleasant the course experience was! Thanks to all for a 
great semester!

I have found that students consistently encounter obstacles during the semester 
that are outside their control. Being flexible when other courses were not allowed 
students to recover from these events. Moreover, students were more focused on 
learning than their grade in the course. As a student commented:

The flexibility and level of understanding you have shown has ac-
tually allowed me to learn the material and complete the assign-
ments with my best effort, rather than to turn in assignments 
just to check them off the list and get a grade. So, thank you 
again for all of the help and for being so understanding through-
out the semester because it really had made such a difference in 
my semester and with all of my classes. 

Overall, I believe that being flexible allowed students to capitalize on their strengths 
and work on their weaknesses. 

Confidence was another theme that presented itself during the analysis. During 
prior iterations of the course, students were very anxious about their grades/per-
formance. My perception of student anxiety over grades was less in this ungraded 
course. Students loved the design of the course: 

I could not effectively perform work due to the types of tests and 
assignments provided. I went from being very depressed (…) to 
enjoying and getting to know my professor and class. This class 
did not focus on tests but learning and developing confidence 
with the work. I learned that I am, in fact, prepared for a career 
and will do well in whatever career I chose.

This connection to themselves and the course could be a result of the ungrading 
approach but could also be, in part, due to the focus on metacognition (under-
standing themselves as learners) in the self-reflections: 
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As a student and learner, I discovered that I am in a position 
to positively affect others. The conversations I have with my 
instructors has shown me that learning is an ongoing process, 
which only verified something that I believed. My instructors 
were honest with me and helped guide me down a pathway of 
growth. My peers taught me that I can (…) help improve their 
understanding on the material or I could learn from them.

Either way, the overwhelming feeling was of personal growth and confidence: 

I feel like I am suited for the major and this field. Before taking 
this class I was really lacking confidence and was second-guessing 
my decision to go into the field of biomedical sciences, but now 
I feel a lot more confident. The entire lab was amazing and it is 
a lab I would retake in a heartbeat if I could. I really think this is 
the way labs should be run because we actually are learning and I 
think students would be a lot more successful and want to go to 
the lab if more courses were taught like this. I wish our depart-
ment had more courses like this.

Students appreciated the design of the course and appeared to gain confidence as 
biomedical scientists. 

When I read their process letters and self-assessments, I was surprised to see 
that my students felt the same way that I did about the success of our course. With 
the ungrading approach taken, students still wanted to learn and seemed to want to 
learn more enthusiastically. During the course, they were able to focus on learning 
rather than grades: 

Asides from giving me the freedom to not stress about what my 
grade will be, it also gave me the option to make mistakes and 
try new things and learn from them. I was not afraid to get some 
questions wrong on my assignments or ask for help because I 
know that they will be learning moments and not a penalty to 
my grade. I know that I freeze up sometimes because I have the 
need to do everything perfectly and then, I get anxiety from that 
and so I don’t even make the first step. Ungrading helped me 
in the sense that it slowly brought down my walls and had me 
not worry about messing up but instead put myself outside my 
comfort zone and helped me learn.

Even my strongest students felt like they had changed their approach to learning:

I feel that my work ethic has actually increased—as a type A 
person, I honestly hadn’t thought that was possible. I feel like my 
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approach to work is more balanced at the same time—while I 
have been putting in more effort, it has also been more efficient. 
I have really enjoyed being able to not worry about grades and 
just stick to learning the material, which has been a relaxing 
change from the norm.

Students were also incredibly observant that the course was focused on personal 
growth. One student gave advice to students taking this ungraded course:

If unsure about how to answer a question or analyze a data set: 
start by doing what you can. This will tell you what you truly do 
or don’t understand. Don’t give up! Give your best effort, and 
don’t be afraid to speak up when you don’t understand some-
thing and just ask for help!

In my observations, students were kinder to themselves by letting themselves make 
mistakes and then learning from them. 

Challenges of Ungrading

I encountered some challenges with the ungrading process that were both ex-
pected and unexpected. One expected challenge was that since the course was fo-
cused on feedback rather than grades, there was increased feedback on assignments 
compared to past years. This resulted in more time spent providing written notes to 
students from both the graduate teaching assistant and me. Another challenge was 
preparation for the course in the form of making metacognition surveys, creating 
the grading rubric for the course, and designing the process letter criteria. Regard-
less of the preparation time I spent on the course, I expect each year will capitalize 
on preparations made in past years. For example, I was able to copy and paste 
comments from feedback given on assignments into a Word/Google document. 
I should be able to use many of those comments going forward. I also plan on 
re-using in-class problem sets and data analysis templates. These documents should 
speed up the preparation process and assignment feedback in the future.

Another challenge that I expected was that some students would not show up 
and/or complete the work. My approach was to meet with these students individ-
ually and learn why they hadn’t participated to the level of the expectations of the 
course. Unsurprisingly, discussions with students often uncovered complicated chal-
lenges outside my control. I encouraged those students to engage with the course and 
helped them make a plan for makeup work and course completion. In one case, a 
student was very far behind, but what had been completed was excellent. We ended 
up settling on a grade that took into consideration how much work was completed 
and how much learning had occurred based on the process letter rubric.
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When it came to self-assigning grades, I expected all students to give them-
selves an “A.” To my surprise, they didn’t. Maybe it was a result of the high expec-
tations and clear goals of the course, but students were honest in their reflections. 
Some students were harder on themselves than I would be, and others were more 
generous than I would have been (e.g., A versus B). I scheduled individual meetings 
with both types of students (higher or lower than expected) to discuss their overall 
growth, and together, we settled on a grade. 

The biggest challenge to ungrading that I have encountered, which also happened 
to be an unexpected surprise, challenging the mindset of students towards grading. It 
took a lot of effort to convince students to trust me and to focus on learning instead 
of grades. For example, one of my students said that he had been graded since middle 
school and didn’t know another way to think about learning. I had to continually 
repeat that if they focused on learning, the grade would follow. I also had to reiterate 
that the onus for learning was on them: the effort they put into the course would be 
reflected in their learning and their final grade. I eventually won most of them over to 
ungrading, but it surprised me that the ones most resistant to ungrading were my top 
performers. They were worried about grade inflation and that everyone would get an 
A. This simply was not the case. In this unique grading process, I learned to trust my 
students, and I believe I earned their trust as well. 

In summary, I came away from my ungraded course with the knowledge that 
my students really love learning. Also, they wanted me to be a part of that jour-
ney. In the end, I had a classroom that was built on trust, appreciation, and stu-
dent-teacher collaboration. One student remarked: 

You [instructors] are amazing people, and I genuinely don’t 
know if I can encapsulate my gratitude to you in words. I am so 
thankful that I took this class and even when I was lost or had 
no idea what was going on, I could count on you [instructors] to 
always help me though! This class has been very transformative 
in how I learn and perceive myself and what I am capable of, and 
it is thanks to the amazing people I had for my classmates, my 
TAs, and my instructor! My only complaint now that it is the 
last week of the semester, is that it ended too soon.

I will continue to ungrade in this course and try more ungrading approaches 
in all my courses. 

Institutional Changes in Ungrading

Since teaching this course as ungraded, I have built relationships with my peers 
in the department and at the institution, surrounding the positive impacts of this 
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work in my classroom. The first way I have built relationships is with another in-
structor in the Department of Molecular and Biomedical Sciences. We both read 
the ungrading book (Blum, 2020) at the same time over the summer and were so 
inspired that we implemented different ungrading approaches in our courses the 
very next semester. Since then, we have talked about our successes and challenges 
in ungrading. We have formed a small community where we help one another de-
velop our courses, troubleshoot problems, and strengthen our program. Excitedly, 
we both have expanded this ungrading approach to other courses that we teach and 
have been invited to talk about our teaching pedagogy during our departmental 
meetings. Perhaps as we discuss the success of our classes, we can normalize the 
perception of ungrading approaches and inclusive teaching. 

The second way I have built relationships is with participation in several com-
munities of practice that are offered through the Center for Innovation in Teaching 
and Learning at the University of Maine. Through interactions with faculty there, 
I have developed a pedagogical research project on ungrading. Additionally, I am 
applying this ungrading philosophy in an internally funded institutional grant fo-
cused on first-year undergraduate retention. 

The last way I have built relationships is by talking with faculty in other de-
partments. One example is that I presented a workshop on ungrading at a Maine 
Center for Research in STEM Education Conference. This book chapter is a direct 
result of giving that workshop. Further conversations about ungrading led to an-
other STEM major at the University of Maine considering this course for incorpo-
ration into their degree path. Overall, it has not just been the interactions with my 
students that have been overwhelmingly positive and life-enriching, but also the 
interactions with my peers. I have simply no regrets about the incorporation of the 
ungrading philosophy into my life and my courses.

Small Changes, Big Impacts in Ungrading

While the methods employed above were major changes to a course, there are many 
small steps that anyone can make to move a classroom to one focused on learning 
rather than grading. One change would be to grade less often using grade-free zones. 
If there is a way to simplify or remove some grading, this could be an easy way to 
make a course modification. A second change would be to involve students in the 
discussion of course expectations and grading. This approach gives a voice and some 
control over the course to students. It will empower them. A third change would be 
to have students complete self-reflections. Remember this method increases learning 
outcomes for all students. This could be as simple as asking students about their 
learning over the course of the semester or as complex as using validated methods for 
measuring satisfaction and self-confidence (Bray et al., 2020). A fourth change would 
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be adding flexibility to a course. Some suggestions for being flexible include giving 
students two options on an assignment, making flexible deadlines on an assignment, 
or engaging with concepts in multiple ways. Some examples of choices could be 
allowing students to work alone or in groups, letting students watch videos or read 
transcripts, and, last, having students complete a writing assignment or a presenta-
tion. This choice is engaging and encourages student course buy-in. A fifth change 
would be to listen to and trust students when they are facing conflicts in their lives. 
Having an open and safe relationship between the instructor and students will help 
everyone feel comfortable learning in the course. 

My hope is that these changes are seen as manageable and can be included 
in any STEM course. However, it is important to remember that not all of these 
above-mentioned changes need to be implemented at one time. Small, meaningful 
steps to incorporate ungrading can make big impacts in any classroom. Everyone 
can ungrade in their own way, using their own timeline. 
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Appendix: BMB464 Self-Reflection #1

Metacognition is thinking about the way you think and learn. It is a very important 
strategy for success in college. It is so important that I want this to be a weekly habit 
for you throughout your college career. Please take your time and answer the ques-
tions thoughtfully and truthfully. You are not graded on correctness, just honesty.

1. Please check the box that best describes you.

Metacognition Awareness Inventory*

I NEVER 
do this

I do this 
INFRE-
QUENTLY

I do this 
INCONSIS-
TENTLY

I do this 
FRE-
QUENTLY

I ALWAYS 
do this

I ask myself periodi-
cally if I am meeting 
my goals.

I consider several 
alternatives to a prob-
lem before I answer.

I try to use strategies 
that have worked in 
the past.

I pace myself while 
learning in order to 
have enough time to 
learn the material. 

I understand my 
intellectual strengths 
and weaknesses.

*Questions selected from Gregory, S.; Sperling D.R. (1994) Assessing Metacognition Awareness. Contem-
porary Educational Psychology. 19(4), 460-475.

https://doi.org/10.1073/pnas.2108401118
https://tinyurl.com/523embss
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2. Please check the box that best describes your opinion.** 
Strongly 
Agree

Agree Neither 
Agree or 
Disagree

Disagree Strongly 
Disagree

You have a certain amount 
of science ability and you 
can’t do much to change it.

Memorizing formulas will 
make you a good scientist.

You can greatly change 
your ability to do science.

Practice exercises are the 
best way to learn science. 

Watching a teacher do 
examples is the best way to 
learn science.

Trying a problem I don’t 
know how to solve is the 
best way to learn science.

Teaching someone how to 
solve a problem is a good 
way to learn science.

Knowing why an answer is 
right is just as important as 
how to find it.

Being able to build proto-
cols from literature will be 
important in my future.

Being an independent 
researcher will be important 
in my future. 

Being able to solve complex 
problems will be important 
in my future.

**Questions adapted from a Growth Mindset Survey by Dweck, C.S. (1999) Self-theories: Their role in 
motivation, personality, and development. Psychology Press. and Dweck, C.S. (2006) Mindset: The 
new psychology of success. Random House. 

3. What do you already know about biochemistry and research that could 
guide your learning this semester?

4. What was one of the hardest concepts for you to master in a prior biochem-
istry course?

5. What is research? Describe what it means to you. How is research important 
in your life?
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6. Please identify one or two strengths as a student that you think that you are 
bringing to this class? 

7. Please identify one or two weaknesses as a student that you would like to 
work on this semester? Please indicate what they are and how you aim to 
improve. 

8. Thinking back on your education so far, how do you learn best?
9. Please check the box that best describes your behavior prior to BMB464.*** 

I NEVER 
do this

I do this 
INFRE-
QUENTLY

I do this 
INCONSIS-
TENTLY

I do this 
FRE-
QUENTLY

I ALWAYS 
do this

I preview lecture 
material before coming 
to class.

I attend class on time.

I take notes in class by 
hand.

I review my notes after 
each class. 

I study biochemistry 
with concentrated time 
and specific goals.

I work/ study in 
groups.

I understand the 
lecture and classroom 
discussion while I am 
taking notes. 

I try to determine what 
confuses me.

I try to work out the 
example calculations 
problems without 
looking at the example 
problems or my notes 
from class. 

I review the lecture 
notes and practice 
problems before com-
ing to class.

***Questions adapted from a Study Skills Questionnaire from the University of Houston Clear Lake UHCL 
Counseling Services (2021) Study Skills Assessment Questionnaire [The University of Houston Clear Lake]. 
https://www.uhcl.edu/cmhc/resources/documents/handouts/study-skills-assessment-questionnaire.pdf

https://www.uhcl.edu/cmhc/resources/documents/handouts/study-skills-assessment-questionnaire.pdf
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10. Please indicate what actionable tasks (1-2) you are going to do to be success-
ful in the course this semester. 

11. Every year the National Association of Colleges and Employers surveys em-
ployers across the country to rate the top skills/qualities that employers seek 
in new college graduates. Here is the list:

 ◦ Ability to verbally communicate with persons inside and outside the 
organization.

 ◦ Ability to work in a team structure.
 ◦ Ability to make decisions and solve problems.
 ◦ Ability to plan, organize, and prioritize work.
 ◦ Ability to obtain and process information.
 ◦ Ability to analyze quantitative data.
 ◦ Technical knowledge related to the job.
 ◦ Proficiency with computer software programs.
 ◦ Ability to create and/or edit written reports.
 ◦ Ability to sell or influence others.

In BMB464 we are going to be working on all of these skills. Please com-
ment on which above skill you are most excited about developing and why. 

12. Please list class members you would like to work with in a group (if any).
13. Please list class members you would NOT like to work with in a group (if 

any).
14. Anything you would like to communicate to your Instructor or TA in re-

gards to your learning? Anything I should know to help you succeed in the 
course this semester?
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Teachers have been described as the keystone species of the STEM ecosystem, yet in-
stitutions of higher education often struggle to produce enough teachers to meet the 
demand for K-12 STEM courses (Bergin, 2018; Beyond100K, 2024; Milgrom-El-
cott, 2023; Zhang & Zhu, 2023). The only avenues for secondary teaching in STEM 
fields at many institutions of higher education, including ours, are in mathematics 
and science (Johnson et al., 2023) rather than integrated STEM (Berisha & Vula, 
2023). This means that students major in their content area and take a handful of 
education courses. Therefore, the majority of preservice secondary teachers’ instruc-
tional contact hours are spent with professors who may not consider that some of 
their students are future teachers. Unfortunately, unlike Madison Brown’s vignette 
(this collection), many STEM course instructors pride themselves on “weeding out” 
so-called weaker students. As teacher educators, we work to counter the weed-out 
approach most future STEM teachers have experienced during their educational ex-
periences, especially at the university level (McCoy et al., 2017; Weston et al., 2019; 
Hatfield et al., 2022). We aim for teacher candidates to develop an awareness of how 
such tracking and sorting mechanisms can marginalize learners, especially those who 
represent underserved identities (Hung et al., 2020). Our larger goal is to develop 
teacher candidates who see themselves as advocates for students and their families, for 
public schools, and for the teaching profession. 

This chapter is co-authored by the instructor and students, exploring the ways 
these future mathematics and science educators responded to a writing project in 
their multicultural education course. Their reflections on the writing project illu-
minate how their work deepened their own funds of knowledge; an unanticipated 
benefit was broadening their instructor’s understanding of inclusive STEM. We 
share this experience with you in the spirit of welcoming further discussion and 
recommendations from the larger STEM community.

The Multicultural Education Course

With an overarching goal of closing opportunity gaps for learners (Lad-
son-Billings, 2013), one of the required courses for all K-12 and secondary teacher 

https://doi.org/10.37514/ATD-B.2024.2364.2.15
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education students at Metropolitan State University of Denver (MSU Denver) is 
Multicultural Education. This course aims to help students develop critical aware-
ness and a multicultural framework for viewing classroom interactions and cur-
ricula (Banks & Banks, 2019; Howe & Lisi, 2024). The course addresses racial 
and ethnic inequality and social stratification as primary lenses for understanding 
language, economic class, and other forms of difference in schools. As Ann Fink 
reminds us later in this section, “Liberatory processes position teachers, students, 
and their ecologies as companions in scientifically understanding and acting on the 
world” (this collection). The course syllabus emphasizes the roles teachers as deci-
sion-makers play in meeting the educational needs of “learners from diverse back-
grounds” (Fink, this collection), though other than a brief introduction to Univer-
sal Design for Learning (UDL), disability had not been included in the definition 
of diversity in the course; all general licensure students are required to take just one 
course on exceptional learners offered by a different department. Similar to most 
teacher preparation programs, deep learning about disability seems to be limited 
to special education majors and segregated from general licensure (Schneiderwind 
& Johnson, 2021; Shume, 2023). Students in my (Janelle’s) classes have often de-
scribed the exceptional learners course anecdotally as a catalog of disabilities rather 
than one that helps them develop inclusive pedagogies. Our teacher preparation 
program has, therefore, reflected a siloed approach to inclusive teaching, counter 
to our stated social justice-based course objectives (Ogodo, 2024). It was the social 
justice advocacy by students in the class that raised the awareness of the instructor. 
This advocacy emerged during one of the key assignments of the multicultural ed-
ucation course, a “Call to Action” (CTA) project that includes both a written paper 
and a public service announcement. The written portion of the CTA is discussed 
in the following section.

A Call to Action for Social Justice

The overall goal of the CTA is to help students utilize peer-researched literature 
as a foundation for improving their self-efficacy for teaching and to cultivate their 
own voices as social justice advocates. While a theoretical framework of educational 
equity underlies the overall course, I have found that students have varying degrees 
of awareness of how theory shapes education and their own potential contribu-
tions to theory; they overwhelmingly tend to view themselves only as “receivers” 
of theory (Edelen et al., 2023; Rutten, 2021). The CTA project pushes students 
to ground a macro-level issue in a specific context at the micro level, planting the 
seeds of an ethnographic lens meant to cultivate their awareness and empathy with 
specific communities of students (Moll, 2013; Pérez-Castejón, 2023). Over the 
course of the CTA project each semester, I have witnessed evidence of a shift in 
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teacher candidates’ mindsets from student and subject toward teacher and agent. The 
introduction to the assignment reads:

This is a chance for you to connect what you are learning in class 
to an action research project. Research a topic of interest related 
to this class, the content you will teach, and your field experi-
ence. Learn about it from multicultural perspectives and build 
your own knowledge for your future educational work.

As an instructor, I have found this assignment challenging for students for mul-
tiple reasons. One tension I consistently observe is that in the content courses for 
students’ majors, they tend to focus on fulfilling the professors’ requirements, com-
pleting the homework, and scoring well enough to pass exams. The teacher education 
courses, on the other hand, push the candidates to think as professional teachers 
rather than students, which can be a difficult transition (Moran et al., 2023). I feel 
that this dichotomous positioning between subject and agent helps to explain the 
challenges for teacher candidates’ development of their own theoretical lenses. They 
have been trained to be compliant as students, and developing their own identi-
ty-agency seems out of reach to most of them (Berisha & Vula, 2023; Ruohotie-Ly-
hty & Moate, 2016). To become social justice advocates, they need to recognize the 
power of their own voice as well as being part of a larger collective that calls attention 
to marginalization of many students and communities by the educational system 
(Cochran-Smith et al., 2009; Grant & Agosto, 2008; Picower, 2012). 

To cultivate that identity-agency, the CTA asks students to write in a pro-
fessional tone and to utilize their own voice as they write about an issue they are 
passionate about. The CTA project is also meant to cultivate the future teachers’ ca-
pacity for social justice advocacy writ large, so, in the written paper, I push them to 
use the headings I provide not only for clarity but as a strategic move to align with 
readers or funders who may be reviewing the work. Over time, I have developed 
what I have found to be an effective approach to supporting students’ confidence 
to tackle this project by providing feedback on drafts at every step and requiring 
one-on-one meetings with me for coaching. 

The sections of the paper (included in the Appendix) are inequity and ratio-
nale, sociocultural and sociohistorical roots of the issue, current context, action 
plan, and self-reflection. I scaffold the project by first inviting students to select 
and share a possible topic, which we discuss in small groups. Next, they complete 
a brief written outline that corresponds to the sections of the paper. I give them 
feedback on the outline to help them better utilize an ethnographic lens (Moll, 
2013). I then assign a draft of one section of the paper at a time, starting with the 
works cited section. This allows me to help them continually narrow their topic and 
focus as needed. In the inequity and rationale section, students name the issue they 
are tackling and describe why it is personally significant to them. I have found that 
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I have to offer many students encouragement to insert themselves in the writing 
since much of their previous writing has asked them to be “neutral.” 

The section on the issue’s sociocultural and sociohistorical roots allows students to 
write about policies and practices that have shaped their issue systematically over time. 
This aligns with course goals of rethinking uneven student learning outcomes as an in-
tergenerational opportunity gap rather than an achievement gap. The current context 
section asks students to ground their issue locally, tapping into a range of resources, 
including their own clinical field sites and local news media. This helps students un-
derstand the varying scales of social justice issues, grounding them in the community 
where they will be working as teachers. The action plan of the CTA asks the student 
to generate ideas about steps they can take that will be appropriate to their position as 
novice teachers. Some possible avenues for action include creating a class project on 
the issue, helping students reach out to policy makers, finding ways to engage recipro-
cally with students’ families, advocating at the district level, or writing an op-ed. 

The self-reflection section of the CTA has changed over time. When I started 
assigning this project around ten years ago, I would simply assign it as the final 
section of the paper. Over time, I learned that I could better help students docu-
ment their metacognition by having them write reflection and process notes at the 
bottom of each draft section of the paper as they composed them one by one. They 
write about being frustrated during their searches, often not finding exactly what 
they are looking for. This provides us with the opportunity to discuss what is meant 
by holes in the research and the need for triangulation. What follows are samples of 
the teacher candidate co-authors’ own CTAs.

Future STEM Teachers’ Advocacy for More 
Inclusive STEM: Reflections on the CTA

“Understanding Gender Bias in Disability Presentation” 
by Science Teacher Candidate Kimmie Bourelle
After many years of working closely with students with severe special needs, I 

have noticed that students’ intelligence and potential for success in STEM subjects 
is often overlooked. Students with hidden disabilities, including learning disabili-
ties (LDs), emotional disorders, and mental illness, have an entirely different level 
of potential dangers and bullying than they must consider. Because they do not 
physically show their disability, they may get teased for being “weird,” “awkward,” 
or even “dumb.” Engaging in the work during the CTA helped me reflect on my 
biases when working specifically with girls with disabilities.

Using a lens of intersectionality in the CTA paper, I examined the experiences 
of girls and women with “invisible” disabilities such as autism or ADHD because 
they physically appear “neurotypical.” The gender bias women and girls face takes 
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shape through certain social stigmas and assumptions made about them in their 
education and is undoubtedly amplified in STEM pathways. The implicit bias that 
favors men in workplaces and within the education system harms all females. How-
ever, it is crucial to bring the specific issues of women and girls who have a hidden 
disability into focus if we hope to close opportunity gaps in STEM and beyond.

“The Importance of Math Skills” by Mathematics 
Teacher Candidate Parker Edingfield 
Mathematics is essential for many career pathways. It is, therefore, recognized 

as a gatekeeper subject for all STEM fields. From arithmetic to linear algebra and 
beyond, the world functions as a product of math. Teaching students high school 
math effectively opens the door for any aspirations the student wants to pursue. 
Basic algebra is a necessary skill for higher education and many trade skills. By 
not encouraging universal math literacy in the way reading and writing are uni-
versally emphasized, students become unable to pursue their passions and career 
opportunities. Math literacy currently exists within most communities as “optional 
literacy,” while language skills are prioritized as “mandatory literacy.” This cultural 
relationship with mathematics makes it incredibly difficult to reach struggling stu-
dents and creates generational struggles with mathematics.

Including specific pedagogies in my CTA action plans helped me reflect on how 
content can be taught in an equitable and fair way for all students. One way to do this 
is through UDL. UDL operates with the assumption that all students receive instruc-
tion differently and deserve a fair chance at participation and assessment. Using UDL 
as a framework allows flexibility in the thinking, expression, and reflection of learn-
ing. This type of flexibility is significant in helping students feel valuable, capable, 
and confident in the classroom. The CTA started a very new line of thinking for me. 
It began with reflecting on how my experience as a suburban white student who has 
gone through an education in mathematics with few obstacles was so different from 
most students’ experience. And the more I investigated, the more I realized that many 
distinct types of people are marginalized in public schools. How do I, as a teacher, try 
to put myself in a position to empathize and understand enough to help them with 
whatever they need to help transition academically, emotionally, socially, or whatever? 
And so that’s disability, equity, and culturally responsive work.

“Autism Spectrum Disorder in the Educational System” 
by Science Teacher Candidate Mary Coleman
There is a need for a greater understanding of students on the autism spectrum 

in all fields, but especially in STEM fields. Since the introduction of the Individuals 
with Disabilities Education Act, many changes and reforms have taken place to bet-
ter include and serve individuals with autism in the public school system. This same 
system created to protect and serve these individuals, however, has continued to be 
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overwhelmed with deficits. My rationale for advocating for a greater understanding 
of autism spectrum disorder in the education system is that this spectrum is a central 
challenge in our education system. The funding, necessary steps, and participation of 
schools are vital to the care and success of individuals on the spectrum. Not only is it 
essential to recognize that everyone is on a case-by-case basis for programs, but these 
individuals may also have abilities not generally seen in neurotypical children. In ed-
ucational history, it has been unintentionally ignored that individuals with disabilities 
also have power. My STEM teacher preparation coursework needs to address this.

We must focus not just on disability but on learners’ abilities from a strengths-
based perspective. For example, many students may struggle with social interactions 
but excel in math and science. As a teacher, I may have to use different approaches 
than I do with neurotypical students, but it is essential to recognize the students’ 
cognitive strengths. My key takeaway from the CTA was developing the perspective 
that I could combine two things: my passion for becoming a science teacher and 
my appreciation for individuals who are neurodivergent. This process has helped 
me create classroom engagement strategies since the accommodations I may make 
for neurodiverse students are often adequate for a range of learners. 

“Challenges of Pandemic Mask Use for Deaf 
and Hard of Hearing Communities” by Science 
Teacher Candidate Katie Weaver
Many STEM teachers think they only need to know their content area well to 

be effective teachers, but they must consider the needs of all their students. Deaf 
and hard-of-hearing students have historically been underrepresented in STEM 
fields, and the pandemic surfaced as another contributor to that inequity. My CTA 
tackles the additional challenges the deaf and hard of hearing experienced with 
mask use during the COVID-19 pandemic due to the importance of lip-reading 
skills, facial expression, and body language for comprehensive communication in 
addition to or instead of using Sign Language. A common misconception that 
wearing a mask would not affect deaf and hard-of-hearing students because these 
individuals don’t use their mouths to speak is a dangerous and harmful idea that 
further marginalizes these students and teachers. When signing (ASL), facial cues 
and expressions are an extremely important component of communication and 
tone. Overall, deaf and hard-of-hearing individuals face the challenge of putting 
themselves and others at risk by not wearing masks or facing the stark fact that 
they cannot communicate effectively. This enormous inequity that deaf and hard-
of-hearing students and teachers face increases an already present opportunity gap.

I am incredibly grateful for this process and to have the opportunity to uncover 
this inequity. Throughout this process, I was expecting to find more information 
and more research on the effects that this inequity has had on deaf and hard-of-
hearing students. However, it is a relatively new inequity, as COVID has only 
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recently created the masked world we currently live in at the time of this writing. 
Ultimately, there is no official “research” on the effects of this inequity and if and 
how deaf and hard-of-hearing students are affected in terms of academic achieve-
ment, social disparities, or language loss. 

“Expectancy Effect” by Mathematics Teacher 
Candidate Joseph Schneiderwind
I live with an extremely difficult and progressive physical disability that was not 

noticeably prohibitive until after achieving a graduate education; I was ABD (all 
but dissertation) in an acoustical physics program until the challenges of my dis-
ability did not allow me to continue that program. But this makes me think back 
and realize how little I knew about, or was exposed to, anybody with a disability 
during my own years as a student.

Social upbringing, the media, and self-reinforcement contribute to the prob-
lem of students who are statistically not “supposed” to do well tending not to. 
This leads to lower test performance, less interest in pursuing studies in science 
and mathematics, and reduced effort to pursue counter-stereotypic skills, amongst 
other things. The studies that I have read mentioning the expectancy effect are in 
relation to racial and ethnic minorities or women in STEM fields. However, such 
an effect can easily include students with disabilities. However, when viewing this 
through the expectancy effect lens, none of the research I encountered specifically 
addressed students with disabilities in STEM. Statistics that I found have primarily 
been census data and not related to a specific study. Further, many authors write 
in pedagogical terms about how a classroom or subject should be approached with 
respect to students with disabilities. However, they do not write about the effects 
of implementing that approach. The studies that have been done are largely funded 
by agencies looking at the accessibility of students with disabilities in postsecondary 
education. The notable lack of research seemed to be indicative of the little impor-
tance society places on this issue.

“Collective Action for Educational Inequities” by 
Science Teacher Candidate Maddie Onstott 
More equitable access to quality STEM education for students with disabilities 

in rural schools matters to me because I believe all students have the right to an 
education/school system that will support them as they are and not forget about 
them because of their ability. As a future science educator, I want to help provide 
my students with learning opportunities to participate in hands-on activities that 
fire up their critical thinking skills so that they clearly understand a concept, rather 
than having them look up definitions of science terms online and write them down. 
I would like to have access to technology and materials that will help my students 
learn more engagingly, but I may not be able to do so if the school I teach at lacks 
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adequate access. The importance of access to technology and materials that will 
help students with disabilities learn in more engaging ways is crucial.

After researching this topic and interviewing key leaders in the state, I feel 
like I have learned so much. I could fill in gaps in the information I was finding in 
my research about funding for inclusive STEM education in rural schools. It also 
seemed like even though the resources are available, not many know about them 
or are not interested in teaching in rural schools. A large part of this is due to the 
lack of support networks available to educators in these rural areas. If there were 
more PD opportunities for rural teachers and strong, localized support networks in 
these communities, in addition to funding opportunities for schools and teachers, 
more educators would student-teach in rural areas and continue to teach there. I 
also learned about a toolkit that provides support and structure for schools to build 
teams that can better serve students and their communities. This was a great way 
to give a voice to the local community and students because the people living and 
working in an area truly know what is going on there.

“Societal Importance of Gaps in the Research” by 
Science Teacher Candidate Adrian Clifton
I have learned many different things in the process of this CTA project and the 

work I have done over the last year. As a student with disabilities, I always knew that 
going through the school system was tough, but I did not realize how widespread this 
issue was and how little help these kids get until I saw this while working at a public 
school. These kids were not prioritized, and neither were the workers who were sup-
posed to be helping them. I have not yet seen enough articles and studies directed to-
ward how teachers can equip themselves to reach and teach students with disabilities. 
Since the amount of research on a topic can often reflect its societal importance, it is 
apparent that this topic has not been prioritized. Teachers who want to educate them-
selves will have to do their own digging and will likely have to spend good money to 
access the content they want (and most teachers are overworked and underpaid as is).

Learning to help kids with disabilities is difficult because there is no one-size-
fits-all way to teach kids with disabilities, as each disability is different. The existing 
resources are buried in journals that most teachers probably have never heard of, 
much less have access to, since so many of these journals are expensive to access. 
If I want to advocate for students with disabilities and argue that teachers should 
be trained to help them, I, too, need to be trained to help students with disabili-
ties. Serving students with disabilities was only addressed during one course in my 
teacher preparation program. The fact that I am on the autism spectrum and have 
OCD gives me firsthand knowledge about how to help similar students, but there 
are many more disabilities out there that I am untrained about. Ultimately, this 
issue is a systemic failure of the entire structure of society and the schooling system, 
and there is thus no quick and easy fix to the problem.
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An Instructor Learning from Their 
Students and the Process
From an instructor’s perspective, utilizing this CTA as one of my course’s key assign-
ments has been an incredible source of learning on multiple levels. It has certainly 
been an effective approach to supporting future teachers’ social justice identity-agency 
(Jacobs & Perez, 2023), but it has also had a profound effect on my own thinking. I 
describe my entire career trajectory as having a focus on STEM equity, but that focus 
had not included disability until I learned from my own students and their CTA 
projects. As a teacher and an academic, I shied away from any topic I did not have rec-
ognized expertise in; I had minimal background in so-called special education. But I 
faced the harsh realization that I was underserving students with disabilities in my own 
classes by ignoring the topic. And I underprepared all my students as future educators 
by not including learning about disability as an integral part of the equity lens. Luis 
Moll (2013) writes about Vygotsky’s call to understand that all students are part of a 
continuous spectrum. As these future educators tackled topics related to disability in 
STEM in their CTA research, I learned with and from them. It has been a humbling 
and consciousness-raising experience. It has helped me be transparent with my own 
students about the value of ongoing learning as a teacher and recognizing our students’ 
funds of knowledge (Gonzalez et al., 2006). I genuinely learn from my students’ CTAs 
every semester. Reflections of this nature on centering the needs of our own students 
are also reflected in the chapter by Jennifer Newell-Caito (this collection).

I would like to encourage instructors in other higher education contexts to ex-
periment with creating a CTA in their own courses. The scaffolded structure certainly 
makes it more approachable for instructors to adapt this writing project. Start with 
an open discussion of inequities in your field of study. What are students passionate 
about? What experiences with this issue do they bring with them into your classroom 
community? You can capture students’ initial ideas about possible topics with an 
online poll, for example. Help them build out their ideas a bit more, writing bullet 
points or short paragraphs for each of the sections—history of the issue, where they 
see it locally, some ideas they have to tackle it, and any resources they find that may 
support their learning. Make sure to give yourself time to give them feedback each 
step of the way and coaching as needed. We stretch out this project over more than 
half of the semester; students see the coherence of the work since the topics they 
choose overlap with the content of the course. While this chapter focused on the writ-
ten portion of the CTA, students also create a public service announcement (PSA) 
once they have finalized their written papers. The PSA is a wonderful opportunity for 
the students to publicly present their work and get feedback from their peers. We’ve 
had success with the PSAs both in person in a “gallery walk” style and shared remotely 
through an online platform such as Padlet. Students learn from each other and have 
yet another opportunity to cultivate their identity-agency. 
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Appendix: Colorado Call to Action Project: EDS 3150: 
Multicultural Education, by Dr. Janelle M. Johnson

This is a chance for you to connect what you are learning in class to an action re-
search project. Research a topic of interest related to this class, the content you are 
going to teach, and your field experience. Learn about it from multicultural per-
spectives and build your own knowledge for your future educational work. Some 
ideas include: teen homelessness, the foster care system, unequal school funding, 
transgender student rights, inclusion of students with disabilities, educational 
access for English Language Learners, school choice, school discipline, equity of 
school lunch programs, funding for the arts, immigration, girls in STEM fields, 
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poverty in schools, desegregation policies, bullying, overrepresentation in special 
education; the need for art and music as core classes, bias in the curriculum, etc.

Steps of the assignment:

1. Clearly identify an educational inequity. It must be something specific we 
can see evidence of in schools or classrooms, including challenges and prob-
lems of students and their families.

2. Research the issue using multicultural lenses (race, ethnicity, language, cul-
ture, disability, sexual orientation, etc.). Think of how the needs of different 
populations of students may be underserved in a specific context. What 
have been the institutional and educational blind spots?

3. Write a 10-12 pages total (double-spaced) paper on the topic with 5-10 
references and reflection. You must include page numbers and the provided 
headings.

4. Create a public service announcement (PSA) that raises awareness about the 
educational inequity you researched.

5. Share your PSA with the class and the world. 

Part I: Specifics for the PAPER (50 points)

Your document should be no more than 12 pages total (number your pages), 
including a works cited page, with appropriate referencing for your content area. 
You must use the following as your section headings, and you can add additional 
headings or subheadings if you choose: 

Educational Inequity and Rationale (minimum one page)
[Examine the effects of bias, prejudice, and/or discrimination and how they 

have affected access and opportunity to academic success of one or more of the 
groups of color in United States society. (TQS 2.B, 2.C, 2.D, 3.A, 3.D, 4.C)]

What is your rationale for advocating this particular issue over others? WHO 
is suffering because of this inequity? Be specific. Here, you want to make as strong 
a case as possible for WHY this is a central challenge. Include your own voice. Why 
does this matter to YOU? Relate the issue to educational issues facing Colorado 
and your current or past field placement school. To the extent possible, lay out your 
“thinking/decision-making” process. Cite any references. (10/50 points)

Sociocultural/Sociohistorical Roots of the Inequity (2-3 pages)
[Examine structures of power, control, and governance in schools in relation to 

race, ability, age, ethnicity, gender identity/expression, religion, sexual orientation, 
and socioeconomic status. (TQS 1.C, 2.B, 2.C, 4.C, 4.D)]
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In other words, what do we need to understand, contextually, in order to make 
sense of this project? What is the macro context of this issue? These roots can be eco-
nomic, political, social, and/or demographic. What policies shaped this issue? How 
has it changed over time? Use references. (10/50 points)

Current Context (2-3 pages)
[Analyze the impact that race, ability, age, ethnicity, gender identity/expres-

sion, religion, sexual orientation, and socioeconomic status have upon learning, 
and explain the roles of teachers, administrators, parents, and the community in 
the pursuit of multicultural goals in education. (TQS 2.A, 2.B, 2.C, 2.D, 3.A, 4.A, 
4.C, 4.D)]

What is the current state of events (economic, political, social, demographic, en-
vironmental. . . .) that needs to be understood to address this challenge? Use any 
statistics you can find, especially if you are discussing a challenge in a specific school 
or district. News stories are an excellent source for this section. Feel free to describe 
conditions you have observed firsthand. Cite any references, including conversa-
tions. (10/50 points)

Action Plan (2-3 pages)
[Develop strategies/methods that lead to the formation of and continuation of 

multicultural education in schools. (TQS 2.A, 2.B, 3.A, 3.D, 4.A, 4.B, 4.C, 4.D) 
Identify methods of reducing prejudice and racism in the classroom. (TQS 2.A, 
2.B, 2.C, 2.D, 3.A, 3.D, 3.E)]

What will be the most useful actions YOU can take as an educational advo-
cate? You do not need to “solve” the problem but need to find a way to address 
it. This can include raising awareness about the issue. Try to ALIGN the actions 
with the problem—if it’s funding, how could you advocate for funding to try to 
write grants? If it’s an issue faced by families, can you organize some kind of parent 
group that brings these issues to the table? Defend your choice based on the spe-
cifics of your field, the nature of the educational equity issue, and based on your 
own self-reflection about what you will actually USE. Include the Teacher Quality 
Standards this issue addresses. (10/50 points)

Resource: https://tinyurl.com/mvcfe8yj
Self-Reflection (1 page)
[Explain how personal views and experiences may influence attitudes and be-

haviors as an educator. (TQS 4.A, 4.B, 4.C)]
Your own voice should come through most clearly in this section. Apply criti-

cal thinking dispositions to your own thinking, especially concerning issues of race, 
ethnicity, language, culture, sexual orientation, and/or disability. Describe what 
challenges you had tackling this topic and what kind of information you did or did 
not find. What have you learned? (5/50 points)
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Works Cited (1 page)
Whole paper must be spell checked with formatting that reflects profession-

alism. Must include page numbers, headings, works cited page (5/50 points) [Use 
technology to access, organize, interpret and present information. (TQS 3.C, 3.F)]

Some Resources:

• Colorado school data http://highered.colorado.gov/Data/DistrictHS-
Summary.aspx

• Teaching Tolerance.org
• Colorado Public Radio
• Chalk Beat
• Denver Post
• The equality of opportunity project http://www.equality-of-opportunity.

org
• Annie E. Casey – Kids count data http://datacenter.kidscount.org/

data#CO/2/0
• Multicultural education: Issues and perspectives http://www.slideshare.

net/mariaferc/0470483288multicul
• NEA Grant writing http://www.nea.org/home/10476.htm

Rubric for Colorado Call to Action Part I

Exceeds Expec-
tations

Meets Expecta-
tions

Partially Meets 
Expectations

Does Not Meet 
Expectations

Inequity and 
rationale: 1 page 
(TQS 2.B, 2.C, 
2.D, 3.A, 3.D, 
4.C,)

Clear explanation 
of one major ed-
ucational equity 
challenge. Clear 
explanation of 
which aspects are 
most important 
to this challenge. 
Clearly argues 
why this is an 
important ineq-
uity. 9-10

Adequate expla-
nation of one 
major education-
al equity chal-
lenge. Indicates 
which aspects are 
most important 
to this challenge. 
Argues why this 
is an important 
inequity. 7-8

States one major 
educational 
equity challenge. 
Confusing or 
not compelling 
reason why this 
is an important 
inequity. 5-6

Does not clearly 
state one major 
educational 
inequity. Lack of 
rationale provid-
ed. 4-0

Roots of the in-
equity: 2-3 pages 
(TQS 1.C, 2.B, 
2.C, 4.C, 4.D)

Clear explana-
tion of roots 
(economic, 
political, social, 
demographic, en-
vironmental…) 
of this inequity. 
9-10

Adequate 
explanation of 
roots (economic, 
political, social, 
demographic, en-
vironmental…) 
of this inequity. 
7-8

Minimal 
explanation of 
roots (economic, 
political, social, 
demographic, en-
vironmental…) 
of this inequity. 
5-6

Does not address 
roots (economic, 
political, social, 
demographic, en-
vironmental…) 
of this inequity. 
4-0

http://highered.colorado.gov/Data/DistrictHSSummary.aspx
http://highered.colorado.gov/Data/DistrictHSSummary.aspx
http://datacenter.kidscount.org/data
http://datacenter.kidscount.org/data
http://www.slideshare.net/mariaferc/0470483288multicul
http://www.slideshare.net/mariaferc/0470483288multicul
http://www.nea.org/home/10476.htm
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Exceeds Expec-
tations

Meets Expecta-
tions

Partially Meets 
Expectations

Does Not Meet 
Expectations

Current Context: 
2-3 pages (TQS 
2.A, 2.B, 2.C, 
2.D, 3.A, 4.A, 
4.C, 4.D

Clear explanation 
of current condi-
tions (economic, 
political, social, 
demographic, 
environmental) 
that affect this 
inequity. 9-10

Adequate 
explanation of 
current condi-
tions (economic, 
political, social, 
demographic, 
environmental) 
that affect this 
inequity. 7-8

Addresses only 
one current 
condition 
(economic, 
political, social, 
demographic, 
environmental) 
that affect this 
inequity. 5-6

Does not address 
current condi-
tions (economic, 
political, social, 
demographic, 
environmental) 
that affect this 
inequity. 4-0

Action Plan: 2-3 
pages (TQS 2.A, 
2.B, 2.C, 2.D, 
3.A, 3.D, 3.E, 
4.A, 4.B, 4.C, 
4.D) 

Well-aligned 
action plan to 
address the situa-
tion. 9-10

Action plan fairly 
well aligned. 7-8

Minimally 
aligned action 
plan. 5-6 

Action plan not 
aligned to ineq-
uity. 4-0

Self-reflection: 1 
page (TQS 4.A, 
4.B, 4.C)

Clear explanation 
of choice of topic 
and process. 5

Adequate expla-
nation of choice 
of topic and 
process. 4

Lack of expla-
nation of choice 
of topic and 
process. 3

Limited to no 
explanation of 
topic and pro-
cess. 2-0

Headings, Num-
bering, Spelling,
Citations 
(TQS 3.C, 3.F)

Headings correct, 
pages numbered, 
no misspelled 
words, proper 
citations. 5

Most headings 
correct, 1-2 
misspelled words 
or improper 
citations. 4

Some headings 
correct, 3-5 
misspelled words 
minor citation 
errors. 3

No headings 
and/or page 
numbers, Many 
misspelled words, 
major citation 
errors. 2-0

Part II: Specifics for the PSA (30 points) 
Public Service Announcement and Q & A session

1. Choose a format for your PSA: television (30-60 second animated Pow-
erPoint with recorded audio); radio (30-60 seconds); two-sided brochure; 
billboard or bus stop ad.

2. This PSA should NOT be an oral recitation of your written report. It should 
be designed to raise awareness about your educational inequity issue and en-
courage some specific action. You are encouraged to use a variety of media 
formats and to include photos and “voices” from the field. 

3. Include charts or data in the PSA. 
4. Ask friends and colleagues – to watch/listen and provide feedback on how 

professional it is.
5. Prepare for the Q & A session. 
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Rubric for the Colorado Call to Action Part II: PSA

Exceeds Expec-
tations

Meets Expecta-
tions

Partially Meets 
Expectations

Does Not Meet 
Expectations

Clarity of Educa-
tional Inequity 

Clear explanation 
of one major 
educational 
inequity. 
Clear explanation 
of which aspects 
of diversity are 
most important 
to this challenge. 
Excellent use of 
charts and data 
9-10

Adequate 
explanation 
of one major 
educational in-
equity. Indicates 
which aspects of 
diversity are most 
important to this 
challenge. Good 
use of charts and 
data. 7-8

States one 
major educa-
tional inequity. 
Confusing or 
not compelling 
reason why this 
is an important 
equity challenge. 
Charts and data 
included but do 
not support call. 
5-6

Does not clearly 
state one major 
educational in-
equity. Minimal 
or no charts and 
data. 4-0

Call to Action Very clear call to 
action to address 
the situation. 
9-10

Somewhat clear 
call to action. 7-8

Unclear call to 
action. 5-6

Minimal or no 
call to action. 4-0

Professional Extremely profes-
sional quality in 
selected medium. 
No misspelled 
words, no obvi-
ous grammatical 
errors. 9-10

Profession-
al quality in 
selected medium. 
1-2 misspelled 
words or obvious 
grammatical 
errors. 7-8

Somewhat 
profession-
al quality in 
selected medium. 
3-5 misspelled 
words or obvious 
grammatical 
errors. 5-6

Unprofession-
al quality in 
selected medium. 
Many misspelled 
words and obvi-
ous grammatical 
errors. 4-0
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Teaching Neuroethics in a Time of 
Crisis: Lessons in Liberatory Pedagogy

Ann E. Fink
Lehigh University

Introduction

Crises lay bare the core values around which institutions are organized. A crisis 
represents a state of overwhelm, a system pushed to the limit of its capability to 
adapt. Crises may occur within the lives of individuals or at broader societal and 
ecological levels. They may take the shape of an acute illness, floods on a warming 
planet, or a pandemic. Disasters may originate within the natural world, yet a state 
of crisis is crafted and perpetuated within human activities. Crisis invariably creates 
opportunities for power to assert itself. 

Nevertheless, crisis may also present opportunities for liberatory and humanist 
modes of change, and education is central to such capabilities. It is a testament to 
this potential of education that recent crises have elicited such reactionary attacks 
on educational institutions and educators, including crusades against the teaching 
of critical race theory and LGBTQIA+ educators and students. An intentional, 
values-informed approach to STEM fields and to education is needed to counter 
reactionary narratives and responses to crisis. 

STEM teachers and researchers may feel a sense of remove from political prob-
lems (science has long been touted as objective, detached, and apolitical); never-
theless, science is a fundamentally social activity, anchored in time and place and 
requiring substantial collaboration. I echo Helen Longino’s (1990) observation that 
“it is the social character of scientific knowledge that both protects it from and 
renders it vulnerable to social and political interests and values” (p. 12). At present, 
problems such as climate change, disparate illness outcomes, and revelations about 
scientific racism, sexism, and ableism challenge STEM educators to more explicitly 
consider values in their work. 

Students in STEM classes will become future scientists and educators or will 
otherwise make use of scientific knowledge in their lives. These realities further invite 
teachers to act responsibly in their roles and to welcome values, ethics, and critical 
methodologies into the STEM classroom. I respond to these challenges as a neuro-
scientist, ethicist, and educator with a deep commitment to liberatory pedagogies. 
Neuroethics, as a discipline, centers the critical analysis of the scientific study of brain 
and mind and informs the totality of my teaching in neuroscience. In this chapter, I 

https://doi.org/10.37514/ATD-B.2024.2364.2.16
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describe how teaching neuroethics through a liberatory lens has facilitated students’ 
ability to think critically, name and examine values, and take nuanced and histori-
cized perspectives on neuroscience-related topics, even as the COVID-19 pandemic 
and other recent crises unfolded. I expand on how my own theoretical foundation in 
liberatory pedagogies and understanding of critical consciousness shaped the design 
of course curricula and classroom spaces during the pandemic and illustrate how such 
critical methodologies may alter engagement with power in the sciences. Finally, I 
provide practical insights and applications from the neuroethics classroom. Through-
out, the neuroethics view, informed by critical methodologies, allows for novel con-
ceptualizations of accountability and justice (Hue, 2020). 

Author Positionality

I am a multiracial, Asian American, light-skinned, bisexual, queer person. I 
live with chronic illness. I benefit from a high-quality education spanning com-
munity college and a Ph.D. I have been engaged in learning, memory, and mental 
health-related research and teaching for almost 20 years and have also become a 
practicing clinician. Together, my social identities, interdisciplinary knowledge, 
and values have shaped my presence in science as well as my teaching philoso-
phy and methods. Being raised across cultures, in an ambiguous skin, made me 
more comfortable with ambiguity and complexity, and being without generational 
wealth helps me to recognize financial limitations on time, attention, and options. 
I confront oppressive legacies and the workings of power in the sciences, and I have 
learned to be curious about how dimensions of identity shape the science classroom 
and students’ experiences therein. My dimensions of positionality confer special 
awareness for marginalized perspectives that are similar to my own while obscuring 
other marginalized experiences and knowledge forms. The concept of cultural hu-
mility (Abe, 2020) reminds me that each student is the expert in their own social 
identity and experience. With awareness of my own positionality, I can attend to 
their perspectives and craft spaces more conducive to their learning.

Critical Pedagogy and Liberatory Process

In Pedagogy of the Oppressed (1970/1993), Paulo Freire inscribed key theoret-
ical and practical foundations of critical pedagogy upon which others continue to 
expand. This approach toward pedagogy may encompass goals of inclusion but tran-
scends them. Critical pedagogies seek transformed relationality between teachers and 
students, with a flattening of the hierarchies that characterize traditional classrooms.

Central to critical pedagogy is conscientização, a practice of critical thinking, col-
lective awareness, theory building, and action. This stands in contrast to the “bank-
ing model” of education (Freire, 1970/1993, pp. 53-54, 90), where a supposedly 
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omniscient and omnipotent teacher deposits information into the minds of passive 
students. Critical pedagogy rejects the assumption that learners are so fundamen-
tally blank, proposing instead that students and teachers both shape the learning 
process. Through a critical dialogue that encompasses their socio-historical context, 
they may come to understand the world together. 

An attention to power dynamics that subverts the authoritarian structure of 
traditional classrooms is one key principle of critical pedagogy. Another is concur-
rent engagement with theory and praxis; theory is meaningful inasmuch as it con-
nects to the material conditions of the world. As students and teachers name the 
world together, they also act together. This process requires dialogue and mutuality, 
a reflexive collaboration in the classroom and beyond.

In accordance with these principles, critical pedagogy requires learning in com-
munion with one another and with surrounding ecosystems (Freire, 1970/1993, 
pp. 62-63). Freire argues that critical pedagogy is a relational practice requiring 
intersubjectivity, a recognition of the value, personhood, perspective, and agency 
of the other (e.g., teacher and student). This also engenders spontaneity, liveliness, 
and creativity, in contrast to the deadness of authoritarian, dominating forms of 
education (Freire, 1970/1993, p. 58). The liberatory classroom is a living organism.

Education for critical consciousness is playful at its best but has serious stakes. 
Teachers and students embark together on a project of intellectual and material 
liberation. In this process, one does not liberate the other (an impossible endeavor; 
Freire, 1970/1993, pp. 75-76). Rather, the liberatory process entails “doing with” 
rather than “doing to.” This critical, relational process also differentiates between 
the revolutionary process of conscientização and either bureaucratic or rigid sectar-
ian thinking. The liberatory process is itself fraught with problems of power, in-
cluding dangerous hero fantasies about idealized leaders. Akin to this is the danger 
of investment in a tokenized few representatives of oppressed identities who may 
enforce the norms of unchanged oppressive structures. A liberatory goal, rather, 
is that all participants become “subjects who meet to name the world in order to 
transform it” (Freire, 1970/1993, p. 148).

The scholar and educator bell hooks (Gloria Jean Watkins) was one of the 
most prolific U.S. practitioners of critical pedagogy. In her own indispensable 
work, Teaching to Transgress (1994), hooks explores both her connection to and 
ambivalence about Freire; she is known for expanding Freire’s analysis of power 
and oppression to include the “interlocking forms of domination” (hooks, 1989a, 
p. 25) known as gender, race, and class. hooks’ theorizing dovetails with her con-
temporary Kimberlé Crenshaw (1989, 1994), who introduced the framework of 
intersectionality within legal analysis. hooks recurrently explored love as a defining 
feature of the feminist, liberatory classroom (hooks, 1989b; 1994, pp. 198-199) 
while simultaneously embracing productive conflict and confrontation, which she 
saw as central to the project of critical consciousness (1989b; 1994).
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Other authors, such as Maurianne Adams and Barbara Love (2010), examine 
how liberatory educational practice aligns with contemporary “diversity” rheto-
ric within universities. These authors emphasize that simply adding diversity in 
admissions is not enough; the quality of the educational environment must be 
cooperative, consistent, and supportive. Regardless of institutional rhetoric, these 
authors also note that many faculty continue to teach from familiar, authoritarian 
traditions predicated on the “banking model.” The authors employ a social justice 
argument for adopting liberatory educational practices, and they place the leveling 
of power at the center of meaningful equity and inclusion. 

Adams and Love (2010) propose a four-quadrant model that may be used to 
analyze and assess liberatory, social justice-focused teaching and learning. These 
four quadrants include:

(1) what our students, as active participants, bring to the class-
room, (2) what we as instructors bring to the classroom, (3) the 
curriculum, materials, and resources we convey to students as 
essential course content, and (4) the pedagogical processes we 
design and facilitate and through which the course content is 
delivered. (p. 7)

This framework may be used to identify the positionality and strengths of stu-
dents and instructors and to help classroom participants to reflect on social iden-
tities and exercise perspective-taking skills. Such models may be helpful in linking 
theory to pedagogical practice. Nevertheless, Adams and Love (2010) also argue 
that social justice goals require transformation at institutional and societal levels, 
in addition to self-reflexive practice and changes within the classroom. They note 
particular difficulties with introducing social justice perspectives in STEM fields 
while recognizing potential rewards in doing so: greater insight, connectedness, and 
well-rounded views on important problems. 

As a group, these theorists converge on the importance of flattening power dif-
ferentials, developing more authentic interpersonal connections, and joining theory 
with praxis. In recent U.S. culture, however, the language of justice has come to be 
framed largely in terms of diversity, equity, and inclusion (DEI), a set of activities 
often overlapping with the pre-existing academic language of “multiculturalism.” It 
is important, however, to be cognizant of the limitations in DEI frameworks and 
the dangers of co-opted social justice language, what Vijay Prashad (2010) terms 
the “bureaucratic approach to the problem of diversity” (p. 121). 

Contemporary efforts toward diversity, equity, and justice within U.S. edu-
cation developed as a result of civil rights demands and have consistently received 
pushback since its implementation in the 1960s, its goals unsurprisingly at odds 
with monied white power structures (hooks, 1994, pp. 29-31; Prashad, 2010). These 
efforts, however, not only faced outright suppression but additional co-optation as, 
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in the words of hooks (1994), “the stuff of a colonizing fantasy” (p. 31). Prashad 
(2010) explores how multiculturalism was diluted into colorblind ideologies and 
model minority myths, adopted as institutional commodity and used to forestall 
transformation within institutional hierarchies (pp. 123-124). 

Feminist scholar Sarah Ahmed (2012) describes “diversity” as a potential ex-
ercise that “evokes the pleasures of consumption” (p. 69), as “a form of public 
relations” (p. 143), and inclusion as a potential “technology of governance… those 
who in being included are also willing to consent to the terms of inclusion” (p. 
163). In the absence of conscientização as process, DEI language and technologies 
may be manipulated to sustain oppressive institutions and practices. Those seeking 
to engage in liberatory practice would be wise to remain aware of such dynamics.

Critical Consciousness in STEM Education

Contemporary liberatory pedagogies were born within the brutal, mid-20th 
century constructions of economic and political crisis so well documented in 
Naomi Klein’s (2007) The Shock Doctrine. Such tactics of crisis, shock, and political 
and economic restructuring were repeated worldwide, informing events from the 
overthrow of Latin American democracies to responses to natural disasters such as 
2005’s Hurricane Katrina in New Orleans (Klein, 2007). The common threads in 
these states of crisis, per Klein, include both explicit actions and selective inaction 
and institutional neglect that disproportionately target marginalized populations 
and consolidate power in fewer hands. 

Freire was one of many Latin American radical educators and artists facing 
oppression by military regimes employing US-backed tactics of economic “shock.” 
A military coup toppled Brazil’s government in 1964; the junta quickly escalated to 
overt torture and terror. Freire fled Brazil, living in exile within the US. This “shock 
therapy” allowed the architects of the coup to dismantle the Brazilian state and open 
the nation for economic exploitation; the regime recognized liberatory educators 
as enemies. Liberatory pedagogies must indeed be understood as a confrontation 
against cultivated states of crisis and their accompanying ideologies. When hooks 
explicitly orients herself against the racism, sexism, and “alienation” of the univer-
sity (1989a; 1989b; 1994, pp. 5-8), for instance, she assumes a deliberate position 
of resistance. In this tradition, I argue that critical pedagogy is urgently needed in 
the sciences to resist narratives of alienation and domination within crisis. 

In a heated state of crisis, it may be easy to ignore the complex social and his-
torical context of key problems precisely at a time when they are most important. 
The history of science is rife with oppressive constructs, yet I have found that many 
STEM majors learn little, if any, of this history. Students may understand eugenics, 
for instance, as the opinions of individual bad actors rather than frameworks that 
justify oppressive social structures. Students with marginalized identities may feel 
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estranged from scientific subfields without knowing why; those born with power 
and privilege may struggle with defensiveness when engaging this history. Liber-
atory frameworks can build the intellectual and relational capacities for a critical, 
historicized engagement with the sciences.

Many contemporary oppressive practices have their historical roots in biologi-
cal theorizing about social categories such as race and gender. These narratives may 
elevate certain populations as ideal and construe others as less human or inferior. 
They often do so by referencing a point of physical difference (e.g., skin color, re-
productive physiology) and making spurious claims about evolutionary processes 
(see Gould, 1996; Schiebinger, 1993; Saini, 2019). These arguments may involve 
both inept and selective interpretations of evolutionary theory (Fuentes, 2012, pp. 
3-4) and outright fabrications. 

An example: the 18th-century European anatomist Blumenbach took a liking 
to the skull of a young woman from what is now Georgia (Schiebinger, 1993, pp. 
150-153). Blumenbach’s praise for the beauty and symmetry of this skull, taken from 
the Caucasus mountains, provided fuel for the construction of an idealized race of 
people. “Caucasian” became a categorical term for white people of European descent 
and a reference point for a destructive race science that continues to this day.

Another example: the woman known as Saartje Baartman (her true name is un-
known) was bribed into traveling from what is now South Africa to Europe with so-
called European men of science. She was abused: subjected to bizarre, sexualized cu-
riosities about her body and exhibited in Europe’s human “zoos” (Schiebinger, 1993, 
pp. 168-172; Saini, 2019, pp. 39-41). The writings of these men provided more fuel 
for Europeans’ generalizations about, and denigration of, the bodies and minds of 
Black Africans and contributed to the scientific construction of racialized “others.” 

The practice of measuring skulls (Gould, 1996, pp. 105-141) lingered for 
many years as a malignant subculture of race science aimed at reifying supposed 
categorical differences in intelligence and mental fitness. More recent efforts in the 
same lineage invoke essentialist claims about average brain differences and disin-
genuous uses of genomics to justify racial and gender hierarchies (Fine, 2012; Saini, 
2019, pp. 103-124). Such scientific narratives are not morally neutral or apoliti-
cal. They provide intellectual cover to white supremacy and related cis-heterosex-
isms, ableisms, and other oppressive philosophies. It is no coincidence that these 
dehumanizing narratives flourished during the aggressive expansion of European 
colonies (Saini, 2019, pp. 21-24), where scientific construction of racial/gender 
hierarchies was used to justify a “civilizing” mission and, thus, Europe’s claims to 
the lands and resources of others. 

Science education is inextricably entangled with this history of crisis and con-
quest. One need only consider the periodic resurgence of racialized, gendered, and 
classed hierarchies of intelligence (Gould, 1996, pp. 26-50; Saini, 2019, pp. 90–92, 
95-102), often used to argue that educational resources are wasted on “lesser” classes 
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of people (Panofsky, 2015; Comfort, 2018). Yet the construction and usage of STEM 
knowledge does not need to be fundamentally oppressive; this usage is a choice. What 
would it look like to make different choices concerning the structure of scientific 
disciplines, power relations within them, the questions asked, people retained, and 
employment of scientific narratives? What would it look like to abandon questions 
about who belongs at the top of the heap? To transcend these patterns of power and 
domination requires a different approach. This is what critical pedagogy offers.

A liberatory STEM education requires a foundation in history and critical 
analysis. Liberatory process also emphasizes the interconnectedness of people with 
each other, their environment, surrounding natural phenomena, and scientific pro-
cesses. These processes of sociohistorical analysis and relationality go hand in hand, 
countering the artificial distance of students and instructors from their social posi-
tioning, countering states of alienation and dissociation. Liberatory processes posi-
tion students, teachers, and their various ecologies as companions in scientifically 
understanding and acting on the world. This is, in short, the binding of theory and 
praxis in conscientização.

Recent years have seen efforts to address discrimination in STEM fields, with 
arguments tending toward the multicultural. Diverse views, it is argued, allow sci-
ence to be increasingly relevant, accurate, and useful. These are fine arguments, but 
these fields still struggle to move beyond DEI platitudes and travel the road toward 
liberatory practices. This may reflect frank antipathy toward such practices, yet it 
may also reflect a worry that they are too difficult to implement. To such educators, 
I would offer hope. Critical pedagogy is an ongoing process and not an endpoint; 
change may feel challenging, but it is possible. 

Critical pedagogy, as a framework, inspired my earliest teaching days and my 
research into learning and memory. These methods have allowed deep insight into 
scientific concepts and a self-motivated interest in learning. They have encouraged 
sincere connection and creativity in classes. The more immediate changes required 
in such a liberatory practice include greater self-reflection (for all parties), explicit 
naming of power, and changes in how power is given and taken in science class-
rooms. A shift toward liberatory pedagogy at some point requires an overall reas-
sessment of the classroom environment, which is key to engagement with the proj-
ects of learning and critical consciousness. Students must be able to take risks and 
experience both enjoyment and productive discomfort while unlearning punitive 
expectations of education. Students may also have personal historical connections 
to oppressive practices within the sciences; trauma-informed practices (Brunzell et 
al., 2019, expanded on later in this piece) are imperative. 

Liberatory practice is often limited by educational institutions that are stub-
bornly resistant to change. To work in such places requires a constant, critical aware-
ness of how we, students and teachers, comply with hierarchical power relations 
and exclusionary practices. With this limitation in mind, STEM fields desperately 
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need practitioners from liberatory traditions who are willing to view and construct 
power differently. Consolidated power, as illustrated by Freire, becomes ever more 
rigid and short-sighted. This is untenable when addressing problems as expansive as 
climate change, emerging pathogens, or health care justice. If ever there was a time 
for a living, dynamic, and liberated science, it is now.

Course Design

Practical Insights from the Neuroethics Classroom

Studying ethics can be a key component of the critical consciousness that stu-
dents may carry into their social and work lives. Neuroethics casts a critical eye 
on the brain sciences, requiring not only basic proficiency in neuroscience but the 
ability to interpret scientific findings and narratives within their socio-historical 
context. Students in my classroom learn to take multiple perspectives and to ques-
tion how neuroscientific knowledge and technologies may be used to help or harm. 
They may ask questions about power and participation in the sciences. They may 
learn to avoid the traps of biological essentialism in their own work. They learn the 
basics of logic and argumentation, become more skilled in articulating key values, 
and apply these skills to real-world dilemmas. Such skills are invaluable in under-
standing and responding to crisis and may confer resistance to misinformation. 

From 2019 to 2021, I taught Neuroethics as an advanced undergraduate offer-
ing. Since the summer of 2020, I have taught a graduate Behavioral Neuroscience 
course, also neuroethics-based, for counseling and school psychology graduate stu-
dents. In these classes, we have covered topics ranging from cognitive enhancement 
(Maslen et al., 2014) and implantable neurotechnologies (Mayberg et al., 2005; 
Kubu & Ford, 2017) to definitions of brain death (Bernat, 2014; Fins, 2016) and 
environmental neuroethics (Cabrera et al., 2016; Tesluk et al., 2017). We have dis-
cussed the neuroethics case against solitary confinement (Lobel & Akil, 2018) and 
the neuroethical implications of U.S. policies that have separated children from 
their parents at the US-Mexico border (Teicher, 2018). 

In these classes, we discuss how neuroscientific terms and technologies can 
be “hyped” and sensationalized (Caulfield et al., 2010) and how these concerns 
inform our obligation to responsible science communication. We observe tenta-
tive cross-cultural neuroethics collaborations beginning across the globe (Rommel-
fanger et al., 2018). We also discuss pitfalls of biological gender essentialism (e.g., 
Fine, 2012) and consider how oppressive theorizing can be replaced with a more 
complex, liberatory view on neuroscience, gender, sex, and sexuality (Gupta, 2012; 
Cipolla & Gupta, 2018). Through these conversations, we engage with the history 
of biology, and in so doing, we enter into a critical analysis of how neuroscience 
is constructed and used. For future coverage of these historical topics, I highly 
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recommend Angela Saini’s (2019) Superior: The Return of Race Science. Saini’s work 
not only accessibly covers the historical context of European sciences in greater 
depth but establishes continuity with ongoing political battles within the biological 
sciences as they traverse the early 21st century.

A number of practices contribute to an environment conducive to liberatory 
pedagogy. Course assignments are one key area for intervention. I create a flexible yet 
structured assignment schedule, with student input, at the start of a course. Students 
endorse the utility of structured due dates; flexibility then allows for fuller participa-
tion of disabled students and those juggling family duties or other important respon-
sibilities. What this means is that I clearly define course assignments and provide ten-
tative “due dates” at the start of the semester. Students and I then have a conversation 
about how to take extra time when they need it. I offer a standard grace period (from 
two days to one week) with no explanation needed for most assignments and addi-
tional extensions when feasible. While larger classes require different management, 
approaches that are both structured and flexible can apply to courses of any size; for 
instance, greater flexibility and control can be achieved simply by providing students 
with some choice about which assignments to complete (e.g., dropping assignments). 
Often, students report lowered stress, work is improved, and instead of negotiating 
due dates, we spend more time discussing ideas. 

These strategies begin to move a classroom toward universal accessibility, which 
seeks to remove constructed barriers to learning. Issues of access and disability 
justice are beautifully addressed by Johnson et al. in this collection. “Universal 
Design” stands in contrast to the accommodations approach to disability, which 
usually entails onerous and intrusive documentation. The burdens of accommoda-
tion and the urgency of “academic ableism” are addressed at length by Jay Dolmage 
(2017) who also makes crucial links between ableism in higher education, its his-
tory within colonial violence and eugenics (pp. 11-20), and the potential co-opta-
tion of Universal Design, like multiculturalism, within the neoliberal university.

The fact is, minor modifications can help a wide range of students to participate 
more meaningfully in learning. For instance, I design universally extended testing 
periods for quizzes and exams; time trials are rarely useful or appropriate. A class will 
usually require at least twice as long as an instructor does to take the instructor’s test, 
and I aim to provide students with time and a half beyond that (e.g., if I finish my 
test in 25 minutes, most students finish in 50, and time and a half can be given in a 
75-min. period). Online, the time window for an exam can be extended even longer 
(hours or days) with questions of greater complexity that assess understanding. For 
instance, in such an assessment, I may ask students for an experimental design that 
would answer a research question or apply ethical concepts such as autonomy and 
justice to a hypothetical clinical case (e.g., brain injury or dementia).

I most often do not use exams in my neuroethics courses; if I do, I will not use 
surveillance software for remote testing. This is particularly salient for neuroethicists 
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who are concerned with the unregulated infiltration of digital platforms into peo-
ple’s lives. Such software raises ethical concerns about privacy, consent, and the 
corrosive impact of widespread surveillance. These may include “lockdown brows-
ers” or more extreme software that captures test taker movements, including eye 
tracking technologies to detect “cheating.” Among other technological and bureau-
cratic nightmares, such technology has demonstrated racist bias and is untenable 
for students with certain disabilities (Barrett, 2023). 

Similarly, software that detects plagiarism (overlap with available sources) must 
be used with care. Instructors who use such software must be competent in its use 
as an instructional tool and aware of its limitations. While instructors express under-
standable frustration and concern about plagiarism, the problem itself is a complex 
product of stress within educational systems and online norms and attitudes about 
writing. Usual responses are punitive in accordance with institutional norms. A liber-
atory lens, however, may reframe the problem of plagiarism as one of power, motiva-
tion, and trust. This shift in perspective also reframes the uses of writing assignments. 

From a critical perspective, the teacher must wonder why a student’s instinct 
is to adopt the words of others. I have heard students worry that their own words 
don’t sound polished enough. They may be anxious or numb. Some are even con-
vinced that they don’t have ideas worth expressing. Plagiarism signals the student’s 
alienation and despair, marking a systemic failure; widespread cheating and pla-
giarism are products of rigid, commodified, and impersonal banking models of 
education. Students in such a system are incentivized to avoid punishment while si-
multaneously seeking the highest possible grade with the least possible investment. 
This is capitalistic efficiency; within current societal value systems, the emptiness of 
plagiarism makes sense. 

In my neuroethics classroom, I trust that students can learn while experiencing 
a range of excitement, discomfort, and ease in the classroom. Not driven by threats, 
students can enjoy creating and talking about their creations. Assignments based 
in creativity and used as a basis for discussion can be rich ground for connection, 
critical analysis, and growth. I have often seen this dynamic at work when making 
comics to explore thorny neuroethical issues (Fink, 2020b); students may draw 
one-panel or one-page case narratives and use them for in-class discussions of eth-
ical dilemmas. Students may also complete similar written assignments, which are 
framed as a semester-long project in learning to express their stance on an issue. 
Early in this process, students who struggle with expressing themselves benefit from 
sincere encouragement and validation. Shorter, low-stakes exercises provide them 
first with the opportunity to create and for the creation to be received with joy. If 
they move beyond early discomfort, they may gain intrinsic motivation to create, 
enter into more authentic communication with peers, become better able to receive 
and give feedback and shape their own intellectual growth. Examples of assignment 
prompts can be found in Appendix A.
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Assignments bring the specter of grading, a practice that is difficult for most 
instructors to avoid completely. It can be useful, again, to reconsider punitive strat-
egies that place undue focus on a grade rather than the learning. Educators might 
instead make a habit of asking themselves: 1) What is the important learning that 
needs to happen? 2) How can students be given adequate and equitable opportu-
nities to demonstrate that learning? This reassessment of values is fundamental to 
the practice of ungrading, the use of which in STEM classrooms is discussed by 
Newell-Caito in this volume.

Upon re-examination, certain assignments, grading practices, and micromanag-
ing rubrics may appear newly onerous and unnecessary. Many of my assignments, 
particularly early ones, are graded on full completion and originality, prioritizing learn-
ing process over product. For instance, students may be asked to answer a few key 
questions and offer reflections on class readings. They receive feedback on their an-
swers, emphasizing process, but their grades simply reflect whether they answered each 
question. I also engage students in discussion about what they would like to express 
through their work, making sure that they know their ideas and interests are valued. 
This approach builds competency and confidence; students organically learn to tackle 
more challenging reading and analysis, and they learn about their own interests.

This classroom approach also represents a thoughtful balancing of emotional 
arousal based on longstanding insights from stress neurobiology. Stress exists on a 
continuum (e.g., Herman, 2013); moderate, temporary stress can be beneficial, en-
hancing learning and engagement. Extreme, unremitting stress, however, is destruc-
tive to attention, emotion regulation, and learning. A well-functioning classroom 
may aim for a window, the peak of this curve. Students should be engaged, alert, 
and even productively uncomfortable at times, but they should not be stressed be-
yond capacity or, importantly, outside of their reasonable control. Using this window 
effectively is an important teaching skill; a neuroethics view might argue for the im-
portance of trauma-informed classrooms based on an awareness of disproportionate 
exposure to stress in distinct populations of students (Brunzell et al., 2019). 

As within health care (Sweeney et al., 2018), trauma-informed classrooms em-
phasize choice, collaboration, safety, and trust. One component of such a class-
room might be content notifications: for instance, noting potentially activating 
content that depicts racism, sexism or sexual assault, or other forms of violence. 
There is no way to avoid (or identify) all individual trauma triggers, but avoidance 
is not the point. Instead, a thoughtful content notification can normalize the fact 
that students may have strong emotional reactions to material and open such top-
ics for discussion. They may then prepare and make choices about how to engage. 
The class may also collectively discuss coping strategies. This brings up other key 
ingredients that can be easy to implement, including an upfront discussion about 
the classroom environment and the co-creation of a classroom agreement that helps 
to shape an atmosphere of exploration.
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A brief, optional, pre-course survey (see Appendix B) has proven useful for 
me, and anecdotally, for others, in managing access and participation in virtual 
and in-person classes. My teaching and learning survey inquires into students’ ac-
cessibility (technological and disability) needs, concerns about the ongoing impact 
of the COVID-19 pandemic or other current issues, how they might best engage 
with the class, and their interests. Using this tool, we can address questions and 
concerns together in advance. This is also one way in which I convey my respect 
for and interest in students’ experiences. Even partial co-construction of course 
policies is central to transforming more authoritarian course structures into more 
equal, discursive ones.

In-class activities breathe life into a course. I rely heavily on student-led discus-
sion and creative methods such as comics, and drawing is central to my teaching 
practices (Fink, 2020a; 2020b). Creative tools can allow deep engagement with 
emotionally difficult topics and may allow students who are “stuck” to find their 
voice. Drawing may also elicit understanding that is not apparent in verbal com-
munication. “Drawing-to-learn” (Quillin & Thomas, 2015) is effectively used by 
others in biology. In an excellent recent example, Edlund and Balgopal (2021) 
demonstrated how drawing could be used to communicate cross-cultural and spir-
itual meanings of neuroscience. 

Artistic and narrative methods of learning may also encourage perspective tak-
ing, cultural humility, and new ways of considering social responsibility and justice. 
Creative approaches often provide new avenues toward critical analysis of course 
material. As an example, I recall using comics to explore students’ imaginings of 
gender and biology. It was only when one student drew their depictions of gender 
that they noticed the many stereotypical physical features that they unconsciously 
assigned to their stick figures. They expressed astonishment and a realization that 
the image revealed a mental representation of gender that their words may have 
overlooked. Their insight then sparked a transformative class discussion on biolog-
ical essentialism in neuroscience. 

When they are making art, students are laser focused on the material at hand 
and more open to meaningful, spontaneous, and joyful connection between class-
room participants. This is the living thing that Freire wrote of as critical conscious-
ness (1970/1993), and this, in part, is also what bell hooks spoke of as love. 

Liberatory pedagogy requires practical actions: a welcoming and vital atmo-
sphere, policies and assignments that allow students to best demonstrate their 
learning, feedback, and evaluation that emphasize student strengths over punish-
ment, and non-coercive opportunities for interpersonal connection and critical 
evaluation of course materials. Teaching neuroethics provides unique opportunities 
for such pedagogy, with key moments of insight about the biopsychosocial process 
of learning itself and opportunities to discuss real-world issues. When students 
bring discussion items and artistic creations into class as equal participants, their 
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contributions lead to deeper and more satisfying conversations. These practices 
have proven their utility throughout the U.S. crises of the 2010s and the ongoing 
COVID-19 pandemic.

Developing Critical Consciousness 
During the COVID-19 Crisis 
This chapter took shape during the second and third years of the COVID-19 

pandemic and was molded by crises specific to this period. As the SARS-CoV-2 
virus spread across the world, the WHO in 2020 urged countries to “take urgent 
and aggressive action” (World Health Organization, 2020). Employers and educa-
tional institutions made dramatic shifts to remote activities. Reasonable accommo-
dations previously considered impossible or unfair (Burgstahler, 2021; Pak, 2020) 
were immediately implemented. The pandemic starkly illuminated the ableism of 
U.S. institutions and the failure of eviscerated American public health and health-
care systems. Long-standing impacts of structural racism and ableism resulted in 
disproportionate illness and death in marginalized communities (Acosta et al., 
2021; Chowkwanyun & Reed, 2020; Quan et al., 2021). 

The summer of 2020 also saw a revitalized movement to repudiate white su-
premacy and police brutality against Black Americans and to promote the flourish-
ing of historically oppressed populations. Nevertheless, 2021 began with a white 
supremacist attack on the U.S. capitol, and targeted attacks against Black and Asian 
Americans continued. Populations with the least wealth and power continue to be 
most negatively impacted by the COVID-19 pandemic and its ensuing crises. 

An orientation toward critical consciousness proved invaluable while teaching 
during this time, where sequences of crisis and “shock” and the politicized and 
social nature of science were so apparent. My neuroethics-based classes offered op-
portunities to contextualize these crises, discuss historical precedents, and build a 
sense of intellectual community in the face of potentially overwhelming problems. 
Students also arrived at specific insights through a neuroethics framework. For in-
stance, some students explored the bioethics of inequities in vaccine access. Others 
found parallels between COVID-19 and the stigma involved in “disease” labeling 
of mental illnesses (Corrigan et al., 2014) or substance use (Hammer et al., 2013). 
Discussing long-lasting and neurological impacts of COVID-19 also facilitated key 
conversations around disability rights and healthcare accessibility. 

Virtual teaching and learning became the norm during the pandemic, bring-
ing both new accessibility successes and pitfalls (Burgstahler, 2021) and highlight-
ing existing barriers to participation in the sciences. In an isolating time, many 
students and teachers appreciated the safety and flexibility of virtual connections, 
while some encountered new hurdles in access. During the COVID-19 emergency, 
the federal government also took the unusual step of making emergency funds 
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available, including resources for digital infrastructure and access. While not per-
fectly allocated, this aid made a tangible difference for many students. Pandem-
ic-associated services and policies such as expanded internet access, the temporarily 
expanded U.S. Child Tax Credit, and federal aid for education at all levels provided 
a glimpse of what is possible; advocating for their continuation and expansion is an 
unglamorous but needed part of a justice orientation. 

Teaching neuroethics in this year also cemented key justice considerations in 
the classroom. A liberatory approach allowed us to disengage from the frantic pace 
of the news cycle and to engage in slow, thoughtful analysis. Students reflected 
honestly on their own presence within STEM fields. They were able to observe how 
recent crises could be co-opted by those seeking to consolidate their power and how 
communication about science could be used to political ends. Overall, students 
expressed appreciation of discussions and assignments that allowed them to exercise 
their analytical muscle and connect with each other. They also endorsed benefits 
from drawing and other creative modalities, citing stress relief, opportunities to be 
more present in classes, and avenues for self-expression. 

Summary and Conclusions

To close, I reiterate key features of critical pedagogy within a liberatory STEM 
classroom: transformation of power from a hierarchical structure to more horizon-
tal forms; cultivation of student and teacher strengths in place of punitive strate-
gies, critical attention to social and historical context, joining of theory and praxis, 
and attention to interpersonal connection in building knowledge. The instructor 
brings important expertise to the table, yet they may also plan to leave the class-
room transformed. As recounted in this chapter, these critical methodologies were 
also born of crisis and present a hope for equitable, transformative, liberatory ac-
tion. While this is indeed a significant undertaking, the process can begin with con-
crete, actionable steps. Prashad (2010) lists key ideas for the practice of activism on 
campuses (pp. 125-127). Similarly, I summarize key practical components toward 
liberatory STEM classrooms:

• Eliciting student input into course policies and structure. Examples: 
Pre-course survey, first-day discussions and agreements, opportunities to 
revisit policies.

• Creative means of learning. Examples: Drawing-to-learn (Quillin & 
Thomas, 2015; Edlund & Balgopal, 2021) and comics (Fink, 2019; 
2020a; 2020b). 

• Providing social/historical context when reading and interpreting STEM 
texts.
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• Building awareness of power dynamics within STEM fields and class-
rooms; naming oppressive structures and working to change them.

• Engaging student agency through student-led discussions. Example: Stu-
dents bring in a course-related item (ad, news article, etc.) and may lead a 
class discussion.

• Valuing quality of interpersonal relationships within STEM classrooms, 
labs, and in application of STEM knowledge. 

• Moving toward universal accessibility. Examples: Accessible testing 
formats appropriate to the course (accounting for topic and size), assign-
ments that focus on understanding, flexible due dates, multiple modes 
for demonstrating learning.

• Instructor feedback and grading on early assignments that encourage 
consistent, original engagement and avoid punitive strategies (see New-
ell-Caito, this collection).

• Meeting material needs of students and their communities. Example: Ad-
vocating for higher education funding through federal, state, and campus 
mechanisms.

These practices may be risky. They are difficult to standardize and align with 
traditional (banking) rubrics of academic or career achievement. Instructors using 
these methods also encounter risk and discomfort in sharing control of the class-
room. Nevertheless, all classroom participants may benefit from pedagogical meth-
ods that enhance the agency of students and engage their intrinsic creativity, inter-
est, and ability to build relationships. 

Teaching neuroethics during the COVID-19 pandemic, above all, highlighted 
the importance of compassion, particularly in an atmosphere that pushes productivity 
amidst widespread death and suffering. Students and instructor alike worked to name 
what was happening and to articulate pressing moral problems and mental distress 
arising from the crisis. Because students with marginalized identities (lower-income 
students, disabled students, students of color, and LGBTQIA+ students) are more 
heavily impacted, academic spaces that can adequately serve these students gained 
even greater importance (e.g., Gilbert et al., 2021). Students in the neuroethics class-
room engaged compassionately in a way that is too often inaccessible in the sciences.

Humility is warranted when making claims to liberatory practice within West-
ern educational institutions. Practitioners must decide how and when they will 
resist oppressive practices around them, knowing that this also, inevitably, involves 
risk. Additionally, academia abounds with buzzwords that deflect from needed rad-
ical restructurings; this requires that teachers and students take stock of efforts that 
operate on tokenism or serve a public relations purpose. Practitioners must con-
front their limits and the ongoing tension between their liberatory aspirations and 
institutional inertia; this, too, is praxis. 
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As educators, it is crucial to hold the hope that any class can erupt in moments 
of transformation and connection, even within imperfect classrooms and histo-
ry-bound institutions. And it is important to think beyond the institution. Liber-
atory theory and praxis in STEM fields cannot be confined to a single classroom 
or the goals of academic career advancement. Instead, the success of liberatory 
pedagogy can be observed by the extent to which students and teachers can make 
sense of the wider world and act on it and with it. Through such joint action, they 
might come to enact humanizing narratives and technologies within and beyond 
states of crisis. 

References

Abe, J. (2020). Beyond cultural competence, toward social transformation: Liberation 
psychologies and the practice of cultural humility. Journal of Social Work Education, 
56(4), 696–707. https://doi.org/10.1080/10437797.2019.1661911 

Acosta, A. M., Garg, S., Pham, H. Whitaker, M., Anglin, O., O’Halloran, A., Milucky, 
J., Patel, K., Taylor, C., Wortham, J., Chai, S. J., Kirley, P. D., Alden, N. B., Kawasaki, 
B., Meek, J., Yousey-Hindes, K., Anderson, E. J., Openo, K. B., . . . & Havers, F. P. 
(2021). Racial and ethnic disparities in rates of COVID-19–associated hospitalization, 
intensive care unit admission, and in-hospital death in the United States from 
March 2020 to February 2021. JAMA network open, 4(10), e2130479–e2130479. 
https://doi.org/10.1001/jamanetworkopen.2021.30479 

Adams, M., & Love, B. J. (2010). A social justice education faculty development framework 
for a post-Grutter era. In Skubikowski, K., Wright, C., & Graf, R. (Eds.), Social justice 
education: Inviting faculty to transform their institutions. (pp. 3–25). Stylus Publishing. 

Ahmed, S. (2012). On being included: Racism and diversity in institutional life. Duke 
University Press.

Barrett, L. (2023). Rejecting test surveillance in higher education. 2022 Michigan State 
Law Review, 675. http://dx.doi.org/10.2139/ssrn.3871423 

Bernat, J. L. (2014). Whither brain death? The American Journal of Bioethics, 14(8), 3–8. 
https://doi.org/10.1080/15265161.2014.925153 

Brunzell, T., Stokes, H., & Waters, L. (2019). Shifting teacher practice in trauma-affected class-
rooms: Practice pedagogy strategies within a trauma-informed positive education model. 
School Mental Health, 11(3), 600–614. https://doi.org/10.1007/s12310-018-09308-8 

Burgstahler, S. (2021). What higher education learned about the accessibility of online 
opportunities during a pandemic. Journal of Higher Education Theory & Practice, 21(7). 
https://doi.org/10.33423/jhetp.v21i7.4493

Cabrera, L. Y., Tesluk, J., Chakraborti, M., Matthews, R., & Illes, J. (2016). Brain 
matters: From environmental ethics to environmental neuroethics. Environmental 
Health, 15(1), 20. https://doi.org/10.1186/s12940-016-0114-3 

Caulfield, T., Rachul, C., & Zarzeczny, A. (2010) “Neurohype” and the 
name game: Who’s to blame? AJOB Neuroscience 1(2), 13–15. https://doi.
org/10.1080/21507741003699355 

https://doi.org/10.1080/10437797.2019.1661911
https://doi.org/10.1001/jamanetworkopen.2021.30479
http://dx.doi.org/10.2139/ssrn.3871423
https://doi.org/10.1080/15265161.2014.925153
https://doi.org/10.1007/s12310-018-09308-8
https://doi.org/10.33423/jhetp.v21i7.4493
https://doi.org/10.1186/s12940-016-0114-3
https://doi.org/10.1080/21507741003699355
https://doi.org/10.1080/21507741003699355


Teaching Neuroethics in a Time of Crisis  |  279

Chowkwanyun, M., & Reed, A. L. (2020). Racial health disparities and Covid-19—
Caution and context. New England Journal of Medicine. https://doi.org/10.1056/
NEJMp2012910 

Cipolla, C., & Gupta, K. (2018). Neurogenderings and neuroethics. In Johnson, L. S. M., & 
Rommelfanger, K. S. (Eds.), The Routledge handbook of neuroethics (pp. 381–393). Routledge.

Comfort, N. (2018). Genetic determinism redux. Nature, 561, 461–463. https://doi.
org/10.1038/525184a

Corrigan, P. W., Druss, B. G., & Perlick, D. A. (2014). The impact of mental illness 
stigma on seeking and participating in mental health care. Psychological Science in the 
Public Interest, 15(2), 37–70. https://doi.org/10.1177/1529100614531398 

Crenshaw, K. (1989) Demarginalizing the intersection of race and sex: A Black feminist 
critique of antidiscrimination doctrine, feminist theory and antiracist politics. 
University of Chicago Legal Forum, 1(8), 138–167. https://tinyurl.com/a3wubcrp

Crenshaw, K. (1991). Mapping the margins: Intersectionality, identity politics, and 
violence against women of color. Stanford Law Review, 43(6), 1241–1299. https://doi.
org/10.2307/1229039 

Dolmage, J. T. (2017). Academic ableism: Disability and higher education. University of 
Michigan Press.

Edlund, A. F., & Balgopal, M. M. (2021). Drawing-to-learn: Active and culturally rele-
vant pedagogy for biology. Frontiers in Communication, 203. https://doi.org/10.3389/
fcomm.2021.739813 

Fine, C. (2012). Explaining, or sustaining, the status quo? The potentially self-fulfilling 
effects of ‘hardwired’ accounts of sex differences. Neuroethics, 5, 285–294. https://doi.
org/10.1007/s12152-011-9118-4 

Fink, A. E. (2019). Fanon’s police inspector. AJOB Neuroscience, 10(3), 137–144. 
https://doi.org/10.1080/21507740.2019.1632970 

Fink, A. E. (2020a). Graphic neuroethics: A comics-making curriculum (Part I of II). The 
Neuroethics Blog. [archived]. https://tinyurl.com/yc3aw7c6

Fink, A. E. (2020b). Graphic neuroethics: A comics-making curriculum (Part II of II). The 
Neuroethics Blog. [archived]. https://tinyurl.com/52pt7js3

Fins, J. J. (2016). Giving voice to consciousness: Neuroethics, human rights, and the 
indispensability of neuroscience. Cambridge quarterly of healthcare ethics, 25(4), 
583–599. https://doi.org/10.1017/S0963180116000323

Freire, P. (1993). Pedagogy of the oppressed (Ramos, M.B., Trans.). Continuum. (Original 
work published 1970).

Fuentes, A. (2012). Race, monogamy, and other lies they told you: Busting myths about 
human nature. University of California Press. 

Gilbert, C., Siepser, C., Fink, A. E., & Johnson, N. L. (2021). Why LGBTQ+ campus 
resource centers are essential. Psychology of Sexual Orientation and Gender Diversity, 
8(2), 245–249. https://doi.org/10.1037/sgd0000451

Gould, S. J. (1996). Measuring heads. In The mismeasure of man (2nd ed). (pp. 135–141). 
W.W. Norton and Company, Inc. 

Gupta, K. (2012). Protecting sexual diversity: Rethinking the use of neurotechnological 
interventions to alter sexuality. AJOB Neuroscience, 3(3), 24–28. https://doi.org/10.108
0/21507740.2012.694391 

https://doi.org/10.1056/NEJMp2012910
https://doi.org/10.1056/NEJMp2012910
https://doi.org/10.1038/525184a
https://doi.org/10.1038/525184a
https://doi.org/10.1177/1529100614531398
https://tinyurl.com/a3wubcrp
https://doi.org/10.2307/1229039
https://doi.org/10.2307/1229039
https://doi.org/10.3389/fcomm.2021.739813
https://doi.org/10.3389/fcomm.2021.739813
https://doi.org/10.1007/s12152-011-9118-4
https://doi.org/10.1007/s12152-011-9118-4
https://doi.org/10.1080/21507740.2019.1632970
file:///E:/Dropbox/1-Current%20Documents/WAC%20Clearinghouse/Books/ATD%20Books/Falconer%20%26%20McClary%2c%20Inclusive%20STEM/Manuscript/%20https://web.archive.org/web/20230602145322/http://www.theneuroethicsblog.com/2020/04/graphic-neuroethics-comics-making.html
https://tinyurl.com/yc3aw7c6
https://web.archive.org/web/20230330090727/http:/www.theneuroethicsblog.com/2020/04/graphic-neuroethics-comics-making_14.html
https://tinyurl.com/52pt7js3
https://doi.org/10.1017/S0963180116000323
https://psycnet.apa.org/doi/10.1037/sgd0000451
https://doi.org/10.1080/21507740.2012.694391
https://doi.org/10.1080/21507740.2012.694391


280  |  Fink

Hammer, R., Dingel, M., Ostergren, J., Partridge, B., McCormick, J., & Koenig, B. A. 
(2013). Addiction: Current criticism of the brain disease paradigm. AJOB neuroscience, 
4(3), 27–32. https://doi.org/10.1080/21507740.2013.796328 

Herman, J. P. (2013). Neural control of chronic stress adaptation. Frontiers in Behavioral 
Neuroscience, 7, 61. https://doi.org/10.3389/fnbeh.2013.00061 

hooks, b. (1989a). Feminism: a transformational politic. In Talking back: thinking 
feminist, thinking black. (pp. 19–27). South End Press. 

hooks, b. (1989b). Toward a revolutionary feminist pedagogy. In Talking back: thinking 
feminist, thinking black. (pp. 49–54). South End Press. 

hooks, b. (1994). Teaching to transgress: Education as the practice of freedom. Routledge. 
Hue, G. E. (2020). Justice, justification, and neuroethics as a tool. AJOB neuroscience, 

11(4), 221–223. https://doi.org/10.1080/21507740.2020.1838165 
Klein, N. (2007). The shock doctrine: The rise of disaster capitalism. Macmillan.
Kubu, C. S., & Ford, P. J. (2017). Clinical ethics in the context of deep brain stimulation 

for movement disorders. Archives of Clinical Neuropsychology, 32(7), 829–839. 
https://doi.org/10.1093/arclin/acx088

Lobel, J., & Akil, H. (2018). Law & neuroscience: The case of solitary confinement. 
Daedalus, 147(4), 61–75. https://doi.org/10.1162/daed_a_00520 

Longino, H. E. (1990). Science as social knowledge: Values and objectivity in scientific 
inquiry. Princeton University Press.

Maslen, H., Faulmüller, N., & Savulescu, J. (2014). Pharmacological cognitive 
enhancement—how neuroscientific research could advance ethical debate. Frontiers in 
Systems Neuroscience, 8, 107. https://doi.org/10.3389/fnsys.2014.00107 

Mayberg, H. S., Lozano, A. M., Voon, V., McNeely, H. E., Seminowicz, D., Hamani, 
C., . . . & Kennedy, S. H. (2005). Deep brain stimulation for treatment-resistant 
depression. Neuron, 45(5), 651–660. https://doi.org/10.1016/j.neuron.2005.02.014 

Pak, C. (2020, April 30). Disability, visibility and the COVID-19 crisis. Medical 
Humanities. https://tinyurl.com/2wjzmxr7

Panofsky, A. (2015). What does behavioral genetics offer for improving education? 
Hastings Center Report, 45(S1), S43–S49. https://doi.org/10.1002/hast.498 

Prashad, V. (2010) On commitment: Considerations on political activism on a shocked 
planet. In Skubikowski, K., Wright, C., & Graf, R. (Eds.), Social justice education: 
Inviting faculty to transform their institutions. (pp. 117–127). Stylus Publishing. 

Quan, D., Luna Wong, L., Shallal, A., Madan, R., Hamdan, A., Ahdi, H., Saneshvar, 
A., Mahajan, M., Nasereldin, M. Van Harn, M., Opara, I. N., & Zervos, M. (2021). 
Impact of race and socioeconomic status on outcomes in patients hospitalized 
with COVID-19. Journal of General Internal Medicine, 36(5), 1302–1309. 
https://doi.org/10.1007/s11606-020-06527-1 

Quillin, K., & Thomas, S. (2015). Drawing-to-learn: A framework for using drawings to 
promote model-based reasoning in biology. CBE—Life Sciences Education, 14(1), es2. 
https://doi.org/10.1187/cbe.14-08-0128 

Rommelfanger, K. S., Jeong, S-J., Ema, A. Fukushi, T., Kasai, K., Ramos, K. M., 
Salles, A., & Singh, I. (2018). Neuroethics questions to guide ethical research in the 
international brain initiatives. Neuron, 100(1), 19–36. https://doi.org/10.1016/j.
neuron.2018.09.021 

https://doi.org/10.1080/21507740.2013.796328
https://doi.org/10.3389/fnbeh.2013.00061%20
https://doi.org/10.1080/21507740.2020.1838165
https://doi.org/10.1093/arclin/acx088
https://doi.org/10.1162/daed_a_00520
https://doi.org/10.3389/fnsys.2014.00107
https://doi.org/10.1016/j.neuron.2005.02.014
https://tinyurl.com/2wjzmxr7
https://doi.org/10.1002/hast.498
https://doi.org/10.1007/s11606-020-06527-1
https://doi.org/10.1187/cbe.14-08-0128
https://doi.org/10.1016/j.neuron.2018.09.021
https://doi.org/10.1016/j.neuron.2018.09.021


Teaching Neuroethics in a Time of Crisis  |  281

Saini, A. (2019). Superior: The return of race science. Beacon Press.
Schiebinger, L. L. (1993). Nature’s body: Gender in the making of modern science. Beacon Press.
Sweeney, A., Filson, B., Kennedy, A., Collinson, L., & Gillard, S. (2018). A paradigm 

shift: Relationships in trauma-informed mental health services. BJPsych Advances, 
24(5), 319–333. https://doi.org/10.1192/bja.2018.29 

Teicher, M. H. (2018). Childhood trauma and the enduring consequences of forcibly 
separating children from parents at the United States border. BMC Medicine, 16, 1–3. 
https://doi.org/10.1186/s12916-018-1147-y 

Tesluk J., Illes J., & Matthews, R. (2017). First nations and environmental 
neuroethics: Perspectives on brain health from a world of change. In Illes, J. (Ed.), 
Neuroethics, (pp. 455–476). Oxford University Press. https://doi.org/10.1093/
oso/9780198786832.003.0023

World Health Organization. (2020). Timeline of WHO’s response to COVID-19. 
https://www.who.int/news-room/detail/29-06-2020-covidtimeline

Appendix A: Examples of Assignment Prompts 
for Undergraduate Neuroethics Course

“Neurobiological definitions of mental health 
and illness” (an earlier writing assignment)

This week’s readings ask us to consider neurobiological definitions of mental health 
and illness. You will identify some important ethical questions relating to the personal, 
social, and clinical implications of such biological definitions. Address the following:

1. Start with an introductory paragraph.
2. Consider the three papers and briefly describe: 

 ◦ What is the primary problem that each set of author(s) raises (i.e., why 
have they written the article)? 

 ◦ What is / are the main argument(s) or prescription(s) offered in each paper? 
3. Provide your analysis and reflect on the papers:

 ◦ What seems to be the scholarly background of the author(s) of each 
paper? Reflect on how the authors’ field of expertise shapes their ques-
tions and conclusions.

 ◦ After reading these papers, what do you think is (at least one) potential 
harm and (at least one) potential benefit of using neuroscience-based 
information to define mental health and illness? Be specific. 

 ◦ What recommendations do you have for the responsible use of such 
information? Name the ethical principles that lead you to argue for 
these recommendations.
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“Neuroethics of education and child development” 
(an earlier graphic / comics assignment)

The readings for this week explore how neuroscience and technology can spe-
cifically impact the lives of children, adolescents, and young adults. You may also 
see recurring themes from earlier course material. This time, you will draw your 
responses to the readings. In this assignment, we have the chance to think about 
these topics creatively.

1. The authors discuss “raising children” versus “designing children”:
 ◦ Draw what you think “raising children” looks like. 
 ◦ Draw what you think “designing children” looks like. 

2. Illustrate an ethical concern that you have regarding neuroscience-based 
educational interventions.

“Neuroethics of gender, sex, sexuality, and 
love” (late in semester assignment):

YOUR CHOICE! You can submit a written reflection or a graphic reflection.
Aim for 2-4 pages regardless of format.

1. Describe the primary ethical concern raised by Fine (2012) regarding the 
interaction of neuroscience research with “gender” and “sex.”

 ◦ Here, address: What is “gender”? How does “gender” relate to “sex”?
 ◦ What is “love”?
 ◦ Can love ever be seen as an illness? Illustrate or explain your answer.

2. What is “sexuality”?
 ◦ How might “sexuality” interact with definitions of “love” and/or 

“gender”?

Appendix B: Pre-Course Online 
Teaching and Learning Survey

Welcome to [Course Name]! I am looking forward to getting to know each of you 
in our (virtual) classroom. Before we start this course, I hope that you will take a 
few minutes to complete this survey. Your answers will be kept private - I do not 
share them with anybody else - and this questionnaire can help me to learn more 
about your interests as well as your learning and accessibility needs.
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Item 1: What is your full name? You can also let me know here if your chosen 
name is different from your roster name.

Item 2: If you’d like to share your gender pronouns with me, please do:
Item 3: Do you have reliable internet and computer access?
Item 4: Will you be able to participate reliably in class sessions on [days] at the 

scheduled times? If not, please tell me more.
Item 5: Do you have access to [required software, e.g., … suite]? [If applicable, 

provide information about how to obtain software through institution or course site].
Item 6: Do you have any accessibility concerns regarding course readings or 

other materials? [Provide other relevant info here: e.g., “All readings will be provided 
as PDFs…”].

Item 7: Do you have any specific concerns or needs regarding online learning 
[if virtual]?

Item 8: Are there any issues that you would like to share with me (e.g., COVID-
19 or other illness, work, family responsibilities) that may impact your participa-
tion in the class?

Item 9: What will help you to engage successfully with this course?
Item 10: How can this _____ course contribute to your growth as a _____ 

student? Any topics of special interest?
Item 11: Is there anything else that you would like me to know?
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Conclusion: Lessons from the Front 
Lines

LaKeisha McClary
The George Washington University

Heather Falconer
University of Maine

This book has focused heavily on the theme of increasing feelings of belonging 
in STEM, particularly for individuals from historically marginalized populations 
in these disciplines, but not exclusively. The approaches discussed throughout the 
text are to the benefit of all STEM students, not just those who have historically 
encountered additional challenges to access. For us, belonging is about more than 
just being welcomed into a space. It’s about having a secure attachment to the 
community. It is about feeling as though you can speak, push back, and offer new 
approaches without suffering consequences. We help facilitate a sense of belong-
ing for students by constructing spaces that illustrate the variety of viewpoints 
and backgrounds individuals within the community hold. We make visible in our 
assignments and curriculum the diversity that exists so that we don’t create an 
impression that only one group of individuals participates in the procedural and 
knowledge-making tasks of our field. We clear a path to belonging when we create 
spaces that allow all of our students to thrive, regardless of how they arrived; we 
meet students where they are, not where we think they should be, and we help 
them to grow. Belonging happens when we listen to the many voices that have 
contributed to our discipline’s ways of knowing over time and share those voices 
with our students, when we create space for multiple epistemologies. We foster be-
longing when we are accountable—accountable to our students, to our colleagues, 
and to our disciplines. This includes holding others accountable for harm that is 
done. And that is challenging but necessary work. By engaging with this text, you 
have already shown a commitment to (and have begun) doing that work, so we are 
working from the assumption that you see its value. This concluding chapter offers 
some reflection and resources for continuing that journey. 

The organization in this chapter was heavily inspired by Rebecca Walton, Kris-
ten R. Moore, and Natasha N. Jones’ (2020) Technical Communication After the 
Social Justice Turn – a book we highly recommend educators from all disciplines 
read, despite the title’s disciplinary reference. We begin with some reflection: Am-
plifying lessons each of us has learned or been inspired by while working on the 

https://doi.org/10.37514/ATD-B.2024.2364.3.1
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collection. These are followed by a series of questions that we commonly encounter 
with individuals starting this work of building awareness, as well as our answers, 
taking into account our position as members of different disciplines. These answers 
are followed by short lists of resources that readers can use to further explore the 
specific topic areas. Not all resources listed explicitly address writing instruction 
from an equity perspective, but we do believe they illustrate practices that will lead 
toward that goal. We recognize that these resources are not exhaustive; rather, our 
goal is to provide entry points.

Reflections from a Chemistry 
Perspective – LaKeisha McClary

When I was first asked to be a co-editor for this collection, I was hesitant. Yes, I 
have taught for over ten years a writing in the disciplines (WID) course, but I was 
not sure what I could contribute. I had no formal training in writing pedagogy, and 
I learned mostly by teaching a lab-based writing course, CHEM 2123W, semester 
after semester. I also was not aware of much scholarship and research that existed 
at the intersection of equity and disciplinary writing. In fact, thanks to the Writ-
ing Program at GW providing me with a paid membership to the Association for 
Writing Across the Curriculum in 2020, I had only recently learned that there were 
entire areas of research on writing. Of course there are! But I never knew it.

Like most STEM Ph.D.s, I received undergraduate and graduate training in 
science departments that focused their curricula on lab-based scientific research. 
It was not until I transferred Ph.D. programs to pursue chemistry education re-
search (which I also was unaware of until I attended an American Chemical Society 
Conference while pursuing a Ph.D. in organic chemistry) that I learned about the 
rich legacy of social justice efforts in K-12 spaces through my graduate education 
courses at The University of Arizona. But my day-to-day in a chemistry department 
never explicitly considered how social justice frameworks could improve student 
outcomes in STEM. Even though I was interested in doing research at this inter-
section of social justice and chemistry, I made a choice to follow a road that would 
be more likely to lead to a position within a chemistry department. It was already 
a risk at that time to pursue an academic career in chemistry education research. 
[What then did it look like for a Black woman with an afro puff to be talking about 
promoting social justice in chemistry education? Confident though I may be, I 
self-censored to be employable.] 

Now, however, the stakes are even higher in U.S. higher education following 
the COVID-19 pandemic and forecasts for lower college enrollments taking place 
among the conversations surrounding college affordability. I choose to no longer be 



Conclusion: Lessons from the Front Lines  |  287

complicit but to become part of the solution to the challenges we face in producing 
a diverse pool of STEM professionals and STEM educators. I am convinced that 
many of the challenges we face in STEM can be addressed through effective writing 
pedagogies that are inclusive and incorporated consistently in higher education so 
that students are repeatedly provided opportunities to practice different genres of 
science writing within their interdisciplinary programs of study. Even as co-editor of 
this collection, I still have barely scratched the surface. I am grateful for each of the 
authors of this collection for their commitment to shifting the paradigm of what and 
how we can educate STEM students for a more socially just future. Their work is an 
accessible entry point to STEM faculty like me, who are deeply committed to equity 
in STEM but with limited knowledge of how to do it in our disciplinary spaces. I 
hope that, like me, you have added to your vocabulary and have a framework within 
which to reflect critically on teaching and assessment practices in your writing and 
non-writing courses. And most importantly, I hope that, like me, you will continue 
the conversation with colleagues on your campus and within your disciplines. 

I end with a personal call to action for different stakeholders employed in col-
leges and universities:

Writing program directors: Visibility is crucial. My daily life 
is in my department, and I forget that we have writing profes-
sionals and workshops available to assist me in sharing resources 
about writing pedagogy and writing studies broadly and within 
STEM/science. Consider pooling resources to make your work-
shops available to faculty at other institutions. We talk about 
inclusive STEM at the classroom or program level, but let’s also 
extend this to a cross-institution level. 
College deans and university provosts: Increase funding to 
support the efforts that Writing Centers are engaging in. Pro-
vide fellowships for faculty to have course releases to spend 
time developing or refining a curriculum that supports writing-
to-learn (WTL), writing across the curriculum (WAC), and 
WID within STEM disciplines. Hire faculty with expertise in 
STEM writing studies. Furthermore, fund graduate level courses 
targeting Ph.D. STEM students; we need courses that teach 
professional writing skills and writing studies research. Those 
graduates who will remain in academia need this valuable and 
relevant educational experience to better prepare undergraduates 
whom they will teach and graduate student researchers whom 
they will mentor. Every Ph.D. graduating with a STEM degree 
who pursues an academic career should be equipped to effective-
ly teach writing courses with equity built in from the beginning. 
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And truthfully, regardless of their career path, every STEM 
student should be required to take at least one science writing or 
writing-intensive science course every semester as part of their 
program of study. In a time when university budgets are strained, 
preparing faculty and students who can meet these challenges is 
a wise investment. 

Faculty: I have yet to attend a faculty meeting on my campus 
where STEM research faculty spend as much time arguing for 
resources to support writing in their courses as they do for re-
sources to support their research. What good are discoveries in 
science if we cannot prepare students to create and consume 
science communication that can reach a wide range of audienc-
es? Empirical research is clear: Writing is an effective way to help 
students learn conceptually within their traditional STEM courses 
and to learn professional writing skills in research-based and WID 
courses. Students are underprepared to engage in science writing 
in my third-year WID course (CHEM 2123W) because they do 
not consistently engage in science writing in their pre-requisite 
STEM courses, including ones offered by my own department. 
Fortunately, I do see much improvement when some of these 
same students enroll in the writing course (CHEM 4195W) that 
accompanies our undergraduate research course, in part because 
students are able to practice honing their skills in writing-intensive 
laboratory courses for which 2123W is a pre-requisite. 

Reflection from a Writing Perspective 
– Heather M. Falconer

In 2021, I had the opportunity to conduct a workshop on incorporating social 
justice into STEM courses through the Boston Rhetoric and Writers Network 
(BRAWN). One of the first things we did in that workshop was reflect on what it 
means to belong; to really think about what that looks like. But to get there, we had 
to reflect on times we did not feel that sense of belonging—mostly because those 
experiences are often easier to conjure in our minds. Some of the responses in the 
anonymous Google Jamboard included:

“Subtle social cues - the unspoken - made me feel out of place. 
My jokes don’t land, and I don’t get their jokes. We don’t care 
about the same things.”



Conclusion: Lessons from the Front Lines  |  289

“People were talking at/through/around me. People were not 
interested in what I had to contribute. I didn’t feel comfortable 
sharing my opinions, thoughts, or feelings.”
“There was little interaction or acknowledgement of my pres-
ence. It was clear that I had to adapt to the people there; there 
was a palpable sense of exclusion.”
“I did not ‘get’ what others were talking about, in terms of 
language, sometimes – but just as often in terms of topics, or 
activities that they apparently had shared.”

As I have been working on this collection, reading the stories and activities that 
our chapter authors have contributed, my mind has often wandered back to that 
workshop and the experiences people identified as making them feel unwelcome or 
not belonging in a space. I can imagine that any one of us reading those comments 
can immediately recollect a time when we felt something similar. It’s easy enough to 
say, “I don’t ever want to make someone else feel that way!”; it is less easy to say, “This 
is how I make sure students in my class don’t feel that way.” That last part is what this 
collection has done such a nice job of addressing. The authors have offered us specific, 
actionable things we can do in the classroom to recognize a diversity of viewpoints, to 
make sure our students are reflected in the space, and to help our students feel their 
perspectives and experiences are valid and that they are not out of their depth.

As I have read, though, I have found myself both challenged and inspired. 
I’ve wondered about which assignments currently in rotation could realistically be 
swapped out and still meet my learning objectives. I’ve found myself stopping to 
ask whether my pedagogical choices in the last few years have swung too far into the 
traditional realm after experiencing some pushback in student evaluations of teaching 
about being too social justice-focused. (Blomstedt’s chapter, in particular, has caused 
me to bring back discussions of linguistic bias to my STEM writing classrooms.) I’ve 
thought back on my challenges and outright failures of “ungrading” in the classroom 
and wondered whether I had just done it wrong. I’ve wondered, as someone who 
does this stuff all the time, whether I have the time and energy to try something new.

Why have I lifted the curtain to show what’s happening behind the scenes in 
my mind? Because it’s important to acknowledge that this work never gets “easy.” 
Not in the way we might hope, anyway. These collection authors have offered us a 
way in—a way through. We can’t go over or under and still land in the same place; 
we have to reckon with the brambles and mud and mosquitos first.

I have been inspired by the work these authors are doing at their respective in-
stitutions, and it gives me such hope for the future. Like stones in a cairn, each one 
contributing to the spire, we can work collectively to shift the way STEM educators 
and practitioners (both emerging and seasoned) think about who can do this work 
and what kind of work they can do. Though each chapter is presented within the 
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confines of highly specific courses, the practices transcend such spaces and are ap-
plicable broadly. For example, Barlow and Quave discuss explicitly teaching ontol-
ogy and epistemology and how that impacts the methodologies we use. Weaving in 
these different perspectives helps students see that there are multiple ways of creating 
knowledge—a theme also taken up by Bitler and Oraby and extended to considering 
multiple accounts of history and considerations of interdisciplinarity. These reflective, 
contemplative approaches are not relegated to a STEM classroom; they can easily be 
replicated in any disciplinary space, including rhetoric and composition.

Similarly, thinking administratively, many of the contributions have given me 
an opportunity to consider ways of practically integrating these ideas, concepts, 
and activities into our existing structures. Burry et al. remind us how it is possible 
to build in considerations of equity and inclusion programmatically by incorporat-
ing explicit questions about power dynamics, erasure, and the reification of ineq-
uity within organizations and systems. Callow and Shelton beautifully illustrate 
the balance between addressing the content students need to learn with presenting 
capacious ways to critically examine that content. At the same time, they remind 
us that, in addition to designing great courses, it is just as important to work with 
institutional partners to ensure the overall success and adoption of such courses 
(an issue addressed in many chapters in the collection, including Bitler and Oraby, 
Barlow and Quave, Riedner et al., and Mallette).

Having partners and an open dialogue are important, as well, for finding a com-
mon language across disciplines. In reading Seraphin’s chapter on non-disposable 
assignments, I couldn’t help but think about how similar these are to the meaningful 
writing activities discussed by Eodice, Geller, and Lerner (2016). While not exactly 
the same, the fact that both emerged in very different disciplinary spaces, with dif-
ferent names, but never overlapped in scholarship has made me wonder what other 
kinds of activities might be showing up under different guises throughout our insti-
tutions. At a recent discussion about undergraduate research experiences, I was struck 
by how many different names are used throughout my institution to, essentially, label 
activities that get students involved in the process of learning (such as the course-
based undergraduate research experience that Newell-Caito discusses). Why are we so 
siloed in this work, and how can we break down those silos so that we all can benefit 
from shared knowledge? In short, working with these authors has taught me much 
while raising even more questions. I have learned something from each of them that 
I am empowered to bring forward into my own teaching and research.

How do I begin to understand inequity in STEM disciplines?

Heather: If we are being honest, inequity in STEM spaces is directly connected 
to inequity in education broadly. This isn’t just a STEM issue. What helped me 
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early on in this journey was learning about the educational infrastructures in the 
US—how they have been shaped historically, the ways in which assessment mea-
sures have been implemented and institutionalized, access to education based on 
gender and race, etc. Understanding, even only superficially, the ways biases have 
influenced the way we teach, what we teach, and so on helps peel back the curtain 
and shift responsibility. If students are not performing at a level we expect as edu-
cators, then it’s on us to figure out why rather than assume a deficit in the student. 
Blomstedt’s chapter in this collection does a wonderful job of highlighting the ways 
in which language, for example, can impact not only how faculty perceive students 
but also how students perceive themselves as both writers and scientists.

Reading books like Stephen J. Gould’s The Mismeasure of Man and Rebecca 
Skloot’s The Immortal Life of Henrietta Lacks was eye-opening for me because they 
unpack, historically, the way race has played a prominent role in scientific knowl-
edge-making (whether that is about who was allowed to do scientific work or the 
physical exploitation of historically minoritized groups in the name of scientific 
knowledge-making). The key thing to remember, though, is that these historical 
accounts are illustrating how ideas become part of the institution and that just be-
cause they’re historical accounts does not mean that the perpetuation of biases are 
history. The bias has been built in from the start, so our job as educators is to try 
to understand which parts need an overhaul and to question our own assumptions 
as we go. Scholars like Chanda Prescod-Weinstein’s Decolonizing Science Reading 
List (https://tinyurl.com/yjyfwc9u) and Priya Shukla’s Diversity, Equity, and Inclu-
sion in Science: A Reading List (https://tinyurl.com/2sprd5rw)are living curations 
that provide a way into this knowledge. Approaching inequity in STEM from this 
angle means that we can step away from casting blame on ‘a few bad actors’ in the 
past and take an active role and responsibility in remediating that harm ourselves. 
From a writing studies perspective, that means that I need to actively think about 
linguistic bias in disciplinary writing spaces and how that is enforced in STEM 
journals and granting agencies (publishing and funding are currency, after all).

LaKeisha: Understanding the roots and manifestations of inequities in STEM 
disciplines is one way to begin to chart a path forward. The same approaches that 
we use when entering a new research area are helpful here: scholarship and good 
old-fashioned open-minded conversations with knowledgeable people. Heather 
highlights some great scholarly resources to begin a journey. Sharing the journey 
with students and colleagues can be equally impactful in moving toward a more 
inclusive science education. Are you able to start a faculty learning community or 
a journal/book club around a theme of learning about inequities in STEM dis-
ciplines? What opportunities exist on your campus or nearby campuses to learn 
more from students, colleagues, and outside experts about inequities, their root 
causes, their manifestations and harm in STEM, and the ways that others are ad-
dressing those harms? Are there organizations that you can join that offer such 

https://tinyurl.com/yjyfwc9u
https://tinyurl.com/2sprd5rw
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opportunities? Until solutions are as pervasive as the harms, those of us who want 
to understand inequity in STEM will have to be proactive and seek resources or 
even create them ourselves within our spaces. 

In my own spaces on my campus, I strive to listen to as many voices as possi-
ble, particularly student voices, so that I can make informed pedagogical decisions. 
Being able to hear from students enrolled in courses featured in our collection is 
something I appreciate and am very grateful for because it really helped me to con-
sider how students in my WID laboratory course might respond to the assignment 
or assessment practice. As instructors, we are the experts, but students are the ex-
perts of their lived experiences. How do we make science education work for more 
of them? How do we understand how inequities in their prior education—includ-
ing in other courses taken on our campuses!—influence their experiences in our 
courses? What can we learn from students about their other courses to make ours 
more inclusive and just? Such reflexive questions and an inquiry-driven approach 
are great guides for the journey toward understanding and empathy. Lastly, I will 
add that seeking to understand does not necessarily mean that you have to solve 
a great societal problem that has centuries-old roots. But I would argue we can 
start chipping away with each course we teach. I recommend Humble Inquiry: The 
Gentle Art of Asking Instead of Telling by Ed Schein for a framework to approach 
creating a dialogue with students, colleagues, and administrators around how to 
make STEM disciplines more inclusive. 

Resources for Continuing the Journey
Bian, L., Leslie, S., & Cimpian, A. (2017). Gender stereotypes about intellectual ability 

emerge early and influence children’s interests. Science (American Association for the 
Advancement of Science), 355(6323), 389–391. https://doi.org/10.1126/SCIENCE.
AAH6524

Falconer, H.M. (2022). Masking inequality with good intentions: Systemic bias, 
counterspaces, and discourse acquisition in STEM education. The WAC Clearinghouse; 
University Press of Colorado. https://doi.org/10.37514/PRA-B.2022.1602

Gould, S. J. (1981). The mismeasure of man. Norton.
McGee, E. O., Robinson, W. H., Baber, L. D., Chapman, R., Cox, M. F., Madden, 

K., Pereira, P., Rezvi, S., Trinder, V. F., & Martin, D. B. (2019). Diversifying STEM: 
Multidisciplinary perspectives on race and gender. Rutgers University Press. https://doi.
org/10.36019/9781978805712

McGee, E. O., & Martin, D. B. (2011). “You would not believe what I have to go 
through to prove my intellectual value!” Stereotype management among academically 
successful black mathematics and engineering students. American Educational Research 
Journal, 48(6), 1347–1389. https://doi.org/10.3102/0002831211423972

Schein, E. H. (2013). Humble inquiry: The gentle art of asking instead of telling. Berrett-
Koehler Publishers.

https://doi.org/10.1126/SCIENCE.AAH6524
https://doi.org/10.1126/SCIENCE.AAH6524
https://doi.org/10.37514/PRA-B.2022.1602
https://doi.org/10.36019/9781978805712
https://doi.org/10.36019/9781978805712
https://doi.org/10.3102/0002831211423972
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Skloot, R. (2010). The immortal life of Henrietta Lacks. Crown. 
Torres, L.E. (2012). Lost in the numbers: Gender equity discourses and women 

of color in science, technology, engineering and mathematics (STEM). 
The International Journal of Science in Society, 3(4), 33–45. https://doi.
org/10.18848/1836-6236%2FCGP%2FV03I04%2F51352 

How do I find contributions to my field from historically 
minoritized scholars? Isn’t doing this an example of bias?

Heather: These are such important questions for many reasons, most notably be-
cause they highlight citation bias, but also because they raise ethical questions about 
whether we should include someone just because they are from a historically minori-
tized background in our discipline. Citation bias is a well-documented phenomenon 
(see resources below, as well as Barlow and Quave, this volume) that involves the 
conscious or unconscious citation of scholars whose worldview supports our own. 
This might include the outcomes of a study, but also include citing scholars we know 
and have faith in their authority, journals we publish in (or wish to publish in), and 
even citing ourselves. The challenge with citation bias is that it tends to create an 
insular bubble where the same people are repeatedly cited on certain topics, even 
when others have successfully published scholarship that agrees with, challenges, or 
complicates those findings. It isn’t a phenomenon exclusive to STEM by any means, 
but it certainly contributes to the silencing of particular voices in those spaces.

The latter question has some unarticulated assumptions associated with it, 
though, that we have to confront individually. Do we believe that the systems of pub-
lication and recognition in our field are fair and equal? Do we believe that an individ-
ual’s identity and lived experience create unique lenses that might impact how they 
view the world and, as a result, the contributions to scholarship they might make? 
I firmly believe that, no, we should not include an individual scholar’s work based 
solely on their identity markers. They should be included based on the value of the 
contribution. For me, though, the value of the contribution sometimes lies specifically 
in the different-from-me viewpoint and interpretation that is being offered.

So, how do we find those scholars? Due diligence. There is no simple way to 
go about this because of the history of citation bias. It takes time and conscious 
effort, as well as use of your favorite search engine and library database. Begin 
with the subject area or lesson at hand. Are you teaching about DNA or cell 
organelles? Consider including Rosalind Franklin or Barbara McClintock in the 
discussion (with mention of how they are often left out of such discussions). I 
personally love to start with resources like The Visionlearning Project (https://
www.visionlearning.com/en/), which provides open-access educational materials, 
including learning modules on scientific communication, profiles of underrepre-
sented individuals in STEM, and the process of science. There is also the science 

https://doi.org/10.18848/1836-6236%2FCGP%2FV03I04%2F51352
https://doi.org/10.18848/1836-6236%2FCGP%2FV03I04%2F51352
https://www.visionlearning.com/en/
https://www.visionlearning.com/en/
https://www.visionlearning.com/en/
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podcast This World of Humans (TWOH) (https://www.visionlearning.com/en/
twoh), which is dedicated to recent advances in biology and social science and 
emphasizes scholarship from scientists from communities minoritized in STEM. 
(TWOH is a collaboration with Visionlearning and includes teaching resources 
to aid science instructors in using this podcast and its featured science in their 
classrooms.) Teaching the history of a thing is a lot like doing a review of the 
literature. How do we know what we know? Only, here we are also highlighting 
who contributed to that knowledge and as many empirically valid perspectives as 
possible. (Such validity includes qualitative methodologies, like ethnography, as 
well as Indigenous ways of knowing).

When building your lesson plans and curriculum, include current scholars (in-
cluding those from your own institution) and look them up. These days, it isn’t too 
hard to find biographical information about scholars from institutional and profes-
sional networking websites. If you use social media, consider exploring hashtags like 
#CiteBlackWomen (which also has a podcast), #BlackInStem, #WomenInStem, or 
#DisbilityInStem. Consider also looking at national organizations like the National 
Society of Black Engineers, Society for Advancement of Chicanos/Hispanics and 
Native Americans in Science, Society of Asian Scientists and Engineers, National 
Association of Mathematicians, and National Action Council for Minorities in 
Engineering to see which members are being highlighted in the publications and 
doing work in your field. Within the field of writing studies, Cana Uluak Itchuaqi-
yaq maintains the Multiply Marginalized and Underrepresented (MMU) Scholars 
List (https://www.itchuaqiyaq.com/mmu-scholar-list), as well as the MMU Bib-
liography (https://tinyurl.com/3z8eh5ek), which provides names and scholarship 
of self-identified MMU scholars in technical communication and related fields. 
(As a side note: When you do find and include these scholars in your teaching and 
research, make sure you cite them in relevant publications!)

LaKeisha: Heather unpacks these questions beautifully. I would add that using 
professional gatherings to seek out and to engage historically minoritized scholars 
about their work is particularly important. Gatherings can include conferences, 
symposia, local meetings of professional organizations; build a network of diverse 
scholars, researchers, and practitioners. Is there an opportunity to collaborate on re-
search projects? Might students or other colleagues at your institution benefit from 
their scholarship in their learning, teaching, and research? When inviting speak-
ers for departmental seminars or colloquia, consider scholars from minority-serv-
ing institutions, Tribal Colleges, and primarily undergraduate institutions. Also, 
consider scholars and teacher-scholars who are actively working to create inclusive 
spaces; many will showcase these on their faculty websites. Graduate students from 
historically minoritized communities are often acutely aware of faculty researchers 
with whom they share identities, so invite them to share or contribute to a list of 
speakers that they would like to see at department seminars.

https://www.visionlearning.com/en/twoh
https://www.visionlearning.com/en/twoh
https://www.itchuaqiyaq.com/mmu-scholar-list
https://www.itchuaqiyaq.com/mmu-scholar-list
https://www.itchuaqiyaq.com/mmu-scholar-list
https://www.itchuaqiyaq.com/_files/ugd/b33ff4_f8bd2912f3724b57a7d968652e3d6595.pdf
https://www.itchuaqiyaq.com/_files/ugd/b33ff4_f8bd2912f3724b57a7d968652e3d6595.pdf
https://tinyurl.com/3z8eh5ek
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Resources for Continuing the Journey
Cite Black Women Collective. https://www.citeblackwomencollective.org/
Leng, G., & Leng, R. I. (2020). Unintended consequences: The perils of publication and 

citation bias. The MIT Press Reader. https://tinyurl.com/mwmvy7yc
Krupnik, I., & Jolly, D. (Eds.). (2002). The earth is faster now: Indigenous observations of 

arctic environmental change. frontiers in polar social science. Arctic Research Consortium 
of the United States.

Reid, G., Jones, C. E., & Poe, M. (June 7, 2022). Citational racism: How leading 
medical journals reproduce segregation in American medical knowledge. Bill of Health: 
Examining the Intersection of Health, Law, Biotechnology, and Bioethics. Harvard Law. 
https://tinyurl.com/4env3k4a

Itchuaqiyaq, C. U., Jones, N. N., & Franchini, J. (2023, August 12). Multiply marginalized 
and underrepresented scholars list. https://www.itchuaqiyaq.com/mmu-scholar-list.

Itchuaqiyaq, C. U., Jones, N. N., & Franchini, J. (2023, August 12). Multiply marginalized 
and underrepresented scholars bibliography. https://tinyurl.com/3z8eh5ek

The Visionlearning Project. https://www.visionlearning.com
This World of Humans. https://www.visionlearning.com/en/twoh
Urlings, M. J. E., Duyx, B., Swaen, G. M. H., Bouter, L. M., & Zeegers, M. P. (2021). 

Citation bias and other determinants of citation in biomedical research: Findings from 
six citation networks. Journal of Clinical Epidemiology, 132, 71–78.

How do I talk about inequality without “politicizing” my 
class? Do I need to explicitly talk about these things in 
my courses? I’m not an expert and feel out of my depth.

LaKeisha: Truthfully, until I began working with Heather on this collection, such 
a question never entered my mind. I did not give a second look to the workshops 
on campus for faculty to learn how to have “difficult” conversations in courses. 
The vast majority of STEM disciplinary courses in the US are still lecture-based, 
and those that are more collaborative in nature focus on the content rather than 
inequalities. But the very fact that most STEM courses are lecture-based masks 
inequalities and can make our students feel invisible. Giving students opportuni-
ties to explore and develop their science identities through non-technical science 
writing exposes this myth that science is objective (see Barlow and Quave, as well 
as Callow and Shelton, in this collection).

Since we started gathering and editing chapters in 2021, I have since re-de-
signed one WID undergraduate research course that I oversee to include a lesson 
that highlights inequalities in STEM Writing. The lesson incorporates inclusive 
citation practices using the ACS Inclusivity Style Guide from the American Chem-
ical Society (ACS) as a starting point. We currently use the Inclusivity Style Guide 

https://www.citeblackwomencollective.org/
https://tinyurl.com/mwmvy7yc
https://tinyurl.com/4env3k4a
https://www.itchuaqiyaq.com/mmu-scholar-list
https://tinyurl.com/3z8eh5ek
https://www.visionlearning.com
https://www.visionlearning.com/en/twoh
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to discuss creating visuals of experimental results that are accessible and, while not 
addressed directly in the style guide, choosing citations that represent a broader 
range of ideas than what we typically see. For example, I ask students to search for 
articles published by authors from institutions outside the US that support their 
research findings or ones that are relevant to their research but published outside of 
typical chemistry research journals. Students do not have to include these articles as 
citations in the required research paper, but most will do so because they recognize 
that science needs to include more diverse voices, and they appreciate being able to 
contribute to their field in such a way. Giving students a choice lessens the chance 
that they might view a particular pedagogical practice as “politicizing” the course. 
Regardless, as instructors, we should be prepared to justify our practices as a way to 
be transparent with students.

For courses that are lecture-based, it may not be necessary to have conversa-
tions about inequality and inequities in STEM. Including examples or even cre-
ating problems on assessments that are culturally relevant can be a way to address 
inequities (see Callis’ chapter, for example). When we used an atoms-first textbook 
in general chemistry, the chapter that included acid-base chemistry was just before 
the Thanksgiving holiday. I would share a story about being a little girl and watch-
ing my grandmother use a fork tine dipped in baking soda to neutralize some of 
the oxalic acid in her collard greens. Of course, neither of us knew at the time what 
“chemistry” was involved. All my grandmother knew was it made her greens less 
bitter and more tender, and I enjoyed watching the fizzing. My choice to tell this 
particular story was deliberate. It reinforced my belief that science is something that 
everyone does, whether or not they know it or understand it, and it was a way for 
me to invite all of my students to see themselves as capable of “doing science” if 
only by virtue of making a meal for themselves or their family. 

Heather: This is a real tightrope that we have to walk—one that can blow up in 
our faces if we push too hard, too quickly. At least, that’s been my experience. We can 
talk about how historical bias has impacted current inequities without casting blame. 
As Barlow and Quave noted, it “is not that science is fundamentally, irredeemably 
flawed, but rather that the sciences are brought to life by humans working within so-
cial and individual contexts” (this collection). So often, these things become political 
when individuals feel that they, personally, are being accused of wrongdoing (e.g., 
blaming white men for all the ills). This work isn’t about specific individuals but the 
collective working within specific contexts. The Hidden Brain podcast on implicit 
bias (see Revealing Your Unconscious in the resources below) does a fantastic job 
of showing how implicit bias works and how inequity isn’t about individual people 
doing bad things but the ways in which beliefs held by the majority of individuals 
in a space are institutionalized, and as a result cause harm. It’s a law of averages; we 
are trying to shift where the average lies. That podcast is one place to start if you’re 
struggling with understanding inequity on a structural level.
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After much trial and error, my approach is to weave in discussions of the world-
views that have historically been held by those in positions of power and how those 
assumptions have impacted the policies that are made. Fink’s chapter is an excellent 
example of how to do this, as is Callow and Shelton’s focus on question-asking. Some-
times, the simplest thing to do is to include a few readings that complement or extend 
the discussions in the classroom. When I teach science writing, for example, I often 
include a module on the impact language has on the communication of scientific 
knowledge. We look at the role of linguistic markers (hedges, boosters, etc.) on knowl-
edge reception through the lens of Andrew Wakefield et al.’s now-retracted Lancet 
article that anti-vaccine groups continue to use as evidence that the MMR vaccine 
causes autism. We also read Ann Morning’s article alongside Cherice Escobar Jones 
and Genesis Barco Medina’s (both listed below) to discuss the ways in which the use 
of language can lead to conflation of genetic information with race, even when such 
a connection doesn’t exist. In classes focused on writing and engineering, I include 
articles on indigenous ethics (see Itchuaqiyaq below) and use the Tarot Cards of Tech 
(https://tarotcardsoftech.artefactgroup.com/) to ask students to challenge assumptions 
in their group projects. Weave these considerations in as an expected part of the curric-
ulum instead of as an add-on. Normalize the inclusion of diverse viewpoints.

My advice to anyone interested in taking a social justice approach in their 
classes is simply to start where you are. Yes, we need to lean into our discomfort 
and challenge ourselves, but you need to be comfortable enough with the content 
in the classroom in order to be an effective guide for your students. Consider small 
edits to start. If your students are writing memos of project proposals, for example, 
ask them to incorporate a consideration of ethics (see Burry et al. in this collection). 
If they are doing user testing, ask them explicitly to consider the perspective of 
individuals with disabilities in the use of that tool or product. To me, this is about 
opening perspectives, not forcing students to take on my personal ideology.

Resources for Continuing the Journey
ACS inclusivity style guide. (2021). https://tinyurl.com/4kkeuvyr
Artifact Group. The tarot cards of tech. https://tarotcardsoftech.artefactgroup.com/
Brandt, C. B. (2008). Discursive geographies in science: Space, identity, and scientific 

discourse among indigenous women in higher education. Cultural Studies of Science 
Education, 3, 703–730. https://doi.org/10.1007/s11422-007-9075-8 

Brandt, A. M. (1978). Racism and research: The case of the Tuskegee Syphilis study. The 
Hastings Center Report, 8(6), 21–29.

Gawthorp, E. (2023. October 19). COVID-19 deaths analyzed by race and ethnicity. 
https://www.apmresearchlab.org/covid/deaths-by-race

Cudd, A. E. (2001). Objectivity and ethno-feminist critiques of science. In K. M. 
Ashman (Ed.), After the science wars: Science and the study of science. Routledge. 
https://doi.org/10.4324/9780203977743

https://tarotcardsoftech.artefactgroup.com/
https://tarotcardsoftech.artefactgroup.com/
https://tinyurl.com/4kkeuvyr
https://tarotcardsoftech.artefactgroup.com/
https://doi.org/10.1007/s11422-007-9075-8
https://www.apmresearchlab.org/covid/deaths-by-race
https://doi.org/10.4324/9780203977743
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Gebru, T. (2020, October). Hot topics in computing: Who is harmed and who benefits? MIT 
CSAIL. https://tinyurl.com/yupn24sf

Hidden Brain Podcast. Revealing your unconscious, Parts 1 and 2. https://hiddenbrain.org/
Itchuaqiyaq, C. U. (2021). Iñupiat iḷitqusiat: An indigenist ethics approach for working 

with marginalized knowledges in technical communication. In R. Walton & G. 
Agboka (Eds.), Equipping technical communicators for social justice work: Theories, 
methodologies, and pedagogies, pp. 33–48. Utah State University Press. 

Jones, C. E., & Medina, G. B. (2021). Teaching racial literacy through language, health, 
and the body: Introducing bio-racial rhetorics in the writing classroom. College English, 
84(1), 58–77. https://doi.org/10.58680/ce202131452

Miller, D. I., Nolla, K. M., Eagly, A. H. and Uttal, D. H. (2018), The development of 
children’s gender‐science stereotypes: A meta‐analysis of 5 decades of U.S. draw‐a‐scientist 
studies. Child Development, 89, 1943–1955. https://doi.org/10.1111/cdev.13039

Morning, A. (2008). Reconstructing race in science and society: Biology textbooks, 1952–
2002. American Journal of Sociology, 114(S1), S106–S137. https://doi.org/10.1086/592206

I have too much disciplinary content to cover 
already. How do I make room for this?

LaKeisha: Researchers at the University of Virginia published an article in Nature 
showing that people overwhelmingly will add components to an object, idea, or 
situation rather than subtract components, even if the subtractive change leads to 
a better-desired outcome. Gabrielle S. Adams, Benjamin A. Converse, Andrew H. 
Hales, and Leidy E. Klotz (2021) wrote, “If people default to adequate additive 
transformations—without considering comparable (and sometimes superior) sub-
tractive alternatives—they may be missing opportunities to make their lives more 
fulfilling, their institutions more effective, and their planet more livable.” (p. 261). 
I consider Adams et al. and our collection an invitation to reimagine our courses 
and consider what is not really needed. Chances are there is something.

It is important to recognize what constraints may be placed on your course 
and the source(s) of the constraints. Professional societies are taking the lead on 
creating and disseminating discipline-specific tools and strategies to incorporate 
inclusive teaching and assessment practices as well as providing a space for confer-
ence symposia and proceedings. Even if every topic we teach must remain in the 
curriculum, we can teach those topics differently. Anjali Joshi (2023) recently pub-
lished an Edutopia article online entitled “5 ways to make your science classroom 
more culturally responsive.” I cannot emphasize enough using existing resources on 
your campus and through professional networks and organizations to tap into the 
expertise of folx whose research, teaching, and job roles center on inclusive teaching 
practices. This is a journey best traveled together!

Heather: Time is a major commodity. We have 6 or 9 or 16 weeks in a quarter, 
trimester, or semester, and within that time, we have to make sure we tick all of the 
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boxes required by our program and accrediting bodies. It’s a lot. Recently, when I was 
talking with a colleague about the inaccessibility of their presentation materials, they 
remarked: “I don’t have time to go back and do all of that!” The two of us were just 
talking about slides, but even still, that felt like a huge ask. The thing about inclusion, 
though, is it isn’t a product. We don’t get to the end of a syllabus or presentation and 
say, “Fine! Done! Now I’m good.” Inclusion is a process. There is always going to be 
something to alter, and with every move we make to create space for one group, we 
inevitably may be cutting others out. The goal, then, is to make changes in ways that 
don’t mess the whole thing up. Thinking back to my colleague’s slide materials: If they 
had chosen a slide design that had high text to background contrast, minimal color, 
and no unnecessary frilly designs before they put any content into the file, it never 
would have been an issue. So, our first thought with this work is: “How can I build it 
in from the start so that it doesn’t feel like a retrofit?”

That said, sometimes, the way to bring inclusion into our class is not in the 
content. We can’t do everything, everywhere, all the time. Sometimes, the best thing 
to do is to consider how we are teaching, not what we are teaching. Riedner, Francis, 
and Paretti in this collection offer us one way to think about this through the lens 
of engineering judgment. By creating spaces for students to be recognized by their 
peers and faculty for their capacity to participate as engineers, we can create a space 
for the growth of disciplinary identity and self-efficacy. Similarly, Newell-Caito and 
Fink also offer ways of approaching the classroom epistemologically to be more in-
clusive—whether that is in our assessment practices or our pedagogical approaches. 
Considerations of Universal Design and teaching in multiple modalities is another 
way of making the classroom more inclusive (see both Callis and Mallette, this vol-
ume), particularly for students with learning disabilities or cultural views that priori-
tize communal work. You might also review the ten rules offered by Suchinta Arif et 
al. (2021), referenced below, that offer considerations of support for historically mar-
ginalized students in science. The faculty development centers of most institutions of 
higher learning will also be able to assist (e.g., Columbia University has a very useful 
inclusive teaching guide that is available on their website).

Start with where you are and do what you can manage.
When you can do more, do more.

Resources for Continuing the Journey
Adams, G. S., Converse, B. A., Hales, A. H, & Klotz, L. E. (2021). People systematically 

overlook subtractive changes. Nature, 592, 258–261. https://doi.org/10.1038/
s41586-021-03380-y

American Association for the Advancement of Science (2022). STEMM professional 
societies’ self-assessment for diversity, equity, & inclusion: Guidance and criteria. 
https://tinyurl.com/yw6zzppu

https://doi.org/10.1038/s41586-021-03380-y
https://doi.org/10.1038/s41586-021-03380-y
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Arif, S., Massey, M. D. B., Klinard, N., Charbonneau, J., Jabre, L., Martins, A. B., Gaitor, 
D., Kirton, R., Albury, C., & Nanglu, K. (2021). Ten simple rules for supporting 
historically underrepresented students in science. PLoS computational biology, 17(9), 
e1009313. https://doi.org/10.1371/journal.pcbi.1009313

CAST. (2018). Universal design for learning guidelines, version 2.2. http://udlguidelines.
cast.org

Guide for inclusive teaching at Columbia. Columbia University. https://tinyurl.
com/2ywctw7c

Inclusive teaching at the University of Michigan: Resources for STEM Courses. (n.d.). 
Retrieved November 2, 2023, from https://tinyurl.com/ykpdshc4

Sathy, V., & Hogan, K. A. (2022). Inclusive teaching: Strategies for promoting equity in the 
college classroom. West Virginia University Press.

If I modify how I teach and grade in my class, 
aren’t I compromising the discipline? How will 
students learn what they need to be successful?

Heather: As a WAC specialist, these are the questions that I hear the most when 
talking with disciplinary faculty (even within English Literature). Usually, it’s about 
writing instruction, but the same concern arises when it comes to questions of so-
cial justice. The thing I most want to say when these questions come up is: “Our 
disciplines are already compromised by bias! This is part of helping students be 
successful in the 21st century!” But that rarely gets a positive response. So, instead, 
I usually present it in a more accessible way, through questions. What does it mean 
to be successful in your field? Are students most successful when they can effectively 
memorize a list of facts to be selected on a multiple-choice exam? Or are they better 
off when they can think critically about their subject within different contexts and 
apply theories in interesting ways? What is it that you want students to be able to 
do when they leave your class, and how is your curriculum and assessment plan 
designed to privilege that learning?

When it comes to writing, many instructors wish to emphasize the grading of 
grammar and mechanics when they do include writing. Much as Blomstedt’s work 
(this collection) shows, we are not compromising student success by leaving room 
for errors that can be caught in proofreading. If the work a student submits is so 
fraught with errors that it impedes meaning, that is an issue larger than what any 
one writing assignment or class is going to be able to address. That is when we in-
clude other supports and ask ourselves what role the writing is playing in the course 
(and how we are instructing the students within it). Including diverse viewpoints or 
a fuller picture of how we know what we know and how we communicate what we 
know isn’t compromising; it’s enhancing. We need students to see the messy parts, 
not just the cleaned-up, final versions. As instructors, we are always already making 
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choices about what to include and what to skip in our classes–let’s make it a priority 
to be more conscious about those decisions.

LaKeisha: To me, there is irony in thinking that traditional grading does not 
compromise STEM disciplines. Grades in STEM courses serve as gatekeepers 
(Gasiewski et al., 2012) to careers in science, engineering, technology, math, and 
even health fields like public health, medicine, and pharmacy. The rise of the mod-
ern grading scheme in the US is rooted in bias (Feldman, 2019). Students struggle 
to use grades as feedback to adjust study habits (Chamberlin et al., 2023, p. 116). 
Yet, there are no real alternatives to grades and one-assessment-for-all in large-en-
rollment courses. So, what are we to do? 

Heather’s questions to reframe the “student success” concern are very effective 
in brainstorming ways to create classroom materials that can foster a classroom cul-
ture where all students see an opportunity and a pathway toward mutually defined 
success. All of our authors provide a window into productive ways to approach 
these questions. Mallette (this collection) mentions specifications grading (Nilson, 
2014) as a mode of ungrading, and I am eager to incorporate ungrading principles 
into lectures and writing courses where I have a bit more autonomy to tinker and 
lower enrollments to co-create with students. 

Specifications grading has been used successfully in biology (Katzman et al., 
2021), biochemistry (Donato & Marsh, 2023), chemistry (McKnelly et al., 2023; 
Noell et al., 2023), and physics and engineering physics (Evensen, 2022). Notably, 
McKnelly et al. (2023) show how this form of alternative grading was implemented 
in an organic chemistry laboratory course with 1,000 students across several sec-
tions. To attract creative minds from diverse backgrounds, we have to adapt how 
we teach STEM courses, especially introductory courses. In addition to ungrading 
practices, incorporating writing activities will not only help students make sense of 
their learning but will provide rich data to help instructors and departments design 
more inclusive courses that increase engagement and foster meaningful learning for 
those students who buy in to these alternative forms and methods of assessment. 

Resources for Continuing the Journey 
Adler-Kassner, L., & Wardle, E. (2022). Writing expertise: A research-based approach to 

writing and learning across disciplines. The WAC Clearinghouse; University Press of 
Colorado. https://doi.org/10.37514/PRA-B.2022.1701

Condon, F., & Young, V. A. (Eds.). (2016). Performing antiracist pedagogy in rhetoric, 
writing, and communication. The WAC Clearinghouse; University Press of Colorado. 
https://doi.org/10.37514/ATD-B.2016.0933

Chamberlin, K., Yasué, M., & Chiang, I. A. (2023). The impact of grades on student 
motivation. Active Learning in Higher Education, 24(2), 109–124. https://doi.
org/10.1177/1469787418819728 

Donato, J. J., & Marsh, T. C. (2023). Specifications grading is an effective approach to 
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22 https://doi.org/10.1128/jmbe.00236-22

Evensen, H. (2022, August). Specifications grading in general physics and engineering 
physics courses. In 2022 ASEE Annual Conference & Exposition. https://peer.asee.
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Feldman, J. (2018). Grading for equity: What it is, why it matters, and how it can transform 
schools and classrooms. Corwin Press. 

Gasiewski, J. A., Eagan, M. K., Garcia, G. A., Hurtado, S., & Chang, M. J. (2012). 
From gatekeeping to engagement: A multicontextual, mixed method study of student 
academic engagement in introductory STEM courses. Research in Higher Education, 
53, 229–261. https://doi.org/10.1007/s11162-011-9247-y

Inoue, A. B. (2022). Labor-based grading contracts: Building equity and inclusion in the 
compassionate writing classroom (2nd ed.). The WAC Clearinghouse; University Press of 
Colorado. https://doi.org/10.37514/PER-B.2022.1824

Katzman, S. D., Hurst-Kennedy, J., Barrera, A., Talley, J., Javazon, E., Diaz, M., & 
Anzovino, M. E. (2021). The effect of specifications grading on students’ learning 
and attitudes in an undergraduate-level cell biology course. Journal of Microbiology & 
Biology Education, 22(3), e00200-21. https://doi.org/10.1128/jmbe.00200-21 

McKnelly, K. J., Howitz, W. J., Thane, T. A., & Link, R. D. (2023). Specifications 
grading at scale: Improved letter grades and grading-related interactions in a course 
with over 1,000 students. Journal of Chemical Education, 100, 3179–3193. https://doi.
org/10.1021/acs.jchemed.2c00740

Nilsen, L. B. (2014). Specifications grading: Restoring rigor, motivating students, and saving 
faculty time. Stylus Publishing. 

Noell, S. L., Rios Buza, M. Roth, E. B., Young, J. L., & Drummond, M. J. (2023). 
A bridge to specifications grading in second semester general chemistry. Journal of 
Chemical Education, 100, 2159–2165. https://doi.org/10.1021/acs.jchemed.2c00731 

Poe, M., Inoue, A. B., & Elliot, N. (2018). Writing assessment, social justice, and the 
advancement of opportunity. The WAC Clearinghouse; University Press of Colorado. 
https://doi.org/10.37514/PER-B.2018.0155

Sathy, V., & Hogan, K. A. (2022). Inclusive teaching: Strategies for promoting equity in the 
college classroom. West Virginia University Press.

I am a lecturer/pre-tenure and don’t have 
the authority to change up the curriculum. 
What can I do to be more inclusive?

LaKeisha: I am in a non-tenure track position at my campus. Early in my career, 
I was concerned that my contract would not be renewed because course evalua-
tions not tailored to my course were the primary form of my quality of teaching 
(which is absurd yet common). In my limited experience at my institution, fac-
ulty teaching smaller courses—and for STEM courses, these will usually be major 
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courses—rarely have pushback from students when the curriculum changes to be 
more student-centered and inclusive. It is those of us who teach first-year courses 
with larger enrollments that often face the greatest resistance from students and 
parents and, therefore, administrators. 

My strategy, learned from experience in chemistry education research, has been 
to have clear goals around any curricular changes and ways to measure the ef-
fects of the changes. The measures are, of course, for desired changes, but I would 
also include items and open-ended responses to capture unexpected and undesired 
changes to have a fuller picture. Not only would these data help me as the instruc-
tor, but I could report them to the students and to administrators. I have used both 
mid-semester evaluations and ones submitted at the end of the course (but before 
the university-wide ones were emailed to students). Because the questions align 
with my curricular goals, I included responses in my annual evaluations. 

I enjoy crafting evaluations, so I do not mind spending the time doing them. 
I often reuse them with modifications to better capture students’ experiences in 
my courses. But if creating an evaluation of your course is not what sparks joy, are 
there folx on your campus who are available to help faculty not only with instruc-
tional design but also ways to measure the impact of the curricular changes? On 
my campus, we even have an education developer who will come to our classes 
and facilitate a conversation with students (faculty are not present) around course 
goals. Depending on the scope of the change and the time you are able to devote, 
partnering or collaborating with education researchers or discipline-based educa-
tion researchers who are interested in measuring impacts on students’ experiences 
in STEM is a possibility. 

Ultimately, I want to encourage you to be the change you want to see on 
your campus. Each campus culture is different, each STEM discipline culture is 
different, and each department culture is different. What works for others, even 
if it is published research or shared at a conference, may not work in your course 
or on your campus without modifications. And that’s okay. When you go looking, 
you will find so many colleagues willing to help you create a more inclusive space 
through your courses. 

Heather: This is a real issue and one to consider in light of your institution. 
The best scenarios are those where the institution has identified a commitment to 
DEIJ somewhere—in a strategic plan, in institutional priorities, in department 
curriculum changes, etc. If we can align what we are doing in the classroom with 
what the institution says it is prioritizing, then there is some leverage for change. 
But we live in a world where that is not always the case, and so my advice would be 
to tread cautiously. Use your course outcomes and goals as the lodestar. Sometimes, 
the simplest thing to do is to add on, rather than replace, content. As noted at the 
start of Section 2, maybe it’s not about altering content but about pedagogy. Do 
you have room to modify the assessment of student work? Or to explicitly teach an 
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element of disciplinary writing? Or to offer additional resources to assist students 
in succeeding? Where is the wiggle room?

I agree wholeheartedly with LaKeisha’s note above about seeking out like-
minded people and strategizing together. I have been very mindful, lately, of just 
how lonely this work can be. You need to know why you are doing what you are 
doing, how that benefits the students in your class and the discipline, and who is 
going to have your back. Finding that network of support is important, even if it 
comes from outside your institution because it reminds you that you’re not alone 
and can lead to some interesting innovation. It also helps to have someone to talk 
to when you encounter the occasional student pushback.

Resources for Continuing the Journey
Kadmos, H., & Taylor, J. (2023). No time to read? How precarity is shaping learning 

and teaching in the humanities. Arts and Humanities in Higher Education, 23(1). 
https://doi.org/10.1177/14740222231190338

Opdycke, K. (n.d.). A precarious professorate works against an antiracist curriculum. Boston 
University, Center for Interdisciplinary Teaching & Learning. Retrieved November 10, 
2023, from https://tinyurl.com/2s3f3udn 

Schell, E. (2017). Foreword: The new faculty majority for writing programs: organizing 
for change. In S. Kahn, W. Lalicker, and A. Biniek-Lynch (Eds.), Contingency, 
exploitation, solidarity: Labor and action in English composition (pp. ix-xx), The 
WAC Clearinghouse; University of Colorado Press. https://doi.org/10.37514/
PER-B.2017.0858.1.2

I’m not a writing instructor. How do I 
assess writing fairly if I don’t know how to 
teach and assess writing in general?

Heather: After questions of compromising the discipline, this is the second-most 
frequent concern that I hear when working with faculty outside of writing studies. 
If we agree (as we usually do) that being able to write well is a key element of suc-
cess in your disciplinary career, then we have to ask: Who is actually responsible for 
teaching students how to write well as members of their discipline? Sure, many in-
stitutions have writing-specific courses for STEM majors taught by specialists like 
me. We see examples of these in Burry et al. and Mallette (both in this collection). 
But not all institutions have the kind of funding or the commitment to writing that 
offering such courses requires. Additionally, just like a first-year composition course 
cannot prepare students for all the writing they will do in higher education, one 
writing in the disciplines course is not going to make them expert writers in their 
major. They need multiple points of contact from multiple experts throughout the 
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curricular experience. I may be able to teach engineering students about rhetorical 
situations and language expectations, some genre considerations, and give them 
practice at composing a variety of document types, but that doesn’t mean that they 
won’t also need feedback from their engineering professor when writing a project 
update or memo in another class. There will be subtle differences across subdis-
ciplines and spaces that students need guidance on, and they need concepts and 
rhetorical moves reinforced from multiple directions.

Sometimes, I am challenged with: Who has the authority to teach disciplinary 
writing? Really, for me, we all do—faculty who teach disciplinary courses, as well 
as those who teach courses in the major. We are all experts in different ways. I 
am an expert because I study the rhetorical moves, language, and genres of differ-
ent disciplines; STEM practitioners are experts because they actively employ these 
things in their everyday work. We come from different perspectives, but all have 
something to teach our students. How we do that, though, will be different. Con-
sider using resources like those listed below and spend time thinking about what 
you want students to show you in the writing you assign. Don’t assess grammar and 
mechanics if you aren’t teaching these things (though you should definitely point 
out issues if such errors get in the way of meaning). If you teach the structure of a 
lab report, then it’s appropriate to assess that structure in student work. If you use a 
haiku to assess students’ understanding of structural relationships in biology, then 
assess how the knowledge is conveyed, not how good the haiku is. You don’t have 
to be an expert on writing to know if a student is meeting the goals of your writing 
assignment, unless your goals are something you aren’t teaching.

LaKeisha: I am not a writing instructor. I have embarked on eleven years of 
intense on-the-job training. I am fortunate that we have amazing faculty in our Uni-
versity Writing Program. Even if my students never write a science manuscript for a 
peer-reviewed journal or a research paper as part of their undergraduate research ex-
perience, there are so many transferrable skills to learn from disciplinary writing. Per-
haps the skill that I lean into the most with my students is that writing affords them a 
level of creativity they will not experience in a lecture or traditional laboratory course.

As Heather mentioned, it is not appropriate to assess grammar unless it is for-
mally re/taught in the course. Since I am not an expert, I do not even attempt this 
as part of the formal curriculum. We use a science writing textbook (LeBrun, 2011) 
as a required textbook that includes chapters on grammar and writing mechanics, 
and each week during the experimental phase of the course, I only teach them 
about key points of a title, abstract, introduction, materials and methods, results 
and visuals, and discussion and conclusion. So, those aspects of students’ science 
manuscripts comprise the bulk (25/40) of points on the rubric. 

Because my course does not formally re/teach students writing mechanics, 
other aspects of a science manuscript are re/taught informally through their con-
sultations with me during the writing phase that takes place in the second half of 
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the semester. How to best incorporate evidence from other studies, how to properly 
format references, and how to know when to include a citation are some topics that 
I touch upon during instructional time but really drill into during consultations. 
So, through these consultations—which are as labor intensive as they sound but oh 
so rewarding for students and me—I am then able to provide personalized instruc-
tion for the remaining points of the rubric. 

Avoiding potential bias in assessing writing quality is desired and critical to 
inclusive teaching. So, providing feedback using an established rubric or set of 
criteria will help students see a path to being successful in the course. Even as we 
work to decolonize many disciplinary practices that cause harm and erase ways of 
knowing, having a framework for using these practices already embedded in the 
course curriculum and made transparent to students is essential.

Resources for Continuing the Journey
Berdanier, C., McCall, M., & Fillenwarth, G. (2021). Characterizing disciplinarity 

and conventions in engineering resume profiles. IEEE Transactions on Professional 
Communication, 64(4), 390–406. https://doi.org/10.1109/TPC.2021.3110397

Carter, M. (2016). Value arguments in science research articles: Making the case for 
the importance of research. Written Communication, 33(3), 302–327. https://doi.
org/10.1177/0741088316653394 

Fillenwarth, G. M., McCall, M., & Berdanier, C. (2018). Quantification of engineering 
disciplinary discourse in résumés: A novel genre analysis with teaching implications. 
IEEE Transactions on Professional Communication, 61(1), 48–64. https://doi.
org/10.1109/TPC.2017.2747338

Gopen, G. D., & Swan, J. A. (1990, November-December) The science of scientific 
writing. American Scientist, 78(6), 550-558. https://www.jstor.org/stable/29774235 

Hyland, K. (2011). Disciplines and discourses: Social interaction in the construction 
of knowledge. In D. Starke-Meyerring, A. Paré, N. Artemeva, M Horne, & L. 
Yousoubova (Eds.), (2011). Writing in knowledge societies, pp. 193–214. WAC 
Clearinghouse; Parlor Press. https://doi.org/10.37514/PER-B.2011.2379

Lebrun, J. L. (2011). Scientific writing 2.0. World Scientific Publishing Company. 
Moore, R. (2000). Writing about biology: How rhetorical choices can influence the 

impact of a scientific paper. Bioscene, 26(1), 23-25. 
Purugganan, M., & Hewitt, J. (2004). How to read a scientific article. Cain Project for 

Engineering and Professional Communication. https://tinyurl.com/4afvdrxm

How much of an effect will this really have on students? 
Do these things stick, or do they fade away?

LaKeisha: Absolutely, yes! We wanted to include student vignettes in our collection 
to capture some of the lingering impacts that inclusively designed courses had on 
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students. Course evaluations given by departments or institutions often are not 
meant to capture these sentiments, and the end of the semester may be too soon 
to see what remains after time has passed. Riya and Madison each describe how 
pivotal enrollment in such courses influenced choices to persist in a STEM major 
and to incorporate writing as part of their educational journeys and career paths. 

In my own WID laboratory course, students are able to see their transfor-
mation as science writers within the course itself. Peer feedback is required for all 
WID courses at GW, and I facilitate sessions during two lab periods. During the 
first session, I overhear the students commenting on how they see through peers’ 
papers where they can improve their own writing. Then, during the second session, 
following an opportunity to revise and resubmit, students compliment their peers 
on improvements within their papers. I only provide general feedback to the class, 
so students really take ownership of this process. By the time I meet with them 
after these feedback sessions, I can then focus on the chemistry, syntax, and minor 
formatting. And even then, students will spontaneously comment on how they no-
ticed their writing improved from their first consultation to their second. So, when 
I have chemistry majors from my laboratory WID course in the WID course linked 
to their undergraduate research experiences one to two years later, they have a solid 
foundation from which to write a 15-20 page research paper on their own semes-
ters-long research projects. I should also note that these students will have taken 
one or two writing-intensive laboratory courses in the intervening years. Though 
the courses are not WID courses (there is no writing instruction, no opportunities 
for revisions, and no peer feedback), they do serve as opportunities for students to 
continue to practice their science writing. 

Though limited, empirical research also supports these narratives from students 
featured in our collection and my own WID courses. Gere, Knutson, and McCarty 
(2018) use three case studies of three STEM students’ progressions as writers to 
describe the ways in which they incorporated aspects of their varied writing courses 
to create their own concepts of disciplinary writing. More research is needed to 
support what and how much sticks from disciplinary writing, particularly the influ-
ence that inclusive practices have on retention of disciplinary content, disciplinary 
writing skills, and students themselves in STEM. A great reason to collaborate with 
others who are committed to inclusive writing practices in STEM courses!

Heather: Examining the ways in which disciplinary spaces have been con-
structed to welcome some people while keeping others out can be a daunting task, 
but it’s one that is critical if we wish to make educational and workforce spaces 
more inclusive. So much of what we are doing is about sowing seeds and creating 
new perspectives to view the world. We don’t know how that will show up in the 
long term, really. It’s anecdotal. But that doesn’t mean we shouldn’t try. Johnson et 
al. (this collection) show how this work will impact the way new teachers enter the 
classroom, which is likely to stick and have an impact. Each positive interaction 
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has the potential to counteract the negative ones; our goal is to have more positive 
than negative in the end.

Relatedly, it did not go unnoticed when we were working on this collection 
that the vast majority of authors are coming from communities historically mar-
ginalized in STEM. In fact, there were at least four additional chapters that were 
originally planned for inclusion that chose to bow out explicitly because that extra 
labor was cutting into their time and ability to work on scholarship, and those au-
thors did not want to hold up production of the overall book. Authors who identify 
as female, as disabled, as Black or Latinx, and first-generation college students, 
who are in contingent roles at their institutions or in non-tenure track positions. 
The reality, as we pointed out earlier in this chapter, is that this work—this car-
ing, emotionally-laden labor—is typically carried by the individuals with the least 
amount of power. Maybe it is because of our life experiences on the margins that 
make us more likely to help the generations that are coming up, but it also takes 
away our time and attention for the practices that academia privileges (research 
and publication). It’s a double-edged sword. So, yes, this stuff does stick, and it is 
why, more than ever, those who are in positions of power need to step up and carry 
their share of the load so that we can break these cycles and move toward a more 
equitable society.
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