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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,



156 | Riedner, Francis, Paretti

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.)



Promoting Inclusion | 157

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,



158 | Riedner, Francis, Paretti

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, 20006, 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
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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, “hals]
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.! 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 theyd 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 theyd 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—1I 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 didnt 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.c., 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 & 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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