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INTRODUCTION

There is a critical need to diversify and expand the 
STEM workforce in the United States to remain 
competitive in a global economy and to serve the 

needs of society.  Recognizing the need to attract and retain 
the most talented individuals to STEM professions, the Na-
tional Academies declared that diversity in STEM must be a 
national priority.[1]  Additionally, a free and just society is one 
without barriers to equitable access and with full participa-
tion by all in the benefits of that society.  And yet, the op-
portunity to pursue STEM degrees and participation is highly                                       
varied.[2, 3]  These multiple motivations provide important 
reasons to support diversity, equity, and inclusion (DEI) in 
chemical engineering education.

Lucena [4] and Slaton [5] trace the history of arguments 
making the case for diversity from social justice to national 
security to workforce imperatives.  Research has shown that 
improving diversity in a workforce enhances creativity and 
innovation, and increases productivity and financial perfor-
mance.[6-8]  In the educational environment there is compelling 
evidence that diversity among students and faculty is crucially 
important to the intellectual and social development of all 
students.[9-12]  It is essential to critically question the norms 
of “the way things are” to explicitly consider how what we 
do actively supports DEI.[13]  

Indeed, the historic participation rates of various groups in 
engineering are a symptom of a system that is not equitable 
for all.  Traditionally underrepresented racial/ethnic groups 
(American Indian/Alaska Native, Black, Hispanic/Latino, 
and Native Hawaiian/Pacific Islander; terminology used in 
Federal reporting) represent about 31 % of the general popula-
tion in the United States, yet they account for only 17.9 % of 
undergraduate students enrolled in engineering and 14.3 % 
of bachelor’s degrees attained.[14]  Women are also underrep-
resented in engineering — Asian and White women account 
for 15.2 % of undergraduate students enrolled in engineering 
and only 14.8 % of bachelor’s degrees attained.[14]  Chemical 
engineering trends higher than the average across engineering 

disciplines on representation of female degree recipients.[15]  
Research shows that underrepresented students are also less 
likely to remain in STEM fields than their overrepresented 
peers.[14, 16, 17]  And while diversity traditionally has focused 
on increasing representation of historically underrepresented 
groups, other dimensions of diversity deserve serious atten-
tion — for example, gender identity that includes non-binary 
participants, socioeconomic status, religious belief, veteran 
status, disability, and sexual orientation.[18]  Together, we 
describe these identities as excluded identities, or identities 
that have been systematically disadvantaged.  These identi-
ties are not additive, and the experiences of students at the 
intersections of these identities have layered experiences of              
exclusion.[19]  We acknowledge that there is a wide range 
of terms used in describing inequity with various historical 
meanings and impact on the communities they describe.  



Vol. 55, No. 4, Fall 2021 193

Where possible, the best approach is to respect the language 
that people use to describe themselves; that is, describe par-
ticipants as they prefer to be described.[20]

Factors Contributing to a Lack of Diversity
Diversity and inclusion on campuses are multidimensional 

and complex.  Milem [10] presented a framework for campus 
climate in which institutional context has five interconnected 
dimensions: 

• an organizational/structural dimension represents ways 
in which benefits for some groups are embedded into 
the structural practices and policies of the institution; 

• a historical legacy dimension considers how the history 
of exclusion shapes present dynamics at the institution;  

• a psychological climate is created by individuals’ views 
and attitudes about engaging with diversity; 

• a behavioral dimension relates to the nature of interac-
tions among diverse individuals and groups; and 

• the dimension of compositional diversity refers to stu-
dent enrollment and faculty/staff hiring. 

Achieving and maintaining compositional diversity requires 
inclusion — intentional engagement with all dimensions of 
diversity in the framework for campus climate.[21] 

 
The Importance of Inclusion

Failure to create an inclusive environment negatively affects 
all students;[9, 11, 12] one of the key reasons cited for students 
leaving STEM is the perception of a chilly climate, especially 
by those with excluded identities.[22]  In addition, the culture 
of STEM education negatively affects students’ interest, 
self-concept, sense of belonging, and persistence in techni-
cal disciplines.[23]  Numerous scholars have studied aspects 
of engineering culture that serve as barriers to inclusion in 
engineering education and in the profession, as summarized 
in Table 1.  Although engineering culture varies by context 
and cannot be characterized as monolithic, these are common 
elements that overlap across different settings.   

Not only are DEI linked to learning outcomes and academic 
achievement, they are also part of a professional skill set 
and ethical responsibility of engineers.  An ABET student 
outcomes criterion  specifies “an ability to function effectively 
on a team whose members together provide leadership, create 
a collaborative and inclusive environment, establish goals, 
plan tasks, and meet objectives” as an essential skill.[24]  In 
January 2021 AIChE approved a new Equity, Diversity and 
Inclusion statement establishing the obligation of all mem-
bers to support DEI, anti-racism, and learning (IDEAL).[25]  
AIChE also includes “fostering an environment of diversity, 
equity and inclusion” in its Code of Ethics.[26]  As educators, 
we need to ensure that our students develop knowledge, skills 

and behaviors to support DEI as they progress through their 
engineering program.

Purpose
Beginning January 1, 2021, Chemical Engineering Educa-

tion (CEE) requires all submissions to consider all submis-
sions through a lens of DEI in alignment with other scholarly 
aspects of the work.  This paper describes a framework for 
classroom inclusion based on research in three interconnected 
areas: learner identity, classroom context, and engineering 
culture.  The authors hope that this paper will serve as a re-
source for CEE authors to incorporate inclusive pedagogy into 
the design and implementation of their chemical engineering 
education efforts.

Sociocultural Learning Framework
We frame this work in a sociocultural learning framework. 

This framework emphasizes that a learner’s environment 
and larger context are inextricably linked with their learning 
development and that individuals learn through collaborative 
dialogues with peers.[50]  Students bring their prior back-
grounds, knowledge, experiences, attitudes, and beliefs into 
engineering classrooms.  In turn, they interact with peers and 
instructors within the classroom.  Classrooms are situated in 
a larger cultural context of higher education, engineering, 
and society at large.  All of these layers inform how students 
engage with DEI and provide various levels at which key 
issues in both pedagogy and research can be addressed.                   
Figure 1 represents the conceptual situation of these socio-
cultural elements.

Figure 1.  Sociocultural perspective of how con-
text informs a learner’s experiences.
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Table 1  
Aspects of engineering culture that serve as barriers to inclusion and participation

Elitism - Scholars have identified numerous ways in which elitism is manifested in engineering 
culture.  A few examples are provided here: 

The Banking Model of Education - Paolo Freire’s banking model of education is a 
metaphor that describes students as empty containers into which knowledge is deposited 
by teachers.[27]  The model positions teachers as experts who narrate facts, and students as 
obedient, passive learners who repeat those facts.  Some of the effects of this “sage on the 
stage” style of teaching are that students’ prior knowledge is devalued, students do not learn 
to think critically, and hierarchical values and culture are reproduced.  A large observational 
study of STEM classrooms showed that instructors rely predominantly on lecture, despite 
the ineffectiveness of this teaching style.[28]

Epistemological Dominance - Deeply ingrained in STEM culture are beliefs regarding the 
nature of knowledge and process of knowing.  STEM epistemology values universal truths 
and “knowing that” over “knowing how,” and devalues other ways of knowing.[23]  This elit-
ism can disadvantage nontraditional and underrepresented students as well as their        com-
munities.[29, 30]

Majorism - Another type of superiority termed “majorism” by Carrigan and Bardini is the 
preferential treatment of STEM over liberal arts.[31]  The fusion of neoliberal ideology and 
epistemic bias against humanistic inquiry works against educational goals of critical thinking 
and social responsibility.

Technical Social Dualism - An ideological distinction between “technical” and “social” en-
gineering subfields and work activities, resulting in a common perception that experiences of 
marginalized identity groups (especially women and LGBTQ+) are “social” or “political” and 
therefore not relevant to technical work.[32, 33]  An extension of this is that work related to DEI is 
devalued and not considered part of “real engineering work.”
Depoliticization - An ideology that promotes engineering as a purely “technical” space where 
“social” or “political” issues such as inequality are tangential (at best) or irrelevant to engineers’ 
work.[33]  This ideology is supported by traditional engineering pedagogy and curriculum.[34]

Meritocratic Ideology - The belief that inequalities are the result of a well-functioning social 
system that rewards talent and hard work.  Researchers have shown that meritocratic ideals 
legitimize social injustices and serve as a barrier to equality.[33, 35] 

Hidden & Null Curriculum - The unofficial, implicit messages that students receive about 
disciplinary perceptions, values, and expectations.  Villanueva et al. [36] uncover themes related 
to a perceived lack of work-life balance and elitism in engineering. Bejerano and Bartosh [37] 
reveal hidden norms of masculinity that perpetuate gendered divisions in the discipline.  Null 
curriculum refers to what is not taught in the curriculum.  What educators teach through the null 
curriculum makes us complicit in the status quo, including racial and gender inequality in the 
profession.[38]

Whiteness/Masculinity/Heteronormativity - Numerous scholars have unpacked how the his-
tory and norms of engineering have perpetuated and valued whiteness,[39-43] masculinity,[39, 43-45] 
and heteronormativity [33] in STEM fields in higher education, and the ways in which these norms 
serve as barriers to students from non-dominant groups. 
Stereotype Threat - The concern of confirming a negative stereotype about one’s identity group 
and can elicit a psychological threat that undermines performance and aspirations in that domain.  
Several studies have explored the manifestations of stereotype threat, and it influences perfor-
mance and persistence of women and Black, Indigenous, and Latinx students in STEM.[46-49]
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STRATEGIES     

In this section we discuss individual strategies to address 
and incorporate DEI into chemical engineering education.  
Our discussions focus on the locus of individual control—on 
learner identity and classroom context — and are informed 
by the literature on a larger engineering culture.  This sec-
tion is not an exhaustive presentation of the research-based 
ways to consider DEI, nor are the strategies intended to be 
prescriptive; we instead provide suggestions as a starting 
point for engineering faculty who wish to integrate DEI 
into their teaching and/or scholarship.  Instructors should 
consider whether strategies are appropriate for their context 
(e.g. student demographics and institutional support for DEI).  
We also encourage instructors to monitor their own attitudes, 
assumptions, and practices through guided reflection to cre-
ate an inclusive classroom environment.  Barker[51] provides 
a useful checklist for guided self-reflection.    

Supporting the Development of Learner Identity
Understand Your Students.  Identity is an enduring and 

continuous sense of who one is[52] and consists of multiple 
and overlapping aspects of oneself.[53]  For example, a student 
might identify as a chemical engineer, a Black woman, and 
a musician.  As students engage in an engineering context, 
they constantly negotiate what it means to be a chemical 
engineer; if that role is aligned with their identity; how the 
norms, values, expectations, and climate of engineering sup-
port or do not support seeing themselves as the kind of person 
who can do chemical engineering; and, ultimately, if they 
belong.  Koretsky et al.[54] implemented pedagogical reform 
to introduce inclusive practices that support the connections 
between chemical engineering identity, personal identities, 
and professional competencies.

The default for students with excluded identities in engi-
neering is identity threat or the negative experience in situa-
tions where one’s social group is underrepresented, devalued, 
or stereotyped to be inferior.[47, 55-57]  The history and norms 
of engineering culture (see Table 1) and the usual experience 
of being one of a small number in an engineering classroom 
create a space in which students with excluded identities 
constantly grapple with questions about if they belong.  Often 
instructors believe that a lack of bias or equal treatment for 
all students (an identity-evasive approach) creates inclusive 
classrooms; however, only an active approach to creating 
identity-safe peer and instructor interactions, a classroom 
context that values diverse identities, and an inclusive engi-
neering culture can create ways in which students can feel 
like they matter and that they belong.[58]

Power relations are socially constructed, and often instruc-
tors are positioned as the knowledgeable authority in the 
classroom.[27, 59]  Often instructors are presented as representa-

tives of success and potential gatekeepers to advancement in 
a discipline.  As such, instructors can have substantial power 
over students’ beliefs about their ability to succeed, interest 
in the subject, and feelings of recognition as an engineer.[60, 61]  
Instructors can begin to create inclusive classrooms by sharing 
power with students and creating opportunities for students 
to shape what happens in the classroom.[62, 63] 

Even small cues can create identity-safe and supporting 
classrooms.  Language used can convey messages about who 
is valued and belongs.  Addressing students in inclusive terms 
like “y’all,” “folks,” and “everyone,” instead of gendered 
terms like “you guys” can shift the default of a masculine 
engineering stereotype.[64]  Similarly, using “first-year” rather 
than “freshman” also shifts language to gender-inclusive 
terms.  Using correct pronouns and names-in-use1 also en-
gages these simple cues that convey students belong.  These 
small changes are more than political correctness or seman-
tics; they shape students’ experiences within the classroom 
and communicate everyday messages about who belongs.[65]  
These efforts should go beyond an individual instructor’s 
effort in their classroom to consistent norms within depart-
ments and universities.

Recognition by oneself and by important others like 
peers and instructors as the kind of person who can do en-
gineering has a significant impact on students’ developing                               
identities.[66]  Instructors can intentionally create opportunities 
for recognition by having high expectations but also provid-
ing the necessary support to achieve those high expectations; 
devoting resources of attention and opportunities to ask 
questions outside of normal class hours; creating a student-
centered rather than instructor-centered environment (see Mc-
Combs and Whisler [66] and Wright [67] for more details); and 
explicitly affirming students’ contributions and capabilities.[68]  
Peers also play an important role in identity-affirming experi-
ences.  Students feel recognized when they are able to share 
their interest in and excitement for their discipline and when 
peers demonstrate trust in intelligence and abilities.[69]  Col-
laborative work can support these interactions, but these must 
also be carefully managed to support positive and inclusive 
interactions.[70]  Attending to intercultural dynamics among 
students and between students and instructors can improve 
psychological safety in teams, as well as team effectiveness 
and innovation.[71]  Ladson-Billings [72] presents a framework 
for culturally relevant pedagogy based on the practices and 
reflections of exemplary teachers of African-American 
students.  Reed [73] provides recommendations on develop-
ing inclusive cultures in transnational settings.  Butterfield                             
et al. [74] suggest strategies for creating inclusive classrooms 
for LGBTQ+ students.

1. A name-in-use or chosen name is the use of a name, usually a first 
name, that is different from a person’s legal name.  There are many reasons 
why someone may not use their legal name.  While the most visible may be 
to reflect their gender identity, other reasons include using an Americanized 
name, or simply distinguishing oneself from someone with a similar name.
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Representation Matters.  When students can see people 
like them who are represented in the curriculum and in the 
engineering community, they are more likely to be interested 
and engaged with the subject, have a higher sense of belong-
ing, and are more likely to do well and remain within the 
field of study.[75-77]  Instructors can highlight contributions 
and perspectives from a diverse range of scholars in the cur-
riculum.  Adopting a multicultural ideology, which recognizes 
and celebrates group differences, can shift the default of a 
White, male engineering stereotype.

Following on hooks’[59] call to decenter whiteness, mascu-
linity, and Western knowledge, the contexts and applications 
for engineering thermodynamics were expanded to address, 
for example, energy innovation in different national contexts; 
the relationship among gender, energy, and economic devel-
opment; climate justice; and highlighting contributions of 
women of color in thermodynamics.[78-81]  These topics can 
be readily incorporated as individual problems, reflective 
exercises, case studies, or short modules, enhancing the ap-
proachability of the material and supporting student learning.  
Mejia and de Paula [82] illuminate indigenous engineering 
contributions to Western society and argue the importance 
of integrating examples of indigenous engineering practices 
into traditional engineering classrooms. 

Asset-Based Approaches.  Much of the research on stu-
dents with excluded identities approaches diversity from a 
deficit model that focuses on what these students lack.[29]  
While academic support structures are important, we must 
embrace an asset-based model of diversity that values the 
unique strengths that students bring to engineering in order 
to unlock their potential. 

Funds of knowledge are the skills and knowledge that stu-
dents bring from their family, cultural, and work backgrounds, 
which can be crucial to engineering innovation but are often 
neglected in the classroom or curriculum.  Traditional engi-
neering culture and curricula value theory (“knowing that”) 
over practical experience (“knowing how”).[83]  Nontraditional 
students often possess practical skills that could be viewed 
as an asset, yet they feel that their skills and experiences 
are undervalued in engineering classrooms.  For example,    
Svihla et al.[84] compare the problem-framing skills of first-
year engineering students from traditional backgrounds 
versus low-income first-generation college students from 
rural backgrounds.  The first-generation college students 
had lower confidence in their engineering ability, yet demon-
strated better problem-framing skills.  Gomez and Svihla [85] 
develop community-inspired design challenges as asset-based 
activities that draw on the strengths and knowledge of rural 
students.  Rolston and Cox [29] explore the historical context 
of the “mental/manual divide” in engineering education and 
present Engineering by Doing (EbD) as a pedagogy that 
makes backgrounds of nontraditional students visible and 
valued in the curriculum. Smith and Lucena [86] show that 

low-income and first-generation college students draw on 
funds of knowledge acquired growing up in poor families, 
and validation of these funds of knowledge can help establish 
a sense of belonging in engineering. 

Supporting the Whole Student.  Student wellness has be-
come an increasing topic of importance in higher education 
as the rise of mental health issues is becoming increasingly 
prominent.[87]  Engineering culture, in particular, has been 
described as a culture of “suffering and shared hardship”[88] 

and “a meritocracy of difficulty.”[89]  More recent work has 
documented differential impacts of a “stress culture” on stu-
dents from excluded groups and emphasizes how this culture 
often manifests in students experiencing a lack of caring and 
community (i.e. “I find many professors’ attitudes towards 
student work is ‘get it done’ or ‘deal with it.’”).[90]  This 
emphasis on engineering rigor rather than the whole student 
creates a context in which students and instructors may not 
give attention to wellbeing or consider how the context of a 
student’s life outside of the four walls of the classroom affects 
their ability to learn and engage with engineering.  Supportive 
faculty-student interaction can have a significant impact on 
the student experience.[91, 92]

Research from positive psychology emphasizes that in 
order to do well, individuals need to feel well.[93]  There are 
ways that research-based interventions and cultivation of a 
culture of care can combat the norms of a stress culture and 
support the whole student.  Promoting mindfulness and re-
flection through even a 15-minute exercise has been linked 
to better problem solving and innovation [94] as well as feel-
ings of belonging and motivation.[95, 96]  A range of research 
indicates that communicating care can support students as 
well.  Instructors’ behaviors that communicate care beyond 
“just teaching” support students’ academic success (refer to 
Chang [97] and Chhoun and Wallace [98], particularly for students 
from excluded groups).[99, 100]

You do not need to be a counselor to ask if a student is okay.  
Simply noticing and reacting can provide needed connection 
and support for students.[101]  You may want to keep some 
tissues readily available in your office; sometimes students 
have no one else who has asked or noticed that they are over-
whelmed, stressed, or struggling.  Emotions may come up 
during advising or office hour interactions.  The expression of 
empathy and care, particularly from White and male instruc-
tors, can also disrupt the norms in engineering that separate 
the technical content from social realities and the common 
expectations that female instructors and instructors of color 
take up a nurturing role.[102, 103]  Communicating care does not 
mean that you need to say, “Yes,” to every request.  Part of 
supporting students is setting high expectations and provid-
ing the necessary support for all students to achieve those       
goals.[104]  Care can also be designed into a classroom structure 
from the beginning.  Rather than making accommodations 
or granting extensions for problem sets that take hours upon 
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hours each week or timed high-stakes testing, assessment 
and classroom activities can be intentionally crafted to meet 
all learners’ needs.  There are many lessons learned from the 
pivot to online learning with the COVID-19 pandemic that 
can support creative solutions for assessment.[73]  We discuss 
these considerations more in the assessment section below.

Creating an Inclusive Classroom Environment
Classroom Norms.  Classroom norms are an agreement 

among members of a class about behavioral expectations and 
interpersonal interactions.  What you say and do on the first 
day of class can signal your commitment to DEI and can help 
shape norms that support academic success, belonging, and 
the formation of a healthy professional identity that is congru-
ent with one’s authentic sense of self.[105]  The instructor can 
facilitate the construction of classroom norms as a community. 
For example, these might include encouraging the expression 
of different ideas and perspectives; acknowledging and con-
sidering those ideas; listening to others without interrupting; 
and inviting others to speak.  The class community should 
also share responsibility for upholding the classroom norms.

Using appropriate names and pronouns is an important way 
of establishing norms of respect with students and colleagues. 
You can come prepared to respect students’ names and pro-
nouns on the first day of class.  Consider sending a survey 
to students before the first day to ask them what name and 
pronouns they will use in your class.  We recommend against 
doing a roll call on the first day using names in the university 
computer system (even if the university has a name-in-use 
policy), as name and pronoun use can vary by context.  Do 
not forget to let students know the name they should use to 
address you and what pronouns you use.  Additional resources 
on name and pronoun use are the Anti-Defamation League’s 
Using Correct Names and Pronouns [106] and Magna Publica-
tions’ Supporting Transgender Students in the Classroom.[107]

A diversity and inclusion statement on your syllabus ex-
plains your personal commitment to creating an inclusive 
environment for students.  This statement is different from a 
standard nondiscrimination statement that is required or rec-
ommended at many institutions.  The diversity and inclusion 
statement should be your own, but some important elements 
that you may wish to include are (1) a description of why is 
inclusion important; (2) that everyone’s contributions are 
valued in your class; (3) that identity matters and that you 
welcome all students; (4) your expectations for inclusive, 
welcoming, and respectful behavior; and (5) opening the 
door for suggestions and improvement.  Example inclusion 
statements can be found online; one particularly useful collec-
tion of examples is curated by Clemson University. [108]  The 
diversity and inclusion statement is an opportunity to send a 
first message about professionalizing DEI as a skill set and 
ethical responsibility — a message that should be modeled 
and reinforced throughout the semester.

The physical setup of chairs, tables, and presentation in a 
classroom can significantly influence learning.  Instructional 
communication theory suggests that seating arrangements 
can affect how the instructor communicates with students and 
how the students interact with one another, thus impacting 
engagement, motivation, and focus.[109]  Consider a traditional 
lecture setup with rows of fixed seating, where students face 
the instructor and have their backs to one another.  This class-
room orientation minimizes communication between students, 
and it encourages a “sage-on-the-stage” learning environment. 
If there is interaction between the student and the professor, 
it is likely to involve the students in the first row or through 
the center of the classroom.  Any type of furniture rearrange-
ment that arranges students in smaller groups facing each 
other supports better interaction between students and helps 
to create a community where students work together and are 
more actively engaged in the learning process.  Even if the 
furniture is fixed, you can increase student interaction through 
working in pairs or other arrangements to the extent possible.

In addition to these practices, instructors can apply uni-
versal design principles to ensure that their class can be ac-
cessed and understood to the greatest extent by all students. 
Students with documented disabilities may request learning 
accommodations; however, only a small fraction of students 
with disabilities actually request accommodations due to 
apprehension about disclosure of a disability because of 
perceived stigmatization.[110, 111]  Instead of requiring students 
to document their disabilities and request accommodations, 
universal design addresses diverse learning needs from the 
onset of planning instruction, environment, and assessment 
by recognizing that students have varying individual needs 
and preferences.  The Universal Design for Learning (UDL) 
framework is grounded in cognitive neuroscience and is 
based on three basic principles: multiple means of engage-
ment, multiple means of representation, and multiple means 
of expression.[112]  A few examples of UDL strategies are:

• Remove barriers such as lack of clarity by making learn-
ing objectives explicit and aligning learning objectives 
with content and assessment.

• Provide options and flexibility for students to demon-
strate what they have learned. Offer assignment and 
assessment options as appropriate for the learning 
objectives (essay, video, podcast, etc.)

• Provide flexible and comfortable work spaces (collabo-
ration space for group work, quiet space for individual 
work; allow noise cancellation earbuds).

• Provide prompt, regular, formative feedback.
• Use assistive technology to remove barriers to content 

by including closed captioning, and ensuring the course 
materials are accessible for screen readers.
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A resource for universal design in teaching and learning is 
the University of Washington’s Center for Universal Design 
in Education.[113]

Making Learning Processes and Academic Culture Trans-
parent.  When using pedagogies that differ in large or small 
ways from the norms to which students are accustomed, it is 
important to make goals and methods as transparent as pos-
sible.  This transparency provides several benefits, including 
inviting students to be reflective and self-directed learners,[114] 
involving students as co-learners, and demystifying teaching 
and learning processes for students.[115]  It can be helpful to set 
explicit goals and expectations around inclusive classrooms 
and to explain how particular choices of course content, learn-
ing activities, and assignments achieve those goals.  Having 
explained those goals, it can be empowering for students to 
play a role in selecting topics, problems, or other aspects of 
the work you will do together. 

Thinking with students about the purpose of higher educa-
tion and their personal motivations for pursuing their educa-
tion can help broaden and strengthen their motivation and 
help make the case for particular classroom choices around 
teaching and learning.  For example, is the goal to build intel-
lectual power in order to think critically and act reflectively 
in the world?  Or are they seeking knowledge for a specific 
topic or to pursue a specific career or credential?  Are stu-
dents there to meet parental expectations?  Is their motivation 
something they have considered before?  Do they even view 
it as a choice?  In this context, why is an inclusive classroom 
important to you, and to other students?  Why would inclusion 
matter for students coming with different types of motiva-
tions?  Instructors navigating this type of conversation the first 
time may feel apprehensive because the conversation can go in 
many directions and instructors may not be fully prepared for 
the variety of diversity, equity, and inclusion considerations 
that may arise.  It is important for instructors to meet students 
where they are and to approach the conversation with humility 
and transparency.  Instructors can bring a willingness to learn 
and revisit something if needed.  

Similarly, instructors can lay out an explicit roadmap for 
students with diverse backgrounds and experience to navigate 
their learning.  Students have different perceptions and under-
standings about how college works.  For example, knowing 
that internships might be available, as well as how and when to 
pursue them, is not widely known to all students.[40]  Students 
may not recognize that a syllabus, or a textbook’s table of 
contents, represents a set of choices made by its author, and 
could be otherwise.  When presenting a syllabus for the first 
time, ask students to critique it — this both guarantees they 
read it and opens up the possibility to make some changes or 
to clarify goals and expectations.  Such an exercise reveals 
power relationships and dynamics in the classroom, offering 
a chance to discuss them and shift them to a degree.[27]

Research on growth mindset shows that when individuals 
understand that their intellect is malleable, they are more 
likely to embrace challenging problems and more likely to 
work through them.[116]  Growth mindset is the belief that 
you can cultivate and expand your abilities, as opposed to 
the belief that ability is innate.  While research on growth 
mindset in STEM higher education contexts is scant, Yaeger 
et al.[117] show that a short growth mindset intervention im-
proved grades among lower-achieving students and increased 
overall enrollment to advanced mathematics courses in sec-
ondary education in the United States.  Importantly, the study 
links sustained effects of the growth mindset intervention to 
contexts in which peer norms aligned with the messages of 
the intervention.  Educators can promote a growth mindset 
through consistent messaging; through activities that give 
students time and space to tackle complex, challenging 
problems; and by creating an environment in which it is safe 
to fail, helping students reflect on and learn from mistakes.  

Making it okay to be wrong in a classroom can make 
learning transparent and create a more inclusive learning 
environment at the same time.  It takes a certain amount of 
vulnerability from the faculty member to model this behavior, 
but often more can be learned from an error than a perfectly 
executed example.  Once students understand that errors 
are opportunities for learning, they too may be willing to be 
more vulnerable with one another and support classmates 
through the learning process.  Understanding that intelligence 
is not fixed is key to this willingness to be vulnerable and 
the attendant growth opportunities.[112]  Moreover, a faculty 
member’s beliefs around malleability of ability in students 
is linked to greater student motivation and more equitable 
learning outcomes.[118]

In all of these approaches, attending to the hidden cur-
riculum (the tacit lessons and cues students pick up from 
classroom interactions and activities) can communicate 
inclusion in powerful ways.  Making students aware of the 
hidden curriculum — giving them the ability to recognize and 
reflect upon it — can be a powerful tool to generate mindful-
ness around inclusion and to enlist students’ help in creating 
a more inclusive classroom. 

Use Socially Relevant Examples.  It is well established 
that students with excluded identities in engineering are 
drawn in greater proportions to fields in which there is a 
strong connection between engineering and “doing good.” 
Framing engineering in an ethic of care can promote                               
girls’ participation in engineering and a conception of en-
gineering that aligns with their notion of becoming caring                                                  
professionals.[119]  Prosocial interests are a significant factor 
in motivating women students to leave engineering to pursue 
other fields.[120]  The desire to help others, or an equity ethic, 
has been shown to be an important aspect of career aspira-
tions of Black and Latinx students.  Many Black, Indigenous, 
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and Latinx as well as nontraditional students are drawn to 
projects that have a societal benefit or social justice element.
[121]  Integrating topics of equity and social justice into the 
engineering curriculum helps to frame engineering as a caring 
profession and presents broader career possibilities that align 
with students’ interests, values, and professional aspirations. 

A variety of resources are available to support curriculum 
change and content development.  Gendered Innovation’s cu-
rated case studies illustrate how sex, gender, and intersectional 
analysis lead to innovation.[122]  Riley [123] provides a roadmap 
for engineers to engage in learning and action for social justice 
and peace, along with a collection of case studies that inspire 
change.  Johnson et al.[124] describe the integration of topics 
of social justice into a course on control systems engineer-
ing.  Karwat [125] provides examples of organizations that use 
engineering and technology to promote the values of peace, 
social justice, and environmental protection. 

Involving students in the co-creation of content is an ef-
fective change strategy that engages students in the design of 
their learning experience.  As active partners in teaching and 
learning, students contribute to the development of content, 
examples, case studies, and projects that are meaningful and 
relevant to them.  In addition, co-creation of content offers 
benefits such as enhanced student-instructor and student-
student relationships,[126] increased student satisfaction,[127] 

and improved academic performance.[128]  It can also be an 
effective vehicle for shifting classroom power dynamics and 
welcoming students as authorities.[59]

ASSESSMENT

It might be surprising that assessment is a part of consider-
ing DEI in chemical engineering education as some might 
think of it as an objective measure of learning, but the purpose, 
use, and implications of assessments should deeply consider 
fairness from an equity perspective (i.e. not “everyone gets 
the same,” which is equality, but “everyone gets an equal 
opportunity to demonstrate what they know”).[129]  The focus 
of this section is on assessment within a classroom, but these 
considerations are also important in research instruments as 
well.[130]  There are various considerations of fairness in as-
sessment content, context, responses, opportunity, and use 
that can affect teaching and research.  

In considering what goes into assessments, instructors 
should only assess what has been formally taught in the 
classroom, and what is taught should be aligned with explicit 
learning objectives.  This approach not only creates align-
ment between content, assessment, and pedagogy,[112] but also 
makes the hidden curriculum more explicit to students.  What 
is assessed also communicates what is important.  Considering 
the purpose of assessment (i.e. feedback, individual versus 
group, summative, etc.) and varying the types of assessment in 

a class can provide various ways for students to demonstrate 
what they know.  Often, engineering education defaults to only 
high-stakes summative testing, but solely using this approach 
has documented negative impacts on students’ wellbeing 
(e.g. test anxiety[131, 132]) as well as priming identity threat 
for groups with excluded identities.  The testing context can 
play a critical role in temporarily suppressing the intellectual 
performance, creating an illusion of group differences in                                                                                                 
ability.[133]  Various approaches have been suggested for 
mitigating this concern, including use of formative assess-
ment, fostering a growth mindset, and providing feedback 
and assessment that motivate students.  (Several resources 
provide practical recommendations for reducing stereotype 
threat,[134-136] and Riley [79] presents liberative assessment ap-
proaches for use with critical pedagogies and other student-
centered learning contexts.) Wiggins [137] makes the case 
for authentic assessment that requires the use of acquired 
knowledge to perform effectively on worthy intellectual tasks.

The responses on assessments should be considered after 
implementation.  Sometimes, problems or responses to ques-
tions can be solved in ways that were not intended in the in-
structor design.  To the extent that responses are more typical 
of some groups than others, bias can emerge in the testing 
and interpretation of results.  One example might be the use 
of a term that did not appear regularly in class, but is easily 
interpreted by English as first language students compared 
to English not as first language students.  This outcome is 
linked to the opportunities that students have to learn about 
particular content and skills targeted by the test. Focusing 
only on content specifically described by the learning objec-
tives and taught in class can help reduce this potential bias 
in assessment. 

Finally, the use of assessments must also be considered, 
particularly in the case where the individual does not have 
control over the content and context of the assessment (e.g. 
the use of cumulative GPA as the only measure of achieve-
ment for admissions decisions or scholarships).  While these 
measures provide quick ways to compare students, they often 
reinforce norms in engineering of meritocracy, whiteness, 
and masculinity, and can contribute directly to inequity (refer 
to Smith and Reeves [138] for an example).  A consideration 
of other factors in these decisions and a search of possible 
sources of bias (based on institutional data or research) can 
provide reassurance that bias is limited in these decisions.  
For a full discussion of fairness in assessment, see AERA, 
APA, and NCME.[129]

The Role of Personal Transformation
One of the most rewarding things about teaching and 

academic careers is the continued opportunity for personal 
growth.  Inclusive pedagogies invite and require metacog-
nitive reflection and a conscious commitment to personal 



Chemical Engineering Education200

transformation from engaged faculty.  Inclusive pedagogies 
involve a journey with challenges, resistance, pushback, 
reflection, correction, and response. 

An entire classroom does this work as a community, and 
faculty engage with this work individually. Some of the skill-
sets we have already discussed develop over time, often with 
the help of others.  For example, how does a faculty member 
learn to normalize mistakes in front of students, taking risks 
to be vulnerable in that way?  Or what kinds of learning are 
needed to become anti-racist, anti-sexist, anti-ableist, or to 
learn to implement inclusive pedagogies effectively?  And, in 
the event that any of these moves should produce resistance 
from students, peers, or administrators, how are these best ad-
dressed and turned into transformative learning opportunities 
for them?  When one or more of your innovations does not 
“fit” well with presumed norms for teaching evaluations, ex-
pected common tests, or the like, how does one navigate this?

Thankfully, these transformations do not need to — and 
indeed should not — happen all at once.  It is enough to start 
with one classroom tweak, or to attend one workshop, or read 
one book or article, and build from there.  Table 2 provides a 
list of helpful resources that can be places to start with some of 
the personal work — and there are likely additional resources 
available locally on your campus. 

CONCLUSION

As CEE authors consider how DEI can be aligned with 
scholarly aspects of the work published in the journal, they 
should examine the sociocultural context in which teaching 
and research occur.  The learner experience is shaped through 
considerations at the individual learner level, in the classroom 
context, through peer and instructor interaction, and in engi-

TABLE 2
Resources to support the educator and researcher to begin a personal DEI transformation process

1. ASEE CDEI Virtual Workshops: https://diversity.asee.org/deicommittee/category/resources/virtual-
workshops/
Recorded workshops on a range of topics including culturally responsive teaching, universal design for 
learning, and more.

2. Tatum, BD (2007).  Ch 2: Connecting the Dots:  How Race in America’s Classrooms Affects 
Achievement.  Can We Talk About Race?  And Other Conversations in an Era of School 
Resegregation.  Beacon Press.  Boston, MA.  
An introduction to systems of inequity in education and an unpacking of research on intelligence.

3. Darder, A, Baltodano, MP, and Torres, RD (2017).  The Critical Pedagogy Reader, 3rd ed.      
Routledge.  New York, NY. 
An overview of the broad family of critical pedagogies, covering feminist, decolonizing, anti-racist, 
queer pedagogies, and more.

4. Freire, P (2000) Ch 2: The “Banking” Concept of Education as an Instrument of Oppression.  
Pedagogy of the Oppressed.  Bloomsbury.  New York, NY. 
A classic reading elucidating power dynamics in traditional teaching and learning. 

5. Banks, I (1998) Resistance in two acts: Practical and ideological implications. Feminist Teacher, 
12(1): 29-39.
A practical reflection on classroom, department, and institutional dynamics surrounding a woman of 
color teaching race in a predominantly White institution.

6. T. Okun. White Supremacy Culture. https://www.whitesupremacyculture.info 
This website presents a way of understanding white supremacy culture, characteristics of white         
supremacy culture, and principles of racial equity useful in guiding racial justice practice.   

https://diversity.asee.org/deicommittee/category/resources/virtual-workshops/
https://diversity.asee.org/deicommittee/category/resources/virtual-workshops/
https://www.whitesupremacyculture.info
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neering culture or society more broadly.  We have presented 
numerous strategies that instructors can adopt to create a more 
equitable and inclusive environment for their students, and 
to have a positive impact on learning and identity formation.  
Efforts within chemical engineering education should not 
only consider the outcomes of research and teaching efforts 
but for whom and when they work.  In this paper we have 
provided some specific examples of research-based strategies 
to integrate DEI into chemical engineering education, but 
there are many more ways to consider DEI.  We encourage the 
CEE community to think boldly about DEI and also to start 
somewhere.  Change does not have to occur in a single term 
of teaching, but often happens over many years of intentional 
considerations.
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