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It is well established that there is a critical need to diversify 
and grow the STEM workforce to remain competitive in a 
global economy. Recognizing the need to attract and retain 

the most talented individuals to STEM professions, the Na-
tional Academies advocate that diversity in STEM must be a 
national priority.[1] Research suggests that improving diversity 
in a workforce has positive effects on creativity, innovation, 
productivity, and financial performance.[2-4] Further, growing 
interest in, engagement with, and retention of more students 
through engineering programs is necessary to meet domestic 
workforce demands in the foreseeable future.[5]

The benefits of diversity extend to the educational envi-
ronment. There is compelling evidence that diversity among 
students and faculty is crucially important to the intellectual 
and social development of all students, and failure to create 
an inclusive environment for minority students negatively 
affects both minority and majority students.[6-8] How students 
experience their campus environment impacts both learning 
and developmental outcomes.[9,10] In addition, environments 
in which students experience harassment or discrimination 
hinder student learning,[9,11-14] and the culture of STEM educa-
tion negatively effects students’ interest, self-concept, sense 
of belonging, and persistence in technical disciplines.[15] 

The American Institute of Chemical Engineers recognizes 
explicitly the importance of diversity in the profession through 
its Mission Statement, Code of Ethics, and Diversity State-
ment. In its Mission, AIChE pledges to “Uphold and advance 
the profession’s standards, ethics and diversity.”[16] According 
to AIChE’s Code of Ethics, members will “treat all colleagues 
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and co-workers fairly and respectfully, recognizing their 
unique contributions and capabilities by fostering an envi-
ronment of equity, diversity, and inclusion.” In November 
2015, the board of directors approved the Institute’s Diversity 
Statement, which proclaims AIChE’s commitment to “creat-
ing an environment in the Institute and profession in which 
all members, regardless of characteristics such as gender, 
race, religion, age, physical condition, sexual orientation, 
nationality, or ethnicity, are valued and respected.”[17] The 
mere fact that these statements need to be made so explicitly 
points to the historical prevalence of members encountering 
the exclusions listed. Thus, there exists a need for chemical 
engineering profes-
sors to re-examine 
the i r  own,  the i r 
department’s, and 
our field’s standard 
practices with an 
enlightened lens to 
rethink which habits 
and practices com-
municate exclusion. 

While diversity 
traditionally has fo-
cused on increasing 
representation of 
historically under-
represented groups 
(women and racial/
ethnic minorities in 
STEM), other di-
mensions of diver-
sity deserve serious 
attention,[18] for ex-
ample, socioeconom-
ic status, religious 
belief, veteran status, ability, age, and sexual orientation. 
Inclusion refers to active and intentional engagement with 
all dimensions of diversity[19] and building an environment 
in which everyone has the opportunity to reach their full po-
tential (Thomas, 1990 in Reference 20). In an inclusive work 
culture, the uniqueness of individual differences and the value 
of group and social differences are welcomed, respected, and 
valued by members of the organization. Research by Bendick 
Jr.[21] showed that a lack of diversity in an organization is a 
symptom, and its cause is a lack of inclusion. Lack of inclusion 
is known to have a negative impact in STEM education—one 
of the key reasons cited for students leaving STEM is the 
perception of a chilly climate, especially by those who are 
members of underrepresented groups.[22]

Diversity and inclusion on campuses are multidimensional 
and complex. Milem[11] presents a framework for campus 
climate in which institutional context has five interconnected 

dimensions as shown in Figure 1. The organizational/struc-
tural dimension represents ways in which benefits for some 
groups are embedded into the structural practices and policies 
of the institution such as decision-making, admissions prac-
tices, hiring practices, reward systems, and curriculum. The 
history of exclusion on campuses is longer than the history 
of inclusion, and the historical legacy dimension considers 
how this tradition shapes the present dynamics on campus. 
The psychological climate includes the views and attitudes 
held by individuals about engaging with diversity, percep-
tions of bias (both implicit and explicit) and discrimination, 
and institutional responses to diversity. The behavioral di-

mension refers to the 
nature of interactions 
among diverse indi-
viduals and groups. 
Compositional di-
versity refers to stu-
dent enrollment and 
faculty/staff hiring, 
and maintaining com-
positional diversity 
requires intentional 
engagement with all 
dimensions of diver-
sity in the framework 
for campus climate. 
The adhesive between 
these dimensions of 
diversity and inclu-
sion are the individu-
als and leaders on the 
campus. The shared 
governance structure 
of most academic in-
stitutions provides 

professors considerable influence both with students and with 
the campus climate. 

Given this framework, what role does a chemical engi-
neering professor—or any engineering educator—serve in 
preparing the next generation of engineering professionals to 
be equipped to thrive in diverse and inclusive workplaces? 
Are we transmitters of knowledge, facilitators of learning, 
gatekeepers to quality, assessors, judges of what counts as 
engineering, or some combination of the above? In these 
roles, educators effectively decide who is good enough to 
enter the chemical engineering profession. Many educators 
hold fairness and egalitarianism as core values that we strive 
to uphold in our professional work and personal lives, and 
we hope that we evaluate and support students based strictly 
on student potential and achievement. 

However, everyone holds unconscious beliefs about social 
and identity groups. Conscious thought is estimated to account 
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Figure 1. Institutional context within the framework for Campus Climate 
(adapted from Reference 11).
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for only about 10% of brain capacity; subconscious and 
unconscious dominate such that automatic responses 
precede deliberate, reasoned reflection.[23] This implicit 
(unconscious) bias is far more prevalent than explicit bias, 
and unconscious biases often conflict with one’s conscious 
beliefs and attitudes. For example, in a study of white 
Americans, Baron and Banaji[24] found that both implicit and 
explicit anti-black bias were cemented by age 6; however, 
explicit biases gradually diminished toward adulthood, while 
implicit biases remained stable across development. In this 
paper, we explore via five illustrative factors how, despite 
unprejudiced conscious values, unconscious bias can cause 
engineering educators to contribute to an uneven playing 
field that influences who gets messages to enter chemical 
engineering, as well as who succeeds in chemical engineer-
ing and who does not. While the literature on implicit bias in 
chemical engineering is scant, we draw on literature related 
to STEM more broadly and we use chemical engineering 
examples where possible. 

Factor #1: Everyone has implicit biases—unconscious at-
titudes and stereotypes that develop as a result of automatic 
processing of information, and affect our understanding and 
behaviors. The Kirwan Institute motivates the issue by stat-
ing, “Research from the neuro-, social, and cognitive sciences 
show that hidden biases are distressingly pervasive, that they 
operate largely under the scope of human consciousness, and 
that they influence the ways in which we see and treat oth-
ers, even when we are determined to be fair and objective.” 
Further, our brains are hardwired with probability[25] and 
efficiently classify and stereotype from limited data in prior 
experiences to infer probability in future experiences.[24,26,27] 
Bordalo, et al.[28] present a model of stereotype formation 
based on a decision maker’s tendency to assess a target group 
by overweighting its representative types in unconscious 
probability judgments. In this model, stereotypes amplify 
systematic differences between groups, and the assessment 
of the target group depends on the reference group to which 
it is compared. As an example, consider a typical 50-per-
son undergraduate chemical engineering class; based upon 
ASEE demographic enrollment data,[29] a professor would 
have contact with two African-American, four Hispanic, six 
Asian, and 38 white students. Using a standard “bell curve” 
distribution, if seven white students and one black student do 
more than one standard deviation below average, the com-
parative distribution of grades is subconsciously processed 
resulting in a prediction that black students are more likely to 
be poor performers even if there were more poor-performing 
white students. Further, our brains tend to remember nega-
tive conditions and negative emotions much more vividly 
than neutral or positive ones.[30] Thus, in this example, poor 
performance stands out far more for minority students than 
it does for majority students, and the implicit association 
between poor performance and minority status is established 

in a professor’s unconscious even though it may conflict with 
conscious values. 

We assert that this probability-driven implicit association 
is a plausible explanation why—during discussions on ef-
forts to increase diversity in a program—someone brings 
up the point that “we don’t want to reduce the quality of our 
students.” This association is also prevalent in the literature. 
Scholarly articles placing diversity in an either/or frame with 
quality are predominantly centered on the affirmative ac-
tion debate.[31-33] However, numerous articles document that 
increasing diversity improved quality, breadth, and rigor of 
STEM content.[34,35] It is important to consider the value of 
diversity, creativity, and broadening perspectives, alongside 
traditional quantitative metrics, when evaluating students for 
admissions and scholarships. 

Factor #2: The domino effect from our brains’ (and our 
students’ brains’) cataloging probabilities also includes ster-
eotype threat. For example, a student’s awareness of these 
probability perceptions negatively impacts her or his perfor-
mance because while 100% of their brain energy should be 
focused on a test, it isn’t because 10% (or more) is engaged 
in an internal battle to not reinforce the stereotype.[36] The 
seminal work by Steele and Aronson[37] demonstrated a power-
ful and deleterious effect of stereotype threat on intellectual 
performance of African-American males, and on women 
performing challenging math tests,[38] when the subjects had 
to indicate race and/or gender on the test. Further, they showed 
that the differences were eliminated when stereotype threat 
was reduced (i.e., they weren’t asked race/gender). 

It is valuable to note that positive stereotypes have both 
beneficial and adverse implications and serve to perpetuate 
systemic differences in power and privilege.[39] In an interest-
ing personal reflection, an Asian-American student explains 
how he benefitted from technical privilege that resulted from 
historic probabilities that Asian-Americans are excellent 
students.[40] 

Factor #3: Unconscious bias and assumptions create a stu-
dent-to-student and professor-to-student social organization 
within a class that aligns with expectations of performance and 
academic achievement. Research has shown that professors 
and educators allocate their time and resources to those they 
perceive to have a higher probability of success.[14,41] Thus, 
an instructors’ expectations impact anticipated academic 
potential and result in differential treatment, becoming a self-
fulfilling prophecy of success or failure.[42] Combined with 
stereotype development as described in Factor #2, the effect of 
implicit bias on expectations for success and resource alloca-
tion is likely to disadvantage underserved, underrepresented, 
and minority students in our programs.

Factor #4: Grading and the subsequent calculation of 
grades should be as objective and stoic as is possible.  Sev-
eral studies have demonstrated differences in test scores that 
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are graded blindly vs. non-anonymous grading[43] even in 
technical subjects, which are perceived to be very objective. 
Extensive meta-analysis from studies examining 1,286,350 
people revealed no gender differences in math ability, but 
significant differences in perceptions by parents, teachers, and 
students of all ages in math ability.[44] Perceptions are then 
reflected in the feedback students receive. As described by 
Terrier,[45] there is substantial evidence that teachers’ biases 
generate self-fulfilling prophecies,[42,43,46] produce stereotype 
threats,[37,38] affect students’ interest in a subject,[47,48] and affect 
students’ levels of effort.[49] 

Factor #5: Students grow, change, and adapt—and should 
evolve into better and more mature problem solvers. If we 
function as gatekeepers and withdraw support or resources 
when a student is faltering, that means we deny the founda-
tions of practice for problem solving and thus the development 
of resilience, which inherently requires a process of learning 
and adapting from failures. Daryl Chubin, director of The 
Center for Advancing Science and Engineering Capacity at 
AAAS, described a weed-out mentality that is deeply en-
trenched in STEM culture: “not everybody is good enough 
to cut it, and we’re going to make it hard for them, and the 
cream will rise to the top.”[50] Professors in this mindset serve 
as gatekeepers to the profession. Despite the efforts to increase 
retention in engineering in recent decades, the retention of 
engineering undergraduate students still hovers around 50% 
nationally, and the rate of attrition for women and minorities 
in engineering is disproportionately high.[51,52] (The results 
reported by Lord, et al.[53] for six-year graduation rates show 
lower rates for white women than white men, but higher rates 
for black women and Hispanic women than their male coun-
terparts. Black and Hispanic male and female students had 
lower six-year graduation rates than their white counterparts. 
The data were obtained primarily from large institutions in the 
southeastern United States, where demographics are different 
from the rest of the country, so the results might not be rep-
resentative of other regions and types of schools. Additional 
discipline-specific data representing institutions nationally 
is needed for further insight into persistence and retention of 
students by discipline and by race and gender.) Nevertheless, 
underrepresented students report less inclusion and comfort in 
their fields, which reflects forward into retention. While some 
students leave for “healthy” reasons such as being genuinely 
drawn to another discipline, many students leave for other 
reasons such as poor teaching, lack of fit, loss of affinity to 
a field, changes in self-efficacy, or chilly climate.[14,15,51,52] 
Jones and Okun[54] explain that dominant majority culture is 
perpetuated within organizations, diminishing multicultural-
ism by effectively requiring its members to conform to the 
existing culture or standards in order to thrive. Characteristics 
of white culture include perfectionism, sense of urgency, 
defensiveness, quantity over quality, emphasis on the written 
word, paternalism, either/or thinking, power hoarding, fear 
of open conflict, individualism, progress is bigger/more, and 

objectivity.[54] These characteristics align closely with weed-
out mentality frameworks; those students who readily display 
these characteristics fit well in engineering and those who do 
not are treated as if they cannot “hack” it. Given the breadth 
and quantity of talent needed in our society, professors who 
transition from a gatekeeping mentality to a coaching and 
assessing mentality position their programs to graduate more 
creative, diverse, and adaptable students. 

STRATEGIES FOR PROFESSORS TO MOVE 
TOWARD INCLUSION

Factor #1: What can we do as professors to slow or eliminate 
our unconscious conflating limited experiences upon future 
underrepresented students in our classes? The first step is 
being open to acknowledging that implicit bias is an ongo-
ing influence in our lives[27] and that regular, conscious effort 
on our part is necessary to move public and private attitudes 
and behaviors toward equal treatment. Second, proactively 
acknowledging and guiding others through the unfair as-
sociation between diversity and reduced quality can enable 
group discussions to move beyond this barrier to engaging 
in open and transparent discussions that move groups from 
monocultural to multicultural learning climates.[55] 

Factor #2: Professors who are cognizant of stereotype 
threat and the negative impacts it can have on our students’ 
learning and mental state can use that knowledge to promote 
inclusive learning environments. Engineering educators may 
employ several empirically validated strategies to combat 
stereotype threat as summarized by Reference 56: (1) em-
phasize that diversity is valued explicitly and consistently 
communicate a multicultural ideology; (2) ensure that tests 
are gender- and race-fair (e.g., by using neutral language free 
from stereotypes, by collecting demographic information at 
the end of the test and only when necessary); (3) use tests 
to facilitate learning, and communicate this to students; (4) 
convey high standards and actively communicate confidence 
in students’ ability to meet those expectations; and (5) expose 
students to positive role models from diverse groups through 
in-class examples and invited speakers. Paying attention to 
team composition and team dynamics for collaborative group 
work can better ensure that underrepresented students are not 
isolated or marginalized. Exercises that draw attention to self-
volunteered individual strengths and unique perspectives can 
increase appreciation for differences and perspectives. It may 
also be valuable to recognize that well-meaning individuals 
may pay too much public attention to students they perceive 
to be weaker, which simultaneously clues the rest of the class 
into perceived at-risk students and makes the student hyper-
aware of stereotype threat. For a more thorough summary of 
empirically validated strategies to combat stereotype threat, 
readers are referred to Reference 56. A balance between public 
and private interactions with students enables the greatest 
customizations for each student’s unique learning needs. 
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Factor #3: What can we do as professors to support stu-
dent success in such a manner that biased expectations of 
performance and academic achievement do not influence 
performance? We can focus on sending consistent messages 
of high expectations and anticipated success to all students 
in the class.[57] While there is little research to support the 
elimination or reduction of unconscious bias, its effects can 
be mitigated through conscious efforts. We can devote our 
effort to providing access to information, facilitating learn-
ing, valuing students’ prior experiences and knowledge, and 
encouraging students to rise to the challenge of learning new 
material and practicing problem solving. It is valuable to note 
that equitable strategies allocate time and resources according 
to need to succeed, for example to compensate for structural 
barriers that disproportionately disadvantage some groups 
of students. We can consciously strive to be equitable in our 
allocation of time and resources to students.

Factor #4: One way to mitigate unintended bias is to educate 
yourself on biases, and work to prevent opportunities for un-
conscious bias to operate.[27] When assessing student learning, 
this can be done by developing a mechanism for blind grad-
ing with the use of rubrics with good inter-rater reliability to 
measure achievement.[58] A robust rubric allows for alternative 
solution strategies, and good inter-rater reliability ensures 
consistency among ratings provided by multiple evaluators. 

Factor #5: To what extent does an instructor’s gatekeeper 
mentality contribute to poor retention in engineering? Com-
bined with invisible barriers such as unconscious bias, we may 
very well be losing potential talent because of our inability 
to recognize it and our unwillingness to adapt our culture 
to accept other approaches to solve engineering challenges. 
We may also be overlooking raw talents. In a recent study of 
first- and second-year chemical engineering students, Svihla, 
et al.[59] found that students who lack pre-college engineering 
knowledge and have low confidence and ability to succeed 
in engineering, demonstrated more expert problem-framing 
ability. These characteristics of perceived lack of engineering 
knowledge and low confidence are common for students from 
underrepresented groups in engineering. Thus, limited prior 
experience and low confidence in engineering should not be 
viewed as deficits, rather as indicators of assets that may help 
students develop into design engineers. 

In summary, each of us are products of past interactions 
experienced either directly or via stories. Due to sheer num-
bers, our profession and each of us within it have more lim-
ited interactions with students, colleagues, and professionals 
from underrepresented and underserved groups. Due to these 
lower numbers and greater retention of negative events, we 
are predisposed to think that students from underrepresented 
and underserved groups will be poorer students. Further, 
data show we are less likely to offer support and resources to 
those we expect, based on our unconscious bias, to be poorer 
students. Because students are also predisposed toward the 

same biases, underrepresented students are less likely to be 
sought after for group assignments, they often tend to be so-
cially excluded and isolated from study groups,[60,61] and they 
internally battle things like stereotype threat issues. Studies 
that explore why students leave engineering have revealed 
that women and minorities predominantly leave because of 
issues related to self-efficacy and sense of belonging more 
than any ability metric.[14,62] 

Thus, readers are encouraged to revisit weed-out strategies 
within their own programs. While these are perceived to select 
based on skills and abilities, indicators suggest they select 
based on conformance to characteristics of a dominant ma-
jority culture. Transformation of assessment tools to measure 
creativity, problem-solving, breadth, quality, and rigor would 
advantage all students in a program. 

In order to attract and retain the best talent in science and 
engineering professions, the National Academies call for 
elimination of all forms of bias that may hinder academic 
career success in science and engineering.[63] Understand-
ing and mitigating unconscious bias—our own unconscious 
biases—is crucial to creating a fair, inclusive, and diverse 
learning environment. To begin this journey, the Harvard 
Implicit Association Test (<https://implicit.harvard.edu/im-
plicit/takeatest.html>) can be an eye-opening starting point 
that might reveal implicit attitudes of which you were not 
consciously aware. Your institution may provide training to 
address unconscious bias, and if not, there are online resources 
available. One excellent collection is Google’s unbiasing 
resources, which are particularly accessible for beginners.[27]

To mitigate bias and support the academic success of all 
students, we can (1) eliminate opportunities for unconscious 
bias to operate, e.g., through blind grading and management 
of groups; (2) send strong and consistent messages of high 
expectations and anticipation of academic achievement; and 
(3) consciously strive for equitable allocation of time and 
resources to all students. 

In closing, ignoring historical indicators of exclusion and 
continuing traditions of conformance to an inflexible engi-
neering culture will hinder our profession and its ability to 
adapt for a sustainable, inclusive future. As professors, we 
each have a deep fascination and love of learning. We can 
learn from our students and our colleagues, an increasing 
number of whom hail from backgrounds different from our 
own.[64] Everyone has experiences, approaches, and perspec-
tives that enrich and complement engineering solutions to 
societal challenges. This grand challenge, of leveraging and 
facilitating growth and success in all of our students, is a 
challenge worth undertaking to remain competitive in a global 
economy.  In our roles as transmitters of knowledge, facilita-
tors of learning, and assessors of creativity and quality—but 
hopefully not as gatekeepers or trainers to conformity—we 
shape the future of the chemical engineering profession. 
Many educators hold fairness and egalitarianism as core 
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values that we strive to uphold in our professional work and 
personal lives, so proactively working to evaluate and support 
students based strictly on student potential and performance 
is impactful. Improving diversity in a workforce has positive 
effects on innovation, productivity, and financial performance, 
and improving inclusion has positive effects on retention and 
performance. 
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