& frontiers | Frontiers in Education

‘ @ Check for updates

OPEN ACCESS

Christoph Kulgemeyer,
University of Bremen, Germany

Consuelo M. Kreider,

University of Florida, United States
Dorota Podgorska-Jachnik,
University of £édz, Poland

Maria Chrysochoou
maria.chryosochoou@uconn.edu

This article was submitted to
STEM Education,

a section of the journal
Frontiers in Education

16 July 2022
26 October 2022
10 November 2022

Chrysochoou M, Zaghi AE and
Syharat CM (2022) Reframing
neurodiversity in engineering
education.

Front. Educ. 7:995865.

doi: 10.3389/feduc.2022.995865

© 2022 Chrysochoou, Zaghi and
Syharat. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Education

Conceptual Analysis
10 November 2022
10.3389/feduc.2022.995865

Reframing neurodiversity in
engineering education

Maria Chrysochoou*, Arash E. Zaghi and
Connie Mosher Syharat

Department of Civil and Environmental Engineering, University of Connecticut, Storrs, CT,
United States

A growing body of literature suggests that neurodiverse learners may
possess assets that are highly desirable within engineering disciplines.
Even so, despite the potential of neurodiverse individuals to contribute
to innovation in science and engineering, neurodiverse students, such as
those with attention deficit hyperactivity disorder (ADHD), autism, or dyslexia,
remain highly underrepresented in engineering majors. We argue that the
predominant perception of neurodiversity as a disability limits the participation
of neurodiverse students in engineering education, ultimately impacting the
diversity and creativity of the engineering workforce. In this paper, we review
the emerging literature on neurodiversity that takes a social ecology approach
and moves away from deficit-based models. We then describe the potential
benefits and challenges of neurodiversity in the context of engineering
education. We conclude with a concept analysis of how a strengths-based
perspective of neurodiversity may be integrated within engineering education
in particular, as well as in higher education overall, as we present our vision for
a transformative education system that moves beyond mere accommodation
of learning differences and empowers all students to leverage their unique
strengths. In presenting a strengths-based approach to neurodiversity, we
aim to contribute to a paradigm shift that transforms how university faculty
and staff understand and perceive neurodiversity, improves the educational
experiences of neurodiverse students in higher education and enhances the
creativity of the engineering workforce.
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Introduction

Neurodiverse students, such as those with attention deficit
hyperactivity disorder (ADHD), autism, or dyslexia, remain
highly underrepresented in engineering majors. One sample
of college students with ADHD showed that only 3% were
enrolled in engineering (Sparks et al., 2004) and one sample of
autistic students showed that while 34% were enrolled in STEM
fields, only 5% were enrolled in engineering (Wei et al., 2017).
Rather than attribute this underrepresentation to structures
within engineering education that may limit the participation
of neurodivergent students, this underrepresentation is often
explained via deficit-based myths and misperceptions about
the ability of neurodivergent students to learn engineering and
STEM concepts and skills, such as mathematics (Martin et al,,
2011; Lambert, 2018). However, there is no evidence to suggest
that neurodiverse individuals lack the cognitive skills required
to succeed as an engineer. On the contrary, a growing body of
literature suggests that neurodiverse learners may possess assets
like divergent thinking, strong visual-spatial skills, systems
thinking, intuition and insightfulness, and pattern recognition
that are highly desirable for innovation and productivity in
engineering (von Karolyi, 2001; White and Shah, 2006; Mottron,
2011; Meilleur et al,, 2015; Taylor et al., 2020). As individuals
with years of experience both teaching engineering topics,
working closely with neurodiverse engineering students, and
conducting engineering education research, we believe that the
predominant characteristics of the post-secondary education
system render engineering education less accessible to and
impede the academic success of neurodiverse learners. While
our work is based in the United States, the literature and our
own experience indicates that these ideas and practices are
generalizable in higher education globally.

In presenting a strengths-based approach to neurodiversity
in the context of engineering education, we aim to contribute
to a paradigm shift that transforms how university faculty
and staff understand and perceive neurodiversity, improves
the educational experiences of neurodiverse students in higher
education and enhances the creativity of the engineering
workforce. Moreover, these changes promise to enhance
learning for a wide range of students who may all benefit from
an educational paradigm that values and capitalizes on cognitive
differences, incorporates varied and accessible pedagogy, and
presents flexibility that allows learners to cultivate their
strengths in the context of their engineering coursework. We
believe this shift is crucial if engineers are to continue to lead
in innovation and help address the complex and multifaceted
problems faced by society.

In this article, we employ a concept analysis method. We first
briefly review the literature on neurodiversity with an emphasis
on the latest theoretical paradigms. We then describe the
potential benefits and challenges of neurodiversity in the context
of engineering education. We conclude with a discussion of how
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a strengths-based conceptualization of neurodiversity may be
integrated in the higher education system.

Methodology

Concept analysis approach

Concept analysis is a form methodology intended to explore
and clarify an abstract theory (Walker and Avant, 1995). “The
results of concept analysis yield to the theorist or investigator
a basic understanding of the underlying attributes of the
concepts. This helps to clearly define the concept and to
allow the investigator or theorist to construct statements or
hypotheses that accurately reflect the relationships between the
concepts” (Walker and Avant, 1995). Walker and Avant (2005)
describe an eight-step procedure: select a concept; determine
the purpose of the analysis; identify all uses of the concept;
determine its defining attributes; identify a model case; identify
borderline, related, and/or other cases; identify antecedents
and/or consequences; and define the empirical referents. These
steps need not be sequential; we take an iterative path in this
study. As described in the introduction, defining the concept of
the strength-based model is an important first step in creating
a paradigm shift in STEM education away from the deficit
model. This study presents a strengths-based approach toward
neurodiversity in STEM education. Because of the prevalence
of the traditional disability lens, our search of the literature
yielded a great deal of evidence toward our contrary concept,
the deficit model. Our findings therein are elaborated below in
the Neurodiversity section. Walker and Avant note that defining
a concept’s attributes is the core function of the concept analysis
method and thus a majority of the paper attempts to do so,
with model cases used to better-contextualize each identified
attribute. We conclude by exploring what future research and
application of our strengths-based model of STEM education
may yield.

Reflexivity statement

Reflexivity is critically important in any qualitative research.
“Reflexivity is our best tool for understanding our strengths and
our limitations, but also for recognizing our implicit values and
assumptions” (Braun and Clarke, 2022). As such, we have taken
careful consideration of our internal biases and worldviews and
identify them here in the spirit of validity and good research.
Two co-authors are tenured professors within the engineering
field, one of whom has a formal diagnosis of ADHD. One
co-author is a neurodiverse Ph.D. student in education who
also has experience working with neurodiverse undergraduate
and graduate students in STEM fields. While we believe our
proximity and firsthand experiences allow the authors keen
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insights, we understand it may also cloud judgment because
of unconscious and implicit biases. To mitigate this, we have
employed the formal concept analysis framework to ground our
intuitions in data and process. Moreover, a colleague versed in
qualitative methods reviewed this study and assisted in further
acknowledging any incidents of potential bias.

Conceptual antecedent:
Neurodiversity in the deficit-based
model

Neurodiversity is a term that encompasses a wide range
of neurological differences leading to distinct cognitive
characteristics that are categorized as ADHD, autism, dyslexia,
generalized anxiety disorder (GAD), dysgraphia, dyscalculia,
and other learning differences. These naturally occurring
neurological variations that are present within any sample
population in the world are widely labeled and understood as
disabilities (Armstrong, 2017). The term neurodiversity was
coined by Australian sociologist Judy Singer, a self-identified
autistic woman, who wrote:

The word disability itself is problematic. It just doesn’t fit
... The word disability comes from the pre-quantum era, with
its discrete boundaried polar opposition between “able” and
“disabled,” and fails to encapsulate the situation of people on the
spectrum. The word has too much stigma attached despite the
efforts of the disability rights movement to reclaim it. . . (Singer,
1998, p. 25-26).

Since the neurodiversity paradigm has, for the most part,
been championed by a subset of those on the autism spectrum
(Judy Singer, for example), some believe that it may not
fully represent the experience of those who may be less
able to engage in self-advocacy or who have experienced
autism as a disabling condition rather than an integral part
of their identity (den Houting, 2019). Of course, this lack of
representation also extends to neurodiverse individuals, such
as those with ADHD or dyslexia whose experiences are often
not a part of the larger conversation on neurodiversity. The
concept of neurodiversity is not always clearly defined, and
sometimes, definitions are contradictory in nature, given that
the neurodiversity paradigm rejects the medical model for its
pathologizing of naturally occurring neurological difference, but
also may rely on medical diagnosis for access to support and
inclusion in the neurodiversity community (Russell, 2020). Even
today, the concept of neurodiversity has been critiqued by some
for creating a narrative that sugarcoats the challenges that come
with neurological differences (Dwyer, 2022).

Despite years of activism within the autism and wider
neurodiversity movements, these natural cognitive variations
continue to be understood primarily through a medical lens,
which defines them as disorders or deficits that should be
remedied through treatment rather than be recognized as a part
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of human diversity and valued as such (Haney, 2018). While
we advocate for a strengths-based approach to neurodiversity,
we acknowledge that there are challenges for many, especially
within higher education. We also acknowledge that some
individuals experience their neurodiversity as a disability. Also,
the authors do not intend to portray neurodiverse individuals
as superhumans with superior cognitive abilities. Throughout
this paper, we have chosen to use the term “neurodiverse” rather
than “neurodivergent,” despite its grammatical incongruence,
as we aim to emphasize the benefits of neurological diversity,
rather than accentuate the divergence of some students from the
perceived “norm.”

Decades after Singer wrote her thesis, many neurodiverse
college students still struggle to feel that they belong, particularly
in engineering and other STEM fields; the stigma related to a
disability label leads many to keep quiet about their diagnosis.
While it is difficult to determine the exact number of students
who choose to not disclose their diagnosis within the context
of higher education, the numbers are likely quite significant.
One study reported that while 94% of students with learning
disabilities received supports in high school, only 17% receive
these accommodations in post-secondary education (Cortiella
and Horowitz, 2014). Similarly, another study found that
only 16.6% of participants who were formally diagnosed with
ADHD were receiving services from the university’s Center
for Students with Disabilities (Zaghi et al., 2016). This lack
of disclosure is in large part due to the stigma that students
believe they will face from peers and faculty (Barnard-Brak
et al,, 2010; Smith et al., 2021) who may hold negative attitudes
related to students with disability labels and who often perceive
accommodations as an unfair advantage (McCarron, 2017).
Despite the legal protections provided by the Americans with
Disabilities Act (ADA), many neurodiverse students report
experiencing discrimination and negative messaging from
faculty; some are discouraged from pursuing their chosen
field or using their accommodations (Ehlinger and Ropers,
2020). The stigma and stereotype threat associated with these
labels not only leaves many neurodiverse students without the
accommodations that may facilitate their learning, but may
also negatively impact psychological wellbeing (for example,
increased anxiety and depression symptoms) and academic
performance (Haft and Hoeft, 2021). Ultimately, the disability-
based approach may have the unintended consequence of
impeding their academic success, professional advancement,
and personal fulfillment.

This impediment is all the more pronounced within the
conventional engineering curriculum. Engineering education
programs are often characterized by their narrow focus on and
rigid adherence to standardized ways of thinking and problem
solving and traditional modes of instruction and assessment
(Baumol, 2005; Kazerounian and Foley, 2007). In a field that
has been slow to adopt teaching innovations such as active,
hands-on, cooperative, or problem-based learning, this means
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that classroom instruction in many schools of engineering often
relies on passive learning via lecture (Golter et al,, 2012). This
one-size-fits-all model of teaching and learning not only limits
opportunities for neurotypical learners to engage in interactive
learning and creative problem solving, but it also notably fails
neurodiverse students some of whom possess strengths in these
areas. While accommodations such as extended time on exams
and assistance with note-taking may level the playing field for
some students (Moon et al., 2012; Zaghi et al., 2016; Goegan and
Harrison, 2017), they fail to address the underlying mismatch
between the unique abilities of neurodiverse students and the
demands of the traditional educational environment (Zaghi
et al, 2016). As it stands, the current engineering education
system does very little to acknowledge the strengths of many
neurodiverse learners (Zaghi et al., 2016; Armstrong, 2017).

Antecedents in neurodiversity
literature and the strengths-based
model

In contrast to the medical model of disability, which
casts neurological variations as problematic deviations from
a perceived norm, the neurodiversity paradigm acknowledges
the difficulties faced by neurodiverse individuals in society
because of underlying assumptions and structures, but also
challenges rigid definitions of normal and emphasizes the
unique abilities and strengths related to cognitive diversity
(Brown et al., 2021). Clouder et al. (2020) write that the
“use of the term, neurodiversity, focuses on differences in
individual brain function and behavioral traits, regarded as
part of normal variation in the population” and suggests that
though there are challenges associated with neurodiversity,
“many neurodiverse conditions bestow talents or benefits” that
are often not acknowledged, particularly in higher education
settings, due to the predominant focus on student deficits (p.
758). The current literature related to neurodiversity indicates
that ADHD may be associated with divergent thinking and risk-
taking (White and Shah, 2016; Zaghi et al,, 2016), dyslexia is
often related to strengths in 3-dimensional visualization (von
Karolyi, 2001; Attree et al., 2009; Diehl et al.,, 2014; Daniels
and Freeman, 2018), and autism is associated with a strong
understanding of systems and abilities in pattern identification
(Bouvet et al., 2016; Austin and Pisano, 2017; Crespi, 2021).
Beyond the harm that a deficit view may inflict on individuals
deemed deficient or lacking, some scholars suggest that an over-
emphasis on deficits and the medicalization of neurodiversity
may in fact limit our ability to make scientific progress toward
understanding neurodiverse conditions as a key part of our full
human potential (Dinishak, 2016).

Emerging models of neurodiversity seek to move beyond
the medical and social models of disability by taking a
multidisciplinary approach that acknowledges the biological
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and psychological underpinnings of neurodiversity within the
context of a broader social ecology. Doyle’s (2020) work suggests
that neurominorities (i.e., the 15-20% of a given population
who fall under the neurodiversity umbrella) may either be
disabled and excluded by the social structures that are largely
constructed around the needs and abilities of the “neurotypical”
majority or may thrive within an inclusive environment that
allows for neurodiverse individuals to use their strengths
both for their own benefit and for the benefit of society.
While Doyle’s focus is on neurodiversity in the context of
the working world, there are implications for the education
system, as well. An increasing number of large companies
within the tech sector, including Hewlett Packard Enterprise
(HPE) and Microsoft, have recognized the need for the unique
talents of neurodiverse workers and have launched targeted
recruiting efforts, with many centered around the strengths
of autistic individuals whose unique perspectives, strong work
ethic, and above-average abilities in memory, mathematics,
or pattern recognition have been found by these companies
to enhance both productivity and profit (Austin and Pisano,
2017). Still, the higher education system continues to lag
behind, primarily framing neurodiversity as a disadvantage
that must be overcome. Instead of building an inclusive
learning environment, higher education systematically excludes
many neurodiverse students from engineering and other STEM
programs by perpetuating competitive environments that weed
out all but those who easily fit into and succeed within
traditional learning environments (Gasiewski et al., 2012). This
systemic exclusion of neurodiverse learners severely limits the
cognitive diversity of the future STEM workforce. A large
number of anecdotal reports from neurodiverse individuals
who succeeded as professionals despite dropping out of college
suggest that the traditional educational system is often not
conducive to the needs of the industry.

We argue that neurodiversity is a key aspect of human
diversity that promises to enhance our collective potential to
address increasingly complex engineering problems. This is
supported by the emerging theory of complementary cognition,
which suggests that neurological diversity within societies
enhances adaptation through complementary search strategies
that balance the need for both exploration of the unknown
and use of known resources (Taylor et al, 2022). In other
words, cognitive diversity allows humans to adapt at the group
level by making use of multiple strategies that balance societal
needs such as safety and risk-taking. Similarly, Chapman
(2021) suggests that an ecological model of mental functioning
allows us to take into account the ways in which individual
neurocognitive variations contribute to human ecosystems and
allow societies to persist and adapt (p. 1,365). This is in line
with research that shows the multiple benefits that cognitive
diversity has on team creativity (Hoever et al, 2012; Wang
et al,, 2016) and other performance measures such as system
thinking and primary task performance (Sauer et al., 2006). In
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these studies, cognitive diversity refers to perceived differences
in thinking styles, knowledge, skills, values, and beliefs among
team members (Van der Vegt and Janssen, 2003). By extension,
creativity and innovation in society at large benefits from
inclusion of neurodiverse members in the structures that
contribute toward new knowledge. Thus, if neurodiverse
learners are excluded from engineering and other STEM fields,
society may not benefit from the full creative potential of our
population.

To address this significant problem, a paradigm shift,
i.e, a mindset shift, within higher education is necessary. In
our view, a strengths-based approach toward neurodiversity
incorporates an awareness of students’ unique abilities rooted in
biological/neurological variations, as well as an understanding
that neurodiverse individuals are part of a complex human
ecology that supports the ability of human populations to
survive and thrive.

It is important to note at this early juncture in our
conceptual analysis a borderline case, which must be considered.
Specifically, while we are conceptualizing a strength-based
paradigm for neurodiversity, we remain sensitive to the
challenges and struggles of many students at all educational
levels. We are fully aware of the needs of some individuals
for targeted educational interventions and special education
programs that may be essential to their success. However,
we firmly believe that the majority of neurodiverse students
in higher education programs will benefit most from an
approach that emphasizes the assets and strengths associated
with neurodiversity rather than one that solely focuses on the
remediation of their perceived deficits.

In the following sections, we describe how neurodiversity
is commonly pathologized in higher education and the
barriers that screen out neurodiverse learners, especially
within the context of engineering education. We then suggest
some implications for engineering education and present
our vision for a more inclusive learning environment that
empowers neurodiverse students to thrive within the higher
education system.

Neurodiversity in higher
education—uses and model cases
of the paradigm shift

The COVID-19 pandemic has resulted in more flexibility in
the mode of instruction, with students having access to videos
and lecture recordings in addition to the synchronous in person
or remote lecture. In a survey of U.S. institutions that took
place in April 2020, 65% of respondents provided access to
recorded lectures and 51% to pre-recorded videos (Johnson
et al,, 2020); there is currently no statistically available data
to what degree this practice continues. While the accessibility
of such media is not guaranteed, the option to access content
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asynchronously can be life saving for neurodiverse students
who may have challenges with focus, short-term information
processing, and retention. In support of this notion, Madaus
et al. (2021) reported that 46.6% of surveyed students that
received accommodations prior to the pandemic reported no
longer needing those because of increased content accessibility.
The fluid dynamics of the COVID-19 environment create the
institutional flexibility necessary to build a new educational
approach, such as one conscious of the strength-based model
within the engineering curriculum.

Considering such potential, this section aims to present a
critical view of the current policies and practices of institutions
of higher education in the context of neurodiversity and thus
define the necessity and purpose of the strength-based model
outlined in later sections. Clouder et al. (2020) present a review
of studies detailing the neurodiverse college student experience
and the prevalent conditions in higher education, painting a
bleak view on both sides: on the student side, feelings of anxiety
and marginalization, along with difficulty succeeding in the rigid
academic setting of most programs; on the institutional side,
haphazard provision of supports and judgmental attitudes by
faculty. The study itself is perhaps a clear illustration of the
current view of neurodiversity in academia: that of disability.
Regardless of whether an institution provides higher levels of
support, more resources or additional flexibility to neurodiverse
students, in the best-case scenario, administrators, faculty, staff
and students view neurodiversity fundamentally as impairment,
which is turned into disability due to social attitudes and
norms (ie., the social model of disability) (Clouder et al,
2020). Institutions of higher education rely on centralized offices
that more often than not include the term “disability” in
their title (e.g., Center for Students with Disabilities, Disability
Services, etc.). A survey of the Campus Disability Resource
Database! indicates that out of 534 4-year HE institutions in
the United States that provide information on disability services,
244 (46%) have the term “disability” in the title (National Center
for College Students with Disabilities [NCCSD], 2022). A shift
in terminology is controversial, as many believe this would erase
and diminish the long history of the disability rights activism
that made these centers possible. “Accessibility” is a term that
has become more popular in recent years to alleviate the stigma
associated with the disability label; 126 institutions (24%) used
this term in the title of their respective office, as in The Center
for Academic Success and Accessibility Services (CASAS, 2022)
or The Student Accessibility and Academic Resource Center
(StAAR, 2022). Regardless of terminology, this model has its
roots in U.S. federal law, specifically the ADA. Disability (or
accessibility) offices are the legally mandated institutions that
ensure that reasonable accommodations are available to those
who need and qualify for them. Their existence is thus critical

1 http://cedardatabase.org
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in protecting the hard-won rights of marginalized groups of
students.

Unwanted side effects of the existence of disability offices
are that they may result in further marginalization and
stigmatization of neurodiverse students who, in self-identifying
as disabled, must mark themselves as different (Haft and
Hoeft, 2021) and in complacency on the side of faculty
and administrators who often simply follow the direction of
the disability office’s accommodations letter without further
dialogue with the student or investigation of pedagogy that
might better support student learning (Bettencourt et al., 2018).
In the current model, instructors are only cognizant of the
need to provide accommodations to students through a process
that involves the separation of the students from their cohort,
generally with little interaction or other forms of support
provided by the instructor. The nature of accommodations
is also such that faculty have no insight into the students’
needs and challenges other than the specific accommodations
prescribed by the disability office. The unique cognitive skills
and talents of students are not recognized or communicated
as a part of this process. Thus, there is little to no awareness
with respect to neurodiversity, and whatever awareness exists is
filtered through the disability lens.

At the administrative level, disability is programmatically
separated from diversity, equity, and inclusion, and thus often
excluded from organized efforts to promote DEI on college
campuses. On the student side, this model also means that many
students perceive an intense stigmatization from a process that
separates them from their class and they are reluctant to seek
accommodations or engage in discussions about their challenges
(Cardoso et al., 2016; Weatherton and Mayes, 2017; Bettencourt
et al,, 2018; Kreider et al, 2018). Additionally, bias against
neurodiverse students among disability services providers may
further impact students’ ability to access accommodations.
For example, a recent study found evidence that service
providers ranked students with ADHD as less deserving of
accommodations due to negative perceptions of their work ethic
(Druckman et al., 2021). In some institutions the out-of-pocket
costs associated with the screening needed for registration with
these disability services amounts to a significant portion of the
college expenses. This prohibitive cost widens the accessibility
gap and turns these accommodations into a privilege that is
only afforded to families with the available financial resources
(Powell, 2016). Finally, disability services are almost exclusively
geared toward mitigating perceived impairments, with little
or no discussion on how students or instructors can make
changes to capitalize on student strengths; it is inherently and
overwhelmingly a deficit-based approach (Pickard, 2021).

The level of accommodations needed to support the
success of neurodiverse students depends on the rigidity of
the education process itself; the more inflexible the classroom
environment, the more accommodations are needed. While
higher education provides greater flexibility in structuring the
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learning experience compared to K-12, it is often shaped
following the traditional model of lecture and exam, especially in
STEM disciplines. The majority of large engineering programs
in the United States are located within public universities, have
long history and traditions, and opt to be accredited by the
ABET Engineering Accreditation Commission (as is the case
with the program to which the authors belong). In 2019, 334,984
students (54% of total in the United States) were enrolled in the
top 50 universities with the highest enrollments (>4,235), 46 of
these institutions were public and all 50 had the majority of their
engineering programs accredited by ABET (ASEE, 2021). These
factors further encourage a highly structured and prescribed
educational experience, leaving little room for neurodiverse
students to shape their learning and to bring their unique
cognitive assets to the educational environment, for example,
by exploring electives that leverage special interest areas or
unique skills (Winter-Messiers et al., 2007; Meilleur et al., 2015),
creativity (White and Shah, 2011; Taylor and Zaghi, 2021), or
entrepreneurial mindset (Moore et al., 2021).

Uses of the strength-based
concept

Engineering curricula, especially in traditional disciplines
that have the highest student enrollments (mechanical, civil,
computer science, and engineering), are shaped both by
ABET and the professional societies that elaborate further
on the broad curriculum requirements of ABET Criterion 5
(30 credits of math and science, 45 credits of engineering,
general education, and major design experience). Given that
the minimum number of credits for an engineering degree is
120, this means that typically, at least 100 credits are needed
to fulfill these general requirements. In the civil engineering
program at our institution, for example, students have 7 elective
credits out of 128. The coursework demands of the engineering
curriculum makes it challenging for students to explore the
opportunities of creative minors; pursuing entrepreneurship, or
simply taking courses beyond the expected course sequence, is
often challenging for engineering students who might thrive if
given the opportunity to think outside of the box. As such, below
we identify three potential use cases for the strength-based
model within a revised engineering curriculum.

Use 1: Class size

A high number of required courses and large enrollments
in the most popular disciplines (mechanical, computer science,
and civil engineering) also pose constraints on course offerings
and delivery mechanisms. The majority of the universities with
the highest engineering enrollments are not only public, but
also have an R1 Carnegie classification (42 out of 50). This
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means that tenure-track faculty in these institutions have a
split workload between teaching and research, and the reward
structure for promotion and tenure is heavily skewed toward
research productivity. The lack of adequate preparation for
effective teaching and student engagement by engineering
faculty who were trained as graduate students in R1 institutions
themselves has been extensively documented (Buswell, 2021).
The inevitable outcome is that the large lecture format is the
prevalent course delivery modality, especially in the sophomore
and junior years, and that the number of flexible, innovative
courses that can be offered to engineering students is small.

The effect of class size is much debated in the literature, and
it is beyond the scope of this article to provide a comprehensive
discussion of it. Here, we adopt the definitions of Kara et al.
(2021) in terms of class size, with a small class having fewer
than 30 students, while a large class exceeds 100 students
in size. Kokkelenberg et al. (2008) showed that the largest
effect of class size on student performance as measured by
grades occurred up to about 20-40 students. Kara et al. (2021)
further investigated the effect distinguishing between STEM
and non-STEM disciplines and reported that reducing class
size from very large (>163) to large (100~150) could have
a statistically significant effect on student performance. They
also reported that the negative effects of larger classes were
stronger for students of disadvantaged backgrounds. Ake-Little
et al. (2020) reported that positive effects of smaller class
sizes (<40) were only observed for white and Asian/Pacific
Islander males in STEM disciplines, with lack of mentorship.
However, these authors observed no negative impact of bigger
class sizes on any group, which they attribute to changes
in the instructional mode. As the authors state: “A class
size between 31 and 40 may well be the maximum limit
before an instructor is forced to incorporate more timesaving,
but less academically meaningful assignments (e.g., curtailing
the number of assigned papers or eliminating time-intensive
projects) to the detriment of student learning and, ultimately,
student achievement” (p. 602). This observation is particularly
relevant to neurodiverse students, who experience a double
negative impact due to the inherent anonymity in a large
class and the reliance on traditional modes of instruction and
assessment in these classes; instructors of large classes may not
have time to personalize the learning environment according to
the abilities of individual students or to incorporate innovative
pedagogies that might enhance learning for a wider range of
learners.

Use 2: Assessment

Changes in the mode of assessment as a result of emergency
remote teaching are more difficult to evaluate in terms of
aiding or further burdening neurodiverse students. While 93%
of respondents to a 2020 survey of institutions of higher
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education by the National Institute for Learning Outcomes
assessment reported at least one change in assessment (such
as modification of assignments, flexible deadlines, or shifting
to pass/fail), and 63% more than one change, there was no
consistency in the types, combinations, and perceptions of
the impact of these changes (Jankowski, 2020). Some changes,
such as acceptance of alternative assessments and flexibility in
deadlines, are likely to have supported neurodiverse students
(Johnson et al., 2020) while others, such as moving to multiple-
choice quizzes and using timed, online proctored exams, are
more likely to have placed additional burden. Extended time and
reduced distraction were the most common accommodations
that students obtained even during the pandemic (Madaus
et al,, 2021), highlighting the disproportionate burden tests
place on neurodiverse students. Increased flexibility and more
empathy with students are side effects of the pandemic
(Jankowski, 2020) that, if they persist, will be beneficial
to neurodiverse students. Another positive impact of the
pandemic is a shift of faculty attitudes toward students
and their unique challenges. Faculty reported that they felt
compelled to address personal situations such as health
and family issues and to reach out to students who were
struggling. Now, as the intensity of the pandemic wanes, it
is important to consider how engineering departments may
avoid reverting to default pre-pandemic culture, practices and
attitudes.

Use 3: Dissuading negative
competition

STEM disciplines, and particularly engineering, are known
for their competitive culture, starting early with so called “weed
out” courses, most frequently foundational math and science
courses. These classes not only result in directly causing students
to switch out of STEM, but also have negative consequences for
those who choose to stay (Weston et al., 2019). While there is no
data explicitly to the effect of weed out courses on neurodiverse
students, studies have shown that there are disproportionate
consequences on women and minorities, i.e., marginalized
groups. Faculty attitudes that view accommodations as unfair
advantages are also features of this culture (Lombardi and
Murray, 2011; Bettencourt et al., 2018). Finally, there is a
distinct lack of representation when it comes to neurodiverse
faculty as role models; even faculty who privately identify as
neurodiverse have little incentive to have open discussions with
students. It is the experience of the authors that such discussions
can have a profound effect on students struggling with their
identity and feelings of “not being good enough.” Every student
deserves to feel included and be offered opportunities for growth
in an educational environment. To achieve that goal for all
students, there is an urgent need for shifting the focus from
the current rigid, overly standardized education system to a
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fundamentally inclusive system that integrates unique assets of
non-traditional learners inside and outside the classroom. While
we acknowledge that there are existing paradigms for flexible,
inclusive higher education, they are typically available to the
select few who have the means to attend the small, private
institutions that can provide such an environment. The higher
education system requires transformation at a larger scale to
serve a broader audience, encourage the emergence of creative
solutions for the large-scale technical challenges facing our
nation, and create a professional workforce that is representative
of the diversity of our society.

Moving forward/the next
frontier—A model case for the
strength-based concept

In this section, we propose a blueprint to model a
transformative higher education system. We recognize that
some of the proposed transformations demand a cultural
shift that may not be immediately attainable; however,
steady progress toward the implementation of fundamental
changes is possible. The basic rationale for the proposed
initiatives is discussed below along with some initial ideas for
their implementation.

Raise awareness around power
dynamics and foundational biases of
the current education system

The current education system is designed by and for
neurotypical individuals. This often results in a power dynamic
that puts neurodiverse learners at a disadvantage. This
imbalance is further perpetuated by many assumptions that
are often not true for neurodiverse learners. For example, the
traditional education system often assumes that all learners
must be able to acquire knowledge from textual information
and communicate their ideas in written format. Furthermore,
it often relies on linear learning of information and fails to
acknowledge the importance of alternative ways of acquiring
knowledge such as experimentation and exploration. Similarly,
the traditional education system often places undue emphasis
on standardized tests and evaluation methods, which may
fail to assess the learning of neurodiverse individuals. For
example, dyslexic students who struggle with the written
format of traditional exams may better demonstrate their
learning if given the opportunity to demonstrate engineering
concepts through alternate means that use their individual
strengths, such as visual expression, oral presentation, or three-
dimensional modeling (Griffin and Pollak, 2009; Robinson,
2017; Rappolt-Schlichtmann et al., 2018). To move toward
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a more inclusive education system, it is essential to be
aware of the power dynamics and foundational biases of the
current education system. The values and assumptions of the
engineering education system (that all good engineers must
have strengths in written communication, social interactions,
and organization) are carried on by faculty in positions of
power, thus propagating a system that privileges certain modes
of communication and interaction over others and weeding
out those whose strengths lie elsewhere. It is also important to
acknowledge the intersectional nature of larger societal power
dynamics as we consider neurodiverse students whose lived
experiences lie at the intersection of multiple marginalized
identities, such as neurodiverse students from diverse racial and
ethnic backgrounds and LGBTQIA +students.

Focus on developing learners’
strengths and skills within an
individualized learning framework

A strength-based approach may lead to improved academic
performance, increased motivation, and higher levels of
engagement in the learning process (Louis, 2011; Schreiner,
2014) and a focus on strengths may be particularly useful for
neurodiverse students who have been subjected to a primarily
deficit-focused system (Winter-Messiers et al., 2007; Armstrong,
2012; Rappolt-Schlichtmann et al,, 2018). It is essential to
develop a more individualized approach to education that
considers the unique strengths and interests of each learner.
We need to ensure that our assessment practices are just and
fair for diverse learners with unique challenges and skills. For
example, a writing assignment in a technical course could
put individuals with dyslexia at a significant disadvantage as
compared to their peers. A more inclusive assessment practice
would be to provide an opportunity for the learner to submit
an audio or video recording of the same assignment. The
need for all of these may be eliminated if Universal Design
for Learning (UDL) principles are systematically integrated in
all courses, as argued by Clouder et al. (2020) and others.
The application of even a limited subset of UDL guidelines,
such as the use of accessible content, multiple modes of
communication, and flexibility in the types of assignments and
assessments, can be powerful ways of building an inclusive
learning environment.

Promote a practice shift from a
deficit-focused medical model to an
empowerment model

The traditional education system often relies on a medical
model approach that views learners with diagnosed disabilities
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as patients in need of treatment. This approach often leads
to negative labels and stereotypes that can further impair
the academic and social development of these learners. In
contrast, empowerment theory suggests that all learners may
be encouraged to leverage their individual differences to take
ownership of their learning within an inclusive and supportive
educational environment (Perkins and Zimmerman, 1995).
This approach can help learners form positive identities,
build self-esteem and self-advocacy, and develop a sense of
belonging within the educational community (Zimmerman,
1995). Bringing neurodiversity to the forefront, and encouraging
a positive narrative around it, is a crucial step toward
achieving this goal. This issue needs to be addressed at
multiple levels. At the student and faculty level, a more
extensive awareness of and exposure to the emerging theories
around cognitive diversity may be a powerful tool to facilitate
the mindset shift; changes in attitude and approach at the
individual faculty level may have a profound impact on the
experience of neurodiverse students within these courses. At the
institution level, providing faculty development opportunities
that emphasize a strengths-based approach to neurodiversity,
adopting a more equitable admission process and employing
strengths-based language that emphasizes diversity rather
than deficit, in education settings, such as in a classroom
environment, are expected to play a critical role in promoting
this culture shift.

Increase the representation of
neurodiverse individuals in the faculty

It is critical to be aware that higher (and especially graduate)
education systems and recruitment practices are heavily biased
toward individuals with exceptional written communication
skills and those

and assessments.

who perform well on standardized tests
These biases limit the talent pool and
the perspectives that inform our teaching practices and
curricular design. It is therefore essential to critically evaluate
our traditional faculty recruitment practices and to make
a concerted effort to increase the representation of high
potential, non-traditional learners in the faculty body. Without
the involvement of individuals with lived experience of
neurodiversity, it will be difficult, or even impossible, to develop
an understanding of the challenges and needs of this population.
In addition, the lack of representation of their perspective in
education policy making and curricular design activities leads
to further distancing from truly inclusive education practices.
In addition, neurodiverse faculty can play a critical role in
empowering learners as role models. However, neurodiversity as
an invisible form of diversity requires openness on the part of the
faculty to promote discussions around this topic in a classroom
or during individual interactions with students.
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Value and celebrate individual
differences as an indispensable asset
for the creativity of the professional
workforce

Several studies have shown that the most innovative teams
were those in which individuals with a variety of viewpoints,
experiences, and cognitive skills were present, i.e., teams that
were as diverse as possible (McLeod et al., 1996; Milliken and
Martins, 1996; Ragins, 2004). A neurodiverse team is better
positioned to solve complex problems. It is therefore essential to
move away from an education system that values only individual
originality and expand the definition of creativity to include
group creativity. To achieve this, the system must be aware of
the need to create a more inclusive environment that allows the
team’s collective intelligence to flourish. In a classroom setting,
moving toward a broader adoption of team-based assessments,
with student training, may facilitate the cultivation of both
individual strengths and team creativity.

Encourage the effective use of
emerging technologies, in particular
artificial intelligence, to support a more
inclusive learning environment

The traditional education system has been designed around
a one-to-many teaching practice that is becoming less effective,
as it is unable to fully address the needs and cultivate the
strengths of a diverse group of learners. Emerging technologies,
in particular artificial intelligence (AI) and natural language
processing (NLP), can be used to create a more customized
and individualized learning environment that will support the
unique ways of thinking and learning of neurodiverse students.
For example, artificial intelligence may be used to customize
textual information and educational material, assess learners’
strengths and weaknesses in a more personalized manner and
design individualized intervention programs to help learners
develop their strengths and skills. This presents significant
opportunities in research and development of these technologies
through the collaboration of multiple disciplines.

Summary

In summary, we argue that the perception of neurodiversity
as a deficit, along with the overreliance on traditional
pedagogical methods in engineering courses, is severely limiting
both the participation of neurodiverse students in engineering
fields and the creativity of the national engineering workforce.
It also places an undue psychological and financial burden
on families that require additional resources to support
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neurodiverse student success, creating an often hidden but
substantial equity issue. To enhance the creative potential of the
next generation of engineers, a paradigm shift in engineering
education is sorely needed. We believe that a shift from a deficit
perspective to a strengths-based model has the potential to
empower students to leverage their individual strengths, while
also reducing the suffering of neurominority students who have
been marginalized by an education system designed to meet the
needs of the neurotypical majority.

Beyond engineering education, we believe that the higher
education system has the potential to provide transformative
learning experiences for all students; to do so, significant and
sustained cultural change is needed. Institutions of higher
education must examine and disrupt the power dynamics and
foundational biases present within the current system, provide
personalized education experiences that cultivate learners’
strengths and interests, move away from the current focus
on student deficits, and embrace an empowerment model to
enhance students’ sense of belonging. We envision a paradigm
shift in which institutions of higher learning promote and
celebrate individual differences as an indispensable asset for
the creativity of the professional workforce, put forth dramatic
changes in hiring practices to increase the representation of
neurodiverse individuals in the faculty body, involve them
in education policy making and curricular design activities,
and encourage the effective use of emerging technologies, in
particular artificial intelligence, to support a more inclusive and
personalized learning environment.
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