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Kids As Young as Six Think Girls Are
Worse Than Boys At Computer

Science
THE HISTORY _ .
ENVIRONMENT OF Children as young as six years old are
TODAY internalizing gender stereotypes in relation to

technology, which could exacerbate inequality
. in a rapidly evolving labor market, a new meta-
The purge occurring in US analysis of research conducted across 33
culture, education, and countries shows. According to findings from the
politics that is reminiscent of largest ever study of children’s gender

what occurred in Germany in stereotypes about science, technology,
engineering and mathematics—or STEM—the
young participants generally considered boys
to be more capable than girls in fields including
inspired our authors to computer science and engineering. “The early
contribute these timely emergence of these biases signals that kids
articles. acquire messages about computing and
engineering stereotypes at home and in other
environments before K-12 schooling,” said
David Miller, the lead author of the study, and a
senior researcher at the American Institutes for
Research, the nonpartisan, not-for-profit
organization that conducted the research.
“Parents, early childhood educators, and out-
of-school-time programs have a key role to
play in helping to reshape these narratives,” he
added.

the 30s as books were burned

and history was re-written

The research found that, across all of the 6-
year olds questioned, 35% said that they
thought boys were better at computing than
girls, while only 22% said the inverse was true,
and 43% said that there was no difference. For
engineering, 52% said that boys were better,
compared to just 10% who said that girls had
an edge. The findings, based on data from
145,000 children, are particularly concerning
considering the extent to which new
technologies are transforming the labor market




and the nature of work. Artificial intelligence, or
Al, is particularly slated to change the way we
work. The research done by AIR and published
in Psychological Bulletin, a journal of the
American Psychological Association, also
found that for girls, the male-STEM bias
increases considerably with age. At age 6,
about 34% of girls questioned said that they
thought girls were better at computing than
boys, while 20% said that they thought boys
were better. By age 16, however, only 8% said
that they thought girls were better while a
staggering 39% said that boys were. Miller
characterized this as evidence that “initiatives
focused on ‘girls in math’ or ‘girls in STEM’ may
[be falling] short of addressing the most
entrenched male-biased beliefs.” “These
initiatives need dedicated attention on girls in
computing and engineering,” he said.
“Especially in early childhood, before these
stereotypes set in.”

Randy Wilkins, Founder & CEO - The
Hidden Potential Project

Where Would the World Be Without
Black Innovators and Inventors?

The year 2024 has been unforgettable for
many reasons. It is the year my company
achieved an incredible milestone—uncovering

over 20,000 innovations and inventions by
Black innovators and inventors. A milestone
that reflects the extraordinary contributions of
people who have often been overlooked by
history. But this year is also significant on a
deeply personal level, as | lost my brother,
Terrence A. Holmes, Sr., after a long and
difficult battle with cancer. In those final years,
my siblings and | made sure to stay close,
cherishing every moment we had together. His
memory will forever inspire me. On this
journey, | have been blessed with the
unwavering support of my fiancée, Cheri
Hawkins. She has been instrumental in the
continued success of the Global Black Inventor
Research Projects, Inc, and | have learned the
importance of supporting her in all her dreams
and aspirations. We share many things in
common, including the loss of our spouses to
cancer, a bond that has strengthened our
connection. And, as fate would have it, we
share the same birthday—September 13th.
This year, we will celebrate our shared day with
new purpose, as we set our sights on
expanding our research to 25,000 Black
innovators and inventors in 2025.

| would be remiss not to take this moment to
express my gratitude to all my family, friends,
and clients who have supported me along the
way. Let's make 2025 another year of
breakthroughs and recognition for the
countless contributions that Black innovators
have made to the world. A Year-Round
Celebration of Black Achievement. The
contributions of Black inventors and innovators
should not be limited to a single day, week, or
month. The legacy of these brilliant minds
should be celebrated year-round. Their work
has shaped the world we live in today and
continues to impact our daily lives in ways that
are often invisible but undeniably vital. Without
science, technology, engineering, and
mathematics (STEM), where would we be?
And just as importantly, where would we be
without the contributions of Black innovators in
these fields?



This article is the first in a series aimed at
celebrating some of these trailblazers,
particularly those enshrined in the National
Inventors Hall of Fame. These men and
women share a common thread: a relentless
drive to create and innovate, improving the
quality of life for millions around the world.

Meet the Pioneers of Progress

The inventors we are highlighting hail from
diverse backgrounds, born in states like
Alabama, Arizona, District of Columbia, lllinois,
Kentucky, Louisiana, Massachusetts, Missouri
and New York, Ohio, South Carolina,
Tennessee, Texas, Virginia as well as in
countries like Canada, Ghana, and Suriname.
Despite their different origins, their impact is
universal. We have a Table of the 34 Black
inventors who have been recognized for their
groundbreaking work. Together, they hold a
staggering 1,479 patents. When you include
the over 1,000 products developed by George
Washington Carver, that number jumps to more
than 2,400. Marian Croak alone holds over 300
patents, while Lonnie G. Johnson is
responsible for more than 200 patents,
including the iconic Super Soaker water gun.
The financial impact of their innovations is
immeasurable, with estimates likely reaching
into the tens of billions of dollars. However,
more research is needed to fully quantify the
economic impact of their work. What is clear,
though, is that the world would be a very
different place without the contributions of
these inventors.

A Global Legacy

It's important to remember that the individuals
highlighted here represent only a thin slice of
the ingenuity of Black people worldwide. Our
research includes Black men and women from
over 80 countries across five continents. The
story of Black innovation is truly global, and its

impact reaches every corner of the earth. As
we continue to uncover the remarkable
achievements of these innovators, we must
also ensure that their stories are told and
celebrated for generations to come. We owe it
to them, and to ourselves, to recognize the
profound ways in which their work has shaped
our lives. Let’s honor their legacy, not just
today, but every day.

Name Profession & Patents

George Ed. Alcorn Inventor, Engineer,
Physicist 10

Dr. Patricia E. Bath Inventor, Physician,
Ophthalmologist 9

Andrew Jackson Beard Inventor, Engineer 8
Otis Boykin™ Inventor, Engineer 14

Robert G. Bryant Inventor, Chemist 24

George E. Carruthers Inventor, Astrophysicist,
Engineer 1

George Washington Carver Inventor,
Agricultural Scientist, Professor 3

Emmett W. Chappelle Inventor, Medicine,
Food Science, Astrochemistry 1

Marian Croak Inventor, Quotative Analysis,
Psychology 330

David Crosthwait Inventor, Electrical and
Mechanical Engineer 43

Mark Edward Dean Inventor, Computer
Engineer 82

Dr. Charles Richard Drew, Inventor, Physician,
Blood Banking, Blood Transfusion, General
Surgery 3

Lloyd August Hall Inventor, Chemist, Food
Preservation 57



Walter Lincoln Hawkins Inventor, Chemist
Engineer 16

Thomas Jennings Inventor, Dry Cleaning,
Entrepreneur 1

Lonnie G. Johnson Inventor, Mechanical
Engineer, Aerospace Engineer, Scientist,
Entrepreneur 214

Frederick McKinley Jones Inventor, Inventor,
Electrical and Mechanical Engineer,
Refrigeration 28

Howard St. Clair Jones, Jr. Inventor,
Mechanical Engineer, Electronic Physicist 31

Marshall G. Jones Inventor, Mechanical
Engineer, Laser beam welding, Fiber Optics 65

Majorie Stewart Joyner Inventor, Hair Care
Entrepreneur, Activist 1

Lewis Howard Latimer Inventor, Draftsman,
Engineer 10

Victor B. Lawrence Inventor, Scientist 46
Joseph Lee Inventor, Baker, Entrepreneur 3

Jan Ernst Matzeliger Inventor, Engineer, Shoe
Machinery Designer 6

Elijah McCoy Inventor, Mechanical Engineer,
Tribologist 46

Alexander Miles Inventor, Engineer 1

Garrett Augustus Morgan Inventor,
Entrepreneur, Activist 4

George Washington Murray Inventor,
Congressman, Agricultural Machinery, Teacher
13

James A. Parsons, Jr Inventor, Electrical
Engineer, Scientist, Professor 6

Norbert Rillieux Inventor, Mechanical Engineer
3

Lanny Smoot Inventor, Electrical Engineer,
Scientist, Theatrical technology creator 100

Welton Ivan Taylor Inventor, Microbiologist,
Civil Rights Activist 3

James Edward Maceo West Inventor,
Physicist, Electrical Engineer. Acoustician 250

Granville T Woods Inventor, Electrical and
Mechanical Engineer, Entrepreneur 47 Total
patents 1479

For information about our research and
products visit our website,
www.globalblackinventor.com

Keith C Holmes, Founder/CEO Global Black
Inventor Research Projects, Inc.
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Abstract—This research paper
(#1571006920) describes the preliminary
findings of a systematic literature review.
Neurodiversity is not a diagnosis, rather it is a
broad term used to encompass a wide range of
specific, non-specific, hidden and/or
undetermined diagnoses that include but is not
limited to: ADHD, autism, and dyslexia.
Existing data on experiences and outcomes of
neurodivergent students in engineering is
limited and most likely underestimates the
number of neurodivergent people in the sector.
However, some evidence reveals that
representation of neurodiverse people in
engineering is far less than other STEM fields.
This literature review seeks to clarify this gap in
the literature and summarize what is known
about neurodiversity in engineering education.
We explored existing research and literature on
this topic to answer the following research
question: How has engineering education
research explored neurodiversity in
engineering context and specifically in relation
to the structure and culture in engineering
education?

To address our research question, we
performed a systematic literature review. First,
we accumulated several articles in an initial
database search of five databases. After
identifying the preliminary set of articles, we
performed secondary and tertiary rounds of
inclusion and exclusion based on the
applicability in addressing our research
question. Then we performed categorical
analysis on the remaining articles to explore
main attributes that allowed us to examine
possible trends between papers/studies and
draw conclusions about how neurodiversity has
been explored in the context of engineering.

Findings indicate that limited research exists
on neurodiverse people's experiences and
outcomes in engineering context and the
specific role of engineering education structure
and culture. Future work includes collecting
empirical data aiming to understand the

experiences of neurodiverse people in
engineering context and understanding
what/how/why the structures and culture of
engineering affects diversity, inclusion, equity,
accessibility and other outcomes for
neurodiverse populations.

Keywords—Neurodiversity, Neurodiverse,
Higher Education, Engineering, Inclusion

l. INTRODUCTION

Neurodiversity is a concept that regards
neurological differences in brain function and
behavior as part of the normal variation of the
human population and are to be accepted and
respected as any other human variation [1].
Neurodiversity is not a diagnosis, rather it is a
broad term used to encompass a wide range of
specific, non-specific, hidden and/or
undetermined diagnoses that include but is not
limited to: ADHD, autism , dyslexia [2] that all
having associated challenges but also unique
strengths [3] [4]. Neurodiverse 1 students are
enrolling in post-secondary education at
increasing rates but they continue to
experience significant challenges which greatly
impact their college life and their transitioning
into the workforce [5] [6]. Yet strengths (e.g.
visual thinking, original thinking, attention to
details, deep interest and skills) and skills of
neurodiverse individuals are that are in high
demand in engineering and are essential to
meeting current and future workforce needs

[7].

Existing data on experiences and outcomes of
neurodivergent students in engineering is
limited and most likely underestimates the
number of neurodivergent people in the sector.
However, some evidence reveals that
representation of neurodiverse people in
engineering is far less than other STEM fields.
One sample of college students with ADHD
showed that only 3% were enrolled in



engineering [8] and one sample of autistic
students showed that while 34% were enrolled
in STEM only 5% were enrolled in engineering
[9]. However, underrepresentation of
neurodiverse people in engineering fields and
lack of feelings of inclusion, belonging,
development of engineer identity among them
have rarely been connected to the structures,
systems and culture/climate within engineering
higher education and workforce development.
This literature review seeks to clarify this gap in
the literature and summarize what is known
about neurodiversity in engineering. The
purpose of this literature review is to gather
literature surrounding neurodiversity within
engineering higher education.

Much debate on the language related to
neurodiversity is still ongoing. Use of adjectives
such as neurodiverse and neurodivergent is a
personal decision that should be respected [4].
education. This serves the greater purpose of
the study: to make clear that there is a gap in
engineering education research on
neurodiversity in engineering context and
specifically in relation to the structure and
culture in engineering education. To navigate
the literature in this review, we use the guiding
research question: How has engineering
education research explored neurodiversity in
engineering education?

1. BACKGROUND

Disability, throughout most of its history, has
been understood within the context of diseases
and deficits. Integrative models of disability,
however, leaves room for the corporeal
realities of physical, cognitive, or psychological
needs, but understand disabilities as outcomes
of structures and systems with physical,
cultural, and organizational arrangements that
dis-able some people but not others [10].
Strengths-based approaches to neurodiversity
take, as a starting point, the assumptions of the
social model of disability and then translate

them into approaches that support, educate, or
enable people with disabilities to function
successfully in typical contexts.

Engineering has long been perceived as
dominated by white, heterosexual, able-bodied,
middle-class, US-born cisgender men, with
several marginalized and minoritized statuses,
including disability, widely underrepresented
and alienated [11], [12], [13]. Engineering
education scholars have documented the
marginalization and minoritization of women,
people of color, and sexual and gender
minorities [14].However, the experiences and
voices of neurodiverse engineering students
have scarcely been explored within
engineering education research and very little
is known about how neurodiverse students
may face constraints, burdens, biases, and
discrimination within engineering education
culture/climate.

The campus climate and culture of engineering
schools with ‘ableism’ and ‘typicality’ deeply
rooted in its physical, temporal, and epistemic
norms, have assumptions about bodies and
minds through which recognize (or dismiss)
one's skills, abilities, and potential as an
engineer and thus can contribute to the social
exclusion and professional devaluation of
neurodiverse students, factors of which are key
predictors of performance and persistence [14]
[15].

Additionally, even with strong supportive
climate, the struggles faced by those with
neurodiversity in traditional pedagogy that is
still widely practiced in engineering education,
can be obstacles to equity, inclusion and
accessibility for neurodiverse students [16]. For
an instance, engineering education commonly
require students to submit written homework to
demonstrate understanding. Whereas, to
address varied learning styles and social
preferences of neurodiverse students,
accessible pedagogical practices, such as the



Universal Design for Learning, recommend
allowing students to have autonomy in the way
they demonstrate their understanding [17].
Additionally, it is also still understudies
what/how elements of less traditional
engineering education including project-based
learning, working in teams, and co- op based
learning are associated with experiences and
outcomes of neurodiverse students.

Despite its importance, engineering education
research has largely ignored the components
of engineering structures, systems and
culture/climate that can have negative or
positive impacts on inclusion, accessibility and

retention of neurodiverse engineering students.

Premised on this, it is critical to understand
how engineering education has explored
neurodiversity specifically in association with
engineering structures and culture.

1. METHODS

A. Methodology

We followed the Preferred Reporting Items for
Systematic reviews and Meta-Analyses
(PRISMA) guideline for this paper [18]. This
review is part of a larger project that aims to
review neurodiversity in STEM higher
education. To begin, we refined and finalized
our search terms and selection of databases
through consultations with two librarians and
by conducting several test searches to
optimize our strategy. Ultimately, we conducted
a comprehensive electronic literature search
across five major databases, using a set of
search terms designed to capture the broad
spectrum of relevant studies. We performed
first and secondary rounds of exclusion on the
accumulated articles by reading their
titlte/abstract and then methods. After excluding
all articles that were out of the scope of the
literature review, articles specifically focused
on engineering were pulled out. Then, we

performed tertiary round of exclusion on the
remained articles by reading through their full-
text and determining if they addressed our
review question. We performed two categorical
analyses on the included articles.

B. Data Collection

The data collected in the systematic literature
search were from papers from the following
five (5) databases covering articles published
until March 2024: Education Full Text,
Education Research Complete, ERIC,
PsycINFO, and Scopus.

Three categories of terms and keywords were
used, including:

e “Neurodiversity” OR 26 other keywords,
e.g., autism or neurodevelopmental.

e “STEM” OR 20 other keywords, e.g.,
science or engineering.

e “Higher education” OR 8 other
keywords, e.g., undergraduate or
university.

The title or abstract of articles should include
all these three categories. When possible, we
limited our search to peer-reviewed
publications written in English. The initial
search in five databases yielded accumulated
2688 articles. Then, 484 duplicate articles were
removed resulting in 2204 initial articles. After
an initial search through the databases, we
screened the papers based on reading through
titles and abstracts for key words and phrases.
Then, we analyzed the remaining articles with
secondary and tertiary rounds of exclusion
based



on how well the papers answered our
research question. The secondary round of
exclusion involved reading through the
methods section to explore if the article
includes our target population (i.e.,
neurodiverse student, faculty, or staff in any of
STEM fields higher education). After excluding
articles based on this criterion, 103 articles
remained in the literature review. In the next
step, articles that included population in
engineering fields, were selected. Lastly, a final
round of exclusion was performed involving a
full read of the 43 papers to narrow down the
articles specifically focused on engineering
education. If the paper did not focus on the
experiences of neurodiverse populations or
neurodiversity- related instances in engineering
higher education, it was excluded. The initial
2204 articles were narrowed down to 10
articles that satisfied the inclusion and
exclusion criteria. Then, we included a
snowball sampling strategy where we identified
additional articles through forward citation and
reference searching. This involved identifying
articles that cited the included articles and
checking the reference lists of those articles.
An additional 3 articles were included, in the
review, resulting in a total of 13 articles for
review. A flow chart of the selection process is
presented in Figure 1.

C. Data Analysis

Once we determined the final set of articles,
we analyzed the data through a “synthesis”
process involving mapping papers into
categories, which were recorded in a table. We
performed categorical analyses to compare
each article across multiple groupings of
attributes. The first categorical analysis
involved sorting each paper into two categories
based on whether or not the experiences of
neurodiverse population in association with
engineering education structures, systems, and
culture/climate was the focus of the paper.

The second categorical analysis involved the
extraction of several attributes of each paper
including theoretical framework, methodology,
target population, and article type. These
attributes were described in a table that laid out
each article and its contents. This table allowed
us to examine possible trends between papers.
Together, these categorical analyses helped us
to draw conclusions about how neurodiversity
is studied in engineering higher education
research.

D. Quality

The research team-maintained quality
throughout the literature review process. First,
we kept careful documentation of the literature
review methods so it may be replicated or
reviewed by future team members or outside
researchers. This included shared documents
for detailing findings, and spreadsheets
showing each step of the data analysis process
(exclusion steps and each categorical
analysis). Next, the research team met at
weekly intervals to update everyone on
progress made and make plans to accomplish
our research goals on time and to review the
process by Borrego et al. [19] to stay aligned
with the methodology of the literature review.
Lastly, we delegated tasks such that at least
one other researcher could review others’
work. Through the processes of recording,
documentation, and multiple reviews, the
research team ensured the literature review
was robust.

IV.  RESULTS

The analysis of the literature based on the first
categorical analysis yielded two key findings.
First, among the 13 papers in the literature
review, only one of them looked at engineering
higher education systems and structures as a
factor associated with access to engineering
education [15]. However, this paper was a



preliminary study including the narratives of
only one ADHD student and neurodiversity was
not the main focus of the paper but disability
broadly. Second, among the other 12 studies,
authors of some papers discussed engineering
structures, systems and culture/climate to
explain their findings and/or as factors
associated with experiences of neurodiverse
populations in engineering higher education
(e.g., [20] [16]). Yet they did not aim to explore
and understand what/how engineering
education structures and culture affect
inclusion, equity, and accessibility and other
outcomes for neurodiverse populations.

Based on the first categorical analysis, while
none of the papers in this literature aimed to
explore and understand what/how engineering
structures and culture is associated with
experiences and outcomes specifically for
neurodiverse students, those are common
factors mentioned and discussed in literature.
Together, these findings reveal a potential gap
in the literature regarding focusing on diversity,
inclusion, equity, and accessibility for
neurodiverse populations in relation to
structures, systems and culture within
engineering education.

The analysis of the literature based on the
second categorical analysis revealed that, out
of 13 papers, nine were conference papers and
almost all reported preliminary studies

[15] [21] [22] [20] [23] [24] [25] [26] [27]. Of the
four journal

articles, one didn’t aim to answer
neurodiversity-related questions, but student
reported having ADHD was examined as a
factor, amongst other factors, that may explain
retention of first year engineering students [28].
In another journal article, authors explored
usefulness of educational data mining methods
to predict stability of academic behavior of

undergraduate engineering students based on
having learning disabilities and
accommodations [29]. Although this study has
implications for colleges and faculty to choose
the appropriate accommodation to give a
student with a learning disability, the paper
main aim is to evaluate the usefulness of the
methodological model. Two other journal
articles both aimed to explore creativity
strengths of ADHD undergraduate students
[30] [31]. Though a theoretical framework were
not clearly utilized in most papers, social-
relational models of disability, anti-ablism, and
strength- based approach to neurodiversity
was discussed in several studies (e.g., [15] [31]
[20]), clearly showing a need for paradigm shift
from medical models to an integrative model of
neurodiversity.

Another finding was that compared to ADHD
population, little research is done regarding
students with autism, and little more is done
including students with learning disabilities.
Additionally, none of the 13 papers included
experiences of neurodiverse faculty and staff in
engineering education.

Fig 1: PRISMA flowchart indicating the
literature search process

(see Appendix)

The last finding that resulted from this literature
review is the variety of methodology types in
the papers in this literature review (See Figure
2). However, most papers lacked a clear
explanation of methodology. These numbers
show that all three methodologies are relatively
represented in literature, showing that the
research community is interested in the topic
enough to approach it in multiple ways.

V. DISCUSSION AND FUTURE
DIRECTIONS



With this literature review, we sought to
investigate how engineering education
research has explored the experiences of
neurodiverse populations and neurodiversity-
related instances specifically in association
with structures and culture within engineering
higher education. To address our research
question, we performed a systematic literature
review including a multi-round exclusion to find
papers that fitted our inclusion and exclusion
criteria. Categorical analysis of the articles
showed that none of the papers in this review
aimed to investigate what/how engineering
structures, systems, and culture affects
diversity, inclusion, equity, accessibility and
other outcomes for neurodiverse populations in
the context of engineering education,
specifically.

Top — Mixed methods

Middle — Quantitative

Bottom — Qualitative

Fig 2. Paper counts according to methodology
type

10

Although this specific topic was not centered in
any of the studies, this literature review
revealed that engineering context repeatedly
was discussed in studies. Together, these
findings reveal a gap and a need to understand
how systems, structures and culture/climate
and the default educational practices in
engineering may be associated with different
outcomes for neurodiverse students, faculty
and staff. This paper also revealed that autistic
students’ experiences have scarcely been
studied, and little more is done on students
with learning disabilities. Although ADHD
students were more represented in papers,
they are like other neurodiverse populations
underrepresented in engineering education
research.

All together findings of this review study
suggest there is a gap in the literature on
multiple levels. There is a gap in research on
neurodiversity in general, and there is a gap in
research aiming to understand why
engineering structures and culture are not
neuroinclusive. This study also reveals a need
to understand how the elements of less
traditional engineering education, e.g., project-
based learning influence inclusion, equity, and
accessibility for neurodiverse populations and
how universal design for learning can be
implemented within engineering education.

Future works should focus on neurodiversity in
engineering context, utilizing more
sophisticated methodologies and an integrative
model, to advance knowledge and highlight
how structures, systems and culture/climate
and the default educational practices in
engineering may influence experiences and
outcomes for neurodiverse populations in
engineering higher education. In addition,
future research should aim to apply the
knowledge obtained to address the critical
gaps in the preparation of engineering faculty,
ensuring they are equipped to facilitate full
inclusion in teaching and advising neurodiverse
students, and improving the education of



employers in order to challenge the
neurotypical expectations that are prevalent in
engineering higher education and the
workplace.
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