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Abstract
STEM, or science, technology, engineering, and mathematics, fields are rising fields that are
more important than ever in society today. Many more people of diverse backgrounds and
identities are being employed into the STEM workforce. However, as revealed by the presence
of these significant minorities in STEM, there are several hindrances that prevent minorities of
race, sexual orientation, and disability from being prevalent in these fields. The rate of
enrollment and hiring into STEM-related education and jobs are lower than
non-minorities--but the most significant difference between these minorities and
non-minorities is the rate at which students and workers of the minority drop out, quit, or are
fired from their jobs. In this systemized literature review, we analyze four different minorities
in STEM--racial minority, sexual minority, and disability minority--in order to identify the
different flaws at individual, interpersonal, institutional, and governmental levels that cause
minorities to exist in STEM and identify how we can combat discrimination and prejudice in
STEM occupations and education. In order to compile our sources for the meta-analysis, we
screened for scientific articles in databases, namely ERIC, PubMed, and DOAJ. We searched
for keywords within the four broader minorities that we were analyzing and compiled our
sources with articles that contained relevant information to minorities in STEM education and
occupations. We also considered articles that talked about education of students in the minority
in general, as we felt that it directly influences minorities in STEM. Overall, we conclude that
a significant reason for the minorities in STEM are due to a lack of education of the general
public of these minorities, representation of minorities in STEM, and awareness of resources
that could potentially help minorities in STEM education. This would be better by raising
awareness to make non-minorities more accepting and inclusive within the field, so that more
people of the minority would be encouraged to continue their education and inspire youth in
those minorities of the next generation.
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Introduction
Although research regarding URMs in STEM has been steadily increasing and diversifying,
there is much to still understand regarding factors which affect different groups of
marginalized individuals and minorities. These factors can be grouped into various levels
based on their impact and effect, beginning from individual factors, and getting progressively
more broad through interpersonal, societal and institutional, and finally government factors for
hindrance. Another method of grouping, through the division of research into types of
minorities, also effectively helps us to understand and identify trends. These include Race,
Sexual Orientation, and Disability Minorities.

Individual Factors refers to personal characteristics and attributes of separate, “individual”
people that could potentially impact, in this context, the representation of minorities in STEM.
Trends in level of education attainment can be an important indicator for representation across



all discussed minorities, especially at higher levels. Economic status or family financial
situation and support may also influence minority members’ decision to participate in STEM.
Specific to certain minorities, other factors such as qualitative personality traits, ranging from
self-control to attention, as well as to self-perception and confidence can also play a serious
role in the levels of representation of various minority groups in STEM.

Interpersonal Factors are also influential in the representation of various minority groups in
STEM, and refers to factors related to interactions between minorities and other individuals.
Common themes found in literature on each minority group include professor care and feelings
of belonging among peers. Various literature found that feelings of rejection or hostility by
professors, through actions such as the unwillingness to accept special accommodations and
active learning methods such as cold calling, were extremely detrimental to certain minority
individual’s feelings of confidence and how they perceive themselves. These studies also
suggest that many minorities lacked this confidence, due to a lack of overall representation
within educational institutions and employment settings, as well as past experiences of ridicule
and rejection.

A pivotal grouping of factors which may be crucial in the underrepresentation of minorities in
STEM are societal and institutional factors. This refers to the collective effects of large groups
of individuals and institutions in relation to minority members. Studies found three prevalent
themes among all minorities: acceptance within the workplace/classroom, policies of teaching,
and accessibility to needed aid for specific minorities, ranging from people to technology.
Feelings of exclusion were found to discourage minorities from attempting to advance their
respective progress and careers, due to reported feelings of fear and isolation. Discriminatory
remarks and behavior were also found to induce this feeling. Active and Passive Teaching
policies, both in a virtual and in-person setting, were also important to whether minorities felt
comfortable, safe, and engaged in the lesson. While our compiled studies did not provide a
definitive conclusion over whether active or passive teaching was more effective, it did
suggest that this factor can cause great uncertainty and can not yet be decided or defined.
Finally, the literature found the utilization of live aids, as well as certain, vetted technologies to
be a valuable, and irreplaceable assistance to ensure educational equity. These studies argued
that the current lack of funding and availability of these resources can be a cause for gaps in
representation between minorities in STEM and other individuals

Diving deeper into individual minority groups, our studies show that Racial Minorities face a
very wide array of factors which inhibit their representation and success. Racial URMs
(excluding Asians) were found to be less likely to have educational degrees than their white
peers, and this disparity continues as degrees become more advanced. Another factor was the
average household income/wealth for minority groups, and how that played a factor in
participation in STEM. Professor Care and feelings of belonging were cited as key social and
interpersonal factors, as these factors were pivotal in long term participation and commitment
to STEM related fields, and important to other aspects such as mental health and morale.
Amount of existing representation and demographics are also key to the representation of
racial minorities.

Sexual Orientation Minorities also face their own, respective hindrance factors which prevent



greater representation. Anonymous studies conducted at various educational and research
institutions show that hostility towards the LGBTQ+ community caused a sizeable amount of
Sexual Orientation Minority members to opt to conceal their sexuality, causing negative effects
on mental health, drive to participate in STEM, and other unintended effects. Harassment
without consequence and a lack of acknowledgement for these tragic events were also other
factors which drove these negative effects. Among these effects, Sexual Orientation Minorities
are often not proportionally represented in the STEM community, which in itself could be
another factor that inhibits representation, as discussed for racial minorities.

Finally, disability minorities are also a marginalized group which we will address in this
literature review. As there is a wide range of disabilities, disabled minorities face a diverse
range of factors which can inhibit representation. For example, individuals with cognitive
disabilities were found to be more unlikely to attain the necessary education requirements to
enter the STEM workforce due to their low scoring in certain areas in multiple cognitive tests.
Other disabled groups, such as the physically disabled ones, face challenges to do with
accessing certain sites such as multi-storied buildings, as well as on field sites for research.
However, there are common factors which extend across all disability minorities. This includes
the lack of available assistive tools to allow disabled minorities to participate in similar
activities to their peers, as well as methods of teaching such as cold-calling and group-work,
which are shown to produce certain negative effects to disabled minorities which could inhibit
their representation

Methods
Search Procedure:

This meta-analysis and literature review aims to identify factors that could inhibit or cause the
underrepresentation of minorities of various categories (sexuality, race, disabilities) in the field
of STEM. We refer to STEM as disciplines such as Biology, Chemistry, Physics, Earth
Sciences, Astronomy, and more as recognized by the National Science Foundation. The
meta-analysis uses only peer-reviewed articles and journals of studies on various obstacles
which cause the underrepresentation of minorities (listed previously), such as education or
regarding employment (etc.). Throughout this meta-analysis, we refer to the acronym, URM,
as members of any subgroup which is not the majority, within STEM in this instance. In this
paper, we refer to URMs in sexuality as members of the LGBTQ+ community. While we were
unable to include every group within this community in our study, we tried our best to include
as many subgroups as possible. Next, we used URMs as a substitute for the disabled
population, as they too are the minority. Furthermore, we used URMs in a race as non-White
groups (as the study is based on the United States) although we do refer to Asians separately in
the results section. Although Asians often experience similar, or equivalent in their struggles,
including language barriers, microaggression, and other systemic injustices, we excluded them
from our definition of racial URMs because they were not underrepresented in the data which
we collected. This decision was solely made based on the results and data we found and does
not make any implicit implications. Racial URMs were referred to mainly in our results as
Latinos, African Americans, Native American/Pacific Islander + Alaskans to narrow our
data.**



We decided to include studies ranging from High School to STEM Workforce, as we believe
that differences and factors concerning URMs in all these environments can have equal
impacts and causation for the underrepresentation of minorities. We used terms such as
“retention”, “inclusion”, “graduation rate”, and “major” to generate relevant results,
accounting for all areas where factors that cause URMs to be underrepresented can potentially
arise. We exclude studies earlier than the High School Level, although we recognize that
changes and events that affect URMs also exist.

We screened literature from designated databases using specific search strings to generate
articles and papers that pertain to the claim of this paper. We used ERIC, PubMed, and DOAJ
to search for relevant literature to be used. ERIC was our primary database, as it included the
most thorough filtering criteria, such as location, date, peer-review status, and more, which
allowed us to scan through our documents and complete our method diagrams (flowcharts) in a
systemized fashion. A potential issue with ERIC is its lack of specificity in a certain subject
area, but this was compensated by our use of “science” and “stem” as keywords in our search
string. We used PubMed and DOAJ as our secondary databases, as they also provided decent
filters, but lacked in result quantity and quality. Although we initially planned to use Google
Scholar, we discovered that it generated too many results without an efficient filtering system,
and due to our restrictive time frame in writing this review, decided to omit it from our
methods (still listed in the table below though)
In our search strings, we attempted to maintain a consistent query for all databases when
searching for a specific subgroup but did make variations as seen in the table below, to adjust
to the differences between databases. In the table below, AND/OR*** indicates that the word
is optional to the search string, dependent on what is being searched, and can be
inserted/removed or symbiotic. Our search strings also used “racial minority” often as a
substitute for specific URMs to compare in a bigger picture. In future iterations/analyses
conducted regarding this topic, we may be able to more thoroughly analyze each subgroup
individually at a more in-depth level. The table below shows the search strings which we used
to conduct our analysis on each database:

**Other racial minorities which are not listed may be applicable.
***AND/OR means that the word is optional to the search string and can be interchangeable
with another word category or be symbiotic.
Search String: Database: Initial Results

(Student OR Graduate OR
Researcher)
AND/OR
(Retention OR Inclusion OR
Graduation Rate OR Major)
AND
(Ph.D. OR MD OR BSc OR
MSc)
AND

Google Scholar:
Does not effectively filter
articles based on our chosen
criteria. Will be excluded
from subsequent research
selection

17,900



(Black OR African American
OR Latino OR Hispanic OR
Minority OR
Underrepresented
Minority**)
AND/OR
(Gay OR Lesbian OR LGBT
OR Homosexual)
AND/OR
(Disability OR Handicapped)
AND
(STEM OR Science OR
Engineering)

(Retention OR Inclusion OR
Graduation Rate OR
Accessibility OR Major)
AND
(Minorities OR African
American OR Latino OR
Hispanic OR Native
American OR Asian**)
AND/OR
(Disabled OR Handicapped)
AND/OR
(Gay OR Lesbian OR LGBT
OR Homosexual)
AND
(STEM OR Engineering)

ERIC 338

(Student OR Graduate)
AND/OR
(Ph.D. OR MD OR BSc OR
MSc)
AND
(Retention OR Inclusion OR
Education)
AND
(Minorities OR Minority OR
African American OR Latino
OR Hispanic OR Native
American OR Asian)
AND/OR
(Disabled OR Low Income)

PubMed 157



AND/OR
(Gay OR Lesbian OR LGBT
OR Homosexual)
AND
(Science OR Engineering
OR STEM)

(Retention OR Inclusion OR
Graduation Rate OR
Accessibility)
AND
(Hindrance OR Obstacles
OR Disadvantages)
AND
(Minorities OR Minority OR
African American OR Latino
OR Hispanic OR Native
American OR Asian)
AND/OR
(Disabled OR Low Income)
AND/OR
(Gay OR Lesbian OR LGBT
OR Homosexual)
AND
(Science OR Engineering
OR STEM)

DOAJ 25

Inclusion/Exclusion Criteria Table:

We developed the inclusion criteria during the initial method undertakings of our study, so we
could generate papers which were relevant and/or useful for our analytical purposes. We
included papers if they:

1) Are peer-review research papers, studies, or journal articles
2) Conducted USA based research in verified institutions
3) Were written by (multiple) authors with PhDs and other post-graduate qualifications
4) Explicitly mentions minorities, either in education or in the workforce
5) Specifically discuss inclusion of minorities in STEM or/and potential hindrances

We developed exclusion criteria during our screening process. This was to better generate only
relevant articles, while avoiding unnecessary removals. Our exclusion criteria included:



1) Any books, dissertations, web-articles, blogs, or non peer-reviewed data that were not
conducted with verifiable procedural accuracy

2) Non USA/English publications
3) Any source that did not discuss about specific minorities in STEM Education
4) Articles without mention of inclusion
5) Studies conducted more than 10 years ago

Using the Inclusion and Exclusion Criteria detailed below, we found conference
reviews/journals (compiled over extended periods of time), specific case studies, and studies
with a multi-pronged approach to different types of minorities to be our primary sources. Many
of the sources include clear visuals and raw data, comparing different combinations of
variables.

Inclusion Criteria: Exclusion Criteria:

● Peer-Reviewed Research/Journal
Articles

● USA Based Research, in
certified/legitimate schools

● Article written by multiple PhDs,
MDs, BsCs, and MsCs

● Minorities who are students, enrolled
in a graduate program, or have
graduated

● Focus on certain minority-types and
categories + their Inclusion/Retention
in STEM

● Books, Dissertation, Web-Articles,
Blogs, Non Peer-Reviewed Data

● Non USA/English Publication
● Not specific to various types of

minorities in STEM Education
● No emphasis on inclusion or

retention (screened at title and
abstract level)

● The study conducted within last 10
years

After completing our process using the chosen database and entering our search strings based
on the table listed previously, we then narrowed our initial results using the exclusion/inclusion
criteria. Our narrowing method involved four steps of screening as displayed below. Our steps
included: 1) Using filters to narrow down vast amounts of data based on exclusion criteria, 2)
Removing results due to not meeting inclusion criteria, 3) Excluding results that could not be
accessed (due to licensing requirements, etc.), and 4) Assessing each abstract and title to
ensure that exclusion/inclusion criteria met (double-check precaution). Our process is aligned
with the PRISMA selection process, and we utilized the flowchart to fully communicate how
we generated our sources.

Racial Minority:



Sexual Orientation:



Disability Minority:



Results
1) Race (racial minority)

a) Individual Factors

Quite a few Individual Factors were responsible for the hindrance of success and participation
of various racial minorities within STEM-related fields and programs, including Graduation
and College Enrollment rates, percentage of STEM majors, enrollment in Graduate programs,
as well as personal and familial issues. In the Underrepresentation by Race-Ethnicity across
Stages of U.S Science and Engineering Education by Howard Garrison, Asians (78.7%) were
most likely to graduate from High School, the lowest level of education in the study, over
Whites (66.7%), which have a 10 percentage point higher rate of graduation than Latinx
(56%), Blacks (50.6%), and American Indians/Native Americans (63.3%). These URM
Minorities (excluding Asians) had lower graduation percentages than their demographic



makeup of 17-year-olds, presenting a worrying number regarding the number of URM
teenagers graduating from high school and progressing to higher education. Asians once again
had the highest college matriculation rates among College Freshmen, followed by Whites, with
Hispanics having the lowest rates. The choice of a STEM major, however, did not display any
obstacle that would prevent URMs from selecting a STEM major, with around 31% of Whites
and Asians selecting STEM, yet surprisingly Blacks and Hispanics had higher percentages.
From this data, we can infer that the issue of underrepresentation stems not from the choice of
major, but rather subsequently.

Although major selection demonstrates little disparity between URMs and Whites, the
inequalities and underrepresentation of URMs become far more obvious as the study moves up
the ladder of education. Asians and Whites had far higher graduation rates than URMs, which
accounted for their greater percentages of students within their racial demographics having
STEM Degrees compared to URMs. As shown in the graph below (Garrison, 2013), Black,
Hispanic, and American Indian graphs were heavily skewed to the left, with the ratio of White
students increasingly large compared to URMs as the type of degree became more tertiary. The
imbalance in URMs in graduate programs related to STEM Majors can be cited as a reason for
racial disparity, as it allows White tertiary school students to fill more positions requiring
greater education expertise than URM students, thus rendering racial minorities
underrepresented. Future actions to encourage greater URM participation in graduate and
postgraduate education seems to be key to funnel greater numbers of racial URM students to
enter the workforce at positions requiring greater expertise at an increased rate. As we will
explore later, however, many interpersonal and societal factors, among others, must be
addressed before this can become reality.



As mentioned in the previous paragraph, disparities between URMs and Whites in Graduate
Schools and beyond were even more sizable. While 39% of White STEM Graduate Students
earned STEM doctorates, only 35.2% of Latinx, 26.8% of Blacks, and 22.8% of American
Indians/Natives managed to receive doctorates. Commitment to post-doctoral studies was also
lower in URMs.  However, these gaps have seemed to begin to be improving, as URMs have
risen from 10% of attained STEM Bachelor's Degrees in 1989 to 21% in 2010, most likely
continuing to rise with the trend to the present day. Similarly, URMs increased from 4% of all
STEM doctorate degrees to 11%. While these trends are promising and show a positive trend
in the representation of racial URMs, these percentages are still not sufficient or consistent
with the demographics of the United States.

A key personal factor that can be attributed as a reason for this imbalance is a family
responsibility. In Intersectionality and STEM: The Role of Race and Gender in the Academic
Pursuits of African American Women in STEM, a review and study conducted by the UW
Madison in late 2014, URM students especially women were more likely to drop out due to
family obligations or socioeconomic status (will be discussed further in this meta-analysis).
Furthermore, URM students, especially African Americans, were observed in Garrison’s study
to be more obliged to take a job involving humanitarian or social alleviation of people with
their similar racial demographic, which may cause lower representation within STEM
occupations.

b) Interpersonal Factors
Interpersonal Factors, or effects due to the interactions with others, also played a role in the
underrepresentation of URMs in STEM. While most students across all races found their
professors/teachers to be caring and supportive, URMs were found to have a lower mean in
perceived professor care than White students, both in majors and leavers as shown in the graph
below from A descriptive study of race and gender differences in how instructional style and
perceived professor care influence decisions to major in STEM. A significant data point that
raises a potential factor of hindrance is within URM Women. While leavers may have potential
biases, 40% of URM Women with Majors were found to report that the professors did not
provide sufficient care. This may be a point of concern, as professors often form as formative
examples and mentors, guiding students to their future careers, and the negative treatment of
students, potentially especially to URM Women, can have a major impact on whether URM
students continue to pursue a STEM Major.



Similarly, the feeling of “belonging” may have also been responsible for the
underrepresentation of URMs in STEM. Despite being on top in many statistics related to
STEM Education, Asians were found to feel far more unbelonging within the field of STEM,
with URMs showing slightly fewer feelings of belonging than White students. Race and
gender differences in how the sense of belonging influences decisions to major in STEM
further infers that URM Women were the most susceptible to feelings of a lack of belonging,
and Demographic Isolation in STEM through the lack of members corresponding to the same
race as the individual contributed to the feeling of a lack of belonging. Although this
contradicts the data with Asians feeling the least belonging to STEM, it also affirms that the
lack of representation of URMs plays a role in feelings of isolation, which can lead to possible
withdrawals and lack of incentives to pursue STEM.

c) Societal and Institutional Factors
Furthermore, there were various instilled societal and institutional factors, including protocol,
organization, and practices which play a role in whether underrepresented minorities in STEM
are equally represented within the STEM Communities. A first factor, and an important one, is
the style of instruction preferred by URM students for efficient learning versus what is
employed by professors and/or instructors. A descriptive study of race and gender differences



in how instructional style and perceived professor care influence decisions to major in STEM
conducts an intriguing study into how style of learning differed between URMs and White
Students, as well as comparing within each demographic individually. As shown in the graph
below, URM students and White students preferred either a mixed or active learning model
over lectures. This data is significant to our understanding of which learning methods are
better suited to URM and other students, as well as how it impacts representation of URMs in
STEM, as teaching methods employed by different education institutions may have subsequent
impacts on attaining degrees, certification, and employment. Many higher education
institutions often employ lecturing as the primary teaching methods, which can have negative
effects on retainment of knowledge, and are encouraged to shift to an active learning method
to tailor to URMs and other students. However, this has been inhibited by the COVID-19
Pandemic, in which distance learning through applications such as Zoom and Google Meet
have made active learning difficult, and the gauging of student opinions in factors mentioned
previously have often been inhibited. The change in learning environment warrants further
research into how active learning methods can be employed in teaching, and how it affects
URM student learning.

The proportion of URMs in the STEM-related workforce is also a factor for representation
within the STEM community. As detailed in the graph below from Disparities in STEM
Employment by Sex, Race, and Hispanic Origin and from our results in representation as an
individual factor, White Individuals make up more than 70% of the STEM workforce,
outnumbering every other race and URM individually and collectively. As discussed in Race
and gender differences in how sense of belonging influences decisions to major in STEM,
demographic isolation could be a major factor in the underrepresentation of URMs in STEM.
In their conducted interview and corresponding study on belonging, it was suggested (and can
be inferred) that URMs felt unbelonging and possibly shifted majorly not due to inherent
reasons, but because of underrepresentation in STEM education and the workplace.



2) Sexual orientation (sexual minority)
a) Individual Factors

A major cause of why many LGBTQ+ individuals are more susceptible to leaving the STEM
workplace or school is because of individual factors, such as poor mental health, imposter
syndrome (a feeling of low self-worth and inadequacy), and self-doubt. A survey by LGBTQ+
youths revealed that many students felt that they did not deserve to be in the position that they
are now due to being in the severe minority and the persecution that other LGBTQ+ students
may face, which deters them from working or majoring in a STEM field, even if they are not
being directly harmed themselves. Additionally, according to A systematic review and
meta-analysis of victimisation and mental health prevalence among LGBTQ+ young people
with experiences of self-harm and suicide by Jess Williams, LGBTQ+ youth have higher
tendencies of self harm and suicidal behaviors, compared to their cisgender, heterosexual
counterparts. When an individual is experiencing hardships such as those, focusing on studies
becomes much more difficult, leading to a decrease in academic performance.

A perceived desire or need to conceal their own sexual identity may also lead to more stress
for workers and students in the STEM field who are in the sexual minority. Because many
workspaces are not openly welcoming of these minorities, workers may feel pressured to
conform with the majority, leading to the buildup of stress and the deterioration of their mental
health. This may be a major cause of why so many more LGBTQ+ students drop out of STEM
courses in universities.

b) Interpersonal Factors
Although society as a whole has grown to support sexual minorities, prejudice still remains a



large part of education, especially in less progressive and liberal states. Hostile attitudes and
general discrimination against LGBTQ+ students in STEM programs have incetivized many to
drop out or switch to another field. Several surveys assessed that the marginalization of
LGBTQ+ students' stigma associated with the queer community, not just in the STEM field but
overall, may cause individuals to struggle with their identity. The additional fear of
discrimination, harrassment, assault, or judgement within the field further affects LGBTQ+
individuals, causing them to hide their sexual indentity and/or gender expression, increasing
their psychological stress, and as an effect, worsens their performance in academic settings.

One factor that leads to more LGBTQ+ members discontinuing their STEM education is the
hostile environment that is created. Other peers and coworkers in STEM classes and
workplaces are statistically less accepting of LGBTQ+ members, which can create an
environment of discrimination and unwelcomness, which unfortunately translates into
graduation rates. LGBTQ+ individuals are 7% less likely to complete a 4 year STEM college
degree program as both students and professors reported not feeling a welcoming and
accepting atmosphere in their classrooms. A safe learning environment is crucial for the good
performance of students, so when it is not given to students with different sexual identities and
gender expressions, they are not given all the tools they need to succeed. Discrimination
continues into the workplace, sometimes getting so extreme that workers have considered
leaving due to the harassment. A significant portion of LGBTQ+ students consider dropping
out of their STEM courses either in high school or all levels of college due to the unaccepting
environment of their workplace or their school. Even then, most companies and schools fail to
even acknowledge the issue, even as students and workers come forward to report incidences
of discrimination.



c) Societal and Institutional Factors
Furthermore, the lack of representation within prominent figures also serves as a perceptual
disincentive for LGBQ students to enter the workforce. Many students found that having a
LBGQ faculty member to confide in was helpful in their STEM education and career;
however, many of these LGBQ professors and teachers face the same hostility from their
coworkers as the students face from their peers. Since the faculty members in the sexual
minority feel hostility and feel as though they are discriminated against, they are less inclined
to reveal their sexual orientation to their students and coworkers. This creates a cycle of
discrimination, as the lack of represenentaiton means the constant inflow of students declines,
preventing any future representatives. Additionally, our institutions are compliant with this
lack of representation; according to Representative Library Collections as a Response to the
Institutional Oppression of LGBTQ Youth of Color, an article by Jeanie Austin, institutions
such as schools and libraries fail to contain representative material that contain themes relating
to LGBTQ+ issues. Representation is crucial to developing minds, providing them a sense of
belonging and normality, and blocking access to that representation is a form of oppression.

Another institutional problem that may directly contribute to a minority of LGBTQ+ workers
and students in STEM fields is the fact that many institutions simply do not acknowledge



harassment and exclusion and do not take as many steps to stop it as they should. Even when
instances of hostility towards LGBTQ+ people are reported, companies and schools often do
little to stop it. Not only does this failure to stand up against discrimination force those already
in STEM fields to discontinue their work or education, but it also leads to less people
becoming interested in the field in the first place.

Some steps in order to help LGBTQ+ minorities in STEM fields would be to raise awareness
and to clearly voice support for those who identify within this minority. In a study about the
transgender inclusivity of an unnamed library in the Southeastern United States, the author
identified that making transgender-friendly bathrooms, adding a note about support and safety
for all types of people in the library’s policy, and educating staff and those who frequent the
library about minorities in order to better accommodate and accept them. Exclusion in learning
spaces such as libraries would discourage those of the LGBTQ+ minority from learning,
reading, and going to potential academic events, most likely deterring them from going into
fields that they would otherwise be interested in. Therefore, promoting education about and
acceptance of the minority in education establishments would encourage those in the sexual
minority to continue their education in STEM and feel included.

3) Disability minority
Disabled individuals should also be noted as a minority within STEM which could face
discrimination and other hindrances/barriers in representation. We use “Disability Minorities”
or “Disabled Minority” to refer to any individual who suffers from a physical or
neurological-based disability/impairment. Due to the diversity of these categories and the large
variability in types of disabilities, this section will aim to address general, overarching factors
which affect most, if not all disabled minorities, while using specific examples and evidence to
assist with visualizing and corroborating these claims. This is by no means intended to neglect
any non-mentioned minorities but it should be noted that we decided that it was impractical to
explain every disability and factors which hinder it in too specific of details.

Disabled Minorities make up a significant portion of the student and young adult population
within the United States. According to an article in The Condition of Education discussing
Children and Youth with disabilities, between 2015-16, over 6.7 million students were enrolled
in special education services in American public schools, making up 13 percent of total
enrollment. As shown in the visual below, 34 percent of these students had a specific learning
disability, 20 percent had a speech or language impairment, and a further 9 percent were
diagnosed with autism. Therefore, understanding factors which could inhibit the representation
of these individuals, especially in STEM fields, is crucial in order to create an equitable
society.



a) Individual Factors
There are various individual factors which play a role in the underrepresentation of disabled
minorities. One form of this is a lack of social development and skills due to certain
disabilities, such as visual and auditory impairment. According to Executive Function and
Behavioral Problems in Students with Visual Impairments at Mainstream and Special Schools,
which used psychological rating scales and indexes such as the “Behavioral Regulation Index”
(BRI), “Metacognition Index”(MCI), and “Global Executive Cortex” (GEC), visually impaired
students were found to score far more negatively across all categories, in areas such as
hyperactivity/inattention, conduct issues, and emotional symptoms than their non-disabled
peers. It was further identified that special school students with visual impairments scored
even lower than their corresponding public school peers. It was also mentioned that students
with auditory and other sensory disabilities were far more likely to score negatively in each
category. This points to a concerning trend regarding the impact of inhibited social skills and
development towards success in education and in the STEM workforce. The test pool in this
study was found to be lagging in executive function, and struggled in communicative
competence. Often, STEM fields and jobs require extreme precision and clear processes and
methods, so these trends demonstrate a potential factor for the underrepresentation of certain
disabled minorities. As will be discussed in a later section, these inhibiting factors are inherent
and must often be handled through specific platforms of assistance. However, this study points
out that more often than not, these individuals may not access the correct resources in time,
and thus, are put at a disadvantage when seeking job opportunities and potential employment
in STEM fields.

Similarly, disabilities such as the ones mentioned above, as well as intellectual disabilities, also
led to potential inhibiting factors regarding the level of education achieved. In The Condition
of Education, 69% of disabled students overall received their high school diploma, while a
further 11% received alternative forms of certification. However, when observed more closely,
certain disabilities proved to be more hindering. For example, 82 percent of students with
visual impairments were able to graduate high school, compared to the 42 percent with



intellectual disabilities. Therefore, it is important to note the extent to which each disability is
disadvantaged in attaining diplomas. What is alarming about these statistics are that many
STEM jobs require bachelor or graduate degrees, and with the current trends displayed by the
statistics mentioned above (5% of STEM undergraduates are disabled), disabled STEM
students are even less likely to attain a college degree and thus, are unlikely to be employed in
STEM-related positions.

b) Interpersonal Factors
The role of interpersonal factors played a significant role in inhibiting the representation of
disabled minorities. One example of this would be due to special platforms for learning as a
result of unique circumstances such as the COVID-19 Pandemic. According to Students with
Disabilities and COVID-19 from the London School of Economics (LSE), virtual learning
through platforms such as Zoom and Google Meets severely affected students, especially with
disabilities that inhibit learning, from retaining material. Some of this is due to a lack of access
to normal, special education resources that were provided in an in-person setting. For example,
disabled students are unable to utilize many physical materials due to the virtual nature of
online based learning, and cannot communicate with instructors/professors in-person. The
table below depicts percentages of disabled minorities (within surveyed individuals) and
whether they thought different factors played a role in inhibiting their education. As stressed
throughout this literature review, education is crucial in the path towards STEM representation,
so potential inhibiting factors of education can also affect representation.



Another key interpersonal factor that affects representation of disabled minorities in STEM is
methods of teaching by professors and teachers, ranging from active learning strategies such as
cold calling, to whether professors are aware and willing to provide accommodations and
additional support to disabled students. In Is Active Learning Accessible? Exploring the
Process of Providing Accommodations to Students with Disabilities published by researchers
from Arizona State University, active learning can be negative to certain subsections of
disabled minorities. Furthermore, collaborative projects and assignments can also be negative
in certain aspects, so the researchers advise that disabled students be allowed greater autonomy
in choice regarding these activities to ensure that they are not inhibited in any way. However,
Barriers and Facilitators in Training Students with Physical Disabilities in Science and
Engineering Laboratories by Hervens Jeannis from Syracuse University provides alternative
evidence. The study suggests that disabled students were more successful when paired in
group settings with professionals or peers, as they provided additional emotional support and
assistance in certain tasks which disabled students may not be able to do. Thus, group/active
learning can be seen as a potential enhancer for disabled students but must be carefully
regulated and observed to ensure that it does not become an inhibiting factor

c) Societal and Institutional Factors
Aside from personal and interpersonal factors, there are numerous societal and institutional
factors which can hinder the ability of disabled minorities from being able to partake in STEM
fields. Among these is the ability to conduct experiments and observations, through pathways
such as field access and lab work. According to An Investigation of accessible and inclusive
instructional field practices in US geosciences department, the inability for disability
minorities to access field sites due to physical hindrances was a large factor in inhibiting
geoscience field research conducted by disabled minorities. Furthermore, the study cited
fundamental absences in contingencies and alternatives to accommodate geoscience
researchers such as the use of alternative trips specifically for the disabled, as well as
alternative assignments. The availability of maps and other informational material was also
suggested in order to deal with this absence, as the study also found that researchers and
students in the geosciences were less prepared and less able to collect data without
pre-planning with the given informational resources. This can be generalized to encompass all
fields of STEM which require observable phenomena in research, as well as in an indoor
experimental setting. Lab access and various physical barriers have also reportedly been
inhibiting factors towards disabled access of lab equipment and the ability to conduct
experiments, both in an educational setting and a professional one. In a review paper written
by certain attendees at the International Conference on Education and New Developments in
2015, resources were recommended by experts which were previously found to be lacking in
labs to various institutions, with the aim of alleviating potential inhibiting factors. This
included the provision of assistive devices such as braille screens and wheelchairs, as well as
others such as the photos depicted below. Another key inhibiting factor would be accessibility
into facilities, which includes the lack of available structures such as larger lifts to carry
wheelchairs and ramps.



Extending from the previous paragraph, tactile resources provided by educational institutions,
especially in STEM fields, as well as in other research settings are observed to be
systematically lacking. Despite the effort to create a more inclusive environment within STEM
education, an article titled Students with Visual Impairments’ Access and Participation in the
Science Curriculum: Views of Teachers of Students with Visual Impairments provides evidence
on the frequent number of labs and classrooms which lack the appropriate equipment. The lack
of available visual aid and tools could drastically prevent disabled minorities from
participating and conducting experiments, therefore slowing down their scientific career
development compared to their peers. As shown in the table, although the majority of visually
disabled minorities felt included in experiments, there are significant amounts who felt
unincluded due to their handicap. Therefore, it is imperative that governments from the local
level, all the way up to the national one, should make it a priority to fund equipment and
subsidies grants and funds for investments into equipment that will alleviate these institutional
barriers, as we will discuss in the next section.



Discussion and conclusions
Our research and analysis done in this paper can be used to make the environment, policies,
and curriculum of workplaces and educational institutions more inclusive and welcoming to
individuals of all races, sexual orientations, and physical and mental capability. In making the
STEM field more racially diverse, more importance must be put to the highschool and college
graduations of Black, Latino, and Native American populations. Dropout rates in these
communities are, on average, higher due to financial obligations, demonstrating the need for
additional financial or emotional support for these students. In pursuing higher education and a
place in the STEM workforce, a hindering factor was the lack of the sense of belonging for
URMS. A sense of community is crucial in an enjoyable job, and when it is lacking, there is
less of an incentive to join that field. To lessen these feelings in URMs in your workplace or
institution, more inclusive language should be used (such as using politically correct
definitions) and non-threatening, open environments should be made between coworkers or
peers. Similar to underrepresented racial minorities, LGBTQ+ youth have a higher dropout
rate as well, but for different reasons. LGBTQ+ youth, in most communities, feel different
from the rest of their peers, leading to feeling the need to conceal their identity, which in turn
causes more stress and poorer mental health for the individual. On this account, better mental
health resources such as an on-site counselor or open mental health discussions can better
support LGBTQ+ individuals in their educational path. Furthermore, harassment and
discrimination is generally more common towards URMs, yet complaints to institutions are
often not taken seriously, causing hostility towards URMs to increase. A critical part of an



inclusive institution is taking the opinions of URMs into consideration, and acting upon them
to accommodate their concerns.  Finally, in the case of individuals with disabilities providing
the proper educational resources and support, at the right time, is crucial in ensuring the
individual reaches their personal academic potential. This requires both guardians and
institutions (such as schools) providing equipment and teaching methods which are accessible
and accommodate to disabilities.

There were some limitations in the creation of this report which need to be taken into account.
In order to write a full report, enough original information was needed so that we could
analyze and come out with a conclusion. Because of this, our work does not include all types
of minorities in the STEM field, as we were only able to cover the main 3: race, sexuality, and
disabled. Our research was limited to online peer reviewed sources, in which not all minorities
and minority related issues were covered in depth. As a result, we were unable to include all of
the different effects a minority status has on the ability to perform well in the STEM field. For
example, our sources did not contain sufficient information for the hindrance coming from the
state and government.

In conclusion, there are several hindrances in the STEM field which prevent the success of
URMs in multiple categories. This report analyzed 3 of these minorities: racial minorities,
sexual orientation minority, and disability minority. The racial minorities in STEM include the
Black community, Latino Community, and Native American community. The sexual
orientation minorities include members of the LGBTQ+ community, and the disability
minority includes those who have a physical or mental disability. For each minority, the
individual, interpersonal, societal, and institutional were analyzed to see how they affect the
performance of that minority in STEM. In particular, the factors which repeated the most were
the effects of schooling and the environment of the workplace. Many URMs faced some sort
of hardships in completing a degree, including financial and mental health difficulties, which
decreased their presence in the STEM field. The STEM field requires individuals with a high
level of education, which accounts for the comparatively less percentage of URMs in the
workforce. Most also felt as though the educational or work environment was not welcoming
and accommodating enough to their needs, leaving them without a sense of belonging and
community. Without a sense of belonging, there is less happiness that comes with the job, and
therefore less incentive to continue in this field. To compile this information, our data was
collected by our search procedure which resulted in peer reviewed literature from the databases
of ERIC, PubMed, and DOAJ. Using this method, we only used reliable data which results in
accurate conclusions.

Our purpose to this literature review was to create a report on the discrimination and harships
faced by URMs in the STEM field, which institutions and workplaces can take into
consideration to avoid perpetuating the exclusion of these minorities. We strive to create a
representative STEM field in which there are no additional obstacles for minorities, and we
continue to take steps to achieve this.


