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Abstract

Purpose

Research establishes the critical need to address the underrepresentation of women and
racial/ethnic minorities in science, technology, engineering, and mathematics (STEM).
While emergent research addresses similar challenges for sexual and gender minorities
(SGM), this research remains scant and focuses on adult experiences. This analysis exam-
ines subgroup differences and the impact of bullying on STEM engagement outcomes
among a national sample of SGM secondary students in the U.S.

Method

This report provides descriptive and multivariable regression analysis of national survey
data (n = 539) on the experiences of pre-college students who identify as SGM, including
the effects of within-school anti-SGM bullying on STEM identity, perceptions of STEM cli-
mate, and STEM intentions.

Results

Roughly 50% of the sample intended to enter a STEM field (compared to 25% in previous
general samples). Bullying in school was negatively associated with STEM identity and per-
ceptions of STEM climate. Sense of belonging is positively associated with perceptions of
STEM climate and STEM intentions. Being non-binary and being a transgender man were
associated with decreased sense of belonging and negative perception of STEM climate.

Conclusion

This report is the first to identify factors influencing STEM engagement among SGM sec-
ondary students and suggests that issues of STEM engagement are already present in ado-
lescence. Moreover, the findings also establish the relationship between anti-SGM bullying
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and STEM outcomes highlighting the importance of this marginalization experience. Future
research should further examine sub-group differences and the persistence of these effects.
These findings highlight the need for research and intervention addressing STEM outcomes
in SGM populations.

Clinical trial registration
https://clinicaltrials.gov/ct2/show/NCT03511131.

Introduction

Over the past several decades, a great deal of federal funding and person-power have been
committed to diversifying the science, technology, engineering, and math (STEM) pipelines,
with mixed results. The “diversity dilemma,” as it is aptly known [1], has focused almost exclu-
sively on low rates of participation among women and members of historically underrepre-
sented racial and ethnic groups (“UR,” which includes Black/African American, Latino/a,
Pacific Islander, Alaska Native, and Native American scientists). Recently, the National Science
Foundation and the National Institutes of Health (NSF and NIH, respectively) have also col-
lected data on and directed support for persons with disabilities in science [2]. These efforts
have not included or emphasized sexual and gender minorities (SGM), a population whose
experiences and specific needs have been largely overlooked in the research on STEM
diversity.

Although recent efforts to examine the experiences of minoritized individuals have not
emphasized SGM, they demonstrate the STEM diversity dilemma persists for women and UR
individuals. Adapting the definition used by Gillborn 2005, the term ‘minoritized’ refers to the
resulting relative status of groups that are often labeled “minority” (e.g., racial-ethnic groups
and women) through exclusionary and violent practices of groups with more societal power
[3]. This term highlights that this status may exist regardless of numeric minority status.
Rather, it is a result of historical and contemporary forms of systemic disadvantage. The
research collected on the experiences of women and UR individuals have consistently demon-
strated that members of these groups experience more adversity than their well-represented
counterparts at all stages of training, mentoring, and career progression, and that their interest
in scientific research careers declines early and at disproportionately high rates [4,5]. For
example, while the participation of women and UR individuals in biomedicine is improving at
faster rates than for other STEM disciplines, their representation remains stagnant at the high-
est levels of the scientific workforce. Women comprise only 33% of tenure-track research fac-
ulty in biomedicine (despite comprising more than 50% of the graduate student population in
these fields) and Black/African American scientists represent an astoundingly low proportion
of biomedical faculty. Participation rates of women and URs are lower across other STEM
fields, particularly engineering, physics, and more mathematics-oriented sciences [2]. While
the literature addressing the representation of women and UR individuals is well established,
research addressing SGM populations as minoritized scientists is an emergent body of work
and remains nascent.

Sexual and gender minorities (SGM) are an overlooked category

Very little is known about the experiences of SGM scientists across STEM fields. The category
of SGM is broad, but in common usage includes lesbian, gay, bisexual, transgender, queer, and
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intersexed people (LGBTQI). Currently, the National Science Foundation (NSF) does not col-
lect or report data on sexual identity in its various surveys of Science and Engineering fields,
including the National Survey of College Graduates, Survey of Earned Doctorates, and Survey
of Graduate and Postdoctorates in Science and Engineering [2,6]. While the National Insti-
tutes of Health (NIH) identified SGM as a health disparity population for research purposes in
2016 [7], SGMs are not included in the categorization of minoritized individuals within the
science education and career pipelines. While the recognition of SGM health disparities is
important, NIH positions members of SGM communities as the subjects of science, and not as
agents or practitioners of science. As a result, little is known about the experiences of SGM sci-
entists, and this population is not yet recognized in the allocation of federal funds for programs
to support and diversify the biomedical and STEM workforces.

Because so little is known about SGMs’ aspiration toward degrees and careers in STEM,
serious analysis is needed to understand their experiences at all stages of the pipeline. To begin
to understand the potential barriers SGM individuals face when pursuing STEM education
and training, original research must explore the experiences of SGM students within STEM
learning settings beginning in the elementary or secondary school levels. Indeed, research on
gender and racial diversity in STEM has emphasized the importance of creating comprehen-
sive “pathway” practices in elementary and secondary schools, including mentoring and
internships, to support UR students throughout the education and training trajectories [8].
Research shows fostering diverse learning environments helps promote retention at all stages
of the education and training process and may help mitigate the impacts on how UR students
perceive their own abilities based on societal messaging around race and gender [9,10]. This,
and other research, also shows UR students in secondary school take fewer courses in math-
oriented fields and need additional support for sustaining confidence and interest in these
areas [9,11,12]. Further research underscores how supporting aspiring scientists through men-
torship and hands-on research experiences early in their education trajectories promotes
retention in STEM for women and UR students [13].

Following the abundant research on gender and racial/ethnic underrepresentation in
STEM, a sustained examination of the experiences of SGMs will augment the research on
young people who aspire to further their education in STEM fields and the barriers they may
face. A broad base of robust research on SGM students’ experiences will help in the develop-
ment of strategies to fortify the pipeline for supporting and retaining aspiring SGM scientists.
This report considers the experiences of secondary-school students who identify as SGM and
have indicated interest in pursuing STEM coursework and/or careers in the future.

A paucity of research on SGM STEM experiences

Research estimating the proportion of aspiring scientists who identify as SGM remains scant.
Results of one nationally distributed survey for first-year college students (“The Freshman Sur-
vey”) found that among 4,325 students who provided data on their sexual and gender identities
and academic intentions, 11.9% of those intending to pursue STEM identified as SGM

(n =515) [14]. While this rate is higher than the percentage of individuals from the general US
population who choose to disclose their LGBTQI status in national surveys, which has hovered
around 4.5% for many years [15], it is similar to or less than the proportion of estimates focus-
ing on Millennial (10.5%) and Gen Z (20.8%) age cohorts, which would be closer age-matched
to the Freshman Survey [16]. Thus, it is difficult to draw conclusions about the proportion of
scientists who identify as SGM relative to the general population given available evidence.
Regardless, understanding SGM students’ experiences as aspiring members of the STEM
workforce is an important contribution to the literature on STEM pipeline disparities.
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The limited research that does exist on climate issues suggests that SGMs’ experiences
within the STEM pipeline are not positive. In a large dataset (n = 4,162) of students across 78
higher education institutions, SGM-identified students aspiring to STEM majors were 9.5%
less likely than their heterosexual and/or cisgender counterparts to remain in science by the
end of their fourth year of college, despite being more likely to pursue research experiences as
part of their studies [17]. In a qualitative study of SGM engineering students, participants
described having strong engineering identities, but also described a relative silence around
SGM identities in the sciences and concerns about potential discrimination in their future
careers [18]. Their concerns are justified; SGM employees working in STEM fields within fed-
eral agencies report poorer treatment and lower satisfaction than non-SGM employees.
Alarmingly, SGM individuals face some of the highest levels of harassment among NIH
employees [19,20]. Other research points to educational climate issues affecting SGMs. This
patchwork of research paints an alarming picture of SGM experiences in STEM, beginning
early in the educational pipeline and into career stages.

The theoretical basis of this research is the literature on science identity, which spans the
fields of psychology and qualitative education research [21,22]. The concept of science identity
is broad and refers generally to how people define themselves and self-present as scientists.
Much of the research on science identity focuses on undergraduate or graduate students who
have decided to pursue STEM education. For example, research on women of color in under-
graduate and graduate biology programs has described how adverse experiences in STEM
training environments interfere with students’ science identities. This research demonstrates
that a person’s science identity and pursuit of success are “disrupted by the interaction with
gendered, ethnic, and racial factors" [21]. Thus, the components of science identity important
to this paper are experiences of adversity (i.e., anti-SGM bullying) and their association with
sense of belonging in STEM learning environments and perceptions of STEM climate.
Although this paper does not utilize formal measures for science identity, in part because the
subjects of our research do not yet have hands-on experience in STEM training environments,
it explores factors known to have negative effects on retention of minoritized individuals. As
such, this report serves as an entrée into the relationship between adversity and perceptions of
and intentions towards science education.

Social marginalization often referred to as minority stress in the context of SGM popula-
tions is a well-established factor in the health and quality of life in SGM populations [23-25].
While some models conceptualizing bully and harassment as a climate issue [26], the literature
on minority stress has conceptualized this specific form of social marginalization as operating
on multiple levels of the social ecology and multi-faceted such as direct experience of discrimi-
nation, anticipated discrimination, and internalized discrimination [23-25]. Social marginali-
zation, which includes bullying, harassment, or lack of support from peers and mentors based
on sexual/gender identity, has been identified as a potential barrier to retention in STEM for
SGM individuals. Among adult SGM professionals in STEM fields, social marginalization may
take the form of workplace harassment and other forms of exclusion or lack of recognition
[27]. The logical analogue among young people in the context of secondary school is anti-
SGM bullying, which may be conceptualized as a precursor to other SGM-specific marginali-
zation experiences in college and the workforce.

Although point estimates vary, prevalence of bullying among SGM youth has been 50% or
higher in some studies, including school-based and cyber bullying [28,29]. Anti-SGM bullying
has been linked to a variety of negative outcomes among SGM adolescents, including depres-
sion, anxiety, substance abuse, low self-esteem, and suicide [28]. While no known studies have
examined the effects of bullying on STEM pipeline outcomes for SGM students, general
research on bullying victimization has been linked to negative educational outcomes,
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including reduced school belonging, academic disengagement, reduced academic aspirations,
and poor academic performance [28]. Many of these academic outcomes could preclude or
disadvantage an individual from entering or persisting in the highly competitive world of
STEM careers.

While these findings describe the consequences of social marginalization on the overall aca-
demic performance and well-being of SGM adolescents, they do not speak directly to the
impacts of adolescent experiences of social marginalization. Nor do they fully address anti-
SGM bullying as a potentially influential determinant of STEM engagement situated within
the life-course of would-be STEM professionals. Rather, this report is the first of its kind to
examine the experiences of pre-college students who identify as SGM and demonstrate interest
in continuing in STEM as they further their education. More specifically, this report addresses
these questions:

o Are there differences in STEM intent across fields by gender, sex assigned at birth and sexual
identity?

o Is anti-SGM bullying related to sense of belonging in STEM classes and perceptions of class-
room climate among pre-college students?

o Are sense of belonging and perceptions of STEM climate associated with STEM intent in
SGM students?

Method
Study design and recruitment

Data for this cross-sectional study were collected between July 2019 and July 2020 primarily
through social media advertising, which promoted participation in an ongoing HIV preven-
tion trial. More details on this trial have been described elsewhere [30]. Those that did not
meet the eligibility requirements for that ongoing study were redirected to a separate survey
focusing on STEM perceptions. To be eligible for this study, participants had to be between
13-18 years old and live in the U.S. Eligible participants completed an online consent form.
Upon survey completion, participants were entered into a raffle to win one of twenty $25 gift
cards. All these procedures were approved by Northwestern Institutional Review Board
(STU00201997) with waivers of parental permission [31].

Description of sample. There was a total of 539 participants. All participants provided
data on all measures used in this study. Table 1 presents a descriptive summary of the sample.
Almost half (n = 266; 49.35%) of participants indicated an intent to enroll in a STEM field. The
sample reported, on average, that they experienced some degree of bullying, with few (n = 5;
>1.0%) participants indicating that they were never bullied because of their sexual or gender
identity at school in the past year. Participants were also asked about sense of belonging in
STEM learning environments, or how they felt in math or science class. Participants generally
reported a neutral sense of belonging in math class and in science class, meaning that they did
not particularly feel thrilled or miserable in those classes. Similarly, perceived STEM climate of
LGBQ people and for transgender people were also distributed normally around a neutral
score (approximately five out of ten).

Measures

Anti-SGM bullying. Marginalization experiences were conceptualized as anti-SGM bully-
ing in the school setting. A 10-item measure was used to assess SGM-related experiences of
bullying in school in the past year [32]. Each question-item (e.g., “In the past year, how often
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Table 1. Description of the sample of sexual and gender minority secondary school students in the U.S. (n = 539).

Count %
Age (categorical)
1319 3.53
14 | 51 9.46
15| 105 19.48
16 | 135 25.05
17 | 160 29.68
18 | 69 12.80
Gender Identity Cisgender men | 292 54.17
Transgender men | 191 35.44
Non-binary | 34 6.31
Cisgender & Transgender women | 22 4.08
Sexual Identity Gay/Lesbian | 276 51.21
Bisexual | 135 25.05
Pansexual | 55 10.20
Queer | 36 6.68
Unsure/Questioning or other sexual identity | 37 6.86
Race/Ethnicity
White | 307 57.00
Latinx/Hispanic | 119 20.22
Black/African American | 25 9.83
Asian | 35 8.72
AI/NA/NH/OPI | 7 4.08
Multiracial | 46 8.5
STEM Intent 266 49.35
Unless noted, N = 539 Skew Kurtosis (SE) Range
(SE)
Age -44 (.11) -.52(.21) 13.08-18.84
Bullying 37(.11) -11(.21) 1-5
Affective Experiences -.24 (.11) -.85(.21) 1-10
Sense of belonging in math class
Sense of belonging in science class -46 (.11) -.61(.21) 1-10
Perceived STEM Climate
How welcoming people in STEM fields are of LGBQ people 13 (.11) -.63(.21) 1-10
How welcoming people in STEM fields are of transgender people .60 (.11) -.34 (.21) 1-10

https://doi.org/10.1371/journal.pone.0268769.t001

have you been physically assaulted at your school because you are LGBTQ?”) was rated on a
5-point scale (1 = never, 5 = frequently), and averaged to create a total score (o = .86).

Sense of belonging in STEM learning environments. Sense of belonging in STEM learn-
ing environments was operationalized using the Institutional Belonging Scale by more broadly
adapting it to assess the level of belonging students felt in math and science classes [33]. This
measure has been shown to measure African American college student’s sense of belonging in
the university (o = .92). Findings showed that participants with higher sensitivity to race-based
rejection reported a significantly lower sense of belonging. For the current analysis, four ques-
tion-items were developed for each type of class (e.g., “Think about how you feel in math class,
how thrilled/excited are you in the class?”), rated on a 10-point scale (1 = miserable to be there,
10 = very thrilled), and averaged to create two scores: one for math (o = .90) and one for sci-

ence (o0 = .91).

Perceived STEM climate. Perceived STEM climate was operationalized using adapted
items from the college campus climate study [34]. In this case SGM identities were separated
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Table 2. Exploratory bivariate analyses of intended college field of study by gender identity and sexual identity.

STEM Fields
Computer, Engineering Life Sciences Mathematics Medical Sciences Physical Sciences
Information Science
n, (%) Sig. | n, (%) Sig. n, (%) Sig. | n, (%) Sig. | n, (%) Sig. n, (%) Sig.
Gender Identity®
Cisgender & Transgender women 2(9.1%) 0.072° | 4(182%) | 0.012°* | 2(9.1%) 841° | 2 (9.1%) 012%% | 3(13.6%) | .255° | 3 (13.6%) 406"
Non-binary 5(14.7%) 2 (5.9%) 5(14.7%) 4 (11.8%) 3(8.8%) 3(8.8%)
Transgender men 13 (6.8%) 9 (4.7%) 25 (13.1%) 4(2.1%) 31(16.2%) 14 (7.3%)
Cisgender men 48 (16.4%) 43 (14.7%) 47 (16.1%) 36 (12.3%) 68 (23.3%) 38 (13.0%)
Sexual Identity* Unsure/Questioning or other | 6 (16.2%) | 0.843° |6 (16.2%) | .182° 2 (5.4%) 414 | 4(10.8%) | .182° | 4(10.8%) |.414 |6(162%) |.573"
sexual identity
Queer 3(8.3%) 0 (0%) 6 (16.7%) 5(13.9%) 5 (13.9%) 1(2.8%)
Pansexual 5(9.1%) 3 (5.5%) 5(9.1%) 11 (20.0%) 11 (20.0%) 5(9.1%)
Bisexual 17 (12.6%) 18 (13.3%) 19 (14.1%) 22 (16.3%) 22 (16.3%) 15 (11.1%)
Gay/Lesbian 37 (13.4%) 31 (11.2%) 47 (17.0%) 63 (22.8%) 63 (22.8%) 31 (11.2%)
Other Fields
Art Business Education Humanities Journalism, Social Sciences
Communications
n, (%) Sig. n, (%) Sig. n, (%) Sig. | n, (%) Sig. | n, (%) Sig. n, (%) Sig.
Gender Identity®
Cisgender & Transgender women 1 (4.5%) 0.696° | 1(4.5%) 0.048>* | 3 (13.6%) 553° | 4(18.2%) 391 | 1(4.5%) 341° | 4(18.2%) 532
Non-binary 4(11.8%) 4(11.8%) 7 (20.6%) 10 (29.4%) 6 (17.6%) 12 (35.3%)
Transgender men 28 (14.7%) 12 (6.3%) 22 (11.5%) 57 (29.8%) 21 (11.0%) 61 (31.9%)
Cisgender men 34 (11.6%) 47 (16.1%) 32 (11.0%) 63 (21.6%) 21 (7.2%) 79 (27.1%)
Sexual Identity  Unsure/Questioning or other | 4 (10.8%) 0.977° | 4 (10.8%) 678° 6 (16.2%) 779° | 10 (27.0%) 414 | 8 (21.6%) 178° | 11 (29.7%) 406
sexual identity
Queer 5(13.9%) 4 (11.1%) 6 (16.7%) 14 (38.9%) 6 (16.7%) 16 (44.4%)
Pansexual 7 (12.7%) 6 (10.9%) 7 (12.7%) 15 (27.3%) 4(7.3%) 19 (34.5%)
Bisexual 15 (11.1%) 11 (8.1%) 14 (10.4%) 35(25.9%) 11 (8.1%) 36 (26.7%)
Gay/Lesbian 36 (13.0%) 39 (14.1%) 31(11.2%) 60 (21.7%) 20 (7.2%) 74 (26.8%)
“n may vary.
PFisher’s Exact Test.
*p<.05
p<.01
*** p <.001.

https://doi.org/10.1371/journal.pone.0268769.t002

into two categories: 1) lesbian, gay, bisexual, queer (LGBQ), and 2) transgender. One item was
used for each identity group to measure participant perceptions of the extent to which people
in STEM fields are welcoming to the specific identity group listed (either LGBQ or transgen-
der). For example, the question regarding LGBQ individuals read: “How welcoming do you
think people in STEM fields are of LGBQ people?” The degree of welcome was then assessed
on a 10-point scale (1 = not at all welcoming, 10 = very welcoming).

STEM intent. Participants were asked to select all the fields of study that they intended to
enroll in. These individual fields were used in an exploratory bivariate analysis (see Table 2).
We then created a dichotomous variable to indicate interest in enrolling in a STEM field (com-
puter/information science, engineering, life sciences, mathematics, medical sciences, or physi-
cal sciences).

Demographic characteristics. Participants reported their birthdates (used to calculate
age), their sex assigned at birth (male, female, or intersex) and gender identity (male, female,
transgender, non-binary, genderqueer/gender non-conforming, or other). These items were
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part of the parent study on HIV and follow guidance for assessing transgender identity from
lead transgender health researchers [35]. Sex assigned at birth and gender identity were col-
lapsed into a single variable, which included “cisgender man,” “woman,” “transgender man,”
and “non-binary” (non-binary, gender non-conforming or other gender identities). The “cis-
gender woman” and “transgender woman” categories were combined into a single woman cat-
egory due to limited representation in this sample. Participants self-reported their sexual
identity, which was also recoded due to limited representation of certain identities into the fol-
lowing: gay/lesbian, bisexual, pansexual, queer, and unsure/questioning or other identity. Sim-
ilarly, participant’s race/ethnicity data were recoded into the following groups: White, Latinx/
Hispanic, Asian, Black or African American, American Indian/Native Alaskan/Native Hawai-
ian/Other Pacific Islander (AI/NA/NH/OPI), or multi-racial.

Analytic plan

Data were analyzed using SPSS 27, and all 539 participants provided data on all measures used
in this study. Descriptive statistics were calculated and used to assess assumptions for planned
tests (e.g. normality). A confirmatory factor analysis based on eigenvalues, using maximum
likelihood extraction and direct oblimin rotation was conducted to assess both of the adapted
sense of belonging in STEM learning environments scales. A series of Pearson correlations
were conducted to examine associations among bullying, sense of belonging in STEM learning
environments, perceived STEM climate, and STEM intent. An exploratory bivariate analysis
(Chi-square test of independence, and Fisher’s exact test) was conducted to examine the distri-
bution of sexual identities, and gender identities in each intended field of study. Simple logistic
regression analyses were employed to assess the relationships among demographic characteris-
tics, bullying, sense of belonging in STEM learning environments, perceived STEM climate,
and STEM intent. Following those analyses, multiple regressions were employed to generate
adjusted estimates of effects on sense of belonging in STEM learning environments, perceived
STEM climate, and STEM intent. Standardized beta coefficients, standard errors, and adjusted
odds ratio (aOR), and 95% confidence intervals are reported accordingly. We also investigated
outliers in bullying, sense of belonging in STEM learning environments, and perceived STEM
climate using the interquartile range method. There was only one outlier case found within
STEM bullying. We conducted sensitivity analyses excluding this case and found no differ-
ences in our results. Our approach to dealing with Type-I error rate inflation due to multiple
comparisons included employing an alpha correction that adjusted the false discovery rate
using the Benjamini-Hochberg procedure, and we report the corrected significance levels [36].
G*Power [37] was used to perform an a priori power analyses for linear and logistic regression
analyses to determine a sufficient sample size. For small to medium effect sizes (.20 or greater)
among planned linear regression analyses and a minimum odds ratio detection of 1.5 among
logistic regression analyses, our analyses are well-powered (power = .99; o. = .05) given our
sample sizes.

Confirmatory factor analysis. The factor structure of the four question-items comprising
each of the sense of belonging in STEM learning environments scales were examined. Initial
eigenvalues indicated that Factor 1, comprised of 4 items assessing sense of belonging in math
class, explained 76.97% of the variance with factor loadings ranging from .720 to .926. A one
factor solution was preferred because of its previous theoretical support, and the scree plot and
eigenvalues ‘leveled off after one factor. Similarly, initial eigenvalues indicated that the single
factor, comprised of four items assessing sense of belonging in science class, explained 78.40%
of the variance with factor loadings ranging from .750 to .918. Likewise, a one factor solution
was preferred because of its previous theoretical support, and the eigenvalues and scree plot
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‘leveled off after one factor. Overall, this exploratory factor analysis indicated that one distinct
factor explained SGM adolescent responses to each of the sense of belonging in STEM learning
environments scales, and that both factors displayed excellent internal consistency.

Results
Exploratory descriptive analysis of intended fields of study

Table 2 presents the chi-square analyses used to determine the bivariate associations between
fields of interest (sorted STEM and non-STEM) and demographic characteristics (gender
identity and sexual identity). In our sample, the associations between gender identity and the
following intended fields of study were significant: computer/information science, engineer-
ing, mathematics, and business. Cisgender and transgender women were most likely to be
interested in engineering followed by cisgender men, non-binary participants, and then trans-
gender men. Cisgender men were most likely to be interested in mathematics followed by
non-binary participants, cisgender and transgender women, and then transgender men. Cis-
gender men were most likely to be interested in business followed by non-binary participants,
transgender men, and then cisgender and transgender women. There were no significant asso-
ciations between sexual identity and intended field of study.

Examining associations with sense of belonging in STEM learning
environments and perceived STEM climate

A correlation matrix is presented in Table 3. There was a statistically significant, negative rela-
tionship between participant’s age, and bullying, and participant’s perceptions of how welcom-
ing people in STEM fields are of transgender people. There was a statistically significant,
negative association between bullying, and sense of belonging in STEM learning environments
and perceived STEM climate. Sense of belonging in math class was significantly, positively
associated with perceptions of science class, perceived STEM climate, and STEM intent. Per-
ceptions of science class was significantly, positively associated with perceived STEM climate
and STEM intent. There was a significant, positive association between participant’s percep-
tions of how welcoming STEM fields are of LGBQ people, and STEM intent and how welcom-
ing people in STEM fields are of transgender people. Finally, there was a significant, positive
association between STEM intent, and participant’s perceptions of how welcoming STEM
fields are of transgender people.

Table 3. Means, standard deviations, and pearson correlations of age, bullying, sense of belonging in STEM learning environments, perceived STEM climate, and
STEM intent.

Variable M SD 1 2 3 4 5 6 7
1. Age 16.57 1.30 -

2. Bullying 2.43 0.70 -.18%** -

3. Sense of belonging in math class 5.98 241 -.04 -.347* -

4. Sense of belonging in science class 6.90 2.21 .02 -21% AT -

5.Welcoming of LGBQ people 5.68 2.21 -.05 =297 33+ 28%**

6. Welcoming of transgender people 4.36 2.41 -.10* =27 297 274 .78 *** -

7. STEM intent 0.49 0.50 -.04 -.06 297 28+ 16 %% .16 %% -
p<.05

“*p<.01

% p < 001

https://doi.org/10.1371/journal.pone.0268769.t003
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Table 4 presents the adjusted estimates. All four multiple regression models were signifi-
cant: sense of belonging in math class (F(13,525) = 13.610, p < .001, R* = .252), sense of
belonging in science class (F(13,525) = 4.520, p < .001, R*=.101), how welcoming people in
STEM fields are of LGBQ identities (F(15,523) = 8.907, p < .001, R* = .203), and how welcom-
ing people in STEM fields are of transgender identities (F(15,523) = 7.832, p < .001, R* =
.183). After adjusting for covariates and applying a p-value correction for multiple tests the fol-
lowing observations were made. Cisgender and transgender women had a significantly lower
sense of belonging in math class compared to cisgender men. Transgender men had signifi-
cantly lower sense of belonging in STEM learning environments, and a significantly lower
sense of how welcoming people in STEM fields are of LGBQ people. Non-binary students had
a significantly lower sense of how welcoming people in STEM fields are of LGBQ people only.
Relative to gay/lesbian participants, queer participants reported a significantly lower sense of
belonging in math class. Older age was significantly, negatively associated with participant’s
sense of belonging in math class and how welcoming people in STEM fields are of transgender
people. Relative to white peers, Black participants reported lower sense of how welcoming
STEM fields are for LGBQ people. Experiencing bullying was significantly, negatively associ-
ated with sense of belonging in STEM learning environments and perceived STEM climate
across all four outcomes. Participant’s sense of belonging in math class was positively associ-
ated with their perceptions of how welcoming people in STEM fields are of LGBQ people.
Finally, participant’s sense of belonging in science class was significantly, positively associated
with their perceptions of STEM climate across both outcomes.

Examining associations with STEM intent

Table 4 also presents the adjusted logistic regression analysis. Only participants that had higher
levels of sense of belonging in STEM learning environments, were significantly more likely to
intend on enrolling in a STEM field.

Discussion

This is the first analysis to examine barriers to STEM fields among SGM secondary school stu-
dents, building on a small body of literature highlighting significant barriers to success in
STEM fields among SGM scientists and a higher degree of marginalization experiences com-
pared to their non-SGM peers [18-20,27]. Overall, nearly half of participants intended on pur-
suing a STEM discipline, which is higher than roughly 25% in general samples [38,39].
However, previous research observed that 9.6% fewer SGM will graduate with a STEM degree
relative to their non-SGM peers [17]. This analysis indicates that issues related to the STEM
pipeline begin early for SGM. In particular, this analysis establishes anti-SGM bullying impacts
STEM outcomes among SGM secondary school students, which runs parallel to research
addressing the experiences of UR individuals and women [1]. When placed in the context of
existing literature, these results suggest that barriers to SGM representation in STEM are per-
vasive across the pipeline. “Leaks” earlier in the pipeline in secondary school pose risks to per-
sistence in STEM and can diminish the representation of SGM-individuals at later stages of
the pipeline.

Sense of belonging, perceptions of STEM climate and STEM intentions
among SGM adolescents
This study was innovative in its use of SGM-specific measures, including perceived acceptance

of LGBQ identities and perceived acceptance of transgender identities in STEM classroom set-
tings. It is important to measure SGM-specific experiences within STEM climates to discern
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Table 4. Multiple linear and logistic regressions examining influences on Sense of belonging in STEM learning environments and perceptions of STEM climate.

Affective Experiences Perceptions of STEM Climate
Sense of belonging in math Sense of belonging in Welcoming of LGBQ people | Welcoming of transgender STEM
class science class people Intent
Bagj (SE) | Standardized Bagj (SE) | Standardized Bagj (SE) | Standardized Bagj (SE) | Standardized aOR (95%
Badj Badj ﬁadj Badj CI)
Gender Identity
(Cisgender men ref.)
Cisgender & -1.24 -.10 -0.42 -.04 -0.16 (0.47) | -.01 -0.27 -.02 0.76 (0.30-
transgender women (0.48)* (0.49) (0.51) 1.96)
Non-binary -0.82 -.09 -0.84 -.09 -1.25 -.14 -0.91 -.09 0.88 (0.40-
(0.41) (0.42) (0.40)** (0.43) 2.03)
Transgender men -1.23 -25 -0.78 -17 -0.80 -17 -0.54 -11 0.77 (0.49-
(0.22)** (0.22)** (0.22)** (0.24) 1.21)
Sexual Identity (Gay/
Lesbian ref.) -0.62 -.07 0.43 (0.38) | -.05 0.08 (0.37) |.01 0.08 (0.40) | .01 1.15 (0.54-
Unsure/Questioning (0.38) 2.45)
or other sexual identity
Queer -1.41 -15 -0.60 -.07 0.13(0.39) |.01 -0.14 -.01 0.91 (0.40-
(0.39)** (0.40) (0.42) 2.07)
Pansexual -0.57 -.07 -0.50 -.07 0.35(0.32) | .05 0.63 (0.35) | .08 0.86 (0.44—
(0.33) (0.34) 1.70)
Bisexual -0.25 -.04 0.04 (0.23) | .01 0.20 (0.22) |.04 -0.03 -.01 1.11 (0.70-
(0.23) (0.24) 1.76)
Race/Ethnicity (White
ref) 0.11 (0.82) | .01 -0.53 -03 0.58 (0.80) | .03 0.72 (0.86) | .03 3.84 (0.62—
AI/NA/NH/OPI (0.83) 23.51)
Asian 0.92(0.38) | .09 0.40 (0.39) | .04 0.09 (0.38) |.03 0.33(0.40) | .03 2.76 (1.18-
6.45)
Black/African- 0.11 (0.45) | .01 0.09 (0.45) | .01 -1.09 (0.43) | -.10* -0.76 -.07 1.01 (0.41-
0.47) 2.47)
American Latinx/
Hispanic 0.39(0.24) | .07 0.16 (0.24) | .03 0.08 (0.02) |0.02 0.29 (0.24) | .05 0.93 (0.58-
1.47)
Multiracial -0.04 -0.35 0.09 (0.45) | .01 0.12(0.33) | 0.02 -0.24 -.03 1.76 (0.90-
(0.34) (0.36) 3.47)
Age -0.18 -.11 -0.03 -.02 -0.15 (0.07) | -.09 -0.25 -.14 0.99 (0.86—
(0.07)* (0.07) (0.08)** 1.14)
Bullying -0.91 -.26 -0.48 -15 -0.59 -.18 -0.70 -.20 1.35 (1.00-
(0.14)** (0.14)** (0.14)*** (0.15)** 1.83)
Sense of Belonging in - - - - 0.13 (0.05)* | .14 0.09 (0.05) | .09 1.21 (1.10-
1.33)*
math class
Sense of Belonging in - - - - 0.15 14 0.18 17 1.20 (1.09-
(0.05)** (0.05)** 1.32)*
science class
Welcoming of LGBQ - - - - - - - - 0.98 (0.86-
people 1.12)
Welcoming of transgender - - - - - - - - 1.08 (0.96—
people 1.22)

All the analyses utilized the full sample (N = 539). The SE, Standard Error.
* p < .05 after correction
** p < .01 after correction

ok

p < .001 after correction.

https://doi.org/10.1371/journal.pone.0268769.1004
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these unique experiences. This analysis observed that STEM belonging was associated with
perceptions of SGM-specific STEM climate. This finding is important, as it suggests a connec-
tion between early classroom experiences and overall perceptions of STEM fields. Moreover,
we observed an association with STEM sense of belonging and STEM intentions, which under-
lines the potential for early consequences of diminished sense of belonging in STEM courses
among SGM adolescents. Taken together with existing literature, our findings suggest the pos-
sibility of enduring consequences of early perceptions of STEM field and provide additional
evidence that the SGM population should be considered within the broader category of under-
represented individuals in STEM, as categorized by NIH and NSF.

Anti-SGM bullying as a barrier to sense of belonging and perceptions of
STEM climate

This analysis establishes anti-SGM bullying in schools as a unique form of social marginaliza-
tion impacting STEM career identity among SGM adolescents. This analysis observed that
anti-SGM bullying is correlated with discomfort in STEM classrooms as well as perceptions of
acceptance of SGM people in STEM climates in general. While previous literature has estab-
lished a high degree of social marginalization among SGM STEM professionals [13,27], these
findings differ in that anti-SGM bullying in schools (i.e. not exclusive to STEM contexts) may
have a detrimental impact on experiences of the science classroom and development of science
identity.

The science identity literature emphasizes “recognition” as one key element of science iden-
tity formation. That is, recognition by oneself and by others (such as peers or teachers) as a
“science person” is critical to the development of a stable science identity, particularly at the
early stages of education and training. Initial self-identification with and persistence in science
rely on frequent affirmation from others. This literature also establishes that development and
maintenance of science identity may be interrupted by discrimination or signs of prejudice
against one’s social group [21]. Similarly, the literature on sense of belonging in education has
emphasized “social integration” and peer group connection as critical elements. Social integra-
tion and peer group connection may refer to opportunities for racial/ethnic group identifica-
tion and engagement with peers inside and outside of the classroom. While research in this
area has focused on higher education and racial/ethnic marginalization, the ability to form
socially affirming connections with students who are similarly identified (in our case, SGM)
and share interest in an area of coursework (in our case, math and science) is relevant to our
findings [22].

At minimum, experiences of anti-SGM bullying in schools should be considered as a poten-
tial barrier to developing positive STEM identity for SGM adolescents. However, future
research should also examine the ways in which stigmatization may happen within contexts
specific to the STEM pipeline or be perpetrated by others within STEM (such as STEM teach-
ers or classmates), because it is possible that bullying experiences that are more closely linked
to the STEM context may have more influence on STEM pipeline related outcomes. Moreover,
future research should address other factors beyond bullying that have been studied for
women and UR in STEM, such as the examples provided in STEM curriculum (e.g. most sci-
entists portrayed as cisgender heterosexual men) and available mentorship (e.g. most STEM
teachers being cisgender heterosexual men).

Subgroup differences among SGM

This analysis was also innovative in that it examined the potential differences by gender and
sexual identity among SGM adolescents, which are generally treated as a homogenous category
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in existing literature. We observed diminished sense of belonging among queer-identified par-
ticipants relative to gay/lesbian-identified participants in the model for sense of belonging in
math class as well as in bivariate associations with sense of belonging in science class and
STEM climate. As individuals who identify as queer often report attractions to more than one
gender, like bisexual or pansexual individuals (often referred to as bi+), this result is consistent
with literature suggesting that bi+ populations are more at risk for stigma and discrimination
resulting in negative mental health outcomes as compared to heterosexual and gay/lesbian
peers [40]. We observed a similar pattern for pansexual and bisexual participants in bivariate
associations with sense of belonging in math class; however, it is unclear why we would not
observe a difference for bisexual individuals in adjusted models as well. Given the lack of pre-
existing literature examining subgroups this result suggests a clear direction for future
research.

Moreover, we observed differences by gender identity. Significant bivariate associations
were observed across computer science, engineering, mathematics, and physical sciences,
though sample sizes were small. While the pattern was not completely consistent, transgender
men had the lowest proportion of intention in all four of these fields and women had one of
the lowest proportion of intent in computer science and mathematics. In multi-variable mod-
els, non-binary individuals and transgender men consistently reported lower sense of belong-
ing and more negative perception of STEM climate. These findings build on the known
problems of underrepresentation of cisgender women in STEM professions, by broadening
these findings to women more broadly, non-binary individuals and transgender men. Taken
together, these subgroup associations highlight the importance of considering differences
across various SGM identities in future examination of STEM-related outcomes with a need
for closer examination of bi+ populations, non-binary, and transgender populations.

Implications for the field

This analysis suggests a need for research and interventions to address STEM outcomes
among SGM. Researchers seeking to increase SGM representation in STEM may look to exist-
ing interventions aimed at increasing STEM representation among cisgender girls, UR stu-
dents, though such interventions have had mixed results [34,41,42]. They may also look
toward other initiatives aimed at increasing SGM representation in secondary school curricu-
lum [43] and decreasing bullying among SGM students [44]. Moreover, federal agencies that
fund research on STEM participation should collect data on SGM demographics, fund relevant
projects, and incorporate these data into their assessment of underrepresented populations.

Limitations

This study had many strengths, including a geographically and racially diverse sample as well
as SGM-specific measures. Even so, there are some limitations to consider. First, the sampling
is cross-sectional and non-random. This limits the generalizability of the findings and the abil-
ity to make assumptions of causality. Second, the measure of anti-SGM bullying, while focused
on the school context, was not specific to STEM. Future studies should consider anti-SGM bul-
lying exclusively within STEM environments. Measures could also be expanded to encompass
other forms of discrimination and stereotyping, such as adverse experiences with teacher and
mentors or feelings of exclusion. Further analysis should also explore both the sexual identity
and gender identity dimensions of bullying and how these relate to sex-based discrimination
in the context of STEM. While the incorporation of multiple SGM identities in this study is a
strength, power to detect smaller effect sizes may be limited due to the sample size. Future
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studies should employ sampling techniques to maximize the power to detect differences across
subgroups within SGM adolescents.

Conclusion

This is the first study to examine antecedents of SGM representation in STEM fields among
adolescents. The findings suggest that issues of belonging, perceived STEM climate, and STEM
intention are already present in adolescence. Moreover, the findings also establish the relation-
ship between anti-SGM bullying and STEM outcomes highlighting the importance of this
marginalization experience. Future research should further examine sub-group differences
and the persistence of these effects. These findings highlight the need for research and inter-
vention addressing STEM outcomes in SGM populations across developmental periods.
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