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Abstract

Lesbian, gay, bisexual, trans, queer, and other marginalized gender and sexual identities

(LGBTQ+) face unique barriers to participation in the sciences rooted in cis-heteronormativity

and heterosexism. We need to expand conversations on LGBTQ+ advocacy in science beyond

personal beliefs and actions, and toward the recognition of structural and societal barriers to

participation.  In this paper, we review how structural deficits and cis-heteronormativity serve

as barriers to LGBTQ+ inclusion, well being, and participation in science. To ground this

conversation in a shared understanding of LGBTQ+ oppression and liberation movements, we

highlight important historic events that aid in understanding current issues, including the

historic and ongoing role of science in the lives and rights of LGBTQ+ people.

1. Introduction

Recently, scholars in science, technology, engineering, and mathematics (STEM) fields have

started to acknowledge exclusive and oppressive practices and have provided preliminary

recommendations for creating more welcoming, inclusive, and diverse STEM education and

practice spaces [1–4], including in the biological sciences [5,6]. Emerging recommendations are

broad and include individual behavioral adjustments as well as necessary systemic and

structural changes [6–8]. To expand on this growing body of literature, we focus on LGBTQ+

identities and explore in detail barriers to creating inclusive biology fields and fields within

STEM at large.

Although there is increasing discussion of LGBTQ+ representation and inclusion in STEM,

recommendations have focused on simple steps to increase inclusivity, including highlighting

similarities between LGBTQ+ and heterosexual researchers despite acknowledging lack of

inclusion [9]. The recommendations have focused largely on individual action, including correct

pronoun use and nonbinary gender options [5,10]. These initial resources and actions are a start

for signaling inclusion through personal actions, yet fall short of acknowledging systemic

injustices such as housing and medical access, variable experiences dependent on specific

LGBTQ+ identities, and the lag associated with advocacy in structured organizations.

As people with LGBTQ+ identities have historically been omitted from classroom settings [11],

teachers are often ill prepared to engage with LGBTQ+ topics [12]. By providing a brief history,

we not only place LGBTQ+ people back within our historic understanding, but also contextualize

current issues facing the LGBTQ+ community. We describe existing systemic barriers to basic

needs such as housing and medical care to show continuing issues faced by the LGBTQ+

community, with special attention paid to how those barriers impact people working in science

[e.g., 13]. We also discuss how LGBTQ+ identities persist in heterosexist [14] and
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cis-heternormative [15,16] cultures, with added stressors and compartmentalization navigating

being ‘out’ [17]. All of these  factors ultimately impact retention and success in STEM (Figure 1)

[3,18,19].

Figure 1-LGBTQ+ historic discrimination has increased contemporary structural, systemic, and societal
barriers for LGBTQ+ people, which has lead to negative LGBTQ+ experiences in STEM and lived
experiences outside of STEM. These barriers also increase the difficulty of conducting ethical and
affirming research on LGBTQ+ identities, negatively impacting retention in STEM. Structural and societal
barriers create positive feedback loops where structural barriers increase social stigma and social stigma
increases anti-LGBTQ+ legislation and policies. However, LGBTQ+ research done in ethical and affirming
methodology can increase retention, and may decrease discriminatory perceptions and systems.
Furthermore, lived experiences of LGBTQ+ people can inform research, which, in turn, can improve lived
experiences.

The biological sciences are among these STEM fields that require reform to increase LGBTQ+

inclusion [20]. For one, LGBTQ+ people face significant barriers to academic practice in

biological fields [21,22][21]Many college Biology instructors fear coming out to their students

[17], despite the potential mentorship benefits for biology students [23]. [21]have a

complicated history interacting, including, and researching LGBTQ+ identities [20,24,25].

Box 1. The diverse positionalties from which the author team approached this paper, adapted from Coon

et al. (2022).
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Here, we hope to provide a resource for biology educators, mentors, and LGBTQ+ students and

researchers and provide a resource for individuals working towards diversity, equity, and

inclusion in STEM. We start by providing a brief history of LGBTQ+ oppression, resilience, and

advancement, acknowledge the complicated history science has with LGBTQ+ identities, and

discuss systemic and social barriers experienced by LGBTQ+ people. Then we discuss how these

broader issues impact LGBTQ+ individuals in STEM. We hope that this paper informs and roots

advocacy in appropriate contexts moving biology and STEM fields towards a better, more

inclusive future.

1. A brief LGBTQ+ history

To understand contemporary barriers of LGBTQ+ people working in science, we must examine

how oppression is rooted in historic anti-LGBTQ+ policies and discrimination (Figure 2). This

means looking to LGBTQ+ history, which is often omitted [12], and considered unimportant in

science [26]. Describing LGBTQ+ history is challenging, because what we do know can be

incomplete due to criminalization or erasure of LGBTQ+ identities [27,28]. Thus, we attempt to

approach this topic with humility, understanding we cannot do justice to vibrant,

context-specific, multicultural LGBTQ+ histories. Although a full account is beyond our scope,

here we highlight a few western historical moments that contextualize current barriers faced by

LGBTQ+ people in science specifically and society generally.

Temporality of Terminology

LGBTQ+ terminology has shifted over time, making it challenging to frame historic movements.

For instance, “homosexual” was popularized by sexologists in the 19th century, and “gay”

became an alternative in the early 1900s, becoming popular by the 1970s. During the

1950s-1980s, trans people were commonly referred to as “transsexuals” and “transvestites,”
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which refer respectively to people seeking medical transition and to people who cross dress.

However, these terms were created not by trans people, but rather by cisgender medical

professionals [29]. The term “lesbian” also appeared in the 1960s and 1970s, with “queer”

appearing in the 1990s, and “LGBT” in the later 1990s and 2000s. By the 2010s, expansive

inclusion and naming of identities became popularized [30], and “Sexual and Gender Minorities

(SGM)” is gaining traction. There are also shifts in pejorative terms, with some reclaimed within

the LGBTQ+ community and even rejoining mainstream vernacular (e.g., “queer”). These

discussions are anything but semantic, as it’s important to highlight that modern day identities

are historically represented despite contemporary terms not being historically used. In an effort

to be as inclusive as possible, we use the acronym LGBTQ+ throughout this paper.

World War II

We begin with World War II, an era marked by genocide and violence towards multiple

minoritized identities, with lasting impacts on LGBTQ+ policies and research. One early act by

Nazis was the destruction of Jewish sexologist Magnus Hirschfield’s library, where extensive

research on sexuality and gender identity was conducted [31]. Nazis also expanded upon

anti-gay laws, specifically Paragraph 175 [32], increasing persecution of homosexuals [31]. Nazis

sent gay people to concentration camps for ‘re-education’ [33], but also targeted lesbian

people, defining them as “anti-social” or “political enemies” [34]. Within the concentration

camps, gay people were marked with a pink-triangle and were used for unethical scientific

research and labor [31–33], and lesbian people were classified with a black triangle [34]. Nazis

kept LGBTQ+ and Jewish individuals at the bottom of prisoner hierarchies [31]. LGBTQ+

individuals were often isolated from other prisoners, with higher rates of both suicide and

Nazi-sanctioned rape [32,34]. Anti-LGBTQ+ sentiment in this era was not limited to the Nazi

regime. The United States passed a law in 1952 to exclude “homosexual” people, including

concentration camp survivors, from entering the country [31]. LGBTQ+ survivors were at risk of

re-imprisonment, so did not disclose concentration camp experiences after the end of World

War II [28].

The Lavender Scare

In the U.S. post-World War II, LGBTQ+ identities were often conflated with communism and

sexual deviance [30,35,36] under Executive Order 10450. The Miller Sexual Psychopath Law of

1948 was one of the first legislative pieces to confuse pedophilia with homosexuality, an

inaccurate comparison that still harms LGBTQ+ individuals to this day [30,36]. Along with the

rise of McCarthyism of the 1950s came the moral panic, the Lavender Scare, in which both

legislation and bureaucratic policies banned LGBTQ+ individuals from working in the federal

government, including scientific positions [35].
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The Lavender Scare involved invasive interrogation, blackmailing, and dismissal of gay and

lesbian workers, who were thought to be dangerous, deviant, and allied with communism

[35,36]. The United States globalized this policy by pushing allies to adopt similar policies [36].

This federal ban predominantly impacted white LGBTQ+ individuals, as racial discrimination

already prevented Black, indigenous, and People of Color (BIPOC) LGBTQ+ individuals from

serving in government roles [35]. Although the exact numbers are difficult to trace, the

Lavender Scare resulted in an estimated five to tens of thousands of lesbians and gay men losing

their jobs and lasted until 1975 when the Civil Service Commission removed homosexuality

from the morality clause [30,36].

https://app.readcube.com/library/7c9c400b-0005-4714-9b58-dd8f06672666/all?uuid=8116256304449813&item_ids=7c9c400b-0005-4714-9b58-dd8f06672666:b65923b2-1d76-4fd0-8461-9d60fb868322,7c9c400b-0005-4714-9b58-dd8f06672666:b729b512-80b2-4ec7-8429-dca31bdd0758
https://app.readcube.com/library/7c9c400b-0005-4714-9b58-dd8f06672666/all?uuid=32509480444211314&item_ids=7c9c400b-0005-4714-9b58-dd8f06672666:b729b512-80b2-4ec7-8429-dca31bdd0758
https://app.readcube.com/library/7c9c400b-0005-4714-9b58-dd8f06672666/all?uuid=8104569334163568&item_ids=7c9c400b-0005-4714-9b58-dd8f06672666:b65923b2-1d76-4fd0-8461-9d60fb868322
https://app.readcube.com/library/7c9c400b-0005-4714-9b58-dd8f06672666/all?uuid=6454970429599194&item_ids=7c9c400b-0005-4714-9b58-dd8f06672666:8b7ab678-879c-4d24-9ab8-735860789a6c,7c9c400b-0005-4714-9b58-dd8f06672666:b729b512-80b2-4ec7-8429-dca31bdd0758&options=%7B%22manual_text_override%22%3Anull%2C%22items%22%3A%7B%227c9c400b-0005-4714-9b58-dd8f06672666%3Ab729b512-80b2-4ec7-8429-dca31bdd0758%22%3A%7B%22suffix%22%3A%22%22%7D%2C%227c9c400b-0005-4714-9b58-dd8f06672666%3A8b7ab678-879c-4d24-9ab8-735860789a6c%22%3A%7B%22suffix%22%3A%22%22%7D%7D%7D


Figure 2. Timeline of important eras, events, and court cases impacting the LGBTQ+ community
with a focus on the United States from 1935-2020.



LGBTQ+ Liberation Groups Form Amid Discrimination

Concurrent with the Lavender Scare, the police and FBI escalated their targeting of LGBTQ+

people [30,36]. During this time, lesbian and gay groups like the Mattachine Society and

Daughters of Bilitis formed as liberation groups [37,38]. The Mattachine Society had strong

protocols to protect members from the government, including registering the organization

under the names of heterosexual women [30]. The Daughters of Bilitis also began as a secret

society, becoming a group that focused on increasing community, advancing responsible

research, and removing homosexuality from the penal code [30].

Both were predominantly white, in part because racial differences meant that individuals

experienced homophobia in significantly different ways [38]. The Mattachine Society shifted

focus to lobbying and the courts due to the advocacy of Frank Kameny, an astronomer who lost

his job in the Lavender Scare [36,39]. This was reflected in the courts in 1969, when Clifford

Norton, a NASA employee who was fired for homosexual activity, won a court case against the

government [36].

Trans movements were also advancing, with the 1960s publication of Transvestia, the first trans

magazine [37]. Expression of trans identity was illegal at this time, and many trans people were

at risk, not only because cross-dressing was a crime, but also because often trans people had no

other source of income besides survival sex work [40,41]. In this climate, seeds of trans

resistance began to grow. The first widely documented instance of trans resistance to police

violence was in San Francisco in 1966, at Compton’s Cafeteria [29]. The riot at Compton’s

Cafeteria began with police arresting people for cross-dressing. Gay and trans patrons

responded in solidarity by striking back at police, smashing windows, and preventing arrests

[29]. Although this riot was unsuccessful in securing long-term changes, it marked the beginning

of a forceful, working class, and queer resistance to police violence [27].

The Stonewall Riots

These liberation movements, in the context of increased policing and societal alienation, laid

the groundwork for the Stonewall Riots in 1969. The Stonewall Inn, where the riots occurred,

was like many gay bars at the time – Mafia-owned and private [27]. The Stonewall would

experience police raids, leading to intrusive anatomical searches of trans women and cis-men in

drag [27]. During a police raid on June 27, 1969 [27], the arrest of 3-5 transwomen and drag

queens incited riots [27] with a butch, biracial drag-king lesbian, Storme DeLarvarie, initiating

the protest[42].

The patrons forced the police to seek refuge within the barand 3 days of violent, yet joyous,

protests ensued [27]. These riots were not covered by mainstream media outlets, but, from

local coverage, “swishes'' and “sissies'' were instrumental in protecting targeted people and
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maintaining a jovial atmosphere through “camp,” including singing, dancing, and jibes towards

police [27]. Importantly, this history positions transwomen, effeminate people, and butch

lesbians, all of whom break from heteronormative gender presentation, at the center of LGBTQ+

liberation. The Stonewall Riots inspired the establishment of the first Pride celebration as an

annual commemorative event.

Post Stonewall Liberation Efforts

Post Stonewall, there was a divergence between the gay/lesbian and trans communities, with

friction between the two. The gay movement tried to distance itself from the trans movement

due to the pathologization of trans identities, prioritizing political movements for LGB identities

[27,37]. Trans liberation groups included the Street Transvestite Action Revolutionaries (STAR)

founded and supported by BIPOC trans activists Sylvia Rivera and Bubbles Rose Marie, and

Marsha P. Johnson [27]. STAR focused on mutual-aid and solidarity-based support amongst sex

workers, providing lodging, food, and protection to youth [43].

The lesbian and gay movements often were not intersectional (sensu Crenshaw 1989). Black

women, especially Black trans women, were particularly excluded, experiencing both racism

and sexism [27]. The growing LGB civil rights movement resulted in the election of the first

openly gay man, Harvey Milk, to the San Francisco Board of Supervisors in 1977 , who increased

acceptance by encouraging people to come out and supporting inclusive policies, before he was

assassinated in 1978 [44].

HIV and AIDS

LGBTQ+ liberation and rights movements were tragically interrupted by the HIV/AIDS (originally

termed gay cancer and Gay-Related Immune Deficiency) crisis of the 1980s and 1990s [37,45].

The AIDs crisis reached a peak in 1995, with more than 10,000 annual deaths of men who have

sex with men, although this peak is likely due to increased surveillance and documentation

efforts [46]. The US government purposefully ignored this disease under President Reagan [45].

In response, organizations like ACT UP formed. ACT UP used the pink triangle from World War II

concentration camps as its symbol, adopting the slogan “Silence = Death”[28], referencing

genocide due to government (in)action and the incredible loss of life. Since HIV/AIDS was largely

associated with gay men, it conflated homosexuality with the disease, perpetuating stigma [37].

Ongoing Legal Protections and Progress

AIDS became more manageable with medications in the 90s and 2000s [37], but violence and

discrimination still excluded LGBTQ+ individuals from many parts of society. LGBTQ+ identities

only became protected under hate crime laws in 2009 with the Matthew Shepard and James

Byrd Jr. Hate Crimes Prevention Act, named after Matthew Shepard, a gay man who was beaten,

tortured, and killed near Laramie, WY in 1998, and James Byrd Jr., a Black man who was

tortured and lynched by white supremacists in Jasper, Texas. Exclusionary policies included legal
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discrimination in employment based on sexual orientation and gender identity. One example of

this is “Don’t Ask, Don’t Tell,” a Clinton-era military policy that barred LGBT people from openly

serving in the military from 1993-2011.

Although the 2010s saw some LGBTQ+ movements achieving mainstream support, a majority of

these focused on conformist gains rather than holistic LGBTQ+ community protection and

inclusion [47–49]. Furthermore, protections were and still are often piece-meal and based on

state legislatures. For example, Illinois abolished its anti-sodomy law in 1962, yet federal courts

did not rule anti-sodomy laws unconstitutional until 2003 in Lawrence v. Texas, and 16 states

still have codified anti-sodomy laws, with individuals being charged with sodomy as recently as

2015, including arrests for sodomy by police stings 2011-2013 with at least 12 men arrested

[50–52]. Same-sex marriage was similar, with a state-by-state approach to legalization after The

Defense of Marriage Act (1996) was ruled unconstitutional in United States v Windsor (2013).

The state-legislative push is an ongoing pattern for both rights-movements and discriminatory

laws. For instance, efforts to ban conversion therapy are proceeding state-by-state, and is still

legal in 22 states (LGBTMap.org). There has also been a mounting backlash to the increasing

rights and social acceptance of LGBTQ+ people, especially trans people. As of March 20, 2022,

there have been 238 anti-LGBTQ+ bills filed across the USA, 154 of which target trans people,

especially trans youth [53]. Bills banning trans children from participating in school sports, bills

requiring teachers to report trans kids to their parents, and bills outright banning trans

healthcare for minors have exploded in state legislatures [53]. This state-legislature patchwork

highlights the importance of local advocacy efforts, and the deficiency of current federal

protections.

Summary

LGBTQ+ history still has heterogeneous lasting effects in the United States, including within

academia. Inclusive policies are not ubiquitous, and LGBTQ+ researchers continue to navigate

harmful policies and laws. Despite institutions or departments wanting to be inclusive, there

may be anti-LGBTQ+ legislation or inadequate protections for LGBTQ+ students or researchers.

Due to our history and current legislation, LGBTQ+ identities are inherently political. Although

legislation and policy create non-uniform issues with access and inclusion between states,

there’s further conflict created by systemic issues directly impacting LGBTQ+ identities as well.

2. Systemic and Structural Barriers lead to Exclusion

Housing

Students continue to face increasing housing insecurity, homelessness, and food insecurity [54],

negatively impacting academic success [55]. Disownment, lack of family support, continued
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(and lasting) effects of structural inequality [56], and negative experiences in schools [57], are

systemic, financial, and emotional barriers that all limit LGBTQ+ access to academia. Although

national statistics on LGBTQ+ homelessness are limited, one national survey found around

one-third of trans participants reported experiencing homelessness at one point in their lifetime

[58]. Lack of access to shelter services and housing create additional difficulties (Friedman et al.

2013, Grant et al. 2011, [59], especially for trans women of color [60].

Rates of homelessness in LGBTQ+ populations appear to be on the rise such that, between 2016

and 2020 the number of trans adults experiencing homelessness rose 88% and the number

without shelter rose 113% (or 63% of the homeless trans population as compared to 49%

unsheltered homeless cisgender people) increasing vulnerability to a wide range of mental and

physical health issues [61]. Sexual orientation data related to homelessness is less prevalent, as

it’s not a recorded demographic statistic for U.S. Department of Housing and Urban

Development, but estimates for LGBTQ+  adult homelessness ranges from 9-30% [62], and

pathways into homelessness may directly or indirectly be due to sexual orientation and/or

gender identity [56].

Healthcare

Along with systemic housing and food insecurity, LGBTQ+ healthcare also lags behind that of

cis-heterosexual healthcare, especially in rural areas of the US [63–65], Adequate healthcare

access is a priority area for LGBTQ+ issues [65]. Trans and nonbinary people in particular report

negative experiences with health care providers [63], increasing avoidance of services and

exacerbating mental health concerns [e.g., 66]. Medical schools and workplace training do not

prepare students to work with LGBTQ+ [67,68] or BIPOC [69–71] clients adequately, creating

further  disparities for BIPOC LGBTQ+ clients [72–74] Many medical students are likely relying on

self-education for LGBTQ+ competency [75], or medical professionals may claim LGBTQ+

proficiency through false equivalency with other minoritized identities [68].

Furthermore, insurance often does not cover LGBTQ+ needs to the same extent as it covers for

cis-heterosexual individuals [68], particularly as some affirming medical care is considered

cosmetic by insurance companies [65,76,77]. There is also difficulty in accessing insurance when

there is gender-specific coverage (e.g. coverage of cancer screenings), or gender-affirming care

is considered cosmetic [e.g., mastectomies, breast augmentation, hair grafts, voice therapy, etc.;

,76,77]. Even LGBTQ+ organizations, like the Human Rights Campaign, may not adequately

assess comprehensive trans healthcare policies [76], requiring an added burden navigating

insurance and healthcare for trans and nonbinary individuals.

These barriers are present within university and college systems as well. LGBTQ+ students

disproportionately use university healthcare resources but also report discrimination and poor
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health service based on LGBTQ+ identities at 4.5 times the rate of cis-heterosexual students

[78]. There is a pervasive lack of supportive systems, especially for trans individuals, nonbinary

individuals, and women [78,79]. Inclusive provisioning of base-necessities needs to be

structurally addressed and understood [68,78,79] to increase inclusion within the biological

sciences and academia broadly. Scholars and LGBTQ+ people themselves continue to advocate

for a move toward an affirming model in spaces across the academic landscape (i.e., housing,

medical services, mental health, and so on) to counteract the barriers and discrimination that

LGBTQ+ students face [7,80].

3. Social and Cultural Barriers lead to Exclusion

The impacts of cis-heteronormative expectations on LGBTQ+ individuals

In addition to structural and systemic barriers in place for LGBTQ+ individuals, there are further

socio-cultural considerations. Just as we persist in a cis-hetero-patriarchy [81], our social

constructs are often based on heteronormativity [15], cisnormativity [16], and heterosexism

[14], to the detriment of LGBTQ+ individuals. Heteronormativity confers societal power and

privilege to the exclusion of LGBTQ+ individuals [15]. With both heteronormativity and

heterosexism intertwined with colonialism and racism [14,82], LGBTQ+  discrimination is

correlated with discrimination based on sex and race [3,14] and includes the erasure and

oppression of Indigenous concepts of gender [82]. When individuals deviate from these

compulsory ideals, they may face discrimination and assault [14,15,26,83]. LGBTQ+ identities

create a unique onus on individuals to find their community, identity, and culture, rather than

being born into and raised within LGBTQ+ culture.

In addition to external risks due to divergence from cis-hetero-normativity and heterosexism,

there are also personal impacts on LGBTQ+ individuals. For example, there is often increased

anxiety if someone is worried of being ‘outed,’ and individuals may internalize expectations of

heteronormativity, causing added stress [14]. Furthermore, bisexual individuals may experience

increased depression and anxiety, as bisexual individuals often experience isolation and feel

unwelcomed by lesbian and gay communities, yet experience homophobia and heterosexism

from heterosexual individuals [14,84].  Also, the amount of privilege someone has socially is

correlated to how well someone conforms or adheres to heteronormative expectations [14].

This is one reason why intentional acts of pushing back against heteronormativity and

celebrating LGBTQ+ identities is meaningful, as it disrupts social systems of privilege [14].

These systems operate at  a societal level, but are persistent in STEM and academia as well.

There is often an urge to separate identity from the workplace [1], but fundamentally we

cannot separate LGBTQ+ identities from ourselves [18]. Education systems become microcosms
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where social dynamics are exacerbated and heteronormativity is reinforced [15,18,49,85]. Out

individuals in STEM face more discrimination and stigma than individuals that are not out [2,26].

Academic success and persistence

Housing and healthcare can both increase costs for LGBTQ+ students, impacting overall initial

access to academia, and heteronormativity and heterosexism can increase socio-cultural

barriers. However, even once within educational institutions, struggles due to LGBTQ+ identities

still persist. First, academia does not just persist within a patriarchy, but within a

cis-hetero-patriarchy which interacts with different LGBTQ+ identities in different manners

[81,86]. Gay men, regardless of race, tend to receive more bachelors degrees, with this

attributed to compensating from increased ostracization and victimization, forming the “Best

Little Boy in the World” hypothesis, a form of resilience [81]. However, women that behave

more masculine tend to receive “bad girl penalties” form school authorities, with Black lesbians

particularly excluded from bachelor degrees [81]. Trans individuals also face barriers, with

around half not being out, and 17% withdrawing from schools due to negative treatment [58].

Structural and social systems are changing rapidly, so the experiences of LGBTQ+ individuals are

dependent on age  as well, and cohort-based research is needed to better understand LGBTQ+

academic success and trends [81].

Graduate school adds further stressors, with close to 50% of graduate students reporting

experiencing psychological distress during their graduate studies. However, the levels of distress

are even higher for LGBTQ+ graduate students [7,87]. In addition to the high pressure,

performance-based environment of graduate school, LGBTQ+ people must navigate a wide

range of structural, interpersonal, and individual stressors that negatively impact health such as

discrimination, erasure, lack of access to affirming health care, restrictive cultural norms, and

difficulty accessing resources [7]. Overall, LGBTQ+ individuals, particularly trans and gender

non-conforming individuals, experience increased difficulty in accessing housing and healthcare,

impacting mental health and ability to access academia.

4. LGBTQ+ identities in STEM

Decisions to be Out in STEM

Heteronormativity and heterosexism create dangerous environments and fraught internal

conflicts for LGBTQ+ individuals to navigate within the biological sciences and STEM at large.

Due to ‘norms of impersonality’ in STEM, being out can be considered too personal for the

workplace [1,17]. Discussing LGBTQ+ identities leads to exclusion and discomfort in science

departments, and can damage LGBTQ+ scientists’ careers [2,3,17]. Out individuals are more
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likely to consider leaving STEM fields due to increased discrimination and victimization, risks

that are worse in rural areas [2,88–90]. This can lead to compartmentalization where LGBTQ+

scientists separate their LGBTQ+ identities from their professional science identities [48]. This

may be particularly strong in locations where LGBTQ+ identities are criminalized or face social

stigmatization [91]. This forced invisibility of identities can lead to the alienation of LGBTQ+

individuals who do not see LGBTQ+ representation within their scientific instructors and

mentors [1].

However there are benefits to being out in STEM as well. In addition to benefits of

representation for LGBTQ+ students, being out as an LGBTQ+ scientist is linked to increased

academic productivity in some contexts [19], and has mental health benefits [90,92]. Navigating

these costs and benefits related to being “out”  and context-specific risks may lead to increased

mental burden on LGBTQ+ biologists and scientists. LGBTQ+ scientists can be caught between

feeling responsible for being out to their students and mentees, while simultaneously navigating

workplace hostility [93,94].

LGBTQ+ experiences and retention in STEM

LGBTQ+ individuals in science experience 30% more harassment than cisgender, heterosexual

colleagues, in addition to having access to fewer resources, worrying more about repercussions

of reporting negative work environments, experiencing professional devaluation, and feeling

like they do not fit in with colleagues [95]. The issue of ‘fit’, a nebulous criteria often used to

rank candidates applying to academic positions, can exclude LGBTQ+ individuals from jobs. This

is especially salient for queer and trans people of color and those who do not get to choose

whether they are out as LGBTQ+ due to societal norms and assumptions about gendered

appearances [96–98].

The result of these patterns of exclusion is a lack of retention of LGBTQ+ students  in science

[96]. Among undergraduate students who entered college intending to complete a degree in

STEM, students belonging to a sexual minority were 7% less likely to still be in a STEM major

after four years despite LGBTQ+ students engaging in undergraduate research 8.3% more than

straight students [99]. LGBTQ+ people remain underrepresented in science fields [1,100,101]. A

survey of undergraduate students at 18 research universities found that only 40% of queer

students majored in STEM fields compared to about 47% of students who identified as straight

[101]. This trend continues as LGBTQ+ people move into the workforce. In 2013, a survey of

people working for STEM-related federal agencies found that only 2.8% of respondents

identified as LGBT compared to 3.4% of the general population [100].

Trans people are impacted especially strongly by these disparities, with trans students being

15% less likely to pursue STEM degree than their cisgender peers [101]. There is also a stronger
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impact on gay men than on women. For example, one study found that men in same-sex

partnerships were 12% less likely to have a degree in STEM than men in different-sex

partnerships [102] despite the fact that gay men are 18.8% more likely to earn a bachelor’s

degree than straight men [81]. Women in same-sex and different-sex relationships were equally

likely to earn a bachelor’s degree in a STEM field [102].

Importantly, finding a position in an inclusive organization or college is not a simple solution to

problems LGBTQ+ scientists face. For one, invisibility and erasure are common even at

welcoming scientific environments, with LGBTQ+ scientists not featured in classes because

LGBTQ+ identities are not seen as salient to science [26] and historically difficult to identify [28].

Furthermore, LGBTQ+ scientists, even those who are out in more welcoming environments, can

still feel pressure to self-censor aspects of their LGBTQ+ identities and assimilate into

heteronormative expectations [93]. Second, looking for more inclusive employers can be limited

by a lack of financial resources. Many conservative or religious schools, which are common

higher education workplaces in many regions of the U.S., remain unwelcoming or dangerous for

LGBTQ+ faculty and students. LGBTQ+ faculty have been not hired, fired, or dismissed for

violating morality clauses [103] as recently as 2020, when an ecologist was forced to resign due

to marrying a same-sex partner [104].

5. Science and research on LGBTQ+ identities

Scientific research and clinical theory surrounding LGBTQ+ identities require thoughtfulness,

diligence, and self-reflection. It may be hard to maintain objectivity when reading studies that

focus on LGBTQ+ people, but it is a vital part of detecting the insights and bias that may show

up in LGBTQ+ past, present, and future research. Accurate interpretation of research is further

complicated because not all studies of LGBTQ+ people are conducted with scientific rigor and

may even jeopardize the well-being and safety of LGBTQ+ people. However, well-designed

studies share a few common characteristics that make them easier to detect.

Valid and reliable studies of LGBTQ+ people are conducted with appropriate consultation,

representation, and/or input from the LGBTQ+ community.  Dependable results consistently

indicate that LGBTQ+ people benefit from inclusion, affirmation, and  protection from

discrimination and marginalization. When studies of LGBTQ+ people detect issues faced by

community members (e.g., elevated depression, anxiety, and suicidal ideation), they provide

appropriate context for elevated distress and can propose interventions that may reduce

distress and increase resilience in LGBTQ+ populations.

By contrast, poorly-designed research and clinical practices are often constructed in bad faith as

they atempt to justify discrimination and marginalization of LGBTQ+ people. Biased studies have

the potential to harm members of the LGBTQ+ community and be misused by bad actors [105].
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For this reason, biologists and other scientists must consider the social and political implications

of their research or clinical practice recommendations, and understand the complex and

ongoing history of LGBTQ+ oppression that continues to be falsely justified through poorly

constructed or even malevolent studies.

Bias in Scientific Foundations

Science has long regarded sexual and gender minorities as topics of research, with early studies

treating non-cis-hetero peoples as aberrant or diseased [105]. Inherent in this approach is the

incorrect assumption that deviations from heterosexism are a result of physiological, biological,

or cultural abnormalities [106,107]. This led homosexuality to be described as a disorder in the

first Diagnostic and Systamatic Manual of Mental Disorders [DSM; 108], which was used to

justify laws that barred LGBTQ+ people from any number of occupations and encouraged

inhumane and barbaric efforts to “cure” same sex behaviors [109].

In addition, the medicalization and misunderstanding of gender and sex has resulted in genital

surgery on intersex children to fit binary concepts of phenotypes and chromosomes [110],

altering their body and understanding of self before they can consent or even have concepts of

gender and sex [111]. Surgeries on intersex infants currently occur, but are being contested,

with bioethical arguments focusing on waiting until a patient can provide consent [111].

Biological and Psychological Sciences

In addition to clinical understanding of LGBTQ+ identities, psychological and biological research

on LGBTQ+ people became a focal point for a small pool of researchers in the 1950s. Studies

from this time showed that same-sex sex behavior was more widespread that previously

believed in humans [112,113] and non-human animals [114]. The “gay gene”, first proposed in

1993, hypothesized a genetic cause for same-sex behavior. The assumption of biological

determinism that comes along with this hypothesis carries complicated implications within the

LGBTQ+ community.

Biological determinism is the belief that people’s social identities are predicated on biology or

genetics, and has been used to subjugate marginalized identities, including LGBTQ+ people

[115,116]. As genetic and genomic research has increased, there are continuing

misinterpretations of genetics relating to social standing, race [115], sex, and gender [117]. For

instance, genome-wide association studies continue to infer causal relationships between

genetics and same-sex phenotypes [116] despite the studies being correlative in methodology,

and only finding weak correlations [118].
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Researchers need to consider the complexity inherent in studying the role of biology in LGBTQ+

identities. Although establishing a biological basis for LGBTQ+ identities may support inclusive

policies [119], it also poses risks both by creating scientific gate-keeping of identities, where

genetic metrics must be met to establish identity. Or, if a genetic explanation is not found, it

may inadvertently support arguments that sexual orientation and gender identity are

“preferences” or “choices.” Importantly, biological explanations do not decrease internalized

homonegativity [120]. Some LGBTQ+ people worry that genetic ties to LGBTQ+ identities may

lead to eugenics or limited access to medical care, but others may view genetic inquiry as

possibly affirming or increasing access to affirming medical care [121,122]. There are also

implications for cis-heterosexual individuals, with accepting cis-heterosexual individuals often

believing that LGBTQ+ identities are biological or genetic, yet biological arguments do not

decrease negative perceptions of LGBTQ+ people in cis-heterosexual people who already are

negatively biased towards LGBTQ+ identities [123].

Towards  inclusion and considerations in research

It was only after extensive challenges by LGBTQ+ activists and scientists that the American

Psychiatric Association took efforts to reverse course [124], with homosexuality being removed

from the Diagnostic and Statistical Manual (DSM) as a diagnosis in 1973 [125]. However, change

was slower to come for trans people, with clinical terminology changing from gender identity

disorder for children and transexualism for adults under DSM III in 1973, to solely gender

identity disorder under DSM IV in 1994, and  gender dysphoria in 2013 to decrease stigma

[125,126]. Currently, gender dysphoria is included in the DSM V, and is considered a less

stigmatizing disorder, though people and activists continue to debate the appropriateness of

gender dysphoria diagnosis [125,127–129]

The media also has a role to play in the public’s understanding of the scientific basis of LGBTQ+

identities. For instance, media outlets have published debates on the legitimacy of LGBTQ+

identities that are often rooted in biological essentialism [130]. Additionally, the controversy of

the gay gene or genetic correlations to homosexuality has dominated scientific news reporting

sites since the 1990s, and has become common rhetoric despite the lack of scientific support

[121]. Research has found that increased exposure to lay articles and news coverage that

promote biological determinism about sex-differences increases prejudice against trans

individuals [117]. Studies with very small, biased samples with major flaws have received a

significant amount of media attention [131]. Such research can be twisted to fit narratives about

the “unnaturalness” of LGBTQ+ individuals by groups like the Family Research Council or

trans-exclusionary radical feminists (TERFs, aka “gender critical feminists”) that revert to

biological essentialism arguments [130]. Researchers need to consider how their research may

be (mis)represented.
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Given the troubled history of LGBTQ+ research, the production of biased research, and the skew

perpetuated by the media, it is imperative that scientists and practitioners develop research

literacy that reaches beyond their own specialization or scientific discipline. When scientists,

researchers, and other professionals become too siloed and/or fall behind on current research

findings, they run the risk of perpetuating damaging biases that further marginalize LGBTQ+

people across STEM disciplines [132]. In particular, we would like to caution researchers against

relying on biological determinism as the primary argument for inclusion and recommend

working with LGBTQ+ communities to conduct high-quality research. Shifts toward greater

inclusion and affirmation of LGBTQ+ identities is reflected in other clinical and research fields

that focus on the effects of stigma on LGBTQ+ communities and methods to alleviate rather

than uphold stigma [108]. Rigorously conducted research on LGBTQ+ people is incredibly

important, as data on LGBTQ+ individuals lags behind other marginalized identities, making it

difficult to provide adequate care or resources.

6. Lack of data on LGBTQ+ Identities

The lack of attention and information on LGBTQ+ homelessness [62], medical care [133], and

history [33], is continued in the lack of understanding about LGBTQ+ identities and experiences

in science [1], particularly for trans and gender non-conforming people in higher education [7].

For instance, the National Science Foundation does not track LGBTQ+ identities [134], despite

LGBTQ+ advocacy for demographic inclusion [1,95] and known benefits of data collection

[2,3,95].

In STEM, more attention has been given to the role of gender in harassment, focusing on the

different experiences of men and women from a binary perspective [2,135]. A better

understanding of the presence and experiences of LGBTQ+ people in STEM is limited by

research on LGBTQ+ identities in higher education and in science that has largely focused on

undergraduates, with less information available about graduate students, faculty, and other

professional scientists [134,136]. Data are also lacking about the presence and experiences of

BIPOC and disabled people in science, identities which intersect with LGBTQ+ identities and are

severely under-represented in STEM and data [1,48]. This lack of data collection is due to the

common view that LGBTQ+ identities are non-consequential [137], or that studies on LGBTQ+

identities may lead to harassment of the researcher themself [138].

We first recommend that institutions and researchers should collect data. Data on collection on

marginalized identities in STEM through climate and other surveys should include LGBTQ+

identities and follow ethical guides such as the Vanderbilt University Survey guide [139] for

LGBTQ+ people [2,3]. Although small sample size may lead to aggregation [131], disaggregation

of both identity and discipline data allows better understanding of identity-specific experiences
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in different STEM contexts, especially since we know that LGBTQ+ experiences vary between

disciplines such as the life sciences and engineering [26,136,140,141]. We also recommend

institutions reference the growing and valuable findings from qualitative social science, where

experiences of marginalized identities in science can be contextualized within broader

narratives and systems [1]. We cannot address disparities if we do not know who exists in

science, and not including LGBTQ+ identities in our studies leads to further erasure and

marginalization.

7. Conclusion

In order to reduce barriers in Biology and STEM at large for LGBTQ+ people, we need to have

advocacy for structural change and social inclusion rooted in historic context. Here, we hope to

provide an introduction to systemic and social barriers for LGBTQ+ people in biological fields,

emphasizing the impacts of historic and ongoing disenfranchisement in STEM. Understanding

contemporary issues through the lens of history allows us to note changing landscapes and

address long term as well as novel issues in an adaptive framework for inclusion. Younger

generations are identifying more with LGBTQ+ identities [142], with barriers for LGBTQ+

individuals impacting a growing population. Understanding LGTBQ+ history frames this

increased identification as correlating with increasingly affirming policies, laws, and societal

acceptance [142].

Despite increasing protections, LGBTQ+ individuals still experience discrimination. Steps

towards inclusion within STEM fields have focused predominantly on individual changes to

increase inclusion [e.g., 5,10]. These steps, including things such as allowing people to provide

pronouns, passively signaling inclusion through stickers, and using inclusive language, are easily

enacted and are a great starting point, but there are structural and systemic issues that also

need to be addressed within STEM and society at large. Through incorporating small steps

towards change and framing the steps in a larger framework, we hope to emphasize the

recommendations towards inclusion by other papers [e.g., 5,10], but we encourage people to

be aware of LGBTQ+ exclusion and discrimination within a broader framework and advocate for

policy, structural, and societal reform.

We recommend advocating for institutional change to include focusing on increased financial

support, housing, and physical and mental health resources as part of LGBTQ+ advocacy.  We

hope to support and provide a resource to the many people currently working to increase

inclusion within institutions, classrooms, and biological fields, with a specific focus to add

context to current and ongoing advocacy efforts. Through building on current and ongoing

recommendations and practices, we can expand advocacy to be comprehensive
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community-based and institutional to create a more inclusive STEM future rooted in LGBTQ+

history.
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