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Abstract

Despite progress made toward increasing women’s interest and involvement
in science, technology, engineering, and math (STEM), women continue
to be underrepresented and experience less equity and inclusion in some
STEM fields. In this article, I review the psychological literature relevant
to understanding and mitigating women’s lower fit and inclusion in STEM.
Person-level explanations concerning women’s abilities, interests, and self-
efficacy are insufficient for explaining these persistent gaps. Rather, women’s
relatively lower interest in male-dominated STEM careers such as computer
science and engineering is likely to be constrained by gender stereotypes.
These gender stereotypes erode women’s ability to experience self-concept
fit, goal fit, and/or social fit. Such effects occur independently of intentional
interpersonal biases and discrimination, and yet they create systemic bar-
riers to women’s attraction to, integration in, and advancement in STEM.
Dismantling these systemic barriers requires a multifaceted approach to
changing organizational and educational cultures at the institutional, inter-
personal, and individual level.
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INTRODUCTION

Picture a scientist. If you immediately conjured an image of someone such as Albert Einstein,
Stephen Hawking, or Louis Pasteur, you wouldn’t be alone. But does the ease with which we
associate the word “scientist” predominantly with men signal something about the subtle con-
straints to women’s entry and success in these fields? For example, everyone who received an
mRNA COVID-19 vaccine in 2021 is the beneficiary of work by scientist Katalin Karikó (Garde
& Saltzman 2020). However, she faced years of rejections from funders, colleagues, and journals
who did not share her vision that mRNA could be used to fight disease. Karikó’s story highlights
one woman’s success in science, but it is also easy to imagine that had she grown discouraged by
the roadblocks in her way, the course of the COVID-19 pandemic might have been irrevocably
changed. After all, despite the strides that women have made in entering and excelling in science,
technology, engineering, and math (STEM), disparities in gender diversity, equity, and inclusion
still persist (Corbett & Hill 2015, Gruber et al. 2021, Hill et al. 2010).

Over the past 15 years, psychologists have sought to identify the person and situational fac-
tors that best account for these disparities. In this article, I synthesize this literature and interpret
how these findings can be applied to foster greater inclusion for women in STEM. Importantly,
women’s underrepresentation in these fields need not always be the direct result of biased percep-
tions or discriminatory decision making on the part of gatekeepers or evaluators (Ceci et al. 2014).
Yet, as I will review, the persistence of gender stereotypes in the broader culture can constitute a
form of systemic bias that is often unacknowledged, especially by those in positions of power or
advantage. These cultural stereotypes subtly and perniciously shape women’s ability to feel a sense
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of fit and belonging in STEM by influencing people’s perceptions (of self and other), preferences
(for activities and values), and pursuits (of different careers). As a result, it can seem that many
gender disparities in STEM result from women’s own choices, without the recognition that those
choices can be constrained by systemic biases and gender stereotypes.

The primary focus of this review is on women’s underrepresentation in STEM fields, and thus
my use of the term “gender” primarily centers on women’s experiences as compared to men’s,
given that most of the existing research speaks to this binary classification of gender. That said,
people with other gender-diverse identities as well as women with intersectional and marginalized
identities with race, sexual orientation, age, social class, and disability status face barriers that are
in some ways similar to, but also distinct from, those encompassed in this review.When possible,
I draw attention to research speaking to these important extensions of this work.

Why Focus on STEM?

As mentioned above, STEM comprises fields of study and professions related to science, technol-
ogy, engineering, and math. Notably, these are not the only professions where women are under-
represented. In the academy, women are also remarkably absent from faculty rosters in fields like
philosophy, history, and music despite a common association of women with the humanities and
arts (Leslie et al. 2015). Gender segregation is pervasive among working class jobs as well, where
men are underrepresented in occupations related to care service, retail, and domestic work, and
women are underrepresented in construction and other trades (Evans 2021, Levanon & Grusky
2016). Importantly, and as I discuss more below, in many life science STEM professions, women
have achieved parity (Eagly 2021).

Given that a lack of gender balance is not unique to STEM,why focus on this particular cluster
of careers? Of course, any effort toward gender equality is motivated first and foremost by the de-
sire to create a more fair and just society where people have equal opportunities regardless of their
identities; but there are a few reasons to focus specifically on STEM careers. First, because STEM
fields are so closely connected to our understanding of the natural world and our construction of
the physical one, a lack of diverse perspectives carries heavy costs. We see this in many examples,
from the racial biases built into facial recognition software used to identify perpetrators of crime
to the lack of female and child-sized crash-test dummies that for decades led to an excess loss of
life in car crashes for women and children (Criado Perez 2019, Schiebinger 2021).

An additional motivation for focusing on STEM careers is that jobs related to engineering and
technology have the highest earning potential of any job category (Smith 2021). The dearth of
women in these occupations explains a substantial portion of the gender wage gap (Blau & Kahn
2017). In fact, although the gender wage gap has been narrowing considerably over the past two
decades in the United States, Blau & Kahn (2017) note that the gender gap has been closing more
slowly among higher wage-earners, many of whom work in STEM.

Finally, STEM careers are often the backbone of a country’s economy, given the role of sci-
ence in shaping innovation and of engineering in building infrastructure. Attracting more women
and underrepresented minorities to these fields can help meet labor shortages in some STEM
industries (Levanon et al. 2014) as well as fuel greater innovation and ensure that we have a more
comprehensive knowledge base (Fehr 2011). In fact, the acronym STEM was originally proposed
by the National Science Foundation (NSF) in the United States as a way to foster greater funding
and education to spark innovation in these fields (Dugger 2010).

Thus, although many of the processes discussed in this article also apply to other group dis-
parities and gender gaps, including the underrepresentation of men in HEED (health care, early
education, and domestic roles; Croft et al. 2015), the focus on gender disparities in STEM has
both historical and practical relevance.
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Diversity, Inclusion, and Equity in STEM

In reviewing disparities in STEM, it is important to recognize the distinctions between diversity
(e.g., are women underrepresented?), inclusion (e.g., do women feel a sense of fit and belonging?),
and equity (e.g., are women fairly rewarded for their contributions?). Research points to persistent
gender gaps in all three categories, though certainly there can be variation across time, place, and
institution. With respect to gender diversity, the most recent report from the NSF (Hamrick
2021) documents an increasing share of STEM degrees awarded to women over the past two
decades; however, as of 2018, women still made up less than a fourth of new bachelor’s degrees
awarded in physics (21%), engineering (22%), and computer science (20%). In contrast, in the
life and social sciences, new bachelor’s degrees were awarded proportionally to women (50–55%).
Mirroring these patterns in higher education, women are similarly if not more underrepresented
as academic scientists (Bello & Galindo-Rueda 2020). Consequently, some scholars have used
pSTEM (McPherson & Park 2021) to refer to the more specific cluster of physical (as opposed to
life or social science) STEM careers where women are most underrepresented.

With respect to inclusion, women often report facing a chilly climate in STEM careers such
as engineering (Fouad et al. 2011). Meta-analyses of full-time employees more generally reveal
that women, as compared with men, report greater experiences of incivility (Yao et al. 2022) and
harassment (McCord et al. 2018) as well as a sexist organizational climate (Sojo et al. 2016). Inter-
estingly, meta-analyses also suggest that the harm associated with less intense but more frequent
experiences of exclusion (i.e., a sexist culture) is similar to and at times stronger than the harm
caused by more intense and targeted sexism (Sojo et al. 2016). However, because these studies
have not examined moderation by field or occupation, it remains unclear if these challenges are
unique to or elevated in male-dominated STEM fields. Broad studies or meta-analyses of gender
inclusion in STEM are still needed, but they are hampered by poor-quality measures of inclusion
(Rezai et al. 2020).

Finally, many women in STEM report inequities in their career outcomes. For example, in a
2020OECD survey of academic scientists (Bello &Galindo-Rueda 2020), even though there were
no differences in the quality of work published by male and female authors based on citation rates
or journal prestige, women earned 5–6% less than their male peers, controlling for both individual
and job characteristics.This pay gap was particularly wide inmore lucrative careers in engineering,
computer science, and senior management. Thus, although progress toward gender equality has
been made in the life and social sciences, the physical sciences continue to be marked by persistent
gender disparities in representation, feelings of inclusion, and pay equity. Furthermore, even if
women and men produce scholarship of similar quality, the greater quantity of publications from
men in STEM likely fuels other disparities in awards, some types of grants, and salary (Aguinis
et al. 2018, Gruber et al. 2021).

Notably, the disparities outlined above are overall averages, but there is important variability
across time, countries, and specific organizations. For example, the ADVANCE program at NSF
has spent $15–20 million each year since 2002 to help transform institutional policies to foster
greater gender diversity in STEM (DeAro 2016). Evaluations of different programs point to the
efficacy of these interventions in increasing gender diversity among faculty, improving gender
climate, and instituting policies to mitigate work-life conflict; however, the lack of clear compar-
ison groups leaves some ambiguity in causal interpretation. Drawing on recent conceptual work,
I suggest that girls’ and women’s interest and advancement in STEM are often a function of their
ability to feel a sense of fit in STEM environments. I will next outline this framework and use it as
an organizing structure to review what is known about personal and situational factors contribut-
ing to women’s interest and experience in STEM. At the end of the review, I will consider various
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evidence-based strategies to foster greater diversity, inclusion, and equity in STEM by increasing
women’s fit in these fields.

THE CENTRAL ROLE OF PERSON-ENVIRONMENT FIT

The SAFE Model as a Framework for Understanding Gender Gaps in STEM

When given a choice, people often prioritize selecting an occupation that is a good fit (Rounds
& Su 2014). The concept of fit can be parsed as the complex integration of characteristics of the
person (their abilities, interests, goals, and values) and of the situation (what the career is, where it
is done, howwork is structured, andwho tends to do the work).Recently, I (alongwithConstantine
Sedikides) outlined a model detailing the way that people self-select into situations as a function
of three distinct types of fit that allow one to feel authentic in that setting (Schmader & Sedikides
2018). The SAFEmodel proposes that state authenticity is a signal of one’s fit to the environment.
Applied to gender gaps in STEM, the SAFEmodel assumes that state authenticity (i.e., being able
to express one’s true self ) is a key motivator of one’s attraction to, engagement with, and retention
in a field (see Figure 1). We all thrive in those places where we feel three kinds of fit: We want
to work in a field or workplace that fits how we see ourselves (self-concept fit), that affords our
goals and values (goal fit), and where our colleagues accept and respect us (social fit).We might be
attracted to a career for one of these types of fit (e.g., choosing engineering to fit one’s self-concept
as a tinkerer), only to be turned off later by the lack of another (e.g., the way work is structured
or a lack of respect from one’s colleagues).

The SAFE model can explain many of the choices we make, big and small, to enter some con-
texts and leave others. The novelty of the model lies in its ability to explain people’s choices to opt
out of culturally valued settings to self-segregate into others, even in the absence of clear bias or
discrimination. Understood through the lens of prevailing power structures and their justifying
cultural stereotypes ( Jost & Kay 2005), even when opportunities are made freely available to all
people, environments that are constructed and defined by one (often homogeneous) high-status
group of people can signal a lack of self-concept, goal, and social fit to those from more marginal-
ized backgrounds. This lack of fit creates an experienced sense of disfluency that characterizes an

Figure 1

State authenticity as fit to environment: applications to gender inclusion in STEM.
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inability to feel authentic in that context. As a result, those who feel marginalized might reason-
ably avoid or leave such careers due to a lack of fit; their decision then seems like one that is freely
chosen, rather than constrained by the structure of those situations. For others, prevalent cultural
stereotypesmight have shaped their abilities, self-confidence, or interest in stereotype-relevant do-
mains early on.Whether stereotypes affect aspects of the person or the environment, these hidden
constraints to the choices people feel they have are one core component of systemic biases.

Using this model as a framework, the review that follows synthesizes past research findings
related to gender disparities in STEM. The synthesis is guided by a central question: To what
degree are gender disparities in STEM due to women’s personal characteristics and abilities or
rather to environmental constraints that reduce the likelihood of feeling each of these types of fit in
STEM? Notably, these two sources of variance are not mutually exclusive, that is, environmental
factors serve to shape personal characteristics and vice versa, and the two can also interact in
complex ways. I summarize these sources of variance as distinct factors first and consider some of
these complexities later.

The Role of Cultural Stereotypes

Stereotypes are the cognitive representations that summarize the traits, abilities, attributes, and
preferences that are perceived to be associated with one group more than with another (Ellemers
2018).When explicitly reported, stereotypes represent a person’s consciously held beliefs about a
group. Distinct from these explicit beliefs are implicit stereotypes, measured as the concepts that
are automatically activated when a group category is brought to mind because of strong cognitive
associations in a person’s semantic network. Although such stereotypes exist in the minds of in-
dividuals, they are also products of the surrounding culture and context (Diekman & Schmader
2021, Payne et al. 2017). For example, countries that exhibit a stronger STEM = male implicit as-
sociation also tend to have fewer women majoring in STEM fields (Breda et al. 2020, Miller et al.
2015). Thus, our prevalent tendency to “think STEM, think male” is partly learned from the sys-
tematic underrepresentation of certain groups in certain roles (Eagly 1987, Koenig & Eagly 2014)
and is shared as cultural knowledge (Devine 1989). As such, I consider stereotypes primarily as an
environmental or cultural factor that has the potential to be internalized, thus shaping women’s
and men’s own self-concepts and personal preferences (Markus & Kitayama 2010). In this way,
stereotypes not only are descriptive of the status quo but also become prescriptive, creating social
friction when one steps outside of stereotype-congruent roles and enhanced feelings of fit when
one stays within those constraints (Eagly & Karau 2002).

There are several gender stereotypes that are relevant to women’s experiences in STEM. Some
of these are documented using explicit measures and others using more implicit techniques. For
example, in US public opinion polls over the last seven decades, women are explicitly stereotyped
to be more communal (e.g., caring, compassionate) than are men—a stereotype that has only
grown stronger in the United States since the 1940s. In contrast, men are stereotyped to be more
agentic (e.g., ambitious, aggressive) than women (Eagly et al. 2020). These communal and agentic
stereotypes set the stage for greater role congruity for women in care-oriented careers and for
men in positions of power and leadership (Brescoll 2016, Croft et al. 2015, Eagly & Carli 2007).

More relevant to the current review, there is also research documenting more specific stereo-
types about women’s relatively lower ability or affinity for math or science. For example, when
children are asked to draw a scientist, they are more likely to draw a picture of a man than of a
woman (Miller et al. 2018). Although this stereotypic representation of science as male has been
waning over time, it still exists—especially among boys—and also tends to be stronger in older
than in younger children.That said, among young children, a strong ingroup bias oftenmeans that
preschool-aged children explicitly believe that their gender is better at all things (Shutts 2015);
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for male-dominated domains and skills, girls unlearn this ingroup bias as they internalize gender
stereotypes.

The implicit tendency to think STEM, think male has been directly measured with a gender-
based implicit association test, a reaction time measure that assesses the speed with which one can
quickly and accurately categorize science- ormath-related words alongside eithermale- or female-
typical names and/or pronouns (Nosek et al. 2002). Research documents that some children begin
learning these gender stereotypes while still in preschool and those who do are more susceptible
to exhibiting impairments when estimating quantities (Gonzalez et al. 2021).

Finally, implicit stereotypes of men’s brilliance might be particularly relevant to gender dis-
parities in academic STEM contexts that value intellectual problem solving and assume that only
some people have the stable, raw intelligence to truly succeed (Leslie et al. 2015). Evidence of this
stereotypic association is revealed in natural language processing of films, including those aimed
at children (Gálvez et al. 2019). Indeed, both children and adults show evidence of this brilliance=
men stereotype (Bian et al. 2017, Storage et al. 2020), choosing to nominate men over women, for
example, for tasks that require especially high intelligence (Bian et al. 2018). Interestingly, these
stereotypes of men’s extreme intelligence coexist alongside a belief that, at average levels, women
have equal intelligence (Eagly et al. 2020). Because innovative problem solving is the hallmark of
STEM careers, the tendency to associate men (especiallyWhite men; Jaxon et al. 2019) more than
women with extreme intelligence is likely linked to men’s overrepresentation in fields (both within
and outside of STEM) that assume brilliance is necessary for success (Leslie et al. 2015). Across
academic disciplines, these stereotypes could benefit men’s career advancement, for example, by
fueling disparities in letters of recommendation, teaching evaluations, award selections, and evalu-
ations of publications and grant proposals (Gruber et al. 2021, Schmader et al. 2007, Storage et al.
2016, Witteman et al. 2019).

In sum, stereotypes that associate men more than women with math and science, and women
more than men with communion, reflect but also lay the groundwork to reinforce horizontal
segregation, whereby men and women self-select into stereotype-congruent fields. Stereotypes
that link men more than women with agency and brilliance lay the groundwork to both reflect
and reinforce vertical segregation of men in higher-status leadership positions of whatever field
they choose. Importantly, there is variation in gender stereotypes across both time and culture,
revealing them to be historical constructs (Charlesworth & Banaji 2019, 2021). For example, data
from a publicly accessible website with over 1.3 million respondents suggest that the implicit
association of STEMwith men (versus women) has decreased over time but is still prevalent today
(Charlesworth & Banaji 2022). Although the strength of these stereotypes varies by participant
gender and nationality, the pattern of changes in these stereotypes does not. Globally, gender-
STEM stereotypes have been weakening, but still exist. Statistical models estimate that at the
overall rate of decline observed between 2007 and 2018, it would take between 37 and 74 years
to completely eradicate a science = male association (and eliminating an association of men with
career and women with family would take twice as long).

PERSON CHARACTERISTICS THAT ATTRACT INDIVIDUALS
TO STEM

The prevalence of gender stereotypes discussed above raises the question of whether men and
women have distinctly different interests or abilities that both reinforce cultural stereotypes and
explain gender gaps in STEM. People are drawn to those careers that afford their interests, a
tendency that is prevalent across cultures but is also more pronounced in individualist countries
(Li et al. 2021). The fit between a person’s interests and their chosen occupation is also predic-
tive of their productivity (Nye et al. 2012, 2017). Are men’s and women’s interests and abilities
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inherently different, and to what degree are the differences that exist likely to be shaped by gen-
der stereotypes?

Interests, Ability, and Self-Confidence

Are men more interested in STEM careers? Chances are that everyone at some point in their life
will complete a vocational interest survey that will give them feedback on careers that best match
their interests. In 2009, Su et al. (2009) conducted a meta-analysis of common interest inventories,
with a specific focus on those in which some attempt had been made to debias scales to minimize
gender bias. This study yielded modest effect sizes revealing men’s greater interest in science
(d = 0.36) and math (d = 0.34) and a larger effect for men’s interest in engineering (d = 1.11).
These data point to persistent gender differences in career interest, but given evidence that some
gaps are sensitive to biased item wording and are narrowing over time (Su et al. 2009), it remains
possible that these differences are themselves shaped by sociocultural factors that can vary across
time and place.

Do men have more inherent ability for STEM? The question about gender differences in
STEM interests is related to the question of inherent differences in ability that could make men
better able to excel in STEM pursuits. However, evidence does not suggest large differences
in ability that would justify women’s underrepresentation in STEMfields.One of the largest meta-
analyses of gender differences in math performance examined cross-national data from nearly
500,000 14–16-year-old adolescents (Else-Quest et al. 2010). Differences in math test perfor-
mance favoring boys were often negligible (d= −0.01 overall; d= 0.07 favoring boys for measure-
ment, but d= −0.11 favoring girls for algebra).More dramatically, effect sizes varied considerably
across cultures (d= −0.42 to 0.40), showing that gender gaps in math achievement were weaker or
reversed in countries where girls have greater opportunities for educational attainment, research
experience, and political power.This parallels the findings of another large meta-analysis of school
grades that noted a small female advantage in math (d = 0.07) and science (d = 0.15), with effect
sizes varying due to nationality and the gender composition of courses (Voyer & Voyer 2014).

These data suggest that the emphasis is better placed on explaining the variability in these
gender gaps rather than on concluding that those gaps reflect biologically linked sex differences
in inherent ability.To that end, research suggests that the gender gap inmath performance is linked
to cultural stereotypes. Girls’ math performance is equivalent to boys’ in countries where people
(from completely distinct respondent samples) exhibit a weaker implicit association between the
concept of science (versus liberal arts) and the concept of male (versus female) (Nosek et al. 2009).

Are menmore confident in their STEM abilities? If boys are not inherently higher in math and
science ability, what explains their stronger attraction to these careers in late adolescence or early
adulthood? In contrast to the negligible gender gaps inmath performance,Else-Quest et al. (2010)
found small but significant gaps in math self-confidence in favor of boys (d= 0.15), which parallel
findings from an earlier meta-analysis (Hyde et al. 1990). That earlier meta-analysis revealed that
the gender gap in believing oneself to be good atmath grows stronger across development and into
adulthood. The researchers also noted an extremely large gender gap in the stereotypic beliefs:
Boys believe that math is a male subject much more strongly than girls do (d = −0.90).

How Do Gender Stereotypes Shape Person Factors?

Taken together, the studies above suggest that boys are more able to excel in math and science not
necessarily due to greater raw talent, but rather because they have greater self-confidence in their
abilities and also greater preferences for careers in STEM fields. These findings set the stage
for hypothesizing three broad pathways whereby gender stereotypes come to shape girls’ own
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subjective and/or implicit self-views about their ability and affinity for math and science. First,
prevalent gender stereotypes when internalized by girls can directly undermine their own math
self-concept or lead them to emphasize their complementary strengths in language arts or verbal
skills, where the gender gaps in performance favor girls (d = 0.37; Voyer & Voyer 2014) (see
also Marsh et al. 2021). Second, gender stereotypes likely shape the ways parents, teachers, and
peers provide affordances that, when accumulated across perceivers and over time, shape girls’
developing self-views (Madon et al. 2018). Third, awareness of gender stereotypes might lead
some girls and women to experience stereotype threat, whereby they underperform on complex
math assessments in situations that bring stereotypes to mind, limiting their access and interest
in further STEM challenges (Spencer et al. 2016). I next address each of these pathways in more
detail.

How do stereotypes directly shape one’s self-concept? Stereotypes can be directly internalized
to shape self-beliefs. This can happen at the level of implicit cognitions, concepts that are linked in
one’s semantic network such that bringing one to mind automatically activates another. According
to balanced identity theory (Cvencek et al. 2021, Greenwald et al. 2002), the mind’s core moti-
vation for cognitive consistency leads to associations among semantically related or frequently
coactivated concepts (e.g., of self, group, and domain) to form balanced triads. Thus, if one holds
the stereotypic association of math ̸= female and the implicit self-association of self = female,
then one will also tend to develop an implicit self-stereotypic association of self ̸= math (Nosek
et al. 2002).

Research finds evidence of these balanced cognitions suggesting the internalization of im-
plicit stereotypes among children in elementary school (Cvencek et al. 2011) and university
STEM majors (Nosek et al. 2002). Furthermore, implicit stereotypes are weaker among women
in STEM fields with stronger female representation, suggesting connections among stereotypes,
self-concept, and STEM pursuit (Dunlap & Barth 2019). In some cases, measures of implicit gen-
der stereotypes are more predictive of STEM interest than explicit stereotypes (Nosek & Smyth
2011). Although those women who have carved out a career in STEM often exhibit weaker im-
plicit gender stereotypes, women engineers who do associate STEM more with men than with
women report greater disengagement from their work (Block et al. 2018).

How do stereotypes indirectly shape the self-concept through differential socialization?
Stereotypes in the broader culture can lead to differential treatment from parents and teachers
that then shapes children’s self-views of their ability and expectations for success (Eccles 1983,
Gunderson et al. 2012,Master et al. 2021,Muenks et al. 2018). For example, parents’ expectations
about their child’s math ability can be a better predictor of the child’s math self-concept than the
child’s own past math performance (Parsons et al. 1982). More recent data show similar effects
with respect to parents’ stereotypes about their son’s greater spatial abilities, which then predicted
gender differences in encouraging their child to pursue a STEM career and their child’s intention
of doing so (Muenks et al. 2019). Thus, when teachers and parents have lower expectations for
girls’ math, spatial, and science ability, they are less likely to provide them with opportunities to
hone these skills.

How do stereotypes indirectly shape the self-concept through stereotype threat? A third way
that stereotypes can shape girls’ and women’s self-views is by creating experiences of stereotype
threat. Stereotype threat can occur when aspects of the situation bring to mind a concern that
one’s behavior or performance will be evaluated through the lens of a negative stereotype (Steele
& Aronson 1995). Stereotype threat offers an environmental explanation for women’s observed
underperformance on very difficult timed tests of advanced quantitative skills (Schmader et al.
2008, Spencer et al. 1999). Meta-analyses of the literature point to small but reliable deficits in
women’s math and spatial performance due to stereotype threat (Doyle & Voyer 2016), though
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there are valid concerns about publication bias (Flore &Wicherts 2015, Liu et al. 2021). Although
stereotype threat is theorized to be an environmental influence, because women themselves might
be unaware of these effects (Logel et al. 2009), experiences of stereotype threat can lead women
to underestimate their true abilities. Thus, stereotype threat might be an indirect mechanism by
which gender stereotypes shape women’s lower self-concepts and interest in STEM, in ways that
seem (to them and to others) justified by women’s lower standardized test scores on college and
graduate school entrance exams (Deemer et al. 2016, Woodcock et al. 2016).

ASPECTS OF ENVIRONMENTS THAT CAN SIGNAL INCLUSION

Thus far, we have considered the person-level characteristics that might attract someone to a
STEMcareer.We considered both the evidence that gender differences in these attractor variables
exist and evidence for why and how those gaps might be shaped by gender stereotypes. Taken as
a whole, such evidence can provide a sociocultural explanation for the fact that more men than
women are attracted to and pursue careers in STEM. But in addition to understanding these
differences in people, it is equally if not more important to understand sociocultural differences
in the environments where people learn and work in science and engineering. Drawing from the
SAFE model, STEM environments, especially those that are majority male, are more likely to
include features and attributes that signal greater fit for men than for women.

Cues to Self-Concept Fit

When people look to and learn about different careers, they both learn about the work that is done
and form impressions about who does that work. A central question is, Am I the type of person
who could do this work? Is that environment one that will be conducive to the way I see myself?
Environments can signal self-concept fit by having observable cues that activate default ways
of seeing oneself, allowing for a sense of authentic self-expression. STEM settings are likely to
afford self-concept fit for anyone with proclivities toward an intellectually stimulating career
focused on solving key problems using science and technology. However, many male-dominated
professions, including those in STEM, often inadvertently advertise a “masculine default”
(Cheryan & Markus 2020). In other words, the default or ideal participant is assumed to possess
characteristics and preferences more typical of men than women, regardless of the relevance
those characteristics actually have for success in that domain. Simply imagining oneself at a
scientific conference that is majority male (versus gender balanced) leads women more than men
to experience physiological threat (Murphy et al. 2007).

Masculine defaults can be communicated in a variety of ways. Cheryan & Markus (2020) de-
scribe how these can be integrated into and thus cued by the ideas, policies, interactions, and
individual beliefs within an organization. For example, boys are more likely than girls to get prior
coding or robotics experience before college, which can then lead to a biased belief that such ex-
perience is a prerequisite for success in computer science (Klawe 2017). When such beliefs shape
policies, they become a form of institutionalized gender bias that will systematically exclude more
women than men from those majors. However, even stereotypic beliefs about an occupation can
be enough for women to conclude that a given field is not a good fit. For example, when women
completed a career interest survey in a computer science classroom that had cues to a masculine
(versus more neutral) default impression of the people working there (communicated by the poster
on the wall and other objects in the room), women were less likely to express interest in computer
science, whereas those cues had no effect on men’s interests (Cheryan et al. 2009). Furthermore,
the perceived discrepancy between one’s self-concept and one’s view of scientists predicts interest
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in STEM, but in many cases, and especially for women, these views of scientists are inaccurate in
stereotypical ways (McPherson et al. 2018).

These environmental cues to what Cheryan and colleagues (2009) call “ambient belonging”
can include other nonsocial cues to the cultural default. They can include job advertisements that
tout the presence of foosball tables or golf outings, social activities that attract more men than
women (Allen 2016). They can also include the lack of facilities, protective equipment, or safety
gear specific to women ( Judd 2020). Such disparities in needed infrastructure do not need to be
intentional to be a salient cue about who is expected to work and excel in that context.

Another example of gendered cues to self-concept fit includes the belief, more prevalent in
some fields than in others, that brilliance is necessary for success (Leslie et al. 2015). Leslie and
colleagues (2015) discovered that those fields in which academics believe that brilliance is integral
to success are the ones that show the greatest underrepresentation of women and racial minorities.
This difference is largely orthogonal to a STEM versus arts and humanities distinction, and thus
it seems to reflect the earlier-discussed bias toward seeingWhite men as being disproportionately
represented at the extremely high end of intelligence (Bian et al. 2018). Women of color, in par-
ticular, are at risk of suffering from imposter syndrome in fields that value brilliance (Muradoglu
et al. 2022). In addition, brilliance suggests a fixed and unchangeable view of intelligence that
when communicated by instructors and/or perceived by students predicts poorer performance
and persistence in general (LaCosse et al. 2021, Muenks et al. 2020).

Cues to Goal Fit

Closely related to self-concept fit is the way in which environments signal a sense of goal fit—that
is, the feeling that the institutional structures will afford one’s pursuit of intrinsically valued goals.
Regulatory fit theory, for example, maintains that people find value in pursuing activities in which
the structure of the task is matched to one’s own motivational style (Higgins 2000). Someone
who is high in sensation seeking will feel more engaged in highly arousing, high-reward activities
such as skydiving. Similarly, Diekman’s work on goal congruity theory maintains that people are
attracted to roles that are congruent with their goals and values (Diekman et al. 2017).

Although goal fit is something we all seek, when male-dominant environments are structured
around masculine defaults, institutional policies and styles of interaction (i.e., the way work is
structured and rewarded) might align more closely with men’s than with women’s preferences. In
such cases, women, on average, can come to feel a lack of goal fit as they try to conform to the
male default. Work environments in many STEM fields are structured to focus on things versus
people, and this emphasis, more than a required ability for quantitative analysis, best explains
gender differences in career interests (Su & Rounds 2015).

We see the gendered effects of goal fit manifesting in the patterns of STEM fields that men
and women pursue. As mentioned earlier, women tend to be equally represented in many life,
medical, and social sciences, fields in which the goal is often clearly in the service of helping
others and thus easily seen as affording women’s more strongly held communal goals and values
(Croft et al. 2015, Falk & Hermle 2018). On the other hand, women are underrepresented in
physics, computer science, and engineering, fields that in some ways focus more on the abstract
understanding or designing of things, technologies, or structures. As such, people (and sometimes
women in particular) are less likely to see these careers as affording communal values (Diekman
et al. 2010, 2011; McPherson & Park 2021).

Values could be considered person variables that differentially attract more men than women
to STEM pursuits. Gender differences in values are likely to be enhanced, if not created, through
processes of gendered socialization.Menmore than women are socialized to value dominance and
competition, whereas women more than men are socialized to value care and communion (Croft
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et al. 2015). As such, men are more likely than women to value competition as a way to maximize
performance and creative problem solving (Kesebir et al. 2019), and as a result, women are less
attracted to jobs and tasks that are competitively structured (He et al. 2021, Flory et al. 2015).
Although some scholars favor an evolutionary explanation of these differences (Iredale et al. 2008),
other research suggests that gender differences in preferences for competition and prosociality are
culturally variable, with larger gender gaps in economically developed nations (Falk & Hermle
2018, Gneezy et al. 2009).

There is no direct evidence that I could find that STEM careers are more likely than other ca-
reers to be competitively, rather than communally, structured. However, when any environment
is designed primarily for and by men, the style and structure of work are more likely to conform
to what is considered the male default in that culture. Even the science of science reveals evidence
of these patterns. In recent years, methodological reforms have focused both on the replication
and reproducibility of scientific findings and on fostering greater open science practices. A net-
work analysis of the scientists spearheading these reforms reveals two distinct cultures of largely
nonoverlapping players (Murphy et al. 2020). Compared to a winner-takes-all approach in the re-
producibility movement, the open science movement is more collaborative and noncoincidentally
includes more women in high-status author positions.

The strongest evidence that a lack of goal fit might repel many highly qualified women from
STEM fields comes from a programmatic line of research by Diekman and colleagues (Diekman
et al. 2010, 2011, 2017). Not only does this work show that gender differences in communion,
rather than differences in agency, strongly predict gender gaps in STEM interest; importantly,
this research also reveals that efforts to frame or highlight the more communal aspects of STEM
fields experimentally increase both children’s and adults’ (and sometimes particularly girls’ and
women’s) interest in STEM careers (Belanger et al. 2020, Clark et al. 2016). This can be done by
emphasizing both the ends (is there a communal goal one works toward?) and the means (is the
structure of work more collaborative?).

Unfortunately, because people working in STEM often feel the need to conform to a male
default, they are less likely than those working in fields without a masculine default to portray
themselves in communal ways (Fuesting & Diekman 2017). However, the introduction of
community-based approaches, such as a service-learning project in an engineering curriculum,
is an effective means to increase the perception that engineering, for example, could afford more
communal goals (Belanger et al. 2017). It is also important to note that gender gaps in communal
values are larger in individualistic cultures but weaker in collectivist societies (Block et al. 2022).
This might be the reason that STEM contexts are perceived to be less communal in North
America than in Asia, which then might help explain cultural differences that are sometimes
found in STEM attraction (Brown et al. 2018).

Cues to Social Fit

The SAFE model proposes that, in addition to seeking out environments that fit how we see
ourselves (self-concept fit) and how we like to work (goal fit), we also seek out environments
where the people accept and validate who we are (social fit). This attraction to situations that
provide social fit reflects people’s fundamental motives for social belonging (Baumeister & Leary
1995). In fact, even when we see ourselves negatively, we tend to place more trust in those who
verify rather than deny our self-beliefs (Swann 1990).

As adults, our careers and workplaces are where we spend the majority of our waking time each
week. The people in those spaces thus have a powerful role in shaping not only our well-being
but also the meaning we find and the engagement we have in our work (Chiaburu & Harrison
2008). Unfortunately, there is also evidence that women in male-dominated STEM careers often
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experience systematically lower social fit than their male colleagues. For example, a study of over
3,700 women with engineering degrees found that 20% of them left engineering within 5 years
of entering the profession. Of these, nearly a third cited organizational climate as a key factor in
their decision (Fouad et al. 2011). In our own research with women and men working in male-
dominated STEM fields, such as engineering, we consistently find that women are more likely
than men to experience social identity threat, that is, to be aware of their gender at work and to
have concerns about being judged through a gendered lens (Hall et al. 2018).

The lack of social fit that women experience in STEM can be of different types. In the more
extreme and explicit cases, women (and often especially women of color) report more experiences
of gender-based harassment or discrimination than men do (Berdahl & Moore 2006, McCord
et al. 2018, Tenbrunsel et al. 2019). Even in the absence of hostile forms of sexism, women often
experience subtle cues that can signal a lack of social fit (Hall et al. 2015, 2018). For example, in
a 2-week daily diary study of STEM professionals, less than 3% of women’s daily conversations
with their male colleagues were rated as hostile or condescending. In contrast, these conversations
varied a great deal in how much they signaled full acceptance and respect. When women’s cross-
gender conversations were less supportive, women reported greater daily experience of burnout,
an effect that was mediated by higher social identity threat. Notably, these relationships among
conversational support, social identity threat, and burnout only held for women as predicted by
their work-related conversations with male (and not female) colleagues, and they were not ex-
plained by gender differences in stigma consciousness. Daily variability in conversational support
(with either men or women) was unrelated to men’s daily experiences of social identity threat and
burnout.

What is happening in these daily interactions to signal a lack of social fit? One common occur-
rence is that men spend more time talking during group discussions and sometimes ignore or even
appropriate women’s contributions (Carter et al. 2018, Lewis et al. 2019). However, this pattern
of men dominating discussion can be mitigated when men are exposed to an example of a group
discussion that is more gender equitable (Lewis et al. 2019). Another possibility is that men might
at times be acting in a more flirtatious manner in their interactions with women, an interaction
style adopted more by men with implicit gender stereotypes (Logel et al. 2009). Although the
university women in the interactions studied by Logel et al. (2009) sometimes reported enjoying
these more flirtatious conversations with implicitly sexist men, they also performed more poorly
afterward on an engineering task.

The positive frame on this research is that, in their role as gatekeepers of the culture, men in
these fields often have a unique ability to signal inclusion to women and other underrepresented
groups. Even subtle cues to social approval or positive feedback can have a larger benefit to women
when coming from men (versus women) in positions of authority (Park et al. 2018). The threat to
belonging that women often report experiencing in STEM contexts (Walton & Carr 2011) can
be assuaged by positive acknowledgments of their contributions coming frommale gatekeepers in
these fields. In our research (Hall et al. 2018), on days when women reported feelingmost accepted
by their male colleagues, the gender gap in social identity threat and burnout was significantly
reduced.

In addition to women’s experience of social identity threat in their everyday interactions with
male colleagues, women can also experience a lack of social fit by simply being ignored or left out
of social interactions altogether. On the one hand, such social exclusion can be experienced by
anyone in a numerical minority as a result of people’s general tendencies to seek out similar others
for friendship and comradery (McPherson et al. 2001). However, there is evidence that women’s
greater social exclusion inmale-dominated STEM contexts reflects implicit gender bias. In a study
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of over 1,200 STEM professionals, Cyr et al. (2021) found that men with stronger STEM = male
implicit associations reported being less likely to socialize with their female teammembers, a result
that held after controlling for status differences between men and women. Moreover, women
in this same study who had fewer social ties to their male team members reported experiencing
lower workplace engagement and stronger intentions to leave their organization, effects that were
mediated by experiencing lower levels of social fit. These findings complement other research
suggesting that in more male-dominated work teams, women feel less social cohesion, which can
undermine their performance and ability to apply their expertise (Grover et al. 2017).

Summary

Evidence from a diverse array of research in organizational and educational contexts suggests that
male-dominated STEM environments can often contain cues that signal a lack of self-concept fit,
goal fit, and social fit to women. Research from both the lab and the field provides direct evidence
that women in STEM are at times expected to conform to male default preferences and to adopt a
competitive goal frame, while being ignored or passed over in male-dominated social networks. In
the absence of overt discrimination or objective barriers to entry, and even after diversity initiatives
have increased the percentage of women in the field, these hidden forces stemming from persistent
gender stereotypes can undermine women’s feelings of belonging and the ability to feel authentic
at work. These experiences are often subtle enough to be undetectable as individual instances,
yet they appear clearly gendered once aggregated across people. Although the actual prevalence
rates of these experiences are difficult to quantify, they offer a reasonable explanation for girls’
lower interest in and women’s higher attrition rates from those STEM fields most dominated by
men.

Importantly, because male-dominated STEM spaces are often made,managed, and maintained
bymen, these same environments aremore likely to signal a sense of fit and afford amore authentic
experience to men based on who they are, how they like to work, and how they are viewed by
others. For these men, it can be difficult to comprehend how the same environments that afford
them a degree of fit and fluency could be aversive to women. Therefore, when women leave at
disproportionately high rates, it can appear that women are a bad fit to the environment, not that
the environment might be a bad fit for women.

FOSTERING FIT AND GENDER INCLUSION IN STEM

Systemic Changes Call for Systematic Approaches

In this article, I have reviewed evidence on the person-relevant variables that could differentially
attract women to STEM fields as well as the environmental constraints that could systematically
repel them by inhibiting three types of fit.Although I have considered these forces separately, these
personal and environmental influences are mutually constituted by and coexist within a broader
cultural system (Markus & Kitayama 2010). This system manifests across different levels: The
cultural level includes societal beliefs and ideologies; the institutional level includes policies and
procedures; the interpersonal level includes norms of interaction; and the individual level includes
attitudes, cognitions, and behavior. The prevalence of gender stereotypes at the broadest cultural
level can infiltrate each level below in this system. Thus, efforts to combat these systemic barriers
to women’s interest and to foster greater fit in STEM can target changes at any or all of these
levels. Indeed, addressing change at only one level is likely to be ineffective if changes do not also
occur at other levels (Schmader et al. 2022). I next review the evidence that changes are possible
at each of these levels.
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Institutional Change from the Top

Although not specific to women’s experiences in STEM, research by sociologists Frank Dobbin
and Alexandra Kalev has examined longitudinally the effectiveness of various workplace diversity
policies in increasing gender and racial diversity in organizations (Dobbin & Kalev 2013, 2016).
Their work points to the effectiveness of certain policies for increasing gender, racial, and inter-
sectional representation. The most effective policies include establishing diversity officers or task
forces to oversee policy changes as well as targeted recruitment efforts to increase gender or racial
diversity (Dobbin & Kalev 2016). Family-friendly organizational policies can increase women’s
participation, but they might also promote women’s segregation into certain job categories that
offer greater flexibility (Dobbin & Kalev 2013).

There are also important interactions between institutional and individual-level changes.Most
notably, policies are more likely to effectively change the culture of an organization if they are sup-
ported by employees (Hall et al. 2022), but some might resist such changes (Harrison et al. 2006).
For example, men who believe that policies aimed at benefiting women have zero-sum implica-
tions for men’s outcomes are more likely to react against gender equity and diversity initiatives
(Kuchynka et al. 2018). These zero-sum concerns might be most relevant when it comes to hir-
ing. Although some research suggests that women known to be hired through affirmative action
policies might feel at risk of being evaluated more negatively by their (especially male) colleagues
(Heilman et al. 1998), these penalties for preferential hiring programs are not always found in
more recent studies carried out in a male-dominated academic context (Henningsen et al. 2021).
In fact, some research points to a preference in several academic STEM fields for hiring women
over men with equal and high qualifications, which suggest broad support in some organizations
to increase the gender representation in STEM fields (Ceci & Williams 2015, Williams & Ceci
2015). Even if these proactive efforts to hire well-qualified women academics in STEM faculties
exist, there is also some indication that at a younger stage,men might be seen as more hirable than
women for early training opportunities in STEM laboratories (Moss-Racusin et al. 2012).

In addition to increasing the representation of women in STEM fields and hence benefiting
diversity, such institutional changes might also broadly benefit women’s feelings of fit and inclu-
sion. On the one hand, a critical mass of women in an organization can reduce the perception
of a male default culture, signaling greater self-concept fit. If the presence of more women also
changes the structure of work to be more communal or collaborative, an increase in goal fit might
be another benefit. Finally, the ability to connect and interact with other women might also foster
greater social fit to the degree that one experiences greater support and acceptance among similar
others. Future research is needed to identify how specific institutional policies effectively increase
inclusion either directly or indirectly by increasing the representation of women in STEM.

Inclusive Interpersonal Norms

Research on institutional policy changes tends to focus on their efficacy for increasing diversity
of representation. The field lacks a more systematic examination of efforts to change cultures
to foster greater inclusion. Here, I point to the importance of fostering more supportive social
norms to signal a strong sense of social fit to women and other marginalized groups in STEM.
There is some evidence, for example, of a link between working at an organization with more
gender-inclusive policies in place and women’s experience of greater support and lower social
identity threat in their daily interactions withmale colleagues (Hall et al. 2018). Although causality
is unclear in such correlational field studies, lab research reveals that women (and men) expect
there to be more supportive interpersonal gender norms in companies with more gender-inclusive
policies in place (Hall et al. 2018). Perhaps these expectations lead to self-fulfilling prophecies.
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However, the existence of diversity policies can also prevent people from acknowledging instances
of bias when they do occur (Kaiser et al. 2013) and might not always be indicative of true equity
or inclusion (Wilton et al. 2020).

Broader organizational research points to the efficacy of mentoring programs in increasing the
retention of people frommore marginalized groups (Dobbin & Kalev 2016). Such programs work
best when assigning people to mentors, because otherwise women might continue to be excluded
from male-dominated social networks (Cyr et al. 2021). Yet, a randomized control trial of a peer
mentoring program among STEM undergraduates suggested that women benefited more from
having female thanmalementors,with boosts to belonging and efficacy extending for up to 2 years,
reducing women’s attrition from their major (Dennehy&Dasgupta 2017). Such research points to
the benefits that affinity groups have for shoring up feelings of fit among those from marginalized
groups. However, given other evidence that men’s supportive actions can most strongly signal
social fit and inclusion (Hall et al. 2018), the question remains of how best to motivate men to
engage in supportive allyship actions, that is, behaviors that are truly effective in fostering fit and
inclusion among women and other minorities (De Souza & Schmader 2022b).

One barrier to men’s allyship action is pluralistic ignorance, an assumption that other male
peers are less supportive of gender-inclusion initiatives than they themselves are (De Souza &
Schmader 2022a). To the degree that men are sensitive to masculine gender norms, these mis-
perceptions might inhibit men from supporting gender inclusion. Research suggests that targeted
efforts to change these perceived norms—e.g., by communicating broad support among university
students for diversity efforts—can be effective in reducing prejudice among the majority group
and in boosting a sense of fit and belonging among those who are marginalized (Murrar et al.
2020). In our own research, changing men’s gender-specific beliefs and attitudes seems to only
boost men’s motivation and intentions to engage in allyship actions, without necessarily promot-
ing actual changes to their behavior (De Souza&Schmader 2022a).However, preliminary findings
suggest that such interventions might be more effective among men who believe there is a strong
male norm in their organization to support gender inclusion.

Changing Individual Perceivers: Effective Inclusion Training

Gender-inclusive policies and social norms are important environmental cues to women’s inclu-
sion in STEM.However, putting such policies and norms in place requires the actions of individ-
uals, especially those in positions of power. Diversity training is the most commonly used strategy
to instill in individuals the values, beliefs, and attitudes to support such changes.However, research
on the efficacy of diversity training has been quite mixed.On the one hand, antibias training seems
to do little to increase gender diversity among managers, and it can even lead to backlash (espe-
cially against women of color) when such training is mandatory or even punitive (i.e., mandated
in response to some event) (Devine & Ash 2022, Dobbin & Kalev 2016).

However, a meta-analysis of the finer-grained effects of diversity training in 260 samples re-
veals somewhat more promising results (Bezrukova et al. 2016). People generally report positive
reactions to diversity training (Hedge’s g = 0.61), which can show moderate efficacy in chang-
ing attitudes (g = 0.30), beliefs (g = 0.57), and behavioral intentions (g = 0.48). However, some
of these effects weaken over time. Although people report having more negative reactions when
diversity training is mandatory, mandatory training still seems to change people’s behavioral in-
tentions. That said, in what is perhaps the best-designed implicit bias training study, Chang et al.
(2019) found that participation in online bias training was effective at changing people’s gender-
based attitudes, beliefs, and behavioral intentions, but it did not make employees any more likely
to take action to promote or mentor women in their organization.
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A common mistake in antibias training is to assume that simply making people aware of gen-
der bias will itself reduce the expression of bias. The most effective training efforts do more than
simply make people aware of their biases; they also teach them strategies for addressing them.
Importantly, these strategies can include reactively minimizing bias in oneself or others as well as
proactively looking for opportunities to foster inclusion (De Souza & Schmader 2022b). Tradi-
tionally, training has been focused on teaching people to avoid bias, emphasizing the legal liability
to overt (e.g., sexual harassment) or subtle (e.g., implicit bias) forms of discrimination. In fact, if
people are going to intervene to prevent their own or others’ biases, several preconditions must
be met (Schmader et al. 2022). They must be motivated to address bias in the moment, aware of
the possibility that stereotypes or prejudice could cloud judgment, and able to effectively regulate
their own or someone else’s behavior.

Devine and colleagues have designed and tested an intervention that has shown some success
in training STEM academics to recognize and control their own implicit stereotypes (see Devine
& Ash 2022 for a review). In one study, STEM departments who received this training hired
18% more women in the following 2 years, a marginal but nontrivial result (Devine et al. 2017).
These efforts to teach individuals how to react to and regulate bias when it happens should ideally
be complemented by more proactive efforts to foster inclusion before any bias takes place. More
recently, organizations have adopted allyship training, using a broader frame toward equipping
people with concrete strategies for fostering fit among women who might be at risk of feeling
marginalized. Men’s allyship is integral to these efforts, given the important role they play as
gatekeepers (Hall et al. 2018). It remains to be seen whether these more proactive training efforts
are effective in ways that are distinct from those of antibias training.

Changing Individual Targets: Early Education and Efficacy

This review has largely focused on how STEM = male stereotypes place subtle environmental
constraints on women’s ability to experience fit and inclusion in science and engineering fields.
From this perspective, organizations can best foster gender inclusion by changing aspects of the
culture (i.e., policies, norms, and perceptions) that signal these constraints. That is, organizations
might seek to foster greater fit by making their environments more inclusive, not by making
women conform to what might be an irrelevant masculine default (Cheryan & Markus 2020).
After all, the evidence summarized above suggests that girls and women are no less able than men
to do well in math and science. However, when focusing on the individual level, we might also
note that girls and women do often express less confidence in their math and science abilities and
(perhaps partly as a result) express less interest in STEM. Thus, efforts to close gender gaps in
STEM can also focus attention at the individual level to boost the self-efficacy and interest of
young girls.

Given that gender stereotypes have the potential to distort girls’ perceptions of their math
and science abilities and interests at a young age, interventions might also seek to address these
effects. In fact, one reason to increase the representation of women in high-profile STEM po-
sitions is to provide positive role models that can weaken implicit gender stereotypes over time
(Cvencek et al. 2020,Dasgupta & Asgari 2004, Lawner et al. 2019), with positive benefits for girls’
and women’s outcomes in STEM. For example, exposure to successful women in science boosts
women’s STEM self-efficacy, domain identification, and commitment to pursuing a STEM career
(Stout et al. 2011). Although implicit stereotypes are generally resistant to experimental change,
exposure to positive rolemodels seems to have one of the strongest effects,which when aggregated
across a culture might be driving the general trends toward weaker stereotypic associations over
time.
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CONCLUSION

In sum, despite the progress made toward increasing women’s interest and involvement in STEM,
women continue to be underrepresented in some STEM fields, where they also experience lower
levels of equity and inclusion. Are women simply uninterested in these fields? Person-level ex-
planations concerning women’s abilities, interests, and self-efficacy are insufficient for explaining
these persistent gaps, both because these effects are small on average and because they vary consid-
erably across time, field, and culture. Rather, women’s relatively lower interest in male-dominated
STEM careers such as computer science and engineering is likely to be constrained by cultural
stereotypes. These gender stereotypes erode women’s ability to feel a sense of self-concept, goal,
and social fit. Such effects occur independently of intentional interpersonal biases and discrimina-
tion, and yet they create systemic barriers to women’s attraction to, integration in, and advance-
ment in STEM.

Dismantling these systemic barriers requires a multifaceted approach to changing organiza-
tional and educational cultures at the institutional, interpersonal, and individual level. Individual-
oriented interventions aimed at shoring up young girls’ STEM-based experience and self-efficacy
might begin to close the gender gap in STEM interest. However, many girls and women will only
experience fit if STEM environments are also systematically changed. Increasing gender diver-
sity might be the most effective way to reduce the sense of a valued masculine default and foster
greater self-concept fit. Institutional changes that structure the way work is done might be most
effective at fostering greater goal fit. Interpersonal changes and efforts to enlist men’s advocacy
for gender inclusion are also promising ways to foster greater social fit.

Although research in recent years has shed light on the nature of the problem of women’s
underrepresentation in STEM, greater work is needed to test and evaluate the most effective so-
lutions. Such research requires partnerships between social scientists and STEM organizations.
In addition, research-based interventions should take an intersectional approach to ensure envi-
ronmental changes do not only benefit women with already privileged identities. Finally, future
research might also address not only women’s underrepresentation in STEM careers, but also
men’s underrepresentation in the care economy. More broadly, our ability to apply psychologi-
cal theories to both understand and narrow gender disparities will ultimately require a balanced
examination of the ways in which stereotypes constrain both women and men.

DISCLOSURE STATEMENT

The author is not aware of any affiliations,memberships, funding, or financial holdings that might
be perceived as affecting the objectivity of this review.

LITERATURE CITED

Aguinis H, Ramani RS, Alabduljader N. 2018. What you see is what you get? Enhancing methodological
transparency in management research. Acad. Manag. Ann. 12(1):83–110

Allen LT. 2016. Dear tech companies: Focus on diversity, not foosball.Wired, Sept. 19. https://www.wired.
com/2016/09/dear-tech-companies-focus-diversity-not-foosball/

Baumeister RF, Leary MR. 1995. The need to belong: desire for interpersonal attachments as a fundamental
human motivation. Psychol. Bull. 117(3):497–529

Belanger AL,Diekman AB, Steinberg M. 2017. Leveraging communal experiences in the curriculum: increas-
ing interest in pursuing engineering by changing stereotypic expectations. J. Appl. Soc. Psychol. 47:305–19

Belanger AL, Joshi MP, Fuesting MA, Weisgram ES, Claypool HM, Diekman AB. 2020. Putting belong-
ing in context: Communal affordances signal belonging in STEM. Pers. Soc. Psychol. Bull. 46(8):1186–
204

236 Schmader

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 

https://www.wired.com/2016/09/dear-tech-companies-focus-diversity-not-foosball/
https://www.wired.com/2016/09/dear-tech-companies-focus-diversity-not-foosball/


PS74CH09_Schmader ARjats.cls November 25, 2022 16:30

Bello M, Galindo-Rueda F. 2020. Charting the digital transformation of science: findings from the 2018 OECD
International Survey of Scientific Authors (ISSA2). OECD Sci. Technol. Ind. Work. Pap., OECD, Paris.
https://doi.org/10.1787/1b06c47c-en

Berdahl JL, Moore C. 2006. Workplace harassment: double jeopardy for minority women. J. Appl. Psychol.
91(2):426–36

Bezrukova K, Spell CS, Perry JL, Jehn KA. 2016. A meta-analytical integration of over 40 years of research
on diversity training evaluation. Psychol. Bull. 142(11):1227–74

Bian L, Leslie S-J, Cimpian A. 2017. Gender stereotypes about intellectual ability emerge early and influence
children’s interests. Science 355(6323):389–91

Bian L, Leslie S-J, Cimpian A. 2018. Evidence of bias against girls and women in contexts that emphasize
intellectual ability. Am. Psychol. 73(9):1139–53

Blau FD, Kahn LM. 2017. The gender wage gap: extent, trends, and explanations. J. Econ. Lit. 55(3):789–865
Block K, Hall WM, Schmader T, Inness M, Croft E. 2018. Should I stay or should I go? Women’s implicit

stereotypic associations predict their commitment and fit in STEM. Soc. Psychol. 49(4):243–51
Block K, Olsson MIT, van Grootel S, Schuster C, Meeussen L, et al. 2022. Why is the gender gap in the

care-economy larger in highly developed countries?Work. Pap., Univ. Amsterdam, Amsterdam, Neth.
Breda T, Jouini E, Napp C, Thebault G. 2020. Gender stereotypes can explain the gender-equality paradox.

PNAS 117(49):31063–69
Brescoll VL. 2016. Leading with their hearts? How gender stereotypes of emotion lead to biased evaluations

of female leaders. Leadersh. Q. 27(3):415–28
Brown ER, Steinberg M, Lu Y, Diekman AB. 2018. Is the lone scientist an American dream? Perceived com-

munal opportunities in STEM offer a pathway to closing US–Asia gaps in interest and positivity. Soc.
Psychol. Pers. Sci. 9(1):11–23

Carter AJ, Croft A, Lukas D, Sandstrom GM. 2018. Women’s visibility in academic seminars: Women ask
fewer questions than men. PLOS ONE 13(9):e0202743

Ceci SJ, Ginther DK, Kahn S, Williams WM. 2014. Women in academic science. Psychol. Sci. Public Interest
15(3):75–141

Ceci SJ,Williams WM. 2015.Women have substantial advantage in STEM faculty hiring, except when com-
peting against more-accomplished men. Front. Psychol. 6:1532

Chang EH,Milkman KL, Gromet DM, Rebele RW,Massey C, et al. 2019. The mixed effects of online diver-
sity training. PNAS 116(16):7778–83

Charlesworth TE, Banaji MR. 2019. Patterns of implicit and explicit attitudes: I. Long-term change and
stability from 2007 to 2016. Psychol. Sci. 30(2):174–92

Charlesworth TE, Banaji MR. 2021. Patterns of implicit and explicit attitudes: II. Long-term change and
stability, regardless of group membership. Am. Psychol. 76(6):851–69

Charlesworth TE, Banaji MR. 2022. Patterns of implicit and explicit stereotypes: III. Long-term change in
gender-science and gender-career stereotypes. Soc. Psychol. Person. Sci. 13(1):14–26

Cheryan S, Markus HR. 2020. Masculine defaults: identifying and mitigating hidden cultural biases. Psychol.
Rev. 127(6):1022–52

Cheryan S, Plaut VC,Davies PG, Steele CM. 2009. Ambient belonging: how stereotypical cues impact gender
participation in computer science. J. Pers. Soc. Psychol. 97(6):1045–60

Chiaburu DS, Harrison DA. 2008. Do peers make the place? Conceptual synthesis and meta-analysis of
coworker effects on perceptions, attitudes, OCBs, and performance. J. Appl. Psychol. 93(5):1082–103

Clark EK, Fuesting MA, Diekman AB. 2016. Enhancing interest in science: exemplars as cues to communal
affordances of science. J. Appl. Soc. Psychol. 46(11):641–54

Corbett C, Hill C. 2015. Solving the Equation: The Variables for Women’s Success in Engineering and Computing.
Washington, DC: Am. Assoc. Univ. Women

Criado Perez C. 2019. Invisible Women: Exposing Data Bias in a World Designed for Men. New York: Abrams
Croft A, Schmader T, Block K. 2015. An underexamined inequality. Pers. Soc. Psychol. Rev. 19(4):343–70
CvencekD,Meltzoff AN,Greenwald AG. 2011.Math-gender stereotypes in elementary school children.Child

Dev. 82(3):766–79

www.annualreviews.org • Gender and STEM 237

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 

https://doi.org/10.1787/1b06c47c-en


PS74CH09_Schmader ARjats.cls November 25, 2022 16:30

Cvencek D, Paz-Albo J, Master A, Herranz Llácer CV, Hervás-Escobar A, Meltzoff AN. 2020. Math is for
me: a field intervention to strengthen math self-concepts in Spanish-speaking 3rd grade children. Front.
Psychol. 11:593995

Cvencek D, Ružica B, Dora G, Meltzoff AN. 2021. Development of math attitudes and math self-
concepts: gender differences, implicit-explicit dissociations, and relations to math achievement. Child
Dev. 92(5):e940–56

Cyr EN, Bergsieker HB, Dennehy TC, Schmader T. 2021. Mapping social exclusion in STEM to men’s
implicit bias and women’s career costs. PNAS 118(40):276–91

Dasgupta N, Asgari S. 2004. Seeing is believing: exposure to counterstereotypic women leaders and its effect
on the malleability of automatic gender stereotyping. J. Exp. Soc. Psychol. 40(5):642–58

De Souza L, Schmader T. 2022a. The misjudgment of men: Does pluralistic ignorance inhibit allyship? J. Pers.
Soc. Psychol. 122(2):265–85

De Souza L, Schmader T. 2022b.What is(n’t) allyship? Taxonomizing intended allyship actions. Work. Pap., Univ.
B. C., Vancouver, Can.

DeAro J. 2016. Systematic change to promote the participation of women in STEM. PowerPoint slides presented at
the Gender Summit 8, Mexico City, April 29. https://gender-summit.com/images/GS8/GS8_PPT/
4.A-1.Jessie_DeAro_ NSF.pdf

Deemer ED, Lin C, Soto C. 2016. Stereotype threat and women’s science motivation: examining the disiden-
tification effect. J. Career Assess. 24(4):637–50

Dennehy TC, Dasgupta N. 2017. Female peer mentors early in college increase women’s positive academic
experiences and retention in engineering. PNAS 114(23):5964–69

Devine PG. 1989. Stereotypes and prejudice: their automatic and controlled components. J. Pers. Soc. Psychol.
56(1):5–18

Devine PG, Ash TL. 2022. Diversity training goals, limitations, and promise: a review of the multidisciplinary
literature. Annu. Rev. Psychol. 73:403–29

Devine PG, Forscher PS, Cox WTL, Kaatz A, Sheridan J, Carnes M. 2017. A gender bias habit-breaking
intervention led to increased hiring of female faculty in STEMMdepartments.J.Exp. Soc. Psychol.73:211–
15

Diekman AB, Brown ER, Johnston AM, Clark EK. 2010. Seeking congruity between goals and roles. Psychol.
Sci. 21(8):1051–57

Diekman AB, Clark EK, Johnston AM, Brown ER, Steinberg M. 2011. Malleability in communal goals and
beliefs influences attraction to stem careers: evidence for a goal congruity perspective. J. Pers. Soc. Psychol.
101(5):902–18

Diekman AB, Schmader T. 2021. Gender as embedded social cognition. PsyArXiv, April 28. https://doi.org/
10.31234/osf.io/wvx2s

Diekman AB, Steinberg M, Brown ER, Belanger AL, Clark EK. 2017. A goal congruity model of role entry,
engagement, and exit: understanding communal goal processes in STEM gender gaps. Pers. Soc. Psychol.
Rev. 21(2):142–75

Dobbin F, Kalev A. 2013. The origins and effects of corporate diversity programs. In The Oxford Handbook of
Diversity and Work, ed. Q Roberson, pp. 253–81. New York: Oxford Univ. Press

Dobbin F, Kalev A. 2016.Why diversity programs fail.Harv. Bus. Rev. 94(7). https://hbr.org/2016/07/why-
diversity-programs-fail

Doyle RA, Voyer D. 2016. Stereotype manipulation effects on math and spatial test performance:
a meta-analysis. Learn. Individ. Diff. 47:103–16

Dugger WE. 2010. Evolution of STEM in the United States. Paper presented at the 6th Biennial International
Conference on Technology Education Research, Brisbane, Aust.

Dunlap ST, Barth JM. 2019. Career stereotypes and identities: implicit beliefs and major choice for college
women and men in STEM and female-dominated fields. Sex Roles 81(9–10):548–60

Eagly AH. 1987. Sex Differences in Social Behavior: A Social-Role Interpretation. Hove, UK: Psychol. Press.
1st ed.

Eagly AH. 2021. Hidden in plain sight: the inconsistent gender gaps in STEM and leadership. Psychol. Inq.
32(2):89–95

238 Schmader

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 

https://gender-summit.com/images/GS8/GS8_PPT/4.A-1.Jessie_DeAro_ NSF.pdf
https://gender-summit.com/images/GS8/GS8_PPT/4.A-1.Jessie_DeAro_ NSF.pdf
https://doi.org/10.31234/osf.io/wvx2s
https://doi.org/10.31234/osf.io/wvx2s
https://hbr.org/2016/07/why-diversity-programs-fail
https://hbr.org/2016/07/why-diversity-programs-fail


PS74CH09_Schmader ARjats.cls November 25, 2022 16:30

Eagly AH, Carli LL. 2007. Through the Labyrinth: The Truth About How Women Become Leaders. Boston, MA:
Harvard Bus. Rev. Press

Eagly AH, Karau SJ. 2002. Role congruity theory of prejudice toward female leaders. Psychol. Rev. 109(3):573–
98

Eagly AH, Nater C, Miller DI, Kaufmann M, Sczesny S. 2020. Gender stereotypes have changed: a cross-
temporal meta-analysis of U.S. public opinion polls from 1946 to 2018. Am. Psychol. 75(3):301–15

Eccles J. 1983. Expectancies, values, and academic behaviors. In Achievement and Achievement Motives: Psycho-
logical and Sociological Approaches, ed. JT Spence, pp. 75–146. San Francisco: Freeman

Ellemers N. 2018. Gender stereotypes. Annu. Rev. Psychol. 69:275–98
Else-Quest NM, Hyde JS, Linn MC. 2010. Cross-national patterns of gender differences in mathematics: a

meta-analysis. Psychol. Bull. 136(1):103–27
Evans A. 2021. Why is blue-collar work still male-dominated? Brookings, Sept. 7. https://www.brookings.

edu/blog/future-development/2021/09/07/why-is-blue-collar-work-still-male-dominated/
Falk A,Hermle J. 2018.Relationship of gender differences in preferences to economic development and gender

equality. Science 362(6412):eaas9899
Fehr C. 2011.What is in it for me? The benefits of diversity in scientific communities. In Feminist Epistemology

and Philosophy of Science, ed. H Grasswick, pp. 133–55. Dordrecht, Ger.: Springer
Flore PC,Wicherts JM. 2015. Does stereotype threat influence performance of girls in stereotyped domains?

A meta-analysis. J. Sch. Psychol. 53(1):25–44
Flory JA, Leibbrandt A, List JA. 2015. Do competitive workplaces deter female workers? A large-scale natural

field experiment on job entry decisions. Rev. Econ. Stud. 82(1):122–55
Fouad N, Fitzpatrick M, Liu JP. 2011. Persistence of women in engineering careers: a qualitative study of

current and former female engineers. J. Women Minor. Sci. Eng. 17(1):69–96
Fuesting MA, Diekman AB. 2017. Not by success alone: Role models provide pathways to communal oppor-

tunities in STEM. Pers. Soc. Psychol. Bull. 43(2):163–76
Gálvez RH, Tiffenberg V, Altszyler E. 2019. Half a century of stereotyping associations between gender and

intellectual ability in films. Sex Roles 81(9–10):643–54
Garde D, Saltzman J. 2020. The story of mRNA: how a once-dismissed idea became a leading technology in

the Covid vaccine race. STAT, Nov. 10. https://www.statnews.com/2020/11/10/the-story-of-mrna-
how-a-once-dismissed-idea-became-a-leading-technology-in-the-covid-vaccine-race/

Gneezy U, Leonard K, List J. 2009. Gender differences in competition: evidence from a matrilineal and a
patriarchal society. Econometrica 77(5):1637–64

Gonzalez AM, Odic D, Schmader T, Block K, Baron AS. 2021. The effect of gender stereotypes on young
girls’ intuitive number sense. PLOS ONE 16(10):e0258886

Greenwald AG, Banaji MR, Rudman LA, Farnham SD, Nosek BA, Mellott DS. 2002. A unified theory of
implicit attitudes, stereotypes, self-esteem, and self-concept. Psychol. Rev. 109(1):3–25

Grover SS, Ito TA, Park B. 2017. The effects of gender composition on women’s experience in math work
groups. J. Pers. Soc. Psychol. 112(6):877–900

Gruber J, Mendle J, Lindquist KA, Schmader T, Clark LA, et al. 2021. The future of women in psychological
science. Perspect. Psychol. Sci. 16(3):483–516

Gunderson EA,Ramirez G,Levine SC,Beilock SL. 2012.The role of parents and teachers in the development
of gender-related math attitudes. Sex Roles 66(3–4):153–66

Hall WM, Schmader T, Aday A, Croft E. 2018. Decoding the dynamics of social identity threat in the
workplace: a within-person analysis of women’s and men’s interactions in STEM. Soc. Psychol. Pers. Sci.
10(4):542–52

Hall WM, Schmader T, Croft E. 2015. Engineering exchanges: Daily social identity threat predicts burnout
among female engineers. Soc. Psychol. Pers. Sci. 6(5):528–34

Hall WM, Schmader T, Inness M, Croft E. 2022. Climate change: an increase in norms for inclusion predicts
greater fit and commitment for women in Stem.Group Process. Intergroup Relat. 25(7):1781–96

Hamrick K. 2021.Women,minorities, and persons with disabilities in science and engineering. Rep.,Natl. Sci. Found.,
Alexandria, VA. https://ncses.nsf.gov/pubs/nsf21321/report

www.annualreviews.org • Gender and STEM 239

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 

https://www.brookings.edu/blog/future-development/2021/09/07/why-is-blue-collar-work-still-male-dominated/
https://www.brookings.edu/blog/future-development/2021/09/07/why-is-blue-collar-work-still-male-dominated/
https://www.statnews.com/2020/11/10/the-story-of-mrna-how-a-once-dismissed-idea-became-a-leading-technology-in-the-covid-vaccine-race/
https://www.statnews.com/2020/11/10/the-story-of-mrna-how-a-once-dismissed-idea-became-a-leading-technology-in-the-covid-vaccine-race/
https://ncses.nsf.gov/pubs/nsf21321/report


PS74CH09_Schmader ARjats.cls November 25, 2022 16:30

Harrison DA, Kravitz DA, Mayer DM, Leslie LM, Lev-Arey D. 2006. Understanding attitudes toward af-
firmative action programs in employment: summary and meta-analysis of 35 years of research. J. Appl.
Psychol. 91(5):1013–36

He JC, Kang SK, Lacetera N. 2021. Opt-out choice framing attenuates gender differences in the decision to
compete in the laboratory and in the field. PNAS 118(42):e2108337118

Heilman ME, Battle WS, Keller CE, Lee RA. 1998. Type of affirmative action policy: a determinant of reac-
tions to sex-based preferential selection? J. Appl. Psychol. 83:190–205

Henningsen L, Horvath LK, Jonas K. 2021. Affirmative action policies in academic job advertisements: Do
they facilitate or hinder gender discrimination in hiring processes for professorships? Sex Roles 86(1–
2):34–48

Higgins ET. 2000. Making a good decision: value from fit. Am. Psychol. 55(11):1217–30
Hill C, Corbett C, St. Rose A. 2010.Why So Few? Women in Science, Technology, Engineering, and Mathematics.

Washington, DC: Am. Assoc. Univ. Women
Hyde JS, Fennema E, Ryan M, Frost LA, Hopp C. 1990. Gender comparisons of mathematics attitudes and

affect: a meta-analysis. Psychol. Women Q. 14(3):299–324
Iredale W, Van Vugt M, Dunbar R. 2008. Showing off in humans: male generosity as a mating signal. Evol.

Psychol. 6(3):147470490800600
Jaxon J, Lei RF, Shachnai R, Chestnut EK, Cimpian A. 2019. The acquisition of gender stereotypes about

intellectual ability: intersections with race. J. Soc. Issues 75(4):1192–215
Jost JT, Kay AC. 2005. Exposure to benevolent sexism and complementary gender stereotypes: consequences

for specific and diffuse forms of system justification. J. Pers. Soc. Psychol. 88(3):498–509
Judd A. 2020. Female engineers file human rights complaint against BC Ferries over lack of change-room

space. Global News, Dec. 21. https://globalnews.ca/news/7536255/bc-ferries-women-engineers-
human-rights-complaint/

Kaiser CR, Major B, Jurcevic I, Dover TL, Brady LM, Shapiro JR. 2013. Presumed fair: ironic effects of
organizational diversity structures. J. Pers. Soc. Psychol. 104(3):504–19

Kesebir S, Lee SY, Elliot AJ, Pillutla MM. 2019. Lay beliefs about competition: scale development and gender
differences.Motiv. Emot. 43(5):719–39

Klawe M. 2017. 3 ways to get more women into tech. Chronicle of Higher Education, Nov. 5. https://www.
chronicle.com/article/3-ways-to-get-more-women-into-tech/

Koenig AM,Eagly AH.2014.Evidence for the social role theory of stereotype content:Observations of groups’
roles shape stereotypes. J. Pers. Soc. Psychol. 107(3):371–92

Kuchynka SL, Bosson JK, Vandello JA, Puryear C. 2018. Zero-sum thinking and the masculinity contest:
perceived intergroup competition and workplace gender bias. J. Soc. Issues 74(3):529–50

LaCosse J,MurphyMC,Garcia JA, Zirkel S. 2021. The role of STEM professors’ mindset beliefs on students’
anticipated psychological experiences and course interest. J. Educ. Psychol. 113(5):949–71

Lawner EK,Quinn DM,Camacho G, Johnson BT, Pan-Weisz B. 2019. Ingroup role models and underrepre-
sented students’ performance and interest in STEM: a meta-analysis of lab and field studies. Soc. Psychol.
Educ. 22(5):1169–95

Leslie S-J, Cimpian A, Meyer M, Freeland E. 2015. Expectations of brilliance underlie gender distributions
across academic disciplines. Science 347(6219):262–65

Levanon G, Cheng B, Paterra M. 2014. The risk of future labor shortages in different occupations and indus-
tries in the United States. Bus. Econ. 49(4):227–43

Levanon A,Grusky DB. 2016. The persistence of extreme gender segregation in the twenty-first century.Am.
J. Sociol. 122(2):573–619

Lewis NA, Sekaquaptewa D, Meadows LA. 2019. Modeling gender counter-stereotypic group behavior: A
brief video intervention reduces participation gender gaps on STEM teams. Soc. Psychol. Educ. 22(3):557–
77

Li X, Han M, Cohen GL,Markus HR. 2021. Passion matters but not equally everywhere: predicting achieve-
ment from interest, enjoyment, and efficacy in 59 societies. PNAS 118(11):e2016964118

Liu S, Liu P,WangM,Zhang B. 2021. Effectiveness of stereotype threat interventions: a meta-analytic review.
J. Appl. Psychol. 106(6):921–49

240 Schmader

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 

https://globalnews.ca/news/7536255/bc-ferries-women-engineers-human-rights-complaint/
https://globalnews.ca/news/7536255/bc-ferries-women-engineers-human-rights-complaint/
https://www.chronicle.com/article/3-ways-to-get-more-women-into-tech/
https://www.chronicle.com/article/3-ways-to-get-more-women-into-tech/


PS74CH09_Schmader ARjats.cls November 25, 2022 16:30

Logel C, Walton GM, Spencer SJ, Iserman EC, von Hippel W, Bell AE. 2009. Interacting with sexist men
triggers social identity threat among female engineers. J. Pers. Soc. Psychol. 96(6):1089–103

Madon S, Jussim L, Guyll M, Nofziger H, Salib ER, et al. 2018. The accumulation of stereotype-based self-
fulfilling prophecies. J. Pers. Soc. Psychol. 115(5):825–44

Markus HR, Kitayama S. 2010. Cultures and selves. Perspect. Psychol. Sci. 5(4):420–30
Marsh HW, Parker PD,Guo J, Basarkod G,Niepel C, Van Zanden B. 2021. Illusory gender-equality paradox,

math self-concept, and frame-of-reference effects: new integrative explanations for multiple paradoxes.
J. Pers. Soc. Psychol. 121(1):168–83

Master A, Meltzoff AN, Cheryan S. 2021. Gender stereotypes about interests start early and cause gender
disparities in computer science and engineering. PNAS 118(48):e2100030118

McCordMA, Joseph DL,Dhanani LY, Beus JM. 2018. A meta-analysis of sex and race differences in perceived
workplace mistreatment. J. Appl. Psychol. 103(2):137–63

McPherson E, Park B. 2021. Who chooses a pSTEM academic major? Using social psychology to predict
selection and persistence over the freshman year. J. Appl. Soc. Psychol. 51(4):474–92

McPherson E, Park B, Ito TA. 2018. The role of prototype matching in science pursuits: Perceptions of sci-
entists that are inaccurate and diverge from self-perceptions predict reduced interest in a science career.
Pers. Soc. Psychol. Bull. 44(6):881–98

McPherson M, Smith-Lovin L, Cook JM. 2001. Birds of a feather: homophily in social networks. Annu. Rev.
Sociol. 27:415–44

Miller DI, Eagly AH, Linn MC. 2015. Women’s representation in science predicts national gender-science
stereotypes: evidence from 66 nations. J. Educ. Psychol. 107(3):631–44

Miller DI, Nolla KM, Eagly AH, Uttal DH. 2018. The development of children’s gender-science stereotypes:
a meta-analysis of 5 decades of U.S. draw-a-scientist studies. Child Dev. 89(6):1943–55

Moss-Racusin CA,Dovidio JF, Brescoll VL,GrahamMJ,Handelsman J. 2012. Science faculty’s subtle gender
biases favor male students. PNAS 109(41):16474–79

Muenks K, Canning EA, LaCosse J, Green DJ, Zirkel S, et al. 2020. Does my professor think my ability
can change? Students’ perceptions of their stem professors’ mindset beliefs predict their psychological
vulnerability, engagement, and performance in class. J. Exp. Psychol. Gen. 149(11):2119–44

Muenks K, Peterson EG, Green AE, Kolvoord RA, Uttal DH. 2019. Parents’ beliefs about high school stu-
dents’ spatial abilities: gender differences and associations with parent encouragement to pursue a stem
career and students’ stem career intentions. Sex Roles 82(9–10):570–83

Muenks K,Wigfield A, Eccles JS. 2018. I can do this! The development and calibration of children’s expecta-
tions for success and competence beliefs.Dev. Rev. 48:24–39

Muradoglu M, Horne Z, Hammond MD, Leslie S-J, Cimpian A. 2022. Women—particularly underrepre-
sented minority women—and early-career academics feel like impostors in fields that value brilliance.
J. Educ. Psychol. 114(5):1086–100

Murphy MC,Mejia AF,Mejia J, Yan X, Cheryan S, et al. 2020. Open science, communal culture, and women’s
participation in the movement to improve science. PNAS 117(39):24154–64

MurphyMC, Steele CM,Gross JJ. 2007. Signaling threat: how situational cues affect women in math, science,
and engineering settings. Psychol. Sci. 18(10):879–85

Murrar S, Campbell MR, Brauer M. 2020. Exposure to peers’ pro-diversity attitudes increases inclusion and
reduces the achievement gap.Nat. Hum. Behav. 4(9):889–97

Nosek BA, Banaji MR, Greenwald AG. 2002. Math = male, me = female, therefore math ̸= me. J. Pers. Soc.
Psychol. 83(1):44–59

Nosek BA,Smyth FL. 2011. Implicit social cognitions predict sex differences inmath engagement and achieve-
ment. Am. Educ. Res. J. 48(5):1125–56

Nosek BA, Smyth FL, Sriram N, Lindner NM, Devos T, et al. 2009. National differences in gender-science
stereotypes predict national sex differences in science and math achievement. PNAS 106(26):10593–97

Nye CD, Su R, Rounds J, Drasgow F. 2012. Vocational interests and performance. Perspect. Psychol. Sci.
7(4):384–403

Nye CD, Su R, Rounds J, Drasgow F. 2017. Interest congruence and performance: revisiting recent meta-
analytic findings. J. Vocat. Behav. 98:138–51

www.annualreviews.org • Gender and STEM 241

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 



PS74CH09_Schmader ARjats.cls November 25, 2022 16:30

Park LE, Kondrak CL, Ward DE, Streamer L. 2018. Positive feedback from male authority figures boosts
women’s math outcomes. Pers. Soc. Psychol. Bull. 44(3):359–83

Parsons JE, Adler TF, Kaczala CM. 1982. Socialization of achievement attitudes and beliefs: parental influ-
ences. Child Dev. 53(2):310–21

Payne BK, Vuletich HA, Lundberg KB. 2017. The bias of crowds: how implicit bias bridges personal and
systemic prejudice. Psychol. Inq. 28(4):233–48

Rezai M, Kolne K, Bui S, Lindsay S. 2020. Measures of workplace inclusion: a systematic review using the
Cosmin methodology. J. Occup. Rehabil. 30(3):420–54

Rounds J, Su R. 2014. The nature and power of interests. Curr. Dir. Psychol. Sci. 23(2):98–103
Schiebinger L. 2021. Gendered innovations: integrating sex, gender, and intersectional analysis into science,

health & medicine, engineering, and environment. Tapuya Lat. Am. Sci. Technol. Soc. 4(1). https://doi.
org/10.1080/25729861.2020.1867420

Schmader T, Dennehy TC, Baron AS. 2022. Why antibias interventions (need not) fail. Perspect. Psychol. Sci.
17(5):1381–403

Schmader T, Johns M, Forbes C. 2008. An integrated process model of stereotype threat effects on perfor-
mance. Psychol. Rev. 115(2):336–56

Schmader T, Sedikides C. 2018. State authenticity as fit to environment: the implications of social identity for
fit, authenticity, and self-segregation. Pers. Soc. Psychol. Rev. 22(3):228–59

Schmader T,Whitehead J,Wysocki VH. 2007. A linguistic comparison of letters of recommendation for male
and female chemistry and biochemistry job applicants. Sex Roles 57(7–8):509–14

Shutts K. 2015. Young children’s preferences: gender, race, and social status. Child Dev. Perspect. 9(4):262–66
Smith M. 2021. These college majors have the best return on investment, according to a new report.

CNBC, Aug. 19. https://www.cnbc.com/2021/08/19/these-college-majors-have-the-best-return-
on-investment.html

Sojo VE,Wood RE, Genat AE. 2016. Harmful workplace experiences and women’s occupational well-being.
Psychol. Women Q. 40(1):10–40

Spencer SJ, Logel C, Davies PG. 2016. Stereotype threat. Annu. Rev. Psychol. 67:415–37
Spencer SJ, Steele CM, Quinn DM. 1999. Stereotype threat and women’s math performance. J. Exp. Soc.

Psychol. 35(1):4–28
Steele CM, Aronson J. 1995. Stereotype threat and the intellectual test performance of African Americans.

J. Pers. Soc. Psychol. 69(5):797–811
StorageD,Charlesworth TES,BanajiMR,Cimpian A. 2020.Adults and children implicitly associate brilliance

with men more than women. J. Exp. Soc. Psychol. 90:104020
Storage D, Horne Z, Cimpian A, Leslie S-J. 2016. The frequency of “brilliant” and “genius” in teaching

evaluations predicts the representation of women and African Americans across fields. PLOS ONE
11(3):e0150194

Stout JG, Dasgupta N, Hunsinger M, McManus MA. 2011. STEMing the tide: Using ingroup experts to
inoculate women’s self-concept in science, technology, engineering, and mathematics (STEM). J. Pers.
Soc. Psychol. 100(2):255–70

Su R, Rounds J. 2015. All STEM fields are not created equal: People and things interests explain gender
disparities across STEM fields. Front. Psychol. 6:189

Su R, Rounds J, Armstrong PI. 2009. Men and things, women and people: a meta-analysis of sex differences
in interests. Psychol. Bull. 135(6):859–84

Swann WB Jr. 1990. To be adored or to be known: the interplay of self-enhancement and self-verification.
In Handbook of Motivation and Cognition: Foundations of Social Behavior, ed. ET Higgins, RM Sorrentino,
pp. 408–48. New York: Guildford

Tenbrunsel AE,ReesMKR,DiekmannKA.2019.Sexual harassment in academia: ethical climates and bounded
ethicality. Annu. Rev. Psychol. 70:245–70

Voyer D, Voyer SD. 2014. Gender differences in scholastic achievement: A meta-analysis. Psychol. Bull.
140(4):1174–1204. https://doi.org/10.1037/a0036620

Walton GM, Carr PB. 2011. Social belonging and the motivation and intellectual achievement of negatively
stereotyped students. In Stereotype Threat Theory, Process, and Application, ed. M Inzlicht, T Schmader,
pp. 90–106. Oxford, UK: Oxford Univ. Press

242 Schmader

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 

https://doi.org/10.1080/25729861.2020.1867420
https://doi.org/10.1080/25729861.2020.1867420
https://www.cnbc.com/2021/08/19/these-college-majors-have-the-best-return-on-investment.html
https://www.cnbc.com/2021/08/19/these-college-majors-have-the-best-return-on-investment.html
https://doi.org/10.1037/a0036620


PS74CH09_Schmader ARjats.cls November 25, 2022 16:30

Witteman HO, Hendricks M, Straus S, Tannenbaum C. 2019. Are gender gaps due to evaluations of the
applicant or the science? A natural experiment at a national funding agency. Lancet 393(10171):531–40

WilliamsWM,Ceci SJ. 2015.National hiring experiments reveal 2:1 faculty preference for women on STEM
tenure track. PNAS 112(17):5360–65

Wilton LS, Bell AN,VahradyanM,Kaiser CR. 2020. Show don’t tell: Diversity dishonesty harms racial/ethnic
minorities at work. Pers. Soc. Psychol. Bull. 46(8):1171–85

Woodcock A, Hernandez PR, Schultz PW. 2016. Diversifying science: Intervention programs moderate the
effect of stereotype threat on motivation and career choice. Soc. Psychol. Pers. Sci. 7(2):184–92

Yao J, Lim S, Guo CY,Ou AY,Ng JW. 2022. Experienced incivility in the workplace: a meta-analytical review
of its construct validity and nomological network. J. Appl. Psychol. 107(2):193–220

www.annualreviews.org • Gender and STEM 243

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 



PS74_FrontMatter ARjats.cls November 25, 2022 13:54

Annual Review of
Psychology

Volume 74, 2023

Contents

Surviving While Black: Systemic Racism and Psychological Resilience
James M. Jones p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 1

Understanding the Need for Sleep to Improve Cognition
Ruth L.F. Leong and Michael W.L. Chee p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p27

Rethinking Vision and Action
Ken Nakayama, Jeff Moher, and Joo-Hyun Song p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p59

The Development of Color Perception and Cognition
John Maule, Alice E. Skelton, and Anna Franklin p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p87

Understanding Human Object Vision: A Picture Is Worth a Thousand
Representations
Stefania Bracci and Hans P. Op de Beeck p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 113

Turning Attention Inside Out: How Working Memory Serves Behavior
Freek van Ede and Anna C. Nobre p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 137

Determinants of Social Cognitive Aging: Predicting Resilience and Risk
Julie D. Henry, Sarah A. Grainger, and William von Hippel p p p p p p p p p p p p p p p p p p p p p p p p p p p p 167

Self-Compassion: Theory, Method, Research, and Intervention
Kristin D. Neff p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 193

Gender Inclusion and Fit in STEM
Toni Schmader p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 219

Evaluative Conditioning: Past, Present, and Future
Tal Moran, Yahel Nudler, and Yoav Bar-Anan p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 245

What Are Conspiracy Theories? A Definitional Approach to Their
Correlates, Consequences, and Communication
Karen M. Douglas and Robbie M. Sutton p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 271

Embracing Complexity: A Review of Negotiation Research
Erica J. Boothby, Gus Cooney, and Maurice E. Schweitzer p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 299

Self-Continuity
Constantine Sedikides, Emily K. Hong, and Tim Wildschut p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 333

vi

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 



PS74_FrontMatter ARjats.cls November 25, 2022 13:54

A Socioecological-Genetic Framework of Culture and Personality: Their
Roots, Trends, and Interplay
Jackson G. Lu, Verónica Benet-Martínez, and Laura Changlan Wang p p p p p p p p p p p p p p p p p p 363

Psychology of Climate Change
Linda Steg p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 391

Stress Management Interventions to Facilitate Psychological and
Physiological Adaptation and Optimal Health Outcomes in Cancer
Patients and Survivors
Michael H. Antoni, Patricia I. Moreno, and Frank J. Penedo p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 423

Psychosocial and Integrative Oncology: Interventions Across
the Disease Trajectory
Linda E. Carlson p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 457

Emotion in Organizations: Theory and Research
Hillary Anger Elfenbein p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 489

Pride: The Emotional Foundation of Social Rank Attainment
Jessica L. Tracy, Eric Mercadante, and Ian Hohm p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 519

Psychological Resilience: An Affect-Regulation Framework
Allison S. Troy, Emily C. Willroth, Amanda J. Shallcross, Nicole R. Giuliani,
James J. Gross, and Iris B. Mauss p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 547

Dealing with Careless Responding in Survey Data: Prevention,
Identification, and Recommended Best Practices
M.K. Ward and Adam W.Meade p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 577

The Psychology of Athletic Endeavor
Mark R. Beauchamp, Alan Kingstone, and Nikos Ntoumanis p p p p p p p p p p p p p p p p p p p p p p p p p p p p 597

Indexes

Cumulative Index of Contributing Authors, Volumes 64–74 p p p p p p p p p p p p p p p p p p p p p p p p p p p 625
Cumulative Index of Article Titles, Volumes 64–74 p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 630
Errata

An online log of corrections to Annual Review of Psychology articles may be found at
http://www.annualreviews.org/errata/psych

Contents vii

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 



PS74_FrontMatter ARjats.cls November 25, 2022 13:54

Related Articles

From the Annual Review of Clinical Psychology, Volume 18 (2022)

Temperamental and Theoretical Contributions to Clinical Psychology
Jerome Kagan

What Do We Know About the Genetic Architecture of Psychopathology?
Evan J. Giangrande, Ramona S. Weber, and Eric Turkheimer

Training the Next Generation of Clinical Psychological Scientists: A Data-Driven
Call to Action
Dylan G. Gee, Kathryn A. DeYoung, Katie A. McLaughlin, Rachael M. Tillman,
Deanna M. Barch, Erika E. Forbes, Robert F. Krueger, Timothy J. Strauman,
Mariann R. Weierich, and Alexander J. Shackman

Measurement-Based and Data-Informed Psychological Therapy
Wolfgang Lutz, Brian Schwartz, and Jaime Delgadillo

Behavioral Interventions to Reduce Cardiovascular Risk Among People with
Severe Mental Disorder
Amanda L. Baker, Erin Forbes, Sonja Pohlman, and Kristen McCarter

Real-Time Functional MRI in the Treatment of Mental Health Disorders
Vincent Taschereau-Dumouchel, Cody A. Cushing, and Hakwan Lau

The Genetic, Environmental, and Cultural Forces Influencing Youth Antisocial
Behavior Are Tightly Intertwined
S. Alexandra Burt

The Invisibility of Power: A Cultural Ecology of Development in the
Contemporary United States
Tasneem M. Mandviwala, Jennifer Hall, and Margaret Beale Spencer

Differences/Disorders of Sex Development: Medical Conditions at the
Intersection of Sex and Gender
David E. Sandberg and Melissa Gardner

A Current Learning Theory Approach to the Etiology and Course of Anxiety
and Related Disorders
Richard E. Zinbarg, Alexander L. Williams, and Susan Mineka

viii

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 



PS74_FrontMatter ARjats.cls November 25, 2022 13:54

Dissociation and Dissociative Disorders Reconsidered: Beyond Sociocognitive and
Trauma Models Toward a Transtheoretical Framework
Steven Jay Lynn, Craig Polizzi, Harald Merckelbach, Chui-De Chiu, Reed Maxwell,
Dalena van Heugten, and Scott O. Lilienfeld

Psychosocial Treatments for Bipolar Disorder in Children and Adolescents
Haley M. Brickman and Mary A. Fristad

Major Depression and Its Recurrences: Life Course Matters
Scott M. Monroe and Kate L. Harkness

Suicide in African American Adolescents: Understanding Risk by Studying
Resilience
W. LaVome Robinson, Christopher R. Whipple, Kate Keenan, Caleb E. Flack,
and LaRicka Wingate

Psychopathy: Current Knowledge and Future Directions
Christopher J. Patrick

Cognitive Aging and the Promise of Physical Activity
Kirk I. Erickson, Shannon D. Donofry, Kelsey R. Sewell, Belinda M. Brown,
and Chelsea M. Stillman

Neuroplasticity, the Prefrontal Cortex, and Psychopathology-Related Deviations
in Cognitive Control
Monica Luciana and Paul F. Collins

The Biopsychosocial Puzzle of Painful Sex
Marta Meana and Yitzchak M. Binik

Mechanisms of Behavior Change in Substance Use Disorder With and Without
Formal Treatment
Katie Witkiewitz, Rory A. Pfund, and Jalie A. Tucker

Police Violence and Public Health
Jordan E. DeVylder, Deidre M. Anglin, Lisa Bowleg, Lisa Fedina, and Bruce G. Link

Allostasis, Action, and Affect in Depression: Insights from the Theory of
Constructed Emotion
Clare Shaffer, Christiana Westlin, Karen S. Quigley, Susan Whitfield-Gabrieli,
and Lisa Feldman Barrett

The Psychology of Pandemics
Steven Taylor

From the Annual Review of Developmental Psychology, Volume 4 (2022)

Becoming a Cognitive Scientist
Susan E. Carey

Drivers of Lexical Processing and Implications for Early Learning
Arielle Borovsky

Human Morality Is Based on an Early-Emerging Moral Core
Brandon M.Woo, Enda Tan, and J. Kiley Hamlin

Related Articles ix

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 



PS74_FrontMatter ARjats.cls November 25, 2022 13:54

On the Origins of Mind: A Comparative Perspective
Kresimir Durdevic and Josep Call

Sleep and Memory in Infancy and Childhood
Gina M. Mason and Rebecca M.C. Spencer

Effects of Racism on Child Development: Advancing Antiracist Developmental
Science
Iheoma U. Iruka, Nicole Gardner-Neblett, Nicole A. Telfer, Nneka Ibekwe-Okafor,
Stephanie M. Curenton, Jacqueline Sims, Amber B. Sansbury,
and Enrique W. Neblett

Inequitable Experiences and Outcomes in Young Children: Addressing Racial and
Social-Economic Disparities in Physical and Mental Health
Brenda Jones Harden and Natalie Slopen

Ownership and Value in Childhood
Madison L. Pesowski, Shaylene E. Nancekivell, Arber Tasimi, and Ori Friedman

Development of Religious Cognition
Rebekah A. Richert and Kathleen H. Corriveau

Gender Development in Gender Diverse Children
Benjamin E. deMayo, Ashley E. Jordan, and Kristina R. Olson

Development of Reward Circuitry During Adolescence: Depression, Social
Context, and Considerations for Future Research on Disparities in Sexual and
Gender Minority Youth
Kristen L. Eckstrand, Carly J. Lenniger, and Erika E. Forbes

Spatial Navigation in Childhood and Aging
Merve Tansan, Kim V. Nguyen, and Nora S. Newcombe

A Neurocognitive Model of Self-Concept Development in Adolescence
Eveline A. Crone, Kayla H. Green, Ilse H. van de Groep, and Renske van der Cruijsen

The National Longitudinal Study of Adolescent to Adult Health (Add Health): An
Underused Resource for Developmental Science
Kathleen Mullan Harris and Carolyn Tucker Halpern

Beyond ‘Use It or Lose It’: The Impact of Engagement on Cognitive Aging
Elizabeth A.L. Stine-Morrow and Ilber E. Manavbasi

Inhibition and Creativity in Aging: Does Distractibility Enhance Creativity?
Lixia Yang, Kesaan Kandasamy, and Lynn Hasher

Open Science in Developmental Science
Lisa A. Gennetian, Michael C. Frank, and Catherine S. Tamis-LeMonda

Practice and Policy Regarding Child Neglect: Lessons from Studies of
Institutional Deprivation
Charles H. Zeanah and Lucy S. King

x Related Articles

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 



PS74_FrontMatter ARjats.cls November 25, 2022 13:54

The Critical Roles of Early Development, Stress, and Environment in the Course
of Psychosis
T.G. Vargas and V.A. Mittal

Use of Population-Level Administrative Data in Developmental Science
Barry J. Milne, Stephanie D’Souza, Signe Hald Andersen,
and Leah S. Richmond-Rakerd

From the Annual Review of Neuroscience, Volume 45 (2022)

Multiple-Timescale Representations of Space: Linking Memory to Navigation
Wenbo Tang and Shantanu P. Jadhav

Challenges of Organoid Research
Madeline G. Andrews and Arnold R. Kriegstein

Receptor-Ribosome Coupling: A Link Between Extrinsic Signals and mRNA
Translation in Neuronal Compartments
Max Koppers and Christine E. Holt

Brainstem Circuits for Locomotion
Roberto Leiras, Jared M. Cregg, and Ole Kiehn

Signaling Pathways in Neurovascular Development
Amir Rattner, Yanshu Wang, and Jeremy Nathans

Mesoaccumbal Dopamine Heterogeneity: What Do Dopamine Firing and Release
Have to Do with It?
Johannes W. de Jong, Kurt M. Fraser, and Stephan Lammel

Melding Synthetic Molecules and Genetically Encoded Proteins to Forge New
Tools for Neuroscience
Pratik Kumar and Luke D. Lavis

The Cerebellar Cortex
Court Hull and Wade G. Regehr

Clearing Your Mind: Mechanisms of Debris Clearance After Cell Death During
Neural Development
Kendra E. Liu, Michael H. Raymond, Kodi S. Ravichandran, and Sarah Kucenas

Neural Signaling in Cancer
Michael B. Keough and Michelle Monje

Breathing Rhythm and Pattern and Their Influence on Emotion
Sufyan Ashhad, Kaiwen Kam, Christopher A. Del Negro, and Jack L. Feldman

Neural Algorithms and Circuits for Motor Planning
Hidehiko K. Inagaki, Susu Chen, Kayvon Daie, Arseny Finkelstein, Lorenzo Fontolan,
Sandro Romani, and Karel Svoboda

Fluorescence Imaging of Neural Activity, Neurochemical Dynamics, and
Drug-Specific Receptor Conformation with Genetically Encoded Sensors
Chunyang Dong, Yu Zheng, Kiran Long-Iyer, Emily C. Wright, Yulong Li,
and Lin Tian

Related Articles xi

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 



PS74_FrontMatter ARjats.cls November 25, 2022 13:54

A Theoretical Framework for Human and Nonhuman Vocal Interaction
Gregg A. Castellucci, Frank H. Guenther, and Michael A. Long

Neuromodulation and Neurophysiology on the Timescale of Learning and
Decision-Making
Cooper D. Grossman and Jeremiah Y. Cohen

Neuroimmune Interactions in Peripheral Organs
Roel G.J. Klein Wolterink, Glendon S. Wu, Isaac M. Chiu,
and Henrique Veiga-Fernandes

Subcortical Cognition: The Fruit Below the Rind
Karolina Janacsek, Tanya M. Evans, Mariann Kiss, Leela Shah, Hal Blumenfeld,
and Michael T. Ullman

Considering Organismal Physiology in Laboratory Studies of Rodent Behavior
Patricia Rubio Arzola and Rebecca M. Shansky

Neuroscientific Evidence for Processing Without Awareness
Liad Mudrik and Leon Y. Deouell

Microglia and Neurodevelopmental Disorders
John R. Lukens and Ukpong B. Eyo

Adeno-Associated Virus Toolkit to Target Diverse Brain Cells
Rosemary C. Challis, Sripriya Ravindra Kumar, Xinhong Chen, David Goertsen,
Gerard M. Coughlin, Acacia M. Hori, Miguel R. Chuapoco, Thomas S. Otis,
Timothy F. Miles, and Viviana Gradinaru

Cross-Modal Plasticity in Brains Deprived of Visual Input Before Vision
Guillermina López-Bendito, Mar Aníbal-Martínez, and Francisco J. Martini

Functional Ultrasound Neuroimaging
Gabriel Montaldo, Alan Urban, and Emilie Macé

Human Cerebellar Development and Transcriptomics: Implications for
Neurodevelopmental Disorders
Parthiv Haldipur, Kathleen J. Millen, and Kimberly A. Aldinger

Theory of the Multiregional Neocortex: Large-Scale Neural Dynamics and
Distributed Cognition
Xiao-Jing Wang

Beyond Wrapping: Canonical and Noncanonical Functions of Schwann Cells
Carla Taveggia and M. Laura Feltri

Synaptic Mechanisms Regulating Mood State Transitions in Depression
Puja K. Parekh, Shane B. Johnson, and Conor Liston

From the Annual Review of Organizational Psychology and Organizational Behavior,
Volume 9 (2022)

From Traditional Research to Responsible Research: The Necessity of Scientific
Freedom and Scientific Responsibility for Better Societies
Anne S. Tsui

xii Related Articles

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 



PS74_FrontMatter ARjats.cls November 25, 2022 13:54

Recovery from Work: Advancing the Field Toward the Future
Sabine Sonnentag, Bonnie Hayden Cheng, and Stacey L. Parker

The Science of Leadership: A Theoretical Model and Research Agenda
Andrew M. Carton

Stigmatized Work and Stigmatized Workers
Glen Kreiner, Christine A. Mihelcic, and Sven Mikolon

The Power of Listening at Work
Avraham N. Kluger and Guy Itzchakov

Compensation, Benefits, and Total Rewards: A Bird’s-Eye (Re)View
Ingrid Smithey Fulmer and Junting Li

Smart Heuristics for Individuals, Teams, and Organizations
Gerd Gigerenzer, Jochen Reb, and Shenghua Luan

When Gender Matters in Organizational Negotiations
Hannah Riley Bowles, Bobbi Thomason, and Inmaculada Macias-Alonso

New Developments in Social Network Analysis
Daniel J. Brass

Trust Within the Workplace: A Review of Two Waves of Research and a Glimpse
of the Third
Kurt T. Dirks and Bart de Jong

Cross-Cultural Innovation and Entrepreneurship
Ute Stephan

Relational Dynamics of Leadership: Problems and Prospects
Terri A. Scandura and Jeremy D. Meuser

The Structure of Intrinsic Motivation
Ayelet Fishbach and Kaitlin Woolley

Revisiting Behavioral Integrity: Progress and New Directions After 20 Years
Tony Simons, Hannes Leroy, and Lisa Nishii

Informal (Field-Based) Learning
Scott I. Tannenbaum and Mikhail A. Wolfson

Assessing Interests in the Twenty-First-Century Workforce: Building on a
Century of Interest Measurement
Christopher D. Nye

Accumulating Knowledge in the Organizational Sciences
Frank A. Bosco

From the Annual Review of Public Health, Volume 43 (2022)

Advances in Gender-Transformative Approaches to Health Promotion
Jane Fisher and Shelly Makleff

Related Articles xiii

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 



PS74_FrontMatter ARjats.cls November 25, 2022 13:54

Methods to Address Confounding and Other Biases in Meta-Analyses: Review and
Recommendations
Maya B. Mathur and Tyler J. VanderWeele

Qualitative Research Methods in Chronic Disease: Introduction and
Opportunities to Promote Health Equity
Rachel C. Shelton, Morgan M. Philbin, and Shoba Ramanadhan

Risks and Opportunities to Ensure Equity in the Application of Big Data Research
in Public Health
Paul Wesson, Yulin Hswen, Gilmer Valdes, Kristefer Stojanovski,
and Margaret A. Handley

Social Epidemiology: Past, Present, and Future
Ana V. Diez Roux

The Recent Rise of Suicide Mortality in the United States
Gonzalo Martínez-Alés, Tammy Jiang, Katherine M. Keyes, and Jaimie L. Gradus

A Review of the Quality and Impact of Mobile Health Apps
Quinn Grundy

Reimagining Rural: Shifting Paradigms About Health and Well-Being in the
Rural United States
R.A. Afifi, E.A. Parker, G. Dino, D.M. Hall, and B. Ulin

Scaling Up Public Health Interventions: Engaging Partners Across Multiple
Levels
Jennifer Leeman, Alix Boisson, and Vivian Go

Social Capital, Black Social Mobility, and Health Disparities
Keon L. Gilbert, Yusuf Ransome, Lorraine T. Dean, Jerell DeCaille,
and Ichiro Kawachi

Social Connection as a Public Health Issue: The Evidence and a Systemic
Framework for Prioritizing the “Social” in Social Determinants of Health
Julianne Holt-Lunstad

The Role of Citizen Science in Promoting Health Equity
Lisa G. Rosas, Patricia Rodriguez Espinosa, Felipe Montes Jimenez, and Abby C. King

Understanding Health Inequalities Through the Lens of Social Epigenetics
Chantel L. Martin, Lea Ghastine, Evans K. Lodge, Radhika Dhingra,
and Cavin K. Ward-Caviness

Barriers and Enablers for Integrating Public Health Cobenefits in Urban Climate
Policy
Maya Negev, Leonardo Zea-Reyes, Livio Caputo, Gudrun Weinmayr, Clive Potter,
and Audrey de Nazelle

Environmental Factors Influencing COVID-19 Incidence and Severity
Amanda K. Weaver, Jennifer R. Head, Carlos F. Gould, Elizabeth J. Carlton,
and Justin V. Remais

xiv Related Articles

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 



PS74_FrontMatter ARjats.cls November 25, 2022 13:54

Personal Interventions to Reduce Exposure to Outdoor Air Pollution
Robert J. Laumbach and Kevin R. Cromar

Transmission of Respiratory Viral Diseases to Health Care Workers: COVID-19
as an Example
Amanda M.Wilson, Darrah K. Sleeth, Camie Schaefer, and Rachael M. Jones

Designing for Dissemination and Sustainability to Promote Equitable Impacts on
Health
Bethany M. Kwan, Ross C. Brownson, Russell E. Glasgow, Elaine H. Morrato, and
Douglas A. Luke

Health-Related Quality of Life Measurement in Public Health
Robert M. Kaplan and Ron D. Hays

Public Health Roles in Addressing Commercial Determinants of Health
Kelley Lee and Nicholas Freudenberg

Real-Time Infectious Disease Modeling to Inform Emergency Public Health
Decision Making
Anna Bershteyn, Hae-Young Kim, and R. Scott Braithwaite

Roles of Cities in Creating Healthful Food Systems
Nevin Cohen

Active Aging and Public Health: Evidence, Implications, and Opportunities
Shilpa Dogra, David W. Dunstan, Takemi Sugiyama, Afroditi Stathi,
Paul A. Gardiner, and Neville Owen

Advancing Diabetes Prevention and Control in American Indians and Alaska
Natives
Julie E. Lucero and Yvette Roubideaux

Eliminating Explicit and Implicit Biases in Health Care: Evidence and Research
Needs
Monica B. Vela, Amarachi I. Erondu, Nichole A. Smith, Monica E. Peek,
James N. Woodruff, and Marshall H. Chin

Health and Health Care Among Transgender Adults in the United States
Ayden I. Scheim, Kellan E. Baker, Arjee J. Restar, and Randall L. Sell

Mobile Health (mHealth) in Low- and Middle-Income Countries
Judith McCool, Rosie Dobson, Robyn Whittaker, and Chris Paton

Shifting the Demand for Vaccines: A Review of Strategies
Neeraj Sood, Tahmina Nasserie, Sushant Joshi, and Eran Bendavid

The Indian Health Service and American Indian/Alaska Native Health Outcomes
Gina Kruse, Victor A. Lopez-Carmen, Anpotowin Jensen, Lakotah Hardie,
and Thomas D. Sequist

From the Annual Review of Vision Science, Volume 8 (2022)

The Boston Keratoprosthesis—The First 50 Years: Some Reminiscences
Claes Dohlman

Related Articles xv

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 



PS74_FrontMatter ARjats.cls November 25, 2022 13:54

The Essential Role of the Choriocapillaris in Vision: Novel Insights from Imaging
and Molecular Biology
Kelly Mulfaul, Jonathan F. Russell, Andrew P. Voigt, Edwin M. Stone, Budd A. Tucker,
and Robert F. Mullins

Calcium Channels in Retinal Function and Disease
Brittany Williams, J. Wesley Maddox, and Amy Lee

Cellular and Molecular Determinants of Retinal Cell Fate
Eleni Petridou and Leanne Godinho

Do You See What I See? Diversity in Human Color Perception
Jenny M. Bosten

Feature Detection by Retinal Ganglion Cells
Daniel Kerschensteiner

Retinal Encoding of Natural Scenes
Dimokratis Karamanlis, Helene Marianne Schreyer, and Tim Gollisch

Vision Impairment and On-Road Driving
Joanne M. Wood

Patient-Reported Measures of the Effects of Vision Impairments and Low Vision
Rehabilitation on Functioning in Daily Life
Robert W. Massof

Sensory Perception in Autism: What Can We Learn?
Bat-Sheva Hadad and Amit Yashar

Statistical Learning in Vision
József Fiser and Gábor Lengyel

Critical Periods in Vision Revisited
Donald E. Mitchell and Daphne Maurer

Recent Treatment Advances in Amblyopia
Kimberly Meier and Kristina Tarczy-Hornoch

Binocular Integration in the Primate Primary Visual Cortex
A. Maier, M.A. Cox, J.A. Westerberg, and K. Dougherty

Spike–Gamma Phase Relationship in the Visual Cortex
Supratim Ray

More Than the Face: Representations of Bodies in the Inferior Temporal Cortex
Rufin Vogels

Visual Attention in the Prefrontal Cortex
Julio Martinez-Trujillo

Eye Movements as a Window into Decision-Making
Miriam Spering

xvi Related Articles

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

02
3.

74
:2

19
-2

43
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

12
8.

18
9.

19
7.

60
 o

n 
06

/2
2/

23
. S

ee
 c

op
yr

ig
ht

 f
or

 a
pp

ro
ve

d 
us

e.
 




