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Abstract
We explored whether the existence of gender bias causes gender gaps in STEM engagement. In Experiment 1 (n = 322), U.S.
women projected less sense of belonging, positivity toward, and aspirations to participate in STEM than did men when exposed
to the reality of STEM gender bias. These gender differences disappeared when participants were told that STEM exhibits gender
equality, suggesting that gender bias produces STEM gender gaps. Experiment 2 (n = 429) explored whether results generalized
to a specific STEMdepartment, and whether organizational efforts tomitigate gender bias might shrink gender gaps. U.S. women
exposed to a biased chemistry department anticipated more discrimination and projected less sense of belonging, positive
attitudes and trust and comfort than did men. These gender differences vanished when participants read about an unbiased
department, again suggesting that gender bias promotes STEM gender gaps. Further, moderated mediation analyses suggested
that in the presence of gender bias (but not gender equality), women projected less positive attitudes and trust and comfort than
did men because they experienced less sense of belonging and anticipated more discrimination. Results were largely unaffected
by whether departments completed a diversity training, suggesting that knowledge of diversity initiatives alone cannot close
STEM gender gaps.
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Most scholars agree that there is a gender disparity across
science, technology, engineering, and mathematics (STEM)
fields. For example, recent estimates indicate that women
comprise only 28.4% of the science and engineering work-
force in the United States (National Science Foundation
2017). However, there is ongoing debate about the causal
factors responsible for the STEM gender gap. Researchers
have identifying numerous contributing variables, including
but not limited to, differences in men’s and women’s lifestyle
Bchoices^ (whether free or constrained; Ceci and Williams
2011; Williams and Ceci 2012), endorsement of communal
goals (which are often viewed as incompatible with STEM
work; Diekman et al. 2017), access to appropriate role models
and mentors (Stout et al. 2011), social identity threat (Murphy

et al. 2007), stereotypes casting STEM as male gender-typed
(Nosek et al. 2009), and masculine cultures that undermine
women’s sense of belonging (Cheryan et al. 2009).

However, the potential causal impact of gender bias itself on
the STEM gender disparity remains largely unexplored.
Clarifying the role of gender bias is critical; if gender bias has
no impact onmen’s andwomen’s STEMoutcomes, then current
policies aimed at stamping out bias reflect wasted resources and
missed opportunities (Ceci et al. 2014; Ceci andWilliams 2011).
However, if gender bias does contribute to women’s underrep-
resentation, then ignoring its causal role may allow current gen-
der gaps to linger or expand. Thus, in the current research, we
sought to provide the first (to our knowledge) experimental test
of the causal role of field and department-level gender bias in
producing U.S. gender gaps in STEM engagement, and we also
explored the extent to which institutional diversity efforts aimed
at mitigating bias may close these gaps.

Consequences of STEM Gender Bias

A growing body of evidence reveals gender biases favoring
men across STEM fields. For example, women in STEM
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report regularly encountering gender bias (Robnett 2016;
Steele et al. 2002; Williams et al. 2016), papers by women
are less likely to be cited than those by men (Lariviere et al.
2013), female junior biomedical researchers receive signifi-
cantly less start-up support than do comparable men (Sege
et al. 2015), women are less likely than men to be invited to
present colloquium talks at top universities (across six
academic fields; Nittrouer et al. 2017), and when men intro-
duce invited medical grand rounds speakers, they are less
likely to refer to female (relative to male) colleagues by their
professional title (Files et al. 2017). Experimental evidence
echoes these correlational patterns, revealing that relative to
the identical men, women are less likely to be hired for a
psychology faculty position (Steinpreis et al. 1999), a job in
mathematics (Reuben et al. 2014), and a lab manager position
(Moss-Racusin et al. 2012). They are also judged to be less
competent, less deserving of mentoring, are paid less (Moss-
Racusin et al. 2012), and are less likely to receive valuable
pre-doctoral mentoring (Milkman et al. 2012, 2015). Finally, a
scientific abstract is judged as poorer in quality when attribut-
ed to a female (vs. male) author (Knobloch-Westerwick et al.
2013). Participant gender differences did not emerge across
these experiments, suggesting that both women and men are
likely to exhibit STEM gender biases.

Although a large body of evidence reveals gender biases
favoring men, it is important to note that one recent paper
found the opposite pattern. Results from a series of experi-
ments revealed a preference for women tenure-track STEM
candidates on the part of STEM faculty compared to similarly
qualified men (Williams and Ceci 2015). These results may
signal that there are some situations in which women benefit
from gender bias. However, certain methodological aspects of
these experiments may constrain their generalizability (e.g.,
Williams and Smith 2015). For example, target applicants
were irrefutably excellent, a condition well-known to suppress
typical gender bias effects that emerge in more realistic, nu-
anced, and common situations (Heilman et al. 2004).
Additionally, this research focused only on faculty hiring,
whereas existing evidence suggests that women encounter
substantial bias at other career junctures. Finally, given exten-
sive media coverage of prior experimental evidence of gender
bias in STEM (e.g., Pollack 2013) and discussion of these
results in the STEM community, Williams and Ceci’s (2015)
faculty participants may have been aware of the true purpose
of their experiment, experienced social desirability pressures,
and Bbent over backwards^ to avoid favoringmale candidates.

This concern is further bolstered by the fact that virtually
no prior research has revealed a preference for female candi-
dates in male-typed domains. Exceptions to this rule are very
few; to our knowledge, they include only a preference for
female over male leaders under severe system threats inspiring
a need for change (Brown et al. 2011) and when a company
was said to be on the brink of failure (i.e., Bthe glass cliff^;

Bruckmuller and Branscombe 2010). In other words, the
existing research suggests that women are preferentially se-
lected only when situations are particularly dire and when
women are viewed as offering the potential for change, sug-
gesting that evidence of gender biases favoring women is
particularly limited. Thus, although future research is needed
to further explore the nature and limits of STEM gender bias,
the majority of existing evidence suggests that gender biases
favoring men remain an unfortunate problem.

However, evidence of bias does not necessarily indicate
that it causes women’s underrepresentation. Indeed, although
prior research has sought to determine whether STEM gender
bias exists, whether the existence of gender bias contributes to
the STEM gender gap is its own empirical question. That is,
skeptics may argue that women simply persist in the face of
gender biases in evaluation, hiring, and pay, such that these
experimentally-demonstrated biases ultimately may not be
causally responsible for women’s underrepresentation. This
possibility remains because researchers have yet to experi-
mentally manipulate the alleged existence of STEM gender
bias and examine its causal impact on women’s and men’s
STEM engagement. In a review of the potential causes of
women’s underrepresentation in math-intensive fields, Ceci
and colleages (2014, p. 26) express this idea clearly:

One might imagine that, given the plethora of allega-
tions, there would be compelling evidence that biased
interviewing and hiring is a cause of women’s underrep-
resentation in STEM fields and/or that discriminatory
remuneration and promotion practices are responsible
for the gender gap in pay and rank. However, the evi-
dence in support of biased hiring as a cause of
underrepresentation is not well-supported…We do not
claim that there have not been many excellent demon-
strations of implicit bias or stereotyping and explicit
bias; rather, our claim is that the literature has failed to
demonstrate a causal link between such demonstrations
and the underrepresentation of female faculty. (italics in
the original)

Simply put, does the existence of gender bias contribute to
women’s underrepresentation in STEM? Alternately, it is pos-
sible that women are unaffected by STEM gender bias, per-
haps because they manage to ignore or dismiss it, or even
utilize it as motivation to work harder. Although we argue in
the following that the former possibility is more likely, an-
swering this question is of the utmost importance for shrinking
the STEMgender gap. Overstating the impact of gender bias if
it does not contribute to the gender gap (i.e., committing a
Type I error) could lead to interventions that are by definition
ineffective because they target the wrong culprit (Ceci and
Williams 2011; Ceci et al. 2014). Conversely, dismissing the
role of gender bias if it does contribute to the gender gap (i.e.,
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committing a Type II error) could distract from needed policy
changes, trivialize women’s well-documented subjective ex-
periences of bias (Robnett 2016; Steele et al. 2002; Williams
et al. 2016), and perhaps leave room for more biased behav-
iors, which could widen the current gender gap. Of impor-
tance, if evidence emerges to support the causal impact of
gender bias on STEM gender gaps, we do not claim that is
the sole contributing factor. As we stated, numerous other
contributors have been identified by other researchers; a sys-
tematic review of this literature is beyond the scope of the
current research and has been provided elsewhere (e.g.,
Cheryan et al. 2017; Ceci et al. 2014). However, a clear ex-
perimental test is needed to determine whether gender bias
should be added to the list of factors responsible for the
STEM gender gap.

Related research suggests that gender bias likely does con-
tribute to women’s underrepresentation in STEM. Notably,
work on stereotype threat highlights the detrimental effects
of knowing that one’s own behavior could confirm a negative
stereotype about one’s group (Steele and Aronson 1995). For
example, when a math test was described as producing gender
differences favoringmen, women scored lower than similarly-
qualified men; these differences vanished when the test was
described as not producing gender differences (Spencer et al.
1999; Walsh et al. 1999). Moreover, social identity threats can
undermine women’s interest in math and science (Murphy
et al. 2007; Smith et al. 2007). Broadly, the stereotype threat
literature highlights the role of negative group stereotypes in
undermining outcomes such as stigmatized group members’
sense of belonging, motivation, and performance (Inzlicht and
Schmader 2012). By extension, this raises the possibility that
knowledge of the existence of gender bias may be similarly
detrimental. However, although the stereotype threat literature
is suggestive, the potential impact of the existence of gender
bias itself (rather than the threat of fulfilling negative group
stereotypes) on gender gaps in STEM engagement remains
largely unexplored.

More closely related to our central research question, sev-
eral studies have demonstrated that interacting with one sexist
individual can undermine women’s performance. For exam-
ple, male interviewers’ implicit gender stereotypes negatively
predicted female applicants’ interview performance as
assessed by third-party raters (Latu et al. 2015), and male
engineering students’ levels of subtle sexism negatively pre-
dicted the performance of their female engineering student
partners’ performance on an engineering test (Logel et al.
2009). Further, Adams et al. (2006) explored the impact of
the mere suggestion that one person in a position of authority
could be sexist. When told that an instructor in a laboratory
experiment might be sexist, women (but not men) reported a
less positive instructional experience, demonstrated worse
performance on a logic test, and rated the instructor himself
as less competent relative to women who were not told that the

instructor might be sexist. Similarly, Thoman and Sanson
(2016) investigated the impact of receiving gender-biased
feedback from an experimenter on students’ interest in science
activities completed during a laboratory experiment. Women
who were given no reason for the fact that they were not
chosen for a leadership role in the experiment reported being
more interested in a science-related task they had just com-
pleted than did women who were told that they were not
chosen because Bmen usually do better than women at
science.^

These studies suggest that one person’s gender bias can
have negative consequences for women, but they did not ex-
plore the more systemic impact of knowledge that an entire
field (or department) typically exhibits bias. Additionally, the
existing studies focused on outcomes acutely relevant to the
particular instructional situation (e.g., task performance, indi-
vidual instructor competence, task interest) whereas the cur-
rent research focuses on consequences for general STEM en-
gagement (i.e., positive attitudes, sense of belonging, aspira-
tions, trust and comfort). More broadly, existing results sug-
gest (but do not demonstrate) that field- or department-level
gender bias may indeed be linked to gender gaps in engage-
ment and that women do not simply ignore the existence of
gender bias when making decisions about what field to enter
(or exit, as the case may be). However, a direct test of this
causal relationship—as well as an exploration of factors that
may ameliorate negative effects of the existence of bias on
women’s STEM engagement—remained forthcoming.

Downstream Impact of Diversity Training

If the existence of gender bias does indeed produce gender
gaps in STEM engagement, then it is crucial to identify strat-
egies that successfully mitigate bias. Diversity training reflects
one intervention approach that has become an increasingly
common organizational practice (Paluck 2006), in part due
to concerns about the professional consequences associated
with bias (Green and Kalev 2008). Although a comprehensive
review of the diversity training literature is beyond the scope
of the current research, we note that although a growing num-
ber of programs have been shown to boost women’s represen-
tation in the workforce (e.g., Devine et al. 2017; Smith et al.
2015), very few theoretically-grounded interventions capable
of demonstrably reducing STEM gender bias have historically
been available (Moss-Racusin et al. 2014). Of importance,
successful efforts to increase women’s STEM participation
cannot stop at the hiring stage. Although it is encouraging that
available interventions can boost hiring rates of women in
STEM, retention rates may remain low without more compre-
hensive programs capable of successfully targeting pernicious
STEM gender bias itself. Hearteningly, recent evidence re-
veals that some newer, evidence-based programs do
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successfully reduce gender bias in STEM (e.g., Carnes et al.
2015; Moss-Racusin et al. 2018; Pietri et al. 2017), suggesting
that rigorous diversity trainings may provide a fruitful avenue
for reducing STEM gender bias and improving gender parity
in the future.

However, the bulk of existing research on diversity train-
ings has focused on their ability to improve bias-related out-
comes for attendees. That is, success has been conceptualized
largely in terms of whether individual attendees demonstrate
more positive outcomes (e.g., less bias, more awareness of
diversity issues, more hiring of stigmatized group members,
etc.) after the training than before it, and sometimes relative to
a control group (Paluck 2006; Paluck and Green 2009). In
contrast, very little work has considered the impact of diver-
sity trainings from a broader perspective by assessing their
downstream consequences for non-attendees (i.e., other mem-
bers of stigmatized groups within the organization). We thus
explored whether knowing that a successful institutional di-
versity training has taken place might ameliorate the negative
effects of the existence of gender bias for women in STEM.
We reasoned that if women’s underrepresentation indeed re-
sults from gender bias (among other factors) as predicted, then
knowledge of organizational diversity trainings designed to
ameliorate gender bias could equalize men’s and women’s
STEM engagement. If so, this would highlight dual potential
benefits of diversity trainings—first for attendees themselves
and then for stigmatized group members within the broader
community.

Some related work on corporate diversity messages sug-
gests that under the right circumstances, knowledge of diver-
sity and inclusion efforts might positively impact stigmatized
group members’ experiences in organizations. For example,
when African American professionals read about a company
with a low proportion of Employees of Color, they reported
more trust and comfort when the company espoused a pro-
gressive value-diversity philosophy relative to a colorblind
diversity philosophy (Purdie-Vaughns et al. 2008).
Additionally, Women of Color expected more organizational
diversity, had greater performance expectations, and actually
performed better on a math test after exposure to a multicul-
tural (relative to a colorblind) corporate diversity message
(Wilton et al. 2015). Moreover, the presence of organizational
diversity structures targeting one stigmatized group (e.g.,
People of Color) resulted in identity safety for members of
other stigmatized groups as well (e.g., White women;
Chaney et al. 2016). Further, the mere presence of diversity
trainings led women to view organizations as procedurally fair
(Brady et al. 2015).

However, other work suggests that the existence of diver-
sity trainings may not be a magic bullet. Indeed, the mere
presence of diversity structures may create an Billusion of
fairness^ that paradoxically undermines organizational equity
(Kaiser et al. 2013). For example, although Brady et al. (2015)

determined that the existence of diversity trainings boosts
women’s perceptions of fairness, this ironically also led them
to view sexist hiring outcomes as reasonable and express less
support for litigation alleging sexism. Additionally, people
may be aware that diversity trainings are often ineffective or
counterproductive (Anand and Winters 2008; Dobbin et al.
2015; Legault et al. 2011). Thus, women in STEM may not
believe that diversity trainings will effectively eradicate bias,
and thus the gender gap may still persist. Given the paucity
and contradictory nature of existing evidence on this topic, it
was unclear whether knowledge of a diversity training might
undo the negative effects of gender bias and close the STEM
gender gap. Rather than make an a-priori prediction, we pro-
vided the first known direct test of this possibility.

The Current Research

The current work sought to help resolve debates about the role
of gender bias in contributing to women’s underrepresentation
in STEM. To do so, we explored the extent to which knowl-
edge that entire academic fields (Experiment 1) or specific
departments (Experiment 2) exhibit gender bias favoring
men can produce gender disparities in engagement with those
fields/departments. To do so, we manipulated the alleged ex-
istence of gender bias, and then we assessed various manifes-
tations of men’s and women’s engagement. This design
allowed us to isolate the causal impact of the existence of
gender bias on the gender gap in STEM.

Although past research has often focused on predictors of
STEM performance (Logel et al. 2009; Spencer et al. 1999;
Steele and Aronson 1995; Walsh et al. 1999), in the current
work, we were interested in assessing women’s and men’s
STEM engagement more broadly. Although performance is
certainly relevant to understanding women’s underrepresenta-
tion, a host of studies have suggested that women’s STEM
underrepresentation is not due to performance detriments
(Ceci et al. 2014; Halpern et al. 2007; Hyde and Linn 2006;
Spelke 2005). Thus, we focused on engagement (relying on
variables drawn from the existing literature) rather than on
performance. Specifically, in Experiment 1, we assessed the
extent to which participants projected positive attitudes to-
ward STEM, sense of belonging in STEM, and aspirations
to participate in STEM. Given the specific organizational con-
text of Experiment 2, we modified measures to assess positiv-
ity and sense of belonging in relation to the particular chem-
istry department participants read about. We also replaced the
broader STEM aspirations scale with a more acute measure of
participants’ trust and comfort in the specific chemistry de-
partment. Finally, because Experiment 2 included a manipu-
lation of the existence of diversity training, we added a direct
assessment of the extent to which participants’ anticipated
experiencing discrimination in the department.
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Across both experiments, we predicted that men would
show better outcomes than women on all dependent variables
only when participants were exposed to the reality of gender
bias. In contrast, we expected that gender gaps would vanish
when participants were told that STEM as a whole
(Experiment 1) or a specific chemistry department
(Experiment 2) exhibited gender equality. Further, in
Experiment 2, we explored whether knowledge that the chem-
istry department had successfully completed a gender diversi-
ty training might be enough to counteract the negative effects
of gender bias and close the STEM engagement gender gap.

Experiment 1

The primary goal of Experiment 1 was to explore the causal
impact of the existence of gender bias on women’s and men’s
STEM engagement. To do so, we exposed adult participants to
a news article reporting published experimental evidence of
STEM gender bias (Moss-Racusin et al. 2012), the identical
article modified to report that the experiment revealed no ev-
idence of gender bias, or no article in a control condition. We
then measured participants’ sense of belonging in STEM, pos-
itive attitudes toward STEM, and aspirations to work in
STEM.

We predicted that women would show lower outcomes
than men would in the gender bias condition in which they
were explicitly provided evidence of the reality of gender bias.
We expected to observe similar gender differences in the con-
trol condition because the absence of explicit information
about gender bias should allow participants to respond as they
naturally would. Given the large body of evidence revealing
the existence of gender bias in STEM (Knobloch-Westerwick
et al. 2013; Milkman et al. 2012, 2015; Moss-Racusin et al.
2012; Reuben et al. 2014; Steinpreis et al. 1999), we predicted
that the control condition would thus reflect a gender gap
stemming from prevalent gender bias. However, in the gender
equality condition, we expected that men’s and women’s out-
comes would be equal. These results would reflect the idea
that women are deterred from STEM fields due (at least in
part) to the gender biases that exist across them.

Method

Participants

Participants (n = 322, 180 women or 56% female, all percent-
ages rounded to nearest whole number) were fluent English-
speaking adults living in the United States who were at least
18-years-old (Mage = 35, SD = 12.25, range = 18–80). Of all
participants, 242 (75%) were White, 24 (8%) were Black, 18
(6%) were Hispanic, 20 (6%) were East Asian, 4 (1%) were
South Asian, 5 (1%) were Southeast Asian, 4 (1%) were

Native American/ Pacific Islander, and 5 (2%) were
Multiracial. Neither participants’ age, t(299) = .54, p = .587,
nor race, χ2(7, 322) = 8.52, p = .289, varied as a function of
participants’ gender—in other words, demographics were
similar for men and women in the sample. Additionally, nei-
ther participant age (all Bs < .21, all ps > .18) nor racial back-
ground (all Fs < 1.40, all ps > .21) significantly impacted our
results.

Of all participants, 24 (7%) had completed high school or
obtained a GED, 76 (24%) had completed some college, 36
(11%) had completed a 2-year college degree, 145 (45%) had
completed a 4-year college degree, 29 (9%) had received a
Master’s-level degree, 8 (3%) had received a Doctorate, and 4
(1%) had received a Professional degree (e.g., JD, MD). Of all
participants, 79 (25%) reported that they intended to be, cur-
rently were, or had been a STEMmajor, and 75 (23%) report-
ed having worked in STEM. Although there were some un-
surprising main effects associated with participants’ STEM
background (such that those who reported more extensive
STEM experience were also generally more engaged in
STEM), in no case did these variables significantly interact
with either the bias-existence condition or participants’ gender
(all Fs < 1.53, all ps > .22). In other words, the results reported
here appear to be largely unaffected by participants’ prior
levels of STEM experience.

Design, Procedure and Materials

The experiment utilized a 3 (existence of gender bias: gender
bias, gender equality, control) × 2 (participant gender; male,
female) between-subjects design. Participants were recruited
through Amazon’s Mechanical Turk (MTurk), an online mar-
ketplace for data collection providing multiple Human
Intelligence Tasks (HITs) to eligible workers (Buhrmester
et al. 2011). MTurk quickly generates large, diverse samples
that are as representative as undergraduate participant pools
(Paolacci et al. 2010), with superior test-retest reliability
(Buhrmester et al. 2011). Participants could elect to participate
in our experiment (entitled BAcademic Fields Study^) from
among a list of HITs. Participation was restricted to those
residing with the United States. All experimental materials
were presented using the survey program Qualtrics.
Participants read that we were interested in learning about
their Bviews of different academic fields.^ After providing
informed consent, they were randomly assigned to read the
gender bias article, the gender equality article, or no article.
All participants then completed the three dependent variable
scales, which were presented in a random order (and items
within each scale were randomized). Finally, participants re-
ported their demographic information, completed the manip-
ulation check, and were fully debriefed and compensated
$.75.
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Existence of Gender Bias Manipulation We manipulated the
existence of gender bias in STEM using news articles
reporting the results of scientific research. (All materials used
in both experiments are available in an online supplement.) To
do so, we modified an actual news article (Midura 2013) cov-
ering an experiment on STEM gender bias (Moss-Racusin
et al. 2012). In the gender bias condition, the article accurately
conveyed the existence of STEM gender bias as revealed by
experimental data. Specifically, the article described the meth-
odology and major results of Moss-Racusin et al. (2012)
where in science faculty members rated a male lab manager
applicant as more competent, hireable, and deserving of
mentoring than the identical female applicant, and they also
offered him a higher starting salary. These results were pre-
sented in a figure, in which we increased the magnitude of
effect sizes obtained in the actual published research in order
to ensure that the critical pattern of results was clear to non-
specialists. Throughout the article, the actual evidence of gen-
der bias was explicitly communicated. For example, the article
was titled, BResearch Finds Evidence of Gender Bias in
Science Fields,^ and it stated that: BIt appears that female
scientists are not evaluated fairly based on their skills and
abilities, but instead, are judged as inferior simply because
of their gender.^

We utilized the same article in the gender equality con-
dition, but modified the language and figure in order to
convey that research had not revealed evidence of gender
bias. Throughout the article, the alleged evidence of gender
equality was explicitly communicated. For example, the
article was titled, BResearch Finds Evidence of Gender
Equality in Science Fields,^ and stated that, BIt appears that
female scientists are evaluated fairly based on their skills
and abilities, and are not judged as inferior simply because
of their gender.^ In the control condition, participants did
not read an article.

Sense of Belonging in STEM To assess this construct, we uti-
lized eight items modified from previous research (Cheryan
et al. 2011; Nosek et al. 2002) on a Likert scale ranging from 1
(not at all) to 7 (very much). Items included, BHow much do
you think you belong in STEM?^ and BTo what extent do you
‘feel at home’ in STEM?^ Items were averaged to form the
sense of belonging index (α = .97), with higher scores
reflecting greater sense of belonging.

Positive Attitudes toward STEM We measured this construct
using four items modified from previous research (Cheryan
et al. 2009; Diekman et al. 2011) on a Likert scale ranging
from 1 (not at all) to 7 (very much). Items included: BHow
positive is your impression of a career in STEM?^ and BHow
positively do you feel toward STEM?^ Items were averaged
to form the positive attitudes scale (α = .91), with higher
scores indicating more positivity.

STEM Aspirations We measured participants’ STEM aspira-
tions utilizing seven items modified from previous research
(Cheryan et al. 2011; Cheryan and Plaut 2010) as well as
novel items developed for the purposes of the current research.
Reponses were provided on a Likert scale ranging from 1 (not
at all) to 7 (very much). Items included: BHow interested are
you in working in a STEM field?^ and BIf you were offered a
job in a STEM field, how likely would you be to take it?^
Items were averaged to create the aspirations scale (α = .96),
with higher scores reflecting greater aspirations.

Manipulation Check Participants responded to a manipulation
check question, BWhat did the research described in the article
you read about find?^ Response options were: BWomen en-
counter gender bias in science,^ BWomen do not encounter
gender bias in science,^ or BI was not asked to read an article.^
All participants answered the manipulation check correctly.

Results

To test our predictions, we assessed participant gender differ-
ences in each condition (means, standard deviations, gender
difference effect sizes, and correlations among study variables
appear in Table 1; ANOVA results appear in Table 1s in the
online supplement). For sense of belonging, as expected, men
reported a higher sense of belonging than did women in the
bias condition, t(101) = 4.07, p < .001, d = .81, and in the con-
trol condition, t(117) = 2.14, p = .035, d = .40. However, this
difference vanished in the equality condition, t(98) = .77,
p = .441, d = .16. This suggests that the existence of gender
bias lead women to experience less sense of belonging in
STEM than did men.

For positive attitudes toward STEM, contrary to expecta-
tions, women did not project significantly less positive atti-
tudes toward STEM than did men in the control condition,
t(117) = 1.51, p = .134, d = .29, although this difference was
in the predicted direction. More importantly (and consistent
with expectations), women did project significantly less pos-
itivity toward STEM than did men in the bias condition,
t(101) = 3.06, p = .003, d = .60. This difference vanished in
the equality condition, t(98) = −.66, p = .511, d = .13. These
results suggest that women project less positivity toward
STEM than men do only in the face of explicitly-identified
gender bias.

For STEM aspirations, consistent with expectations, men
reported greater aspirations to participate in STEM than did
women in the bias condition, t(101) = 3.25, p = .002,
d = .64, and in the control condition, t(117) = 2.06,
p = .042, d = .39. However, in the gender equality condition,
men and women aspired to participate in STEM at equal
levels, t(97) = .26, p = .797, d = .06. This suggests that gen-
der differences in STEM aspirations were only observed in
the presence of gender bias.
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Moderated Mediation Analyses

Reflecting a conservative approach, we initially treated sense
of belonging, positive attitudes, and aspirations as three out-
come measures of interest because there was not sufficient
pre-existing evidence to warrant hypothesizing that one of
these variables might function as a mediator in this context.
However, some prior research does suggest that sense of be-
longing may help to explain important gender differences in
STEM. For example, Cheryan et al. (2011) found that in vir-
tual classrooms with designs that conveyed computer science
stereotypes, women reported lower interest and anticipated
less success in computer science than did men because they
felt less sense of belonging. Thus, we conducted similar mod-
eratedmediation analyses to explore the potential role of sense
of belonging in explaining the effect of gender on both posi-
tive attitudes toward STEM and aspirations in STEM sepa-
rately by condition (i.e., control, bias, and equality).

Specifically, we anticipated that there would be a significant
indirect effect of gender on positive attitudes and aspirations
via belonging in the control and bias conditions, but not in the
equality condition. In other words, we expected that in the
presence of gender bias, women would project less positivity
and aspirations for STEM than men because they experienced
less sense of belonging. To test this possibility, we ran a mod-
erated mediation analysis using Hayes’ PROCESS macro
model 8 and 10,000 bootstrap resamples. We included gender
as the predictor, sense of belonging in STEM as the mediator,
condition as the moderator, and positive attitudes toward
STEM and aspirations in STEM as the outcome variables
(across two separate models, see Figs. 1 and 2). We expected
that condition would moderate the effects of participant gender
on both the mediator and outcomes (but not the effect of the
mediator on the outcomes).

First, with positive attitudes toward STEM as the outcome
variable (see Fig. 1), there were significant indirect effects
(i.e., the confidence interval did not cross 0) of gender on
attitudes via sense of belonging in the control condition and

in the bias condition. As expected, the indirect effect was not
significant in the equality condition. Second, focusing on
STEM aspirations as the outcome variable (see Fig. 2), there
were significant indirect effects of gender on aspirations
through sense of belonging in the control condition and in
the bias condition. As predicted, the indirect effect again
was not significant in the equality condition.

Thus, in the presence of gender bias in the control and bias
conditions, women had a lower sense of belonging in STEM
than men did, and this depressed sense of belonging was as-
sociated with less positive attitudes toward STEM aspirations
to participate in STEM. In the equality condition, however,
gender did not predict sense of belonging (i.e., men and wom-
en felt similar levels of sense of belonging) and, consequently,
the indirect effects in that condition were not significant. This
suggests that sense of belonging might help to explain why
women report less STEM positivity and aspirations than do
men in the presence of gender bias.

Discussion

Results from Experiment 1 provide support for our prediction
that the existence of gender bias produces STEM gender gaps.
When explicitly exposed to the reality of bias in the gender
bias condition, women expected to experience less sense of
belonging, positive attitudes, and aspirations to participate in
STEM than did men. Of concern, these results provide novel
evidence of the causal consequences of STEM gender bias,
suggesting that it directly results in gender gaps in STEM
engagement. However, these gender differences were fully
eliminated when participants were exposed to the idea of gen-
der equality. This suggests that women may project being just
as enthusiastically engaged in STEM as men in the absence of
gender bias.

When tacitly exposed to gender bias in the control
condition (i.e., because gender bias exists in daily life),
women projected significantly less sense of belonging and
aspirations for STEM than did men. However, women and

Table 1 Means and standard deviations of dependent variables by bias existence and participants’ gender, Experiment 1

Variables Equality Bias Control

Men Women Men Women Men Women Correlations

M SD M SD d M SD M SD d M SD M SD d 1 2

1.Belonging 4.48 1.35 4.24 1.65 .16 4.51 1.93 3.11 1.50 .81* 4.61 1.51 3.94 1.81 .40* –

2. Positivity 5.43 1.36 5.60 1.31 .13 5.43 1.52 4.50 1.60 .60* 5.63 1.22 5.23 1.52 .29 .68*** –

3..Aspirations 4.37 1.73 4.27 1.89 .06 4.47 2.05 3.24 1.79 .64* 4.59 1.70 3.89 1.87 .39* .86*** .71***

Positive scores reflect more sense of belonging, positivity, and aspirations. By convention, .20 reflects a small effect, .50 a medium effect, .80 a large
effect (Cohen 1988)
* pairwise comparison significant at p < .05

***p < .001
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men did project equal levels of positivity toward STEM.
These mixed findings may be attributable to the fact that
the items in our positivity scale assessed judgments of
STEM fields themselves, whereas the sense of belonging
and aspirations scales measured participants’ judgments
of themselves (and their own potential experiences) in
those fields. That is, the fact that positivity did not dem-
onstrate a gender difference in the control condition sug-
gests that women are not inherently less positive toward
STEM itself than are men, and indeed, it is only in the
presence of explicitly-identified gender bias that a posi-
tivity gender gap emerges. However, even with the con-
trol condition’s absence of concrete information about the
existence of STEM gender bias, women expected de-
pressed personal outcomes (i.e., sense of belonging and

aspirations) relative to men. The fact that results in the
control condition mirrored the bias condition much more
closely than the equality condition suggests that women
may presume the existence of gender bias and respond by
projecting their withdrawal from STEM. More broadly,
only the equality condition’s explicit, evidence-based
claims of gender equality were sufficient to consistently
close the gender gaps in projected STEM engagement.

Finally, consistent with some prior work (Cheryan et al.
2011), moderated mediation analyses suggested that the gen-
der gaps in STEM positivity and aspirations that emerge in the
presence of gender bias may be driven by sense of belonging.
In other words, women may project less positivity toward and
aspirations for STEM relative to men in part because they
expect to feel less sense of belonging in STEM than do men
when bias is present. Of importance, this relationship was not

a) Control Condition (Indirect Effect = -.38, 95% CI [-.73, -.03]) 

b) Bias Condition (Indirect Effect = -.79, 95% CI [-1.18, -.40]) 

c) Equality Condition (Indirect Effect = -.14, 95% CI [-.48, .18]) 

Positivity  

b = -.67* b = .57***

b = -.01, p = .946 
(b = -.40)

Belonging 

Positivity  

b = -1.39*** b = .57***

b = -.15, p = .500 
(b = -.94**)

Belonging 

Positivity  

b = -.24 b = .57***

b = .32, p = .153 
(b = .18) 

Gender (Female=1, 
Male=0) 

Gender (Female=1, 
Male=0) 

Gender (Female=1, 
Male=0) 

Belonging 

Fig. 1 Moderated mediation results for positive attitudes toward STEM,
Experiment 1. Moderated mediation model testing the indirect effect of
gender on positive attitudes toward STEM via sense of belonging in
STEM in the control, bias, and equality conditions. Figure 1a shows the
mediational model in the control condition, Fig. 1b presents the
mediational model in the bias condition, and Fig. 1c shows the
mediational model in the equality condition. The total effects are shown
in parenthesis, and the direct effects (i.e., controlling for sense of
belonging) are shown without parenthesis. b indicates the
unstandardized regression coefficient. Solid lines indicate significant
effects at p < .05, and dotted lines represent nonsignificant effects.
*p < .05. **p < .01. ***p < .001

a) Control Condition (Indirect Effect = -.63, 95% CI [-1.21, -.06]) 

b) Bias Condition (Indirect Effect = -1.32, 95% CI [-1.95, -.67])

c) Equality Condition (Indirect Effect = -.22, 95% CI [-.80, .32]) 

Aspirations 

b = -.67* b = .95***

b = -.05, p = .772 
(b = -.69*)

Belonging 

Aspirations 

b = -1.39*** b = .95***

b = .08, p = .667
(b = -1.23**)

Belonging 

Aspirations 

b = -.24 b =.95***

b =.13, p = .527 
(b = -.10) 

Gender (Female=1, 
Male=0) 

Gender (Female=1, 
Male=0) 

Gender (Female=1, 
Male=0) 

Belonging 

Fig. 2 Moderated mediation results for STEM aspirations, Experiment 1.
Moderated mediation model testing the indirect effect of gender on
aspirations in STEM via sense of belonging in STEM in the control,
bias, and equality conditions. Figure 2a shows the mediational model in
the control condition, Fig. 2b presents the mediational model in the bias
condition, and Fig. 2c shows the mediation model in the equality
condition. The total effects are shown in parenthesis, and the direct
effects (i.e., controlling for sense of belonging) are shown without
parenthesis. b indicates the unstandardized regression coefficient. Solid
lines indicate significant effects at p < .05, and dotted lines represent
nonsignificant effects. *p < .05. **p < .01. ***p < .001
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observed in the gender equality condition because women
anticipated feeling just as much sense of belonging as men
did when STEM was described as egalitarian.

Experiment 2

Experiment 2 had two primary goals. First, we sought to rep-
licate and extend the major pattern of results observed in
Experiment 1 (i.e., that gender differences in STEM engage-
ment emerge only in the face of gender bias) in a more acute
context. To do so, we exposed participants to a summary of a
chemistry department’s re-accreditation review in which they
were either found to have exhibited gender bias or not.
Because Experiment 1 established that results for the control
condition closely mirrored those in the gender bias condition,
we eliminated the control condition in Experiment 2 in order
to conserve power. Thus, the design of Experiment 2 allowed
us to again explore the impact of the existence of gender bias
on men’s and women’s STEM outcomes, but this time in a
more proximal context (i.e., reactions to a specific department,
rather than STEM as a whole). Accordingly, we modified
existing scales and selected additional outcome variables from
the literature that directly assessed participants’ reactions to
the specific department they read about rather than STEM
more broadly.

We predicted that women would report more anticipated
discrimination and less positive attitudes, sense of belonging,
and trust and comfort in the chemistry department than men in
the gender bias condition, but not in the gender equality con-
dition. These results would further underscore the causal im-
pact of gender bias on deterring women—not only from pur-
suing STEM globally, but also from joining particular STEM-
learning environments and workplaces.

Second, we explored whether knowledge of organizational
efforts to combat bias might close the perceived STEM en-
gagement gender gap observed in Experiment 1. Specifically,
participants read that the chemistry department had either suc-
cessfully completed a gender bias training or had yet to com-
plete the training. Although research has explored the impact
of diversity training on attendees (e.g., Paluck 2006), relative-
ly little work has explored the potential downstream impact on
other members of the organization. Thus, we sought to deter-
mine whether diversity training might affect change not only
by improving the attitudes and behaviors of attendees, but also
by increasing expected engagement on the part of women who
witness their organization taking action to address bias. Some
related past work suggested that this might be likely. For
example, Chaney et al. (2016, Experiment 1) found that
White women exposed to a company that held either a
BFostering Women’s Success^ or a BFostering Racial
Minorities’ Success^ program anticipated greater workplace
inclusion than those in a control condition (who merely read

about a neutral BFostering Employee Success^ program).
Because there were no differences in White women’s per-
ceived inclusion across the two experimental conditions (and
becauseMen of Color showed similar effects when exposed to
companies who won awards for either gender or racial
diversity; Chaney et al. 2016, Experiment 3), these results
suggest that the presence of diversity structures designed to
benefit one stigmatized group may also positively impact
members of other targeted groups.

However, the current work built upon this existing research
in at least four critical ways. First, Chaney et al. (2016) ex-
plored reactions to general organizational diversity structures
(e.g., a course designed to improve employees’ intergroup
communication in Experiment 1 or awards recognizing gen-
erally positive workplace climates for women or People of
Color in Experiments 2–4), rather than trainings specifically
targeting gender bias itself. Second, Chaney et al. (2016,
Experiment 1) manipulated the presence of diversity trainings,
but did not indicate whether the trainings were actually suc-
cessful. Third, participant samples in this research were demo-
graphically homogeneous (i.e., White women in Experiments
1 and 2, Men of Color in Experiment 3, and White men in
Experiment 4), such that it was not possible to determine
whether diversity structures would produce differences in en-
gagement across participants from stigmatized and non-
stigmatized groups (a key question in the current research).
Finally, the prior research focused on a corporate (rather than a
STEM) context. Thus, we expanded upon existing work by
exploring whether the existence of gender bias, the successful
completion of a gender bias training, and participants’ own
gender would shape both male and female participants’
projected STEM outcomes. Due to the paucity of existing
research, we did not make an a priori prediction regarding
the extent to which the completion of a successful diversity
training might equalize men’s and women’s STEM engage-
ment (even in the face of gender bias), but rather, we sought to
provide the first known experimental test of this possibility.

Method

Participants

Participants (n = 429, 224 women or 52% female) were fluent
English-speaking adults living in the United States who were
at least 18-years-old (Mage = 37, SD = 11.87, range = 18–75).
Of all participants, 343 (80%) were White, 27 (6%) were
Black, 18 (4%) were Hispanic, 12 (3%) were East Asian, 9
(2%) were South Asian, 5 (1%) were Southeast Asian, 2 (2%)
were Native American/ Pacific Islander, and 10 (2%) were
Multiracial. Consistent with Experiment 1, neither partici-
pants’ age, t(427) = −.69, p = .492, nor race, χ2(9, n = 429) =
11.03, p = .274, varied as a function of participants’ gender,
nor did participants’ age (all Bs < .11, all ps > .23) or racial
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background (all Fs < 1.40, all ps > .19) significantly impact
results.

Of participants, 87 (20%) had completed high school
or obtained a GED, 92 (22%) had completed a 2-year
college degree, 180 (42%) had completed a 4-year college
degree, 53 (12%) had received a Master’s-level degree, 8
(2%) had received a Doctorate, and 9 (2%) had received a
Professional degree (e.g., JD, MD). Of participants, 138
(32%) reported that they intended to be, currently were, or
had been a STEM major, and 111 (26%) reported having
worked in STEM. Consistent with Experiment 1, there
were no significant interactions between these variables
and the bias existence condition or participants’ gender
(all Fs < 1.70, all ps > .19). Thus, once again, results ap-
pear to be largely unaffected by participants’ prior levels
of STEM experience.

Design, Procedure, and Materials

The experiment utilized a 2 (existence of gender bias: gender
bias, gender equality) × 2 (diversity training status: trained,
not trained) × 2 (participant gender) between-subjects design.
Participants were again recruited viaMTurk, where they could
elect to participate in our experiment (entitled BYou be the
Judge^) from among a list of HITs. Workers who had com-
pleted Experiment 1 were not permitted to participate in
Experiment 2. Participation was again restricted to those re-
siding with the U.S. All experimental materials were present-
ed using the survey program Qualtrics. Participants read that
we were interested in learning about their Bperceptions of
different academic departments.^ After providing informed
consent, they were randomly assigned to read one of four
department re-accreditation review summaries. They next
completed the three dependent variable scales, which were
presented in a random order (and items within each scale were
randomized). Finally, participants reported their demographic
information, completed the manipulation checks, and were
fully debriefed and compensated $1.00.

Re-Accreditation Reviews To manipulate both the existence of
bias and the completion of diversity training, we created sum-
maries of a re-accreditation review that had allegedly taken
place for a chemistry department at a major BR1^ American
University in the last year. Participants viewed a summary
form which contained information in four sections: BGeneral
Department Information^ (e.g., size, institution type);
BDepartment Performance^ (e.g., number of competitive re-
search grants awarded); BDepartment Climate^ (e.g., number
of discrimination complaints and academic integrity viola-
tions); and BPost-Review Information.^ The first two sections
contained neutral filler data that was standardized across all
conditions. Information was presented using tabular data from
the current review (2016), the previous review (2013), and

current averages for similar institutions. Categories with im-
provement since the last review were highlighted in grey,
whereas those with decreases were highlighted in orange
(allowing participants to easily visualize problem areas). The
filler data presented first reflected a department that performed
well over time and relative to peers.

Our manipulations were contained in the table on
BDepartment Climate.^ To manipulate the existence of gender
bias, we displayed the number of Breported gender bias/
discrimination complaints.^ (Note that to bolster the cover
story and allay suspicions, participants read that Binformation
regarding racial bias is still being processed and is not yet
available for this department.^) In the gender bias condition,
the current number of complaints was 31, higher than those
reported in the last review (22) and the average for similar
institutions (18). Further, the reviewer expressed strong con-
cerns about gender bias in their comments. For example, the
reviewer stated: BThe current data revealed a disturbing pat-
tern of gender bias.^ In the gender equality condition, the
current number of complaints was 11, and the reviewer noted
that the climate was no longer problematic and stated explic-
itly that they were not concerned about gender bias. For ex-
ample, they wrote: BThe current data revealed an encouraging
pattern of gender equality.^

The manipulation of diversity training status was contained
in a final section, entitled BPost-Review Information.^ In both
the gender bias and equality conditions, participants read that
the reviewer had recommended completion of a Bvalidated
gender diversity training course,^ but in the gender bias con-
dition, this was Bout of necessity,^ and in the equality condi-
tion, this was merely Bas a standard procedure.^ In the trained
condition, participants read that the department had success-
fully completed the recommended course, the date of comple-
tion, the completion grade of BHighly Successful,^ along with
the definition that this grade Bindicates receptive faculty, active
engagement with course material, demonstrated greater under-
standing of gender diversity issues, commitment to behavioral
improvements and equitable treatment of male and female
department community members.^ Finally, the reviewer noted
that BThe faculty was very successful. They are committed to
gender equity.^ In the untrained condition, participants read
that the department had not yet completed the recommended
gender diversity training course. Under BCompletion Date^
and BComplet ion Grade,^ the words BNOT YET
COMPLETED^ appeared in red.

Anticipated Discrimination in the Chemistry Department We
sought to directly assess the extent to which participants ex-
pected to experience gender-based discrimination in this par-
ticular chemistry department. To do so, we modified an
existing scale of anticipated discrimination (Wilton et al.
2015). Participants responded to six items using a Likert scale
ranging from 1 (not at all) to 7 (very much). Items included: BI
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would expect to personally experience gender bias in this
chemistry department^ and BI would expect to be excluded
from some important professional opportunities in this chem-
istry department.^ Items were averaged to form the anticipated
discrimination scale, with higher scores reflecting higher
levels of anticipated discrimination (α = .89).

Belonging, Positive Attitudes, and Trust and ComfortWe uti-
lized the same sense of belonging scale as in Experiment 1,
but modified it to pertain to this particular chemistry depart-
ment rather than to STEM as whole (α = .95). We utilized the
positive attitudes scale from Experiment 1, but modified it to
pertain to this particular chemistry department rather than to
STEM as whole (α = .96). We sought to utilize a measure that
was conceptually similar to the aspirations scale utilized in
Experiment 1, but that would be appropriate for a specific
departmental context (rather than STEM fields as a whole).
To do so, we drew upon the existing organizational literature
and utilized a modified version of the trust and comfort scale,
which assess the extent to which individuals feel motivated,
satisfied, and determined to work hard and succeed in an or-
ganization (Purdie-Vaughns et al. 2008). Participants
responded to five items indicated on a Likert scale ranging
from 1 (not at all) to 7 (very much). Items included: BI would
like to be a member of this chemistry department^ and BThis
chemistry department would inspire me to do the very best job
that I can.^ Items were averaged to form the trust and comfort
scale, with larger numbers reflecting greater levels of trust and
comfort in the chemistry department (α = .96).

Manipulation Checks To assess the efficacy of our manipula-
tions, participants responded to two manipulation check ques-
tions. The first was: BWhat was the reviewer’s opinion of the
climate in this department?^ Response options were BThe
reviewer had concerns about gender bias,^ and BThe reviewer
did not have concerns about gender bias.^ The second was
BHave the department faculty completed the required gender

diversity training?^ Response options were: BYes, they have
completed the training^ and BNo, they have not yet completed
the training.^ As in Experiment 1, all participants answered
the manipulation checks correctly.

Results

Testing Predicted Gender Differences

To test our predictions, we again assessed participant gender
differences in each condition (means, standard deviations,
gender difference effect sizes, and correlations among study
variables appear in Table 2; ANOVA results appear in Table 2s
in the online supplement). For anticipated discrimination, as
predicted, in the gender bias condition, women anticipated
that they would encounter significantly more discrimination
if they joined this chemistry department than did men,
t(219) = 5.20, p < .001, d = .70. However, this difference
vanished in the gender equality condition, t(205) = 1.59,
p = .114, d = .22. This suggests that women believed they
would encounter more discrimination than did men only in
the presence of gender bias.

Results also supported predictions for the remaining vari-
ables. For sense of belonging, women predicted experiencing
significantly less sense of belonging than men in the gender
bias condition t(219) = 3.74, p < .001, d = .51. However, this
difference was not observed in the gender equality condition,
t(205) = 1.88, p = .062, d = .26. For positive attitudes toward
this chemistry department, women projected less positive at-
titudes toward the chemistry department than did men in the
gender bias condition, t(218) = 3.09, p = .002, d = .42.
However, this difference disappeared in the gender equality
condition, t(205) = .37, p = .713, d = .05. For trust and com-
fort, women perceived significantly less trust and comfort in
the chemistry department than did men in the gender bias
condition, t(219) = 2.60, p = .010, d = .35. However, this gen-
der difference vanished in the gender equality condition,

Table 2 Means and standard deviations of dependent variables by bias existence and participants’ gender, Experiment 2

Variables Equality Bias

Men Women Men Women Correlations

M SD M SD d M SD M SD d 1 2 3

1. Anticipated discrimination 2.55 1.10 2.81 1.25 .22 3.57 1.17 4.50 1.48 .70* –

2. Sense of belonging 5.01 1.24 4.65 1.50 .26 4.07 1.52 3.33 1.39 .51* −.58*** –

3. Positivity 5.47 1.20 5.41 1.80 .05 4.05 1.47 3.39 1.70 .42* −.70*** .78*** –

4. Trust and comfort 5.26 1.35 5.31 1.25 .04 3.81 1.52 3.25 1.69 .35* −.68*** .78*** .91***

Positive scores reflect more anticipated discrimination, sense of belonging, positivity, and aspirations. By convention, .20 reflects a small effect, .50 a
medium effect, .80 a large effect (Cohen 1988)
* pairwise comparison significant at p < .05

***p < .001
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t(205) = .29, p = .772, d = .04. Taken together, these results
provide consistent support for predictions, such that women
projected less STEM engagement relative to men only in the
presence of gender bias.

Assessing the Exploratory Research Question

Because we did not have specific a priori predictions regard-
ing whether the completion of a successful diversity training
might impact men’s and women’s STEM outcomes, we
assessed this exploratory research question by submitting each
of the four dependent variables to a three-way between-sub-
jects ANOVA and examining main and interaction effects
associated with the training status variable. For interested
readers, Table 3s (available in the online supplement) contains
all means, standard deviations, and gender difference effect
sizes as a function of bias existence, diversity training status,
and participant gender. There was a main effect of training
status for each dependent variable (all Fs > 8.02, all ps
< .005), such that whether or not the department had exhibited
bias, both male and female participants’ expected more posi-
tive outcomes when departments had been successfully
trained relative to when they had not been trained.

However, no two- or three-way interactions involving
training status were significant for any variable (all Fs <
2.89, all ps > .090), with one exception: for anticipated dis-
crimination, there was a significant interaction between train-
ing status and participant gender, F(1, 420) = 5.80, p = .017,
ηp2 = .014. Simple effects tests revealed that when the depart-
ment had not been trained, women (M = 4.16, SD = 1.58) an-
ticipated greater discrimination than did men (M = 3.14, SD =
1.27), t(210) = 5.17, p < .001, d = .71. However, when the de-
partment completed the diversity training, women (M = 3.28,
SD = 1.53) anticipated similar levels of discrimination as did
men (M = 3.01, SD = 1.21), t(214) = 1.44, p = .150, d = .20.
These results indicate that knowledge of a successful diversity
training equalized women’s and men’s levels of anticipated
discrimination (and because the three-way interaction was
not significant, this did not vary as a function of whether the
department had been biased). However, we reiterate that be-
cause no additional two or three-way interactions involving
training status were significant for other outcomes, it appeared
that training status largely did not impact the predicted effects
of gender bias and participant gender on STEM engagement
in the current research.

Moderated Mediation Analyses

As in Experiment 1, there was not sufficient pre-existing the-
oretical rationale to make a priori predictions regarding medi-
ation. However, we again explored whether sense of belong-
ing would emerge as a significant mediator in the gender bias
(but not gender equality) condition. Further, because

Experiment 2 included a direct measure of participants’ antic-
ipated discrimination in the department, we were able to test
this as a mediator as well. Consistent with Experiment 1, we
anticipated that there would be a significant indirect effect of
gender on positive attitudes and trust and comfort via belong-
ing and anticipated discrimination in the bias condition, but
not in the equality condition. To test this possibility, we ran
moderated parallel mediation analyses using Hayes’
PROCESS macro model 8 and 10,000 bootstrap resamples.
We included gender as the predictor, belonging and anticipat-
ed discrimination as two parallel mediators, condition as the
moderator, and attitudes toward STEM and trust and comfort
as the outcome variables (across two separate models, see
Figs. 3 and 4). As in Experiment 1, we again expected that
condition would moderate the effects of participant gender on
both the mediators and outcomes (but not the effects of the
mediators on the outcomes).

Results were consistent with and expanded upon the mod-
erated mediation analyses conducted in Experiment 1. First,
with positive attitudes toward STEM as the outcome variable
(see Fig. 3), in the bias condition there were significant indi-
rect effects (i.e., the confidence interval did not cross 0) of
gender on positive attitudes via both sense of belonging and
anticipated discrimination. As expected, in the equality con-
dition, neither the indirect effect of belonging nor anticipated
discrimination was significant. Second, focusing on trust and
comfort as the outcome variable (see Fig. 4), in the bias con-
dition, there were significant indirect effects of gender on trust
and comfort via both sense of belonging and anticipated dis-
crimination. As expected, in the equality condition, neither the
indirect effect of belonging nor anticipated discrimination was
significant.

Thus, in the bias condition, women reported lower
sense of belonging and higher anticipated discrimination
than did men, and feeling greater sense of belonging pre-
dicted more positive attitudes and trust and comfort.
Simultaneously, anticipating discrimination predicted less
positive attitudes and trust and comfort. However, in the
equality condition, gender was not significantly related to
belonging (i.e., men and women felt a similar sense of
belonging in STEM) and did not predict anticipated dis-
crimination. As a result, the indirect effects in the equality
condition were not significant.

Discussion

Using novel stimulus materials, additional dependent
variables, and assessing outcomes at the level of one
particular chemistry department rather than STEM as a
whole, results from Experiment 2 provide additional sup-
port for our prediction that gender bias leads to gender
gaps in STEM. When facing departmental gender bias,
women anticipated more discrimination and projected
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less sense of belonging, positivity, and trust and comfort
toward a particular chemistry department than did men.
However, when considering an unbiased department,
women and men responded with equal levels of STEM
engagement as assessed by these variables.

Results suggested that successfully completing a diversity
training designed to eradicate gender bias was not a particu-
larly potent tool in closing the gender gap that emerged in the
presence of gender bias. Although main effects of training
status emerged such that all participants anticipated less

a) Bias Condition (Belonging: Indirect Effect = -.43, 95% CI [-.66, -.20]; Anticipatory Discrimination
Indirect Effect = -.35, 95% CI [-.53, -.20]) 

b) Equality Condition (Belonging: Indirect Effect = -.21, 95% CI [-.45, .01]; Anticipatory Discrimination:
Indirect Effect = -.10, 95% CI [-.23, .02]) 

Anticipatory 
Discrimination 

Positivity  

b = .94*** b = = -.37***

b = .12, p = .339 
(b = -.67**)

Gender (Female=1, 
Male=0) 

Belonging 
b = -.73*** b = .59***

Anticipatory 
Discrimination 

Positivity 

b = .26 

b = .25, p = .044
(b = -.06)

Gender (Female=1, 
Male=0) 

Belonging 

b = -.36 

b = -.37***

b = .59***

Fig. 3 Moderated mediation
results for positive attitudes
toward STEM, Experiment 2.
Moderated parallel mediation
model testing the indirect effects
of gender on positive attitudes via
sense of belonging and
anticipated discrimination in the
bias and equality conditions.
Figure 3a shows the mediational
model in the bias condition, and
Fig. 3 presents the mediational
model in the equality condition.
The total effects are shown with
parenthesis, and the direct effects
(i.e., controlling for belonging
and anticipated discrimination)
are shown without parenthesis. b
indicates the unstandardized
regression coefficient. Solid lines
indicate significant effects at
p < .05, and dotted lines represent
nonsignificant effects. *p < .05,
**p < .01, ***p < .001

a) Bias Condition (Belonging: Indirect Effect = -.46, 95% CI [-.71, -.22]; Anticipatory Discrimination 
Indirect Effect = -.32, 95% CI [-.49, -.18]) 

b) Equality Condition (Belonging: Indirect Effect = -.22, 95% CI [-.46, .06]; Anticipatory Discrimination:
Indirect Effect = -.09, 95% CI [-.21, .02]) 
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Male=0) 

Belonging 
b = -.73*** b = .62***

Anticipatory 
Discrimination 

Trust and 
Comfort 

b = .26 

b = .36, p = .005 
(b = .05)

Gender (Female=1, 
Male=0) 

Belonging 

b = -.36 

b = -.34***

b = .62***

Fig. 4 Moderated mediation
results for trust and comfort,
Experiment 2. Moderated parallel
mediation model testing the
indirect effects of gender on trust
and comfort via sense of
belonging and anticipated
discrimination in the bias and
equality conditions. Figure 4a
shows the mediational model in
the bias condition, and Fig. 4b
presents the mediational model in
the equality condition. The total
effects are shown with
parenthesis, and the direct effects
(i.e., controlling for belonging
and anticipated discrimination)
are shown without parenthesis. b
indicates the unstandardized
regression coefficient. Solid lines
indicate significant effects at
p < .05, and dotted lines represent
nonsignificant effects. *p < .05,
**p < .01, ***p < .001
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discrimination and predicted experiencing more sense of be-
longing, positive attitudes, and trust and comfort toward the
department when it had been trained relative to when it was
untrained, these effects largely did not interact with partici-
pants’ gender. In other words, although training was associat-
ed with general increases in engagement (which could benefit
women as well as men), it did not consistently shrink the bias-
linked gender gap. The exception to this trend was anticipated
discrimination, which demonstrated an interaction between
training status and gender such that women anticipated more
discrimination than did men only when the department was
untrained.

Consistent with Experiment 1, we explored the mediating
role of sense of belonging in explaining the relationship be-
tween gender and positivity, as well as gender and trust and
comfort. New to Experiment 2, we also assessed the mediat-
ing role of anticipated discrimination. Results of moderated
mediation analyses revealed that the gender gaps in engage-
ment that emerged in the bias condition were driven by both
mediators, such that in the presence of bias, women projected
less sense of belonging and anticipated more discrimination,
and these in turn were associated with less positivity and trust
and comfort toward the chemistry department (relative to
men). In the gender equality condition, women and men
projected similar levels of sense of belonging and anticipated
discrimination, and thus they reported similar levels of posi-
tivity and trust and comfort.

General Discussion

Taken together, results from two experiments provide support
for the idea that the existence of gender bias is causally related
to gender gaps in STEM engagement. When explicitly ex-
posed to the reality of gender bias at the level of STEM as a
whole (Experiment 1), women projected less sense of belong-
ing, positive attitudes, and aspiration for STEM than did men.
Further, gender gaps emerged for most variables when partic-
ipants were tacitly exposed to gender bias in the control con-
dition. Expanding upon these results, when women were ex-
posed to the reality of gender bias at the level of one particular
chemistry department (Experiment 2), they anticipated
experiencing more discrimination and projected less sense of
belonging, positive attitudes, and trust and comfort in the de-
partment than did men. Building upon prior research demon-
strating the consequences of one instructor’s sexism on
women’s performance (Adams et al. 2006) and interest in
science (Thoman and Sanson 2016), the current research sug-
gest that gender bias deters women from STEM.

These results are inconsistent with the idea that women are
underrepresented in STEM simply because they choose not to
enter it. Indeed, we show that gender gaps emerge only in the
presence of gender biases that are detrimental to women’s

equitable treatment, well-being, and professional progress.
As such, the current results stand in contrast to prior claims
that gender bias does not contribute to STEM gender gaps. For
example, Ceci and Williams (2011, p. 3157) asserted that,
BWomen’s current underrepresentation in math-intensive
fields is not caused by discrimination in these domains, but
rather to sex [sic] differences in resources, abilities, and
choices (whether free or constrained).^ Although we agree
that many factors jointly result in women’s underrepresenta-
tion (Cheryan et al. 2009; Diekman et al. 2017; Murphy et al.
2007; Nosek et al. 2009; Stout et al. 2011; Williams and Ceci
2012), we strongly contend that gender bias should now be
added to the list.

Although there was insufficient existing theory and ev-
idence on which to base strong a priori process predictions,
we conducted moderated mediation analyses to explore the
potential mechanisms underscoring effects. Consistent
with some prior work (Cheryan et al. 2011), evidence
emerged in Experiment 1 suggesting that in the presence
of gender bias (i.e., in the bias and control conditions),
women projected less positivity and aspirations for
STEM than did men because they experienced less sense
of belonging. In contrast, because women and men expe-
rienced equivalent levels of sense of belonging in the gen-
der equality condition, they in turn projected equal levels
of positivity and aspirations. Expanding upon these results
in Experiment 2, in the gender bias condition, women
projected less positivity and trust and comfort toward a
specific chemistry department than did men because they
experienced less sense of belonging and also because they
anticipated encountering more discrimination. However, in
the gender equality condition, women and men anticipated
equal levels of discrimination and experienced an equiva-
lent sense of belonging, and thus they reported equal levels
of positivity and trust and comfort. Although these analy-
ses were exploratory, they further underscore the serious
consequences of gender bias for women’s STEM engage-
ment, and they suggest that sense of belonging and antic-
ipated discrimination may play key roles in explaining
these effects.

Limitations and Future Research Directions

The current research is not without limitations, which re-
veal interesting avenues for future research. Although our
key prediction focused on exploring gender gaps in the
gender bias versus gender equality conditions, we also
generally expected to observe gender gaps in the control
condition in Experiment 1 (due to the fact that participants
in this condition were tacitly exposed to real-world gender
bias in STEM; see the following). However, unlike the
other variables, positive attitudes toward STEM did not
exhibit a gender gap in the control condition. We
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speculated that this may be due to the fact that items in our
positivity scale assessed judgments of STEM fields them-
selves (e.g., BHow positively do you feel toward STEM?^).
In contrast, the sense of belonging and aspirations scales
more directly assessed participants’ predictions of their
own experiences in those fields (e.g., BHow much do you
think you belong in STEM?^; BHow interested are you in
working in a STEM field?^), and thus may have been more
sensitive to the impact of tacit bias present in the control
condition. However, future research should examine this
possibility by utilizing different measures of positivity to-
ward STEM.

More broadly, it is important to consider the nature of
Experiment 1’s control condition itself. We utilized a no-
content control condition in order to help clarify the causal
impact of gender bias on women’s and men’s STEM engage-
ment. However, unlike many control conditions, ours cannot
truly reflect a neutral level of the independent variable.
Because participants are regularly exposed to the broader cul-
ture (and its accompanying stereotypes and biases), it was not
possible to create a control condition that truly had no level of
existence of gender bias. Results indicated that in the absence
of explicit information about the existence of gender bias or
equality, in most cases, participants responded as though they
had been exposed to evidence of gender bias. In other words,
likely because bias exists in the real world, it appears that it is
not necessary to explicitly mention bias in order for it to pro-
duce a gender gap.

However, the lack of a truly neutral control condition does
raise the possibility that rather than gender bias creating a
gender gap, gender equality may remove a gender gap that
already exists for a myriad of other reasons. Indeed, the cur-
rent results could be interpreted as highlighting the potential
positive impact of gender equality for women’s STEM en-
gagement. Future research should explore this possibility by
seeking to develop an alternate or more informative control
condition. For example, a control that minimizes the salience
of gender bias, distracts participants from the reality of gender
bias, or otherwise produces a more neutral condition could
help to further isolate the conditions driving the causal action
of the effect. In any case, the fact that men’s and women’s
outcomes were indistinguishable in the gender equality con-
dition (across two experiments and seven outcomes) is
encouraging.

The current research did not reveal particularly strong ef-
fects associated with diversity training. Although knowledge
that a chemistry department had successfully completed a
gender diversity training did close the gender gap in anticipat-
ed discrimination, it did not significantly impact the gender
gap for the remaining variables. However, because we orthog-
onally manipulated the existence of bias and the completion of
a diversity training, our experimental design reflected a rela-
tively conservative test of the impact of diversity trainings.

Indeed, the Bunbiased^ department may have been viewed
as more biased than intended, for three reasons. First, the
design necessitated that all departments were noted to have
struggled a bit with bias at the time of their prior review.
Second, all departments were recommended to take the train-
ing, whether they had exhibited bias at the current review or
not (although in the gender equality condition, the reviewer
noted that the recommendation was merely a formality).
Third, even the unbiased departments still had 11 current gen-
der bias/discrimination complaints (although this number was
lower than both the previous review and similar departments
and the reviewer noted that they were not concerned about
gender bias). Thus, future less conservative tests may reveal
more powerful effects of diversity training for additional var-
iables beyond anticipated discrimination. Conversely, future
research could also include a condition in which departments
took but failed the training. This should indicate even higher
or more persistent levels of bias, resulting in exacerbations of
gender gaps.

The current research cannot conclusively determine why
the diversity training manipulation was not more successful.
Future work should explore this idea by assessing the per-
ceived success and long-term impact of diversity trainings in
STEM. Perhaps it is the case that trainings are largely viewed
as ineffective (consistent with some of the existing assessment
literature; Anand and Winters 2008; Dobbin et al. 2015;
Legault et al. 2011), or participants are skeptical that trainees
will be willing and/or able to implement positive changes in
their broader organizational culture over time. If so, additional
future work could seek to develop a new manipulation that
assuages these concerns and, thus, might be more effective in
closing STEM gender gaps. Regardless, we do note that the
effects for anticipated discrimination are heartening; mere
knowledge of a successful training equalized the extent to
which men and women anticipated experiencing discrimina-
tion in a male gender-typed field that has historically demon-
strated gender bias. Because anticipated discrimination
emerged as a mediator of the effect of gender on positive
attitudes and trust and comfort, closing the gender gap for this
variable could have additional positive ripple effects. Indeed,
our results hint at the possibility of a second-level benefit to
diversity trainings (i.e., for both attendees themselves and
stigmatized group members throughout their organization).

Additional work is needed to determine the extent to which
results generalize beyond the current context. For example, as
is the case with many experiments, our sample was not
randomly-selected nor representative of the broader underly-
ing U.S. population. Although MTurk samples may be more
diverse and conscientious than traditional undergraduate sam-
ples are (Buhrmester et al. 2011; Paolacci et al. 2010), results
may be idiosyncratic to those with the time, means, and dis-
position to complete our HIT. Thus, future research should
attempt to replicate the current results with a randomly-
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selected, representative sample. Additionally, the current re-
search failed to incorporate attention checks to ensure that
participants were carefully attending to the materials.
Although we were heartened to see that all participants passed
the manipulation checks (suggesting that they were paying
adequate attention), future research should directly assess par-
ticipants’ engagement by including attention checks.

Of importance, the current research concerns the ways in
which the existence of bias may impact STEM engagement.
However, the current MTurk samples were composed of par-
ticipants with a range of ages, educational backgrounds, and
levels of STEM experience rather than solely those who were
in the early stages of determining whether or not to participate
in STEM. In other words, our samples included both those
who were already committed to working in STEM (or not), as
well as those still navigating these decisions. Future research
should determine whether the current findings replicate with a
sample of participants who have yet to establish their level of
STEM involvement (e.g., elementary, high school, or early
college students) and may thus be particularly likely to be
influenced by factors such as the existence of gender bias.
However, it is important to reiterate that our results did not
appear to be moderated by these demographic variables, such
that the existence of gender bias appeared to deter even those
women who were already committed to (or participating in)
STEM careers. Additionally, because many in our sample had
already settled upon a particular career, it is possible that their
levels of STEM engagement may be relatively fixed and thus
less likely to be influenced by various situational factors (such
as existence of gender bias) compared to younger,
professionally-undecided participants. Thus, our samples
may actually have afforded relatively conservative tests of
our predictions. If so, the fact that results emerged even among
these samples may speak to the powerful role of gender bias in
shaping STEM engagement.

Further, the extent to which the same types of effects would
be observed at other STEM career junctures (such as applying
for postdoctoral and faculty positions, as well as promotion)
remains unclear. It would also be interesting to determine
whether similar results emerge in other organizational con-
texts in which women remain underrepresented, such as med-
icine, corporate leadership, and politics. Additionally, future
work could determine whether the existence of gender biases
targeting men produce engagement gender gaps favoring
women in fields in which men are underrepresented, such as
nursing and early elementary education. Also, recent work
suggests that evidence-based confrontations of sexism (i.e.,
those in which participants receive concrete evidence of their
sexist behaviors) are more effective than confrontations with-
out concrete evidence (Parker et al. 2018). The current manip-
ulation contained evidence-based claims of gender bias or

equality (i.e., results of experimental research in Experiment
1 and a formal accreditation review in Experiment 2). It would
thus be interesting to determine whether other types of claims
(e.g., anecdotal or interpersonal) are sufficient to produce the
same results or whether only evidence-based claims of gender
equality can close STEM gender gaps.

Finally, the current work investigated the extent to which
gender bias produced gender gaps in STEM engagement, but
it did not take an intersectional perspective in exploring this
question. Researchers have convincingly argued that because
individuals are members of numerous stigmatized (and non-
stigmatized) groups, it is essential to consider these multiple
group identities simultaneously in order to avoid
Bintersectional invisibility^ (Purdie-Vaughns and Eibach
2008, p. 377). In the context of the current research questions,
future work should explore whether different forms of mar-
ginalization may compound the gender effects observed here.
For example, although racial background did not significantly
impact our results, 75% of participants in Experiment 1 and
80% in Experiment 2 identified as White. Future research
should make an effort to recruit samples of racially diverse
participants in order to guarantee sufficient statistical power to
test for racial differences. Moreover, future work could fruit-
fully examine whether gender bias-linked gender gaps in
STEM engagement are exacerbated by membership in addi-
tional stigmatized groups. For example, women from the
LBTQ community, those with lower socio-economic back-
grounds, or those who are differentially-abled may be partic-
ularly deterred by STEM gender bias. Relatedly, future work
could meaningfully examine whether knowledge of other
forms of bias (e.g., racial bias, homophobia) produce effects
similar to those observed here with gender bias and, in turn,
whether these effects vary as a function of individuals’ multi-
ple social identities.

Practice Implications

The current results have important implications for interven-
tions and policies aimed at increasing women’s STEM partic-
ipation. For example, proponents of the view that gender bias
does not contribute to STEM gender gaps have argued that
current policies aimed at reducing gender bias are unnecessary
and should thus be eliminated (e.g., Ceci et al. 2014; Ceci and
Williams 2011). Given the current evidence that gender bias
does indeed produce gender gaps, we assert that evidence-
based interventions targeting gender bias are needed to boost
women’s representation. Unfortunately, very few tested gen-
der bias interventions have been developed (Moss-Racusin
et al. 2014; Paluck 2006), perhaps in part because of persistent
arguments that they are not needed. Of importance, recent
work has identified at least two evidence-based gender bias
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interventions that appear to be effective with STEM attendees
(Carnes et al. 2015; Devine et al. 2017; Moss-Racusin et al.
2018; Pietri et al. 2017). Because the current results highlight
the detrimental role of STEM gender bias, we argue that new
and existing interventions should be thoroughly tested and
implemented on a wide scale. Given our moderated mediation
results, interventions designed to increase women’s sense of
belonging and reduce their levels of anticipated discrimination
may be particularly effective. Additionally, although current
funding mechanisms (such as the National Science
Foundation’s ADVANCE program) have generously support-
ed research aimed at broadening women’s participation in
STEM, we suggest that additional funding explicitly designat-
ed to support work on understanding and mitigating the im-
pact of gender bias could help to further close the existing
gender gaps.

However, one potential interpretation of the current results
is that interventions and other messages referencing evidence
of gender bias in STEM could deter talented women who
would otherwise enter the STEM workforce (Williams and
Ceci 2015). That is, if gender gaps emerge only in the pres-
ence of gender bias, perhaps it is not fruitful to pursue inter-
ventions that emphasize the existence of gender bias. And yet,
we contend that ignoring the reality of bias does not constitute
a realistic preventative approach. Even if young women are
initially unaware of gender bias, the evidence suggests that
they are likely to encounter it once they enter the STEM pipe-
line (Robnett 2016; Steele et al. 2002; Williams et al. 2016).
At that point, women who are not familiar with established
trends of bias may attribute biased incidents to their own
shortcomings, with various negative consequences for their
future performance and engagement (Crocker and Major
1989). Indeed, attributing negative feedback to their own abil-
ities rather than to discrimination was negatively associated
with women’s self-esteem (Major et al. 2003). Relatedly, in-
terventions that openly acknowledge the difficulty, pervasive-
ness, and malleability of challenging situations have amelio-
rated racial and ethnic gaps in achievement, engagement, and
even health (Walton and Cohen 2011; Yeager et al. 2016).

Thus, although failing to discuss the reality of gender bias
could potentially increase the number of women initially en-
tering STEM, failing to meaningfully address gender bias
would not be likely to halt women’s attrition (nor enable a
positive and productive working environment for those who
do choose to stay). More broadly, remaining silent about bias
has historically failed to protect stigmatized group members
from its harmful effects. Thus, instead of deterring individuals
from engaging with STEM due to its lingering gender biases,
we hope that the current research will inspire additional work
on the best ways to rid STEM of these pernicious biases and
their consequences. Rather than frightening women away

from STEM, frank conversations about the nature of the prob-
lem and steps to eradicate it may help to boost women’s en-
thusiasm for a more equitable and meritocratic future STEM
community.

Conclusions

These results identify gender bias as one cause of women’s
underrepresentation in STEM. It does not appear to be the case
that women are inherently disinterested in or prefer to avoid
STEM. Instead, they Bchoose^ to engage at lower rates than
men only in the presence of systematic biases against them.
The consequences of STEM gender biases are thus two-fold in
that they can interrupt the progress of individual women in
STEMwho encounter them, as well as other women who may
be (understandably) deterred from entering STEM in favor of
more egalitarian educational and professional environments.
Of importance, gender gaps in STEM engagement were fully
eliminated when participants were told that bias was absent.
This is heartening in that it reveals a road to gender parity; if
future STEM communities exhibit gender equality instead of
gender bias, then we have every reason to anticipate women’s
full participation.
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