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Abstract
In a seminal study investigating gender bias in academic science, Moss-Racusin et al. (2012)
found bias against female lab manager applicants with respect to competence, hireability,
mentoring, and salary conferral. This topic was revisited here as a registered replication report
with four studies—one direct replication, two direct replications with extensions, and a
meta-analysis. The present set of studies, all using the same methods and materials as the
original, sampled from a larger and broader pool of faculty than did the original, collectively
reflecting the breadth of STEM disciplines at R1 universities across the United States. The
reported studies all had higher power to detect smaller effect sizes than in the original. Across
these studies, Moss-Racusin et al.’s (2012) findings failed to replicate, and biases were
consistently in the opposite direction—favoring female over male applicants (albeit with
smaller effect sizes). We discuss the implications of these findings for the broader literature on

gender bias in science and its implications for the scientific workforce.
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Are STEM Faculty Biased Against Female Applicants?

A Robust Replication and Extension of Moss-Racusin and Colleagues (2012)

How prevalent is gender bias against women in academic science, technology,
engineering, and mathematics (i.e., “STEM”) disciplines? This critical topic has been at the
forefront of many efforts and initiatives aimed to understand why women are underrepresented
in STEM disciplines, and to find ways to mitigate it. At the most basic level, gaps (i.e.,
differences in the proportion of men versus women) have been a critical piece of evidence
when discussing gender bias. Most population data consistently indicate that women are
underrepresented and men overrepresented in STEM, particularly within engineering,
computer, and physical science STEM fields (e.g., Funk & Parker, 2018; Handelsman et al.,
2005). With gaps as a starting point, experimental investigations on bias in hiring, promotion,
awards, publications, studies on the experiences of women in STEM disciplines, and studies on
motivations (or hindrances) to pursuing a STEM career have continued to provide additional
and updated information on the representation and experience of women in STEM (see Section
I in the Supplement for many such important studies and commentaries).

The present research takes a specific approach to understanding these issues by
conducting a robust replication and extension of an influential experimental investigation into
bias against women in academic science disciplines (Moss-Racusin et al., 2012.). Specifically,
we examined if faculty evaluate men more favorably than women along the dimensions of
competence, hireability, salary conferral, and willingness to mentor.

A vast literature addressing gender bias in academia has produced an array of
conflicting findings including biases against women, unbiased responding, and biases against

men. A detailed review of some of the relevant literature can be found in Section I of the
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Supplement.
Replication of Moss-Racusin et al. (2012)

We conducted three close replications of a highly influential paper demonstrating
gender bias in academic hiring (Moss-Racusin et al., 2012, henceforth referred to as “M-R”).
The M-R paper stands as one of the most highly cited (4250 citations as of October 8, 2024
according to Google Scholar) and discussed (Altmetric attention score of 5459 as of October 8,
2024) empirical studies investigating gender bias in academic science. In the study,
tenured/tenure-track science faculty members in biology, chemistry, and physics were asked to
rate a qualified, but not overly excellent, applicant for a lab manager position. Participants all
read the same application material, but the name/gender on the application was randomly
assigned: the ostensible applicant was named either “John” or “Jennifer.”

Both male and female faculty members rated the female applicant as less competent
and less hireable than the male applicant. Further, they offered less career mentoring and a
lower starting salary to the female applicant. Scores on the Modern Sexism Scale (Swim,
Aikin, Hall, & Hunter, 1995) predicted ratings of the female applicant’s (but not the male
applicant’s) competence, hireability, and willingness to mentor. These findings led the authors
to conclude that science faculty members exhibit gender bias that is likely unintentional and
unconscious.

Although highly influential, the study has some important limitations. First, the study
included a small sample of 127 faculty participants in a two condition between-subjects
experimental design, which fell within the conventional norms for research at that time
(Simmons, Nelson, & Simonsohn, 2011). Thus, it is important to determine whether the

findings would replicate when conducted by an independent team obtaining much larger
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sample sizes from a much broader array of colleges and universities.

Further, whereas in the original paper conclusions were carefully framed as referring to
“academic science” or “science fields” (given they only recruited faculty participants from
biology, chemistry, and physics departments), subsequent discussions and citations have not
been as careful. Many have extrapolated the M-R findings to STEM fields (i.e., science,
technology, engineering, and mathematics) more broadly (e.g., Byars- Winston, 2014; Miller &
Wai, 2015)—a conclusion that the original data technically cannot support. Whereas biology,
chemistry, and physics (the fields examined in the original study) are certainly a component of
STEM, they are a very small subset of STEM fields. In order to reach conclusions about
“gender bias by STEM faculty” or “gender bias in STEM” rather than the particular three
fields M-R studied, evidence that bears on a wider range of STEM fields is clearly needed.

In sum, a larger and broader sample of faculty from the breadth of STEM disciplines at
more than six universities is critical to determine if the key results and implications hold.
Additional rationale for conducting a replication of M-R can be found in Section II of the
Supplement.

Adversarial Collaboration

Finally, the current paper is an adversarial collaboration. Especially when combined
with the registered report format, adversarial collaborations offer the closest thing to a gold
standard for conducting social science research on theoretically or politically controversial
topics (Ceci et al., 2024). As Ceci et al. (2024, p. 11) put it:

ACs [adversarial collaborations] can help ensure that RRs [registered reports] and
RRRs [registered replication reports] truly are the fairest and most rigorous tests of

the hypotheses they purport to test. And RRs or RRRs help lock adversaries into an
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explicit research plan to avoid post hoc quibbling about a priori predictions. RRRs
are almost inevitably adversarial in that they challenge an earlier finding, so AC
approaches would almost always be appropriate for RRRs...

We articulated our different predictions a priori, as shown in the table below (Table 1).

Table 1. Overview of Gender Bias Predictions

Sample First Author’s Second Third Fourth
Prediction Author’s Author’s Author’s
Prediction Prediction Prediction
Study 1, 2, 3, and 4 -22<d< .22 2<d<.S5 0<d<.2 -2<d< 3

Note I: Positive effect sizes correspond to “Pro-Male Bias”--a gender bias that favors the male student applicant. Negative
effect sizes correspond to “Pro Female Bias”--a gender bias that favors the female student applicant. “Pro Male Bias” would

be consistent with Moss-Racusin et al. (2012).
Note 2: Only one prediction is offered for all authors as predictions were the same across all studies for all authors.

As can be seen, to capture the uncertainty surrounding point estimates, all four of us
generated a range of expected results (a prediction analog to confidence intervals). On average,
we were expecting some gender bias, albeit considerably less than found in the original study,
although three of the authors’ predictions include zero as within the range of likely outcomes
and two included biases on the threshold of small and moderate against men as within the
range of expected outcomes.

Limitations Not Addressed by this Study

There are a number of issues this study will not address. We are conducting a direct
replication, not a conceptual replication. Research that addresses all of the limitations of M-R
is not only beyond the scope of a direct replication, it would mean that there would need to be
so many changes that we would not actually be performing a direct replication. Given the
value and importance of direct replications, we leave improving on other limitations to M-R to

future research.
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Present Studies

Given the centrality of M-R to discussions of gender bias in academic STEM fields, we
first conducted a preregistered direct replication (Study 1) utilizing a much larger sample. This
was followed by a preregistered extension (Study 2) which utilized a large and broad sample
that drew faculty participants from TEM (technology, engineering and math) disciplines at
universities across the United States. Study 3 was not preregistered, but it was a direct
replication of Study 2, the only difference being that Study 3 respondents were paid for their
participation (both to increase the response rate and to evaluate whether this led to differences
between Studies 2 and 3). Study 4 was a preregistered meta-analysis, combining data from
Studies 1, 2, and 3. Following recommendations from Wicherts et al. (2016, p. 2), we sought to
be “specific, precise, and exhaustive” in the plans of our studies.

All methods for all studies received IRB approval from Rutgers University Institutional
Review Board (IRB Approval #2018001059). The study was preregistered on PsyArXiv via a
posted preprint of this registered replication report (https://psyarxiv.com/ezp6d), and the
instrument was hosted on a Qualtrics site. All measures and materials are available online
(https://osf.io/sefn8/).

STUDY 1
Study 1 was a very close replication of Moss-Racusin et al. (2012).
METHOD
Criteria For Evidence Of Gender Bias

Criteria for hypothesis confirmation and replication for all studies, as well as our

analysis plan, can be found both in our preregistration, as well as in the Supplementary

Materials. A separate issue from replication is bias — how much bias is “important”? For all
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studies, we used the cutoff of d=.21 as the “smallest [bias] effect size of interest” (SESOI,
Lakens, 2017). Justification for this cutoff can be found in the Supplement Section I'V. To
evaluate this cut-off statistically, we employed inferiority tests (Lakens, Scheel, & Isager,
2018). Specifically, we compared the obtained effect sizes to our smallest effect sizes of
interest (SESOI; d=.21). From this test there are three possible outcomes.

1. 95% confidence intervals that at the lower bound are greater than or equal to d=.21
would constitute clear evidence of gender bias.

2. 95% confidence intervals that are below and don’t include d=.21 would constitute
evidence inconsistent with the type of gender bias found in M-R.

3. 95% confidence intervals that include d above or equal to .21, but also values below
.21, would provide ambiguous evidence of gender bias. The effect size might be as
large as the SESOI but it might also be smaller; the result is not definitive.

Sample

We strategically recruited faculty from universities with high-quality United States
science programs. A geographically dispersed sample of 40 public and 15 private “R1”
universities (i.e., doctoral institutions with the highest research activity), as classified by The
Carnegie Classification of Institutions of Higher Education (n.d.), were selected for faculty
recruitment.

Within each university, in our attempt to directly replicate M-R’s methods, participants
were recruited exclusively from biology, chemistry, and physics departments. For each selected
science department, publicly available department web-pages and online rosters were used to
create a list of eligible faculty participants. Participants had to meet the same a priori

qualifications employed by M-R: they had to be clearly identified as active tenured or



Gender bias by S.T.E.M. faculty? 9

tenure-track professors (i.e., full, associate, or assistant professor). Consequently, emeritus,
visiting, adjunct, and research professors were not included, nor were lecturers, postdocs, or
other instructional staff. Additionally, those with invalid email addresses, those who had no
email addresses listed, and those who were identified as colleagues of the authors of the
present report were also not included.

In total, a list of 5963 science faculty was generated. Participant compensation was not
described in the original publication or its supplementary materials. However, in a private
email correspondence, Moss-Racusin (October 16, 2019) stated that she and her colleagues
incentivized participation by offering participants $25 to complete their survey. Therefore,
each participant was offered $30 for completing the survey (inflation adjusted from the $25 per
participant used by M-R).

Sampling was conducted as follows. We randomized our list of potential science
faculty participants and began by contacting 600 of them. From there we contacted participants
in waves of 50 until we obtained submitted surveys from more than 564 participants.
Deviation from Preregistration

Our preregistration indicated that we planned to recruit a sample of at least 564
participants. We had originally planned to only contact a randomized subset of science faculty
in our pool. But, due to a lower response rate than anticipated, the full list of 5963 faculty were
contacted, leaving no unused emails. We ceased sending reminder emails and halted data
collection upon receiving 718 responses, but, upon analysis, we discovered that 110 did not
answer a single question about the lab manager applicants. After removing these 110 entries
from the datafile, this left the sample with 600 participants who were assigned to one of the

experimental conditions, though not all of them had complete data on all variables.
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Following, since M-R specified that only tenured or tenure-track faculty were
recruited, all participants who indicated they are “NOT a tenured or tenure track professor”
(n=41) were also removed from the datafile. Additionally, M-R also specified that emeritus
faculty were excluded. Thus, an additional 12 participants were removed from the datafile who
indicated for their position that they were either “emeritus” or “retired.” This left us with a
final sample of 555 respondents (9.31% response rate) who started the survey and were
randomly assigned to one of the two experimental conditions. Analysis NV varied as not all
respondents answered every relevant question. The replication #-tests assessing gender bias
were based on 535-552 participants (depending on missing data). The demographic
distribution of our respondents (see Table S1 in Supplement) corresponds well to that obtained
in national surveys (e.g., Koedel, 2017; National Center for Educational Statistics, n.d.). For
reference, Moss-Racusin et al. (2012, Supplement, p. 1) described their sample of 127
participants as follows: “Thus, because the demographic information of our participants
reflected the underlying population (as discussed below), the response rate obtained in the
present study should allow for reasonably generalizable conclusions.”

Therefore, we updated our power analysis to be based on 535 respondents (the lowest
number of respondents for one of the key replication #-tests). Using G*Power (Faul, Erdfelder,
Lang, & Buchner, 2007), for a one-sided #-test (since we are interested in effects at or above
our specified effect size) gives us over 99% power at a 5% error rate to detect the smallest
effect size obtained by M-R (i.e., d=.60). Power to detect our SESOI (d=.21) with 535
participants was 78.30%.

Design and Manipulation

Participants were randomly assigned to one of two student applicant gender conditions:
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that of “John” (n=269) or “Jennifer” (n=286). Both conditions were identical to those used by
M-R, with two differences: (1)- dates were updated to be current at the time of data collection
(i.e., 2011 updated to 2020); and (2)- GRE scores have been converted to scores in the same
percentiles, but now in the new scoring format.

Participants saw only one set of materials (male or female), and both profiles were
identical to one another, except for the applicant’s gender—one using the name “John” and
male pronouns, and the other using the name “Jennifer” and female pronouns. The student lab
manager applications were prefaced with the same introduction used in the original research,
which was designed to bolster the credibility and adjust for differences in expectations and
practices regarding lab managers that may differ between academic areas.

Measures
All measures utilized in the present study were identical to those used by M-R. The full

set of materials are available online (https://osf.io/sefn8/), and are described at greater length in

the Supplement, Section III. Additional suspicion check questions not employed by M-R
included a probe for cross-talk and familiarity with the M-R study. Information on some
measures that were novel to the present investigation follow.
Familiarity with M-R and Overclaiming

Additional questions were incorporated at the end of the study (to ensure that
everything prior was a direct replication) to assess whether participants were familiar with the
Moss-Racusin et al. (2012) article. Participants were presented with the complete bibliographic
information of six research articles in randomized order, and asked to indicate how much they
know about each article (/=nothing at all, 5=I know a great deal about this). One of the six

articles was Moss-Racusin et al. (2012), while the remaining five were fakes in the sense that
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they do not actually exist; we created them. The fakes were used to assess overclaiming
(Paulhus, Harms, Bruce, & Lysy, 2003). Overclaiming refers to people claiming to know
things they cannot possibly know because they do not exist.
Manipulation Check

To assess how closely participants were paying attention, at the end of the survey, after
overclaiming and suspicion check questions, participants were asked one manipulation check
question: (1)-What was the applicant’s gender? (I =male, 2=female, 3=not specified). This
question was mixed in with the following questions to avoid raising suspicion, and to disguise
the primary question of interest: (1)-How did you feel about the quantity of information
available for you to evaluate the applicant? (/-7, I=far too little, 4=neither too little nor too
much, 7=far too much). (2)-What was the applicant’s ethnicity/race? (3)-Was there any
information missing from the application summary that would otherwise help you evaluate the
applicant? (4)-What did you perceive the applicant’s personal political beliefs/orientation to
be? (1-7, 1=very liberal, 4=moderate/neutral, 7=very conservative, plus 8=don t know—not
enough information, or unable to infer).

Procedure

The first author emailed potential participants. The email contained the cover story
describing why we were soliciting their assistance, along with a link to the online materials. To
reduce contamination and the possibility that participants would discuss the survey with others,
participants had two weeks to complete the study online at their convenience. After consenting
to participate, participants first read the introduction. Following, participants were randomly
assigned to review one of the two student applicant profiles: that of John or Jennifer. They then

evaluated the profile by completing the aforementioned measures for competence, hireability,
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mentoring, salary conferral, subtle gender bias, and likeability. Last, participants completed
demographic measures, the funneled debriefing, the suspicion check questions, and then were
debriefed. If those contacted had not completed the study within a week, the first author sent
them a reminder email. Each invitation to participate and survey link expired two weeks after
being sent.

RESULTS AND DISCUSSION

The supplement (Section V: Replication Analysis Plan), as well as our preregistration,
describes the steps we took to conduct analyses that corresponded as closely as possible to
those reported in M-R. The main purpose of Section V in the Supplement is to describe the
analyses conducted by M-R to communicate clearly about our attempts to replicate them. In
some cases, however, there were ambiguities in M-R’s descriptions of how they conducted
their analyses. Those cases are explicitly described in the Supplement, as are our efforts to
conduct analyses as similar as possible to theirs, given the limited information. Last, we also
planned to conduct some analyses that M-R did not conduct, which are also described in the
supplement.

All analyses were preregistered (https://osf.io/yh2gu), except when otherwise noted. All
analyses that were identical to those performed by M-R were preregistered and are noted
below, as are all preregistered analyses that were not identical. Our planned data analysis
consisted of three phases. Phase 1 consisted of preliminary analyses such as frequencies,
descriptives, correlations, and creating composite variables from the scales. Phase 2 consisted
of direct replication analyses. Phase 3 consisted of additional analyses not conducted or not
reported by M-R, but which we thought were relevant to testing hypotheses or exploring

questions regarding faculty gender bias.
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Phase 1: Preliminary Analyses

Supplement Table S2 reports the means, range, and standard deviation for all of the
main variables, as well as the reliabilities for the composite variables. Supplement Table S3
reports the outcome from the manipulation check at the end of the survey. Of those who
responded to the manipulation check question (#=510), 87% correctly recalled the gender of
the applicant whose statement they read, 13% thought the applicant’s gender was ambiguous,
and <1% incorrectly recalled the applicant’s gender. Analyses included participants who failed
the manipulation check (in this and all subsequent studies reported herein) because: (1)- M-R
did not mention either a manipulation check or exclusions based on it; (2)- Our preregistration
did not state that they would be excluded. Correlations among the primary variables can be
found in Supplement Table S4.

Phase 2: Direct Replication Analyses

Gender Bias

The competence, hireability, salary conferral, and mentoring scales were each
submitted to a two (student applicant gender: male, female) x two (faculty gender: male,
female) between subjects ANOVA. This analysis is identical to that reported in M-R.

Biasing effects of student gender were found for all four main dependent variables (see
Table 2 for ANOVA significance tests and effect sizes). Compared to the male student, faculty
rated the female student as more competent (M=5.12, SD=1.05 vs. M=4.82, SD=.99), and more
hireable (M=4.84, SD=1.32 vs. M=4.42, SD=1.25). They also offered more mentoring
(M=5.22, SD=1.20 vs. M=4.97, SD=1.06) and a higher salary (M=4.95=%$34,750, SD=1.47 vs.
M=4.57=%32,850, SD=1.49) to the female student.

There was also a statistically significant main effect for faculty gender for hireability
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(Table 2) such that female faculty (M=4.83, SD=1.26) generally rated the students higher for

hireability than did male faculty (M=4.55, SD=1.32). There were no statistically significant

interactions between student and faculty gender for any of these four variables; i.e., the

patterns of bias were similar for male and female faculty.

Table 2. Student Gender (condition) by Faculty Gender ANOVAs, Study 1

DV Effect df F p-value | Effect size (n?)
Competence Main effect of student gender | (1, 503) | 11.12 | <.001 .021
(-7 Main effect of faculty (1,503) | 2.90 |.089 |.006

participant gender

Interaction (1,503) [ .77 .380 .001
Hireability (1-7) | Main effect of student gender | (1, 500) | 11.24 | <.001 .022

Main effect of faculty (1,500) [4.95 |.027 .010

participant gender

Interaction (1,500) [.002 |.968 .000
Mentoring (1-7) | Main effect of student gender | (1, 501) | 7.39 |.007 014

Main effect of faculty (1,501) | 1.89 |.170 .005

participant gender

Interaction (1,501) | 1.63 |.203 .003
Salary conferral | Main effect of student gender | (1, 501) [ 10.70 | .001 021

Main effect of faculty (1,501) (242 |.121 .005

participant gender

Interaction (1,501) | 2.62 |.106 .005

Note: Salary was rated on a 1-8 scale, with 1 corresponding to $15,000, and with increments of $5000 (so that 8
corresponded to $50,000). Higher scores on other variables indicate higher perceived competence, and greater
willingness to hire or mentor.

To follow up these analyses, M-R conducted four independent-samples #-tests to

compare competence, hireability, mentoring, and salary conferral for the male versus female
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2

student applicant. Supplement Section V explains how M-R described these as “simple effects
but, in fact, simply reported z-tests for the main effects. Although these are redundant with the
ANOVAs we already reported, to perform as direct a replication of M-R as possible, we also
report those 7-tests for our data.

Faculty participants viewed the female student as more competent [#550)=-3.27,
p=.001, 95% CI of the difference [-.45, -.11], d=-.28, 95% CI for d [-.45, -.11]] and more
hireable [#(536)=-3.45, p<.001, 95% CI of the difference [-.60, -.17], d=-.30, 95% CI for d
[-.47, -.13]] than the identical male student (Figure 1; Supplement Table S5 provides all means,
standard deviations and cell counts). Faculty participants also offered more career mentoring to
the female student than the male student [#(533)=-2.23, p=.027, 95% CI of the difference [-.41,
-.03], d=-.19, 95% CI for d [-.36, -.02]]. The mean starting salary offered to the female
student, (M=4.93=$34,650), was higher than that which faculty offered to the male student
(M=4.55=832,750) [t(536)= -2.96, p=.003, 95% CI of the difference [-.63, -.13], d=-.26, 95%
CI for d [-.43, -.09]] (Figure 2).

The biases favoring females exceeded the smallest effect size of interest (SESOI,
d=.21) for all variables except mentoring (d= -.19). However, the confidence intervals for all
variables included values well above d=.21 and well below it. Thus, these results provide
ambiguous evidence of gender bias favoring females. The effect sizes might be as large or

larger than the SESOI but they might also be smaller.
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Figure 1. Study 1: Competence, hireability, and mentoring by student applicant gender condition (collapsed
across faculty gender). All student applicant gender differences are statistically significant (competence: p=.001;
hireability: p<.001; mentoring: p=.027). Scales range from 1 to 7, with higher numbers reflecting a greater extent
of each variable. Error bars represent standard error means.
5.2 =$36,000
5 = $35,000
4.8 =$34,000
4,6 =$33,000
4.4 = $32,000
4.2 =$31,000
4 = $30,000

Salary

B Male Student m Female Student

Figure 2. Study 1: Salary conferral by student applicant gender condition (collapsed across faculty gender). The
student applicant gender difference is statistically significant (p=.003). The scale ranges from $15,000 to $50,000.
Error bars represent standard error means.
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Faculty Gender

M-R also assessed differences among male and female faculty respondents in
evaluations of the female applicant. Nonetheless, as detailed in the Supplement (Section V) it
was difficult to discern from the published report exactly what type of analysis M-R
performed.

Therefore, we opted to perform the simplest, most straightforward analysis comparing
male and female faculty’s evaluations of the female student. Four independent-samples #-tests
were conducted. These #-tests compared male versus female faculty ratings of the female
student applicant for competence, hireability, mentoring, and salary conferral, and found
mostly statistically non-significant tendencies for female faculty to rate the female student
more positively than did male faculty. Although these comparisons were already reported as
the main effects in the prior 2x2 ANOVAs, the Supplement, Section VI. A for Study 1 (and
Table S6) provides full information about these tests. Because there were no statistically
significant interactions, these analyses did not detect systematic differences between male and
female faculty in their patterns of bias. These same tests were conducted for the male candidate
in Phase 3, since these are additional analyses not reported by M-R.

Scientific Field, Age and Tenure Status

Next, M-R conducted analyses investigating potential differences in evaluation by
scientific field, age, and tenure status. We too conducted these analyses. But, since the results
were largely null they are reported in the Supplement Section VI. A for Study 1.

Mediation Analyses—Composite Competence
M-R performed analyses assessing whether hiring discrimination against the female

student applicant was mediated by perceptions that the female student was less competent than
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the identical male student. Importantly, following M-R, for competence here we used the
composite competence variable.

For this and all mediation analyses reported throughout this paper, participants were
included in the analysis only if they had valid data on all three variables used in the model
(Study 1 n=536). Tables S2 and S4 in the Supplement present the standard deviations and
correlations among the variables used in the mediation analyses. Using PROCESS for SPSS, v.
4.31 we tested for mediation by assessing whether the effect of student applicant condition
(male, female) on hireability was mediated by composite competence. Because PROCESS
provides neither the standardized coefficients, nor the total effect of student gender on hiring,

regression was used to obtain these results. The mediation results are shown in Figure 3.

Student -

Competence
{Composite)

b=1.26, p =76
77

b=.23, p=.15
(.15)

i b=.09, =03
\ (0.15) Student
Student Gender J ’ Hireability

/

Figure 3. N=536. Student gender difference hiring mediation. b's are unstandardized and s are standardized. All coeflicients
below .10 are nonsignificant (p=.05); all others are p<.01. Values in parentheses are bivariate correlations. The composite
student competence variable consists of the averaged standardized salary variable and the competence scale items. Student
gender is coded such that male = 0, female = 1, so positive coeflicients for student gender indicate bias favoring women.

Testing these mediational hypotheses occurred in several steps. First, as already
demonstrated in our ANOVA results, student gender influenced judgments of hireability; when
conducted as a simple bivariate regression that effect was b=.39, p=.15, (=3.46, p<.001). Here

and throughout this report, b refers to the unstandardized regression coefficient and P refers to
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the standardized regression coefficient. Second, our ANOVA results have also already shown
that student gender influenced perceptions of competence; when conducted as a simple
bivariate regression, that effect was b=.23, =.15 (=3.48, p<.001).

In the third test, both student gender and perceptions of competence were included in a
regression as predictors of perceptions of hireability. If perceptions of competence mediated
the effect of student gender on perceptions of hireability, two results from this analysis should
occur: (1)- Perceptions of competence should significantly predict hireability even when
controlling for student gender; and (2)- The bivariate relationship between student gender and
perceptions of hireability should be reduced when controlling for perceptions of competence.

Consistent with the mediation hypothesis, the effect of student gender on hireability
was reduced to trivially above zero (b=.09, =.03, =1.22, p=.223). The relationship of
perceptions of competence to judgments of hireability remained strong (b=1.26, =.76,
=27.41, p<.001). The indirect effect of student gender (b=.30, f=.11) as mediated by
composite competence was statistically significant (Sobel’s Z = 3.45, p<.001). This pattern of
results provides evidence for nearly full mediation, such that the male student was less likely to
be hired than the identical female student because he was viewed by faculty as less competent
overall.

Moderation Analyses

Next, following M-R, we conducted a moderation analysis to assess whether faculty
participants’ scores on the Modern Sexism Scale (hence, MSS, which M-R referred to as
“preexisting subtle biases against women’’) predicted ratings of the male and female student
applicant for composite competence, hireability, and mentoring. Student applicant gender,

MSS, and their product were entered as predictors in three multiple regression analyses, one
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for each of the three main outcomes (composite competence, mentoring, and hireability).
Results indicated that MSS interacted with student gender to significantly predict perceptions
of student mentoring (b=-.23, = -.30, p=.010), but not composite competence (b=-.11, f=
-.22, p=.064) or hireability (b=-.16, p=-.19, p=.112).

To directly replicate the analyses reported in M-R, regardless of the statistical
significance of the interaction, simple effects were computed separately for the female and
male student applicants. Results indicated that the higher the MSS scores, the less composite
competence (b=-.15, p=-.22, p<.001) and hireability (b= -.18, f=-.16, p=.009) they
perceived for the female student, and the less mentoring they were willing to offer her (b= -.20,

=-.19, p=.002). Conversely, MSS scores were unrelated to the perceptions of the male
student applicant’s composite competence (b= -.04, f=-.06, p=.357), hireability (b=-.02, B=
-.02, p=.738), and the amount of mentoring they were willing to offer him (b=.03, =.03,
p=.636).

These findings partially replicate those of M-R. We, like they, found that “preexisting
subtle biases against women” (their term for moderation by MSS) predicted evaluations of
women’s competence: higher MSS predicted lower evaluations for composite competence,
hireability, and mentoring. We, like they, found little or no relationship between MSS and
evaluation of the male student.

Unlike M-R, however, the present findings cannot be interpreted as showing that these
preexisting subtle biases contributed to or exacerbated sexist biases in evaluations of the
student applicant. As shown in Figures 4-6, faculty favored the female student applicant across
most of the range of MSS. Furthermore, faculty with the lowest MSS scores most strongly

favored the female student whereas those with the highest scores showed the least bias
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favoring female students. Although this raises questions about whether high scores on the MSS
are actually measuring sexism or whether low scores, in whole or part, are primarily measuring
favorable attitudes towards women, establishing the validity of, or confounder artifacts present

in the MSS, was beyond the scope of the present research.

Figure 4 Composite Competence
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Figure 5 Hireability
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Gender bias—Likeability

The likeability scale was submitted to a two (student applicant gender: male, female) x
two (faculty gender: male, female) between subjects ANOVA. A statistically significant main
effect for student gender emerged, F(1, 498)=48.83, p<.001, n>= .088, such that faculty
reported liking the female student (M=5.20, SD=1.09) more than the identical male student
(M=4.50, SD=1.01). But, neither a statistically significant main effect for faculty participant
gender, F(1, 498)=2.55, p=.111, n’= .005, nor a statistically significant interaction, F(1,
498)=.10, p=.755, n*= .000, emerged.

Because M-R conducted an independent samples #-test to assess whether the male or
female student was liked more, we report one here. This test indicated that faculty participants
reported liking the female student (M=5.19, SD=1.09) more than the identical male student
(M=4.49, SD=1.01), [#521)=-7.60, p<.001, 95% CI of the difference [-.88, -.52], d=-.67, 95%
CI for d [-.84, -.49]].

Phase 3: Additional Analyses
Gender Differences—Ratings of Male Applicant

M-R reported analyses investigating faculty gender differences in ratings of the female
student applicant, but analyses for faculty gender differences in ratings of the male student
applicant were not reported. Therefore, as a part of our a priori preregistration, four additional
independent-samples t-tests were conducted. These #-tests compared male versus female
faculty ratings of the male student applicant for competence, hireability, mentoring, and salary
conferral. These t-tests indicated that there were no statistically significant differences between
how competent or hireable male and female faculty participants considered the male student

applicant to be, nor were there any differences between male and female faculty in mentoring
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or salary offered to the male student (see Supplement Section VI. A for Study 1, and
Supplement Table S10).
Familiarity, Overclaiming, Suspicion, and Cross-talk

Although we could not conclusively rule out all ways in which participants might have
intentionally provided disingenuous responses, or responses motivated by goals other than
providing their honest evaluation of the student applicants, we tested for four different ways
this might occur: moderation by familiarity with M-R, overclaiming, suspicion, and cross-talk
(i.e., discussing the study with other participants). The main findings were that: (1)- Very few
participants (about 11%) claimed more than a little familiarity with M-R, but, because of
overclaiming, the true number is probably closer to 4% (see Supplement for explanation); (2)-
There was almost no cross-talk, too little to test for moderation; (3)- Analyses indicated that
familiarity, overclaiming, and suspicion significantly moderated only four of 12 outcomes
(three moderators by the four main outcomes—hiring, competence, mentoring, and salary); (4)-
Even for the statistically significant moderators, biases against men emerged across the entire
or almost the entire range of the moderator. The full set of results can be found in Supplement
Section VI. A for Study 1.

STUDY 2

This second study was an extension of M-R that was nonetheless also a very close
replication. This study used methods nearly identical to those used in Study 1 and M-R. Its
main difference was the sample. Specifically, despite the fact that the M-R study is often cited
in support of claims about gender bias in STEM and academia writ large (e.g., Llorens et al.,
2021; Schmader, 2023), it actually only showed gender bias in S(cience). It did not assess bias

among faculty in “TEM” (technology, engineering and math). Because Study 1 was a very
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close replication of M-R, it, too, only assessed gender bias in S(cience).

Study 2 addresses this limitation by performing a very close replication of Study 1 (and
Moss-Racusin et al., 2012) with one crucial difference: Study 2 was conducted among a
sample of TEM faculty. Another difference between Studies 1 and 2 is that in Study 2
participants were not paid. The published report of M-R did not mention anything about paying
respondents for participation. Therefore, Study 2 was designed to reflect the methods as
described in the published report.

METHOD

The design, manipulations, procedures, measures, and criteria (e.g., for hypothesis
confirmation, replication, and gender bias) were identical to those of Study 1 with the
exception of sample recruitment.

Sample

To sample “TEM”, faculty participants were recruited from engineering, computer
science, mathematics, and statistics departments. These additional emails had been collected
from the same geographically dispersed sample of 40 public and 15 private “R1” universities
utilized in Study 1, using the same collection and inclusion criteria specified in Study 1. Thus,
this extended recruitment process was identical to that of M-R, except that we recruited faculty
from “TEM” whereas they only recruited from (S)cience programs (i.e., biology, chemistry,
and physics departments).

In total, a list of 11,496 “TEM” email addresses comprised the list of potential “TEM”
faculty participants for Study 2. The full list was contacted with an invitation to participate.

Prior to analysis, 291 respondents that did not answer a single question were removed

from the datafile. Additionally, because M-R specified that only tenured or tenure-track faculty
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were recruited, all participants who indicated they are “NOT a tenured or tenure track
professor” (n=31) were removed from the datafile. Next, M-R also specified that emeritus
faculty were excluded. Thus, an additional three participants were removed from the datafile
who indicated for their position that they were “emeritus.” This left a final sample of 481 for a
response rate of 4.18%. Faculty participation rates for uncompensated surveys have been
declining for a long time and this response rate is consistent with more recent faculty surveys
(see, e.g., Kaufmann, 2021).

Thus, for Study 2, of these 481 participants, 228 were randomly assigned to the “John”
experimental condition, and 253 to the “Jennifer” experimental condition. The replication
t-tests assessing gender bias were based on 425-475 participants (depending on missing data).
Our preregistered power analysis was for a one sided #-test, in order to estimate our design’s
ability to detect biases in the same direction as found by M-R. Using G*Power (Faul,
Erdfelder, Lang, & Buchner, 2007), a one-sided #-test provided us over 99% power at a 5%
error rate to detect the smallest effect size obtained by M-R (i.e., d=.60). However, because
Study 1 found biases against men, we also conducted a (not preregistered) power analysis for a
two-sided #-test. Power to detect the effect size of d=.2978 obtained in our Study 1 for hiring
was 87.87%, and power to detect our SESOI (d=.21) with 425 participants was 59.75%
Deviations from Preregistered Plan

In Study 2 there were two deviations from our preregistered plan. The preregistration
stated that Study 2 would include a sample across all of STEM. However, in Study 1, which
focused on S(cience) faculty, in order to obtain our sample size of 555, we needed to contact
the entire set of 5963 Science faculty and thus exhausted the pool. Consequently, no S(cience)

faculty were contacted in Study 2, which focused exclusively on obtaining a sample of TEM
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faculty. Second, the preregistration plan stated that we would seek a sample of at least 1075.
Unfortunately, the response rate to the unpaid survey of Study 2 was too low to reach this goal,
and after contacting the entire TEM pool, using the same procedures used in Study 1, the
sample size was 481.
RESULTS AND DISCUSSION

Overview of A Priori Planned Data Analysis

Our planned data analysis again consisted of three phases. Phase 1 consisted of
preliminary analyses such as descriptives, frequencies, correlations, and creating composite
variables from the scales. Scale creation was identical to Study 1. Phase 2, the direct
replication analyses, were conducted exactly as conducted in Study 1. Phase 3 consisted of
additional exploratory analyses identical to Study 1 that were not conducted and/or reported by
M-R.

Phase 1: Preliminary Analyses

The demographic distribution of Study 2 respondents can be found in Supplement
Table S11. Supplement Table S12 reports the means, range, and standard deviation for all of
the main variables, as well as the reliabilities for the composite variables. Supplement Table
S13 reports the outcome from the manipulation check at the end of the survey. Of those who
responded to the manipulation check question (n=394), 81% correctly recalled the gender of
the applicant whose statement they read, 17% thought the applicant’s gender was ambiguous,
and 1% incorrectly recalled the applicant’s gender. Correlations among the primary variables

can be found in Supplement Table S14.
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Phase 2: Direct Replication Analyses
Gender Bias

The competence, hireability, salary conferral, and mentoring scales were each
submitted to a two (student applicant gender: male, female) x two (faculty gender: male,
female) between subjects ANOVA.

Biasing effects of student gender were found for three of the main dependent variables
(see Table 3 for ANOVA significance tests and effect sizes). Compared to the male student,
faculty rated the female student as more competent (M=5.17, SD=1.06 vs. M=4.78, SD=1.08),
and more hireable (M=4.80, SD=1.28 vs. M=4.34, SD=1.38). They also offered more
mentoring (M=5.28, SD=1.06 vs. M=4.95, SD=1.13). For salary conferral there was no
statistically significant main effect, nor was there a statistically significant interaction. Male
and female faculty offered statistically similar mean starting salaries to both the male and
female student applicants.

There was also a statistically significant main effect for faculty gender on three of the
main dependent variables (see Table 3). Compared to male faculty, female faculty rated the
student applicants as more competent (M=5.23, SD=.98 vs. M=4.91, SD=1.10), and more
hireable (M=4.95, SD=1.25 vs. M=4.47, SD=1.35). There was also a marginally significant
effect for mentoring, such that female faculty offered slightly more mentoring than male
faculty (M=5.34, SD=.99 vs. M=5.06, SD=1.13). There was no statistically significant effect of
faculty gender salary conferral, nor were there statistically significant interactions between
student and faculty gender for any of these four variables; i.e., the patterns of bias were similar

for male and female faculty.
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Table 3. Student Gender (condition) by Faculty Gender ANOVAs, Study 2
DV Effect df F | p-value | Effect size (%)
Competence Main effect of student gender | (1,384) | 6.64 [ .010 017
(1-7)

Main effect of faculty (1,384) |[5.19(.023 013

participant gender

Interaction (1,384) |[.178 | .673 .000
Hireability Main effect of student gender | (1,381) |[6.04 |.014 015
(1-7)

Main effect of faculty (1,381) |8.08 [.005 .020

participant gender

Interaction (1,381) |.175|.676 .000
Mentoring Main effect of student gender | (1, 383) | 4.87 [ .028 012
(1-7)

Main effect of faculty (1,383) |3.74 | .054 .009

participant gender

Interaction (1,383) |.086|.769 .000
Salary Main effect of student gender | (1,372) [2.60 | .108 .007
conferral

Main effect of faculty (1,372) |.394|.530 .001

participant gender

Interaction (1,372) |.331|.566 .001

Note: Salary was rated on a 1-8 scale, with 1 corresponding to $15,000, and with increments of $5000 (so that 8
corresponded to $50,000). Higher scores on other variables indicate higher perceived competence, and greater
willingness to hire or mentor.

To follow up these analyses, identical to Study 1 and as reported by M-R, we conducted

four independent-samples #-tests to compare competence, hireability, mentoring, and salary

conferral for the male versus female student applicant. Tests indicated that faculty participants

viewed the female student as more competent [#(473)=-3.31, p=.001, 95% CI of the difference

[-.52, -.13], d=-.30, 95% CI for d [-.49, -.12]] and more hireable [#(437)= -3.89, p<.001, 95%

CI of the difference [-.73, -.24], d=-.37, 95% CI for d [-.56, -.18]] than the identical male
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student (Figure 7, Supplement Table S15). Faculty participants also offered more career
mentoring to the female student than the male student [#(427)=-2.51, p=.012, 95% CI of the
difference [-.47, -.06], d= -.24, 95% CI for d [-.43, -.05]]. No statistically significant difference
emerged between the mean starting salary offered to the female student (M=5.24=$36,200")
and that offered to the male student [M=4.98=%$34,900; #(423)=-1.42, p=.158, 95% CI of the

difference [-.61, .10], d= -.14, 95% CI for d [-.33, .05]].
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Figure 7. Study 2: Competence, hireability, and mentoring by student applicant gender condition (collapsed
across faculty gender). Student applicant gender differences range in statistical significance (from p<.001 to
p<.012). Scales range from 1 to 7, with higher numbers reflecting a greater extent of each variable. Error bars
represent standard error means.

The effect sizes exceeded the SESOI (d=.21) for all variables except salary.

! Note: mean starting salaries differ here compared to those reported eatlier from the ANOVAs due to difference in
the degrees of freedom in the analyses. That is, not all faculty participants reported their gender, and those that did not
were not included in the faculty gender by applicant gender ANOVAs. However, those participants were included in
the £test analyses, which is why the df for the #tests are higher than for the ANOVA analyses.
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Nonetheless, all CI’s for the effect sizes surrounded the SESOI (d=.21). This means that these
results provide ambiguous evidence of substantial gender bias favoring females. The effect
sizes might be as large or larger than the SESOI but they might also be smaller. The results are
not definitive with respect to whether the biases favoring females that we found exceeded the
SESOI.

Faculty Gender

Next, and to follow and replicate M-R’s data analytic procedures as closely as possible
given ambiguities in their report (see Study 1 and Supplement Section V for more details), we
conducted four additional independent-samples #-tests to compare male versus female faculty
ratings of the female student applicant for competence, hireability, mentoring, and salary
conferral.

For faculty who evaluated the female student applicant, no statistically significant
differences emerged for competence, mentoring, or starting salary for male versus female
faculty (Supplement Section VI. B for Study 2). For hireability, a marginally significant
difference emerged. However, because none of the other faculty gender differences were
statistically significant, and because even lower p-values (those between .005 and .05) are a
marker of findings that have often proven difficult to replicate (Benjamin et al., 2018), we do
not discuss this further.

Scientific Field, Age and Tenure Status

As in Study 1, because these analyses were largely nonsignificant, they can be found in
the Supplement Section VI. B for Study 2.

Mediation Analyses—Composite Competence

Supplement Tables S12 and S14 present the standard deviations and correlations among
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the variables used in the mediation analyses. Only respondents with valid data on all three
variables in the model were included (n=423). Using PROCESS for SPSS, v. 4.31 we tested
for mediation by assessing whether the effect of student applicant condition (male, female) on
hireability was mediated by competence (using the composite competence variable). Because
PROCESS provides neither the standardized coefficients, nor the total effect of student gender
on hiring, regression was used to obtain these results. The mediation results are shown in

Figure 8.
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Figure 8. N=423. Student gender difference hiring mediation. b's are unstandardized and [3's are standardized. All coefficients
are significant p<.001, except for the regression coeflicients linking Student Gender to Student Hireability (nonsignificant).
Walues in parentheses are bivariate correlations. The composite student competence variable consists of the averaged
standardized salary variable and the competence scale items. Student gender is coded such that male = 0, female = 1, so positive
coefTicients for student gender indicate bias favoring women. -
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Testing the mediational hypotheses occurred in several steps. First, as already
demonstrated in our ANOVA results, student gender influenced judgments of hireability; when
conducted as a simple bivariate regression that effect was b=.49, p=.18 (+=3.86, p<.001).
Second, our ANOVA results have also already shown that student gender influenced
perceptions of competence; when conducted as a simple bivariate regression, that effect was
b=.28, p=.18 (=3.71, p<.001).

In the third test, both student gender and perceptions of competence were included as
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predictors of perceptions of hireability. Consistent with the mediation hypothesis, after
accounting for student composite competence (b=1.31, f=.78, =25.78, p<.001), the effect of
student gender on hireability was drastically reduced in magnitude and dropped to
non-significance (b=.12, f=.05, =1.51, p=.131; indirect effect: b=.37, f=.14), Sobel’s Z =
3.67, p<.001. As found in Study 1, this pattern of results provides evidence for nearly full
mediation, such that the male student was less likely to be hired than the identical female
student because he was viewed by faculty as less competent overall.

Moderation Analyses

Next, as in Study 1, we conducted a moderation analysis to assess whether faculty
participants’ scores for MSS predicted ratings of the male and female student applicant for
composite competence, hireability, and mentoring. Results indicated that MSS did not interact
with student gender to predict perceptions of student applicant composite competence (b=.05,
B=.10, p=.487), hireability (b=.11, f=.15, p=.298), or mentoring (b= -.07, f=-.12, p=.836).

To directly replicate M-R, regardless of the statistical significance of the interaction,
simple effects were computed separately for the female and male student applicants. There was
very little evidence of moderation. Thus, these analyses are reported in Supplement Section VI.
B for Study 2.

Gender bias—Likeability

The likeability scale was submitted to a two (student applicant gender: male, female) x
two (faculty gender: male, female) between subjects ANOVA. A statistically significant main
effect for student gender emerged, F(1, 364)=30.45, p<.001, n’>= .075, such that faculty
reported liking the female student (M=5.16, SD=1.10) more than the identical male student

(M=4.46, SD=1.19). Additionally, a statistically significant main effect for faculty participant
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gender emerged, F(1, 364)=4.63, p=.032, n?= .011, such that female faculty (M=5.12,
SD=1.17) reported liking the students more than the male faculty (M=4.74, SD=1.19). But, the
interaction failed to achieve statistical significance, F(1, 364)= 1.39, p=.239, n’= .003

Finally, as in Study 1, we also conducted an independent samples #-test to assess
whether the male or female student was liked more. This test indicated that faculty participants
reported liking the female student (M=5.15, SD=1.09) more than the identical male student
(M=4.43, SD=1.17), [#(398)=-6.31, p<.001, 95% CI of the difference [-.94, -.49], d=-.63, 95%
Cl for d [-.83, -.43]].

Phase 3: Additional Analyses

Gender Differences—Ratings of Male Applicant

As in Study 1, four independent-samples #-tests were conducted to compare male versus
female faculty ratings of the male student applicant for competence, hireability, mentoring, and
salary conferral. No statistically significant differences emerged for how competent or hireable
male and female faculty participants considered the male student applicant to be, nor were
there any differences between male and female faculty in mentoring or salary offered to the
male student applicant. See Supplement Table S20.
Familiarity, Overclaiming, Suspicion, and Cross-talk

As in Study 1, we tested for moderation by familiarity with M-R, overclaiming,
suspicion, and cross-talk (discussing the study with other participants). The main findings were
that: (1)- Very few participants (about 4%) claimed more than a little familiarity with M-R, but,
because of overclaiming, the true number is probably closer to 2%, see Supplement for
explanation); (2)- There was almost no cross-talk, too little to test for moderation; (3)-

Analyses indicated that familiarity, overclaiming, and suspicion significantly moderated only
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one of 12 outcomes (three moderators by the four main outcomes—hiring, competence,
mentoring, and salary); and (4)- Even for the statistically significant moderators, biases against
men emerged across the entire or almost the entire range of the moderator. The full set of
results can be found in Supplement Section VI. B for Study 2.
STUDY 3

This third study filled in the gaps between Studies 1 and 2. Study 1 was a paid “S”
sample—a direct replication of M-R. Study 2 was an extension of this, collecting a “TEM”
sample, but this sample was unpaid. At the conclusion of Study 2, it was determined that it
would be advantageous to have a paid “TEM” sample to ensure that paying participants didn’t
affect responding. Thus, Study 3 fills this gap, having recruited a sample of “TEM” faculty that
were paid for their participation.

METHOD

The design, manipulations, procedures, measures, and criteria (e.g., for hypothesis
confirmation, replication, and gender bias) were identical to those of Study 1 with the
exception of sample recruitment. Study 3 was not preregistered, though its methods,
hypotheses, and analyses were all constrained to be as similar as possible to M-R and to the
extensions conducted in Studies 1 and 2. Put differently, Study 3 was conceptually,
methodologically, and statistically identical to Study 2, except that participants were paid in
Study 3, whereas they were not in Study 2.
Sample and Recruitment Strategy

Sample. All “TEM” emails collected from the original set of 40 public R1 and 15
private R1 universities were used as a part of Study 2 because it was not anticipated from the

onset that this Study 3 would be conducted. Thus, for Study 3 an additional TEM faculty
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sample was sought. For a separate and unrelated project, faculty emails were collected in a
method identical to that described in Study 1 from a different geographically dispersed set of
39 public and 19 private R1 universities. For this separate project a total of 12,088 “TEM”
faculty emails were collected. Of these, a randomized subset of 3200 were contacted with an
invitation to participate in this study. Each participant was offered an incentive, as described in
Study 1.

Prior to analysis, 70 respondents that did not answer a single question were removed
from the datafile. Since M-R specified that only tenured or tenure-track faculty were recruited,
all participants who indicated they are “NOT a tenured or tenure track professor” (n=16) were
removed from the datafile. Next, M-R also specified that emeritus faculty were excluded.
Thus, an additional three participants were removed from the datafile who indicated for their
position that they were “emeritus” or “retired.” This left a final sample of 257 for a response
rate of 8.03%.

Thus, for Study 3, of these 257 participants, 125 were randomly assigned to the “John”
experimental condition, and 132 to the “Jennifer” experimental condition. The replication
t-tests assessing gender bias were based on 245-257 participants (depending on missing data).
Our preregistered power analysis was for a one sided t-test, in order to estimate our design’s
ability to detect biases in the same direction as found by M-R. Our power analysis, using
G*Power (Faul, Erdfelder, Lang, & Buchner, 2007), for a one-sided #-test gives us over 99%
power at a 5% error rate to detect the smallest effect size obtained by M-R (i.e., d=.60).
However, because Studies 1 and 2 found biases against men, we also conducted (not
preregistered) power analyses for two-sided t-tests. Power to detect d=.2978 (the smaller of the

gender bias effects on hiring from Studies 1 and 2) was 64%. Power to detect our SESOI
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(d=.21) with 245 participants was 37.31%. Study 3 was underpowered by conventional
standards of 80% for the effect size obtained in Studies 1 and 2 and for our SESOI. As shall be
seen, it also produced fewer statistically significant results regarding bias. We nonetheless
proceeded with Study 3 because the issue of low power was eliminated in Study 4.
RESULTS AND DISCUSSION

Overview of A Priori Planned Data Analysis

Our planned data analysis again consisted of three phases. Phase 1 consisted of
preliminary analyses such as descriptives, frequencies, correlations, and creating composite
variables from the scales. Scale creation was identical to Study 1. Phase 2, the direct
replication analyses, were conducted exactly as conducted in Study 1 and 2. Phase 3 consisted
of additional exploratory analyses identical to Study 1 and 2 that were not conducted and/or
reported by M-R.

Phase 1: Preliminary Analyses

The demographic distribution of Study 2 respondents can be found in Supplement
Table S21. Supplement Table S22 reports the means, range, and standard deviation for all of
the main variables, as well as the reliabilities for the composite variables. Supplement Table
S23 reports the outcome from the manipulation check at the end of the survey. Of those who
responded to the manipulation check question (n=233), 81% correctly recalled the gender of
the applicant whose statement they read, 18% thought the applicant’s gender was ambiguous,
and <1% incorrectly recalled the applicant’s gender. Correlations among the primary variables

can be found in Supplement Table S24.
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Phase 2: Direct Replication Analyses

Gender Bias

The competence, hireability, salary conferral, and mentoring scales were each
submitted to a two (student applicant gender: male, female) x two (faculty gender: male,
female) between subjects ANOVA.

A statistically significant biasing effect of student gender was only found for hireability
(see Table 4 for ANOVA significance tests and effect sizes). Compared to the male student,
faculty rated the female student as more hireable (M=4.91, SD=1.19 vs. M=4.42, SD=1.22).
There was no statistically significant effect of student gender on competence, mentoring, or
salary, nor were there any statistically significant effect of faculty gender on competence,
hiring, mentoring, or salary. A statistically significant interaction emerged between student and
faculty gender for mentoring, such that male faculty indicated a greater willingness to mentor
the female student (AM=5.28, SD=1.13) than the male student (M=4.87, SD=1.04), while female
faculty indicated a greater willingness to mentor the male student (M=5.60, SD=.93) than the
female student (M=4.96, SD=1.05). But no other statistically significant interactions emerged:
the patterns of bias were similar for male and female faculty on competence, hireability, and

salary conferral.

Table 4. Student Gender (condition) by Faculty Gender ANOVAs, Study 3

DV Effect df F p-value | Effect size (n?)

Competence | Main effect of student gender (1,231) |[3.57 |.060 015

(1-7)
Main effect of faculty (1,231) |.321 |.527 .001

participant gender

Interaction (1,231) |.128 [.721 .001

Hireability Main effect of student gender (1,230) [4.28 |.040 018
(1-7)
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Main effect of faculty (1,230) |.062 |.803 .000
participant gender

Interaction (1,230) |.614 |.434 .003

Mentoring Main effect of student gender (1,230) |.437 |.509 .002

(1-7)

Main effect of faculty (1,230) | 1.34 |.249 .006

participant gender

Interaction (1,230) |[9.08 |.003 .038
Salary Main effect of student gender (1,226) | .418 |.519 .002
conferral

Main effect of faculty (1,226) |.008 |.927 .000

participant gender

Interaction (1,226) | 1.65 |[.201 .007

Note: Salary was rated on a 1-8 scale, with 1 corresponding to $15,000, and with increments of $5000 (so that 8
corresponded to $50,000). Higher scores on other variables indicate higher perceived competence, and greater
willingness to hire or mentor.

To follow up these analyses, identical to the prior two studies, we conducted four
independent-samples #-tests to compare competence, hireability, salary conferral, and
mentoring for the male versus female student applicant. Tests indicated that faculty participants
viewed the female student as more competent [#(255)=-2.51, p=.013, 95% CI of the difference
[-.57,-.07], d=-.31, 95% CI for d [-.56, -.07]] and more hireable [#248)=-3.16, p=.002, 95%
CI of the difference [-.79, -.18], d= -.40, 95% CI for d [-.65, -.15]] than the identical male
student (Figure 9, Supplement Table S25). But, no statistically significant differences emerged
between the mentoring offered to the female student and the male student [#(244)=-1.58,
p=115, 95% CI of the difference [-.50, .05], d=-.20, 95% CI for d [-.45, .05]]. Similarly, no
statistically significant difference emerged between the mean starting salary offered to the
female student and that offered to the male student [#(243)=-.090, p=.928, 95% CI of the

difference [-.48, .44], d=-.01, 95% CI for d [-.26, .24]].
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Figure 9. Study 3: Competence, hireability, and mentoring by student applicant gender condition (collapsed
across faculty gender). Student applicant gender differences range in statistical significance (competence: p=.013.
hireability: p=.002, mentoring: p=.115). Scales range from 1 to 7, with higher numbers reflecting a greater extent
of each variable. Error bars represent standard error means.

The effect sizes exceeded the SESOI (d=.21) for competence and hireability, but not
mentoring or salary conferral. However, the confidence intervals for all variables included
values well above d=.21 and well below it. Thus, these results provide ambiguous evidence of
substantial gender bias favoring females. The effect sizes might be as large or larger than the
SESOI but they might also be smaller. The results are not definitive with respect to whether the
biases favoring females that we found exceeded the SESOI. That we obtained fewer
statistically significant results indicating bias in Study 3 (compared to Studies 1 and 2) is
consistent with its lower power.

Faculty Gender, Scientific Field, Age and Tenure status.

Next, following procedures from Study 1, analyses assessed whether faculty gender,
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scientific field, or tenure status predicted or moderated evaluations of the student applicants.
These analyses were again largely nonsignificant and can be found in the Supplement Section
VI. C for Study 3.
Mediation Analyses

Supplement Tables S22 and S24 present the standard deviations and correlations among
the variables used in the mediation analyses. Using PROCESS for SPSS, v. 4.31 we tested for
mediation by assessing whether the effect of student applicant condition (male, female) on
hireability was mediated by competence. Because PROCESS provides neither the standardized
coefficients, nor the total effect of student gender on hiring, regression was used to obtain these

results. The mediation results are shown in Figure 10.
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Figure 10. N=245. Student gender difference hiring mediation. b’s are unstandardized and [i’s are standardized. Values in
parentheses are bivariate correlations. All coefficients are significant p<.05. The composite student competence variable consists
of the averaged standardized salary variable and the competence scale items. Student gender is coded such that male = 0,

female = 1, so positive coefficients for student pender indicate bias favoring women.

Testing the mediational hypotheses occurred in several steps. First, as already
demonstrated in our ANOVA results, student gender influenced judgments of hireability; when
conducted as a simple bivariate regression that effect was b=.49, f=.20 (=3.11, p=.002).

Second, our ANOVA results have also already shown that student gender influenced
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perceptions of competence; when conducted as a simple bivariate regression, that effect was
b=.22, B=.14 (=2.14, p=.033).

In the third test, both student gender and perceptions of competence were included as
predictors of perceptions of hireability. Consistent with the mediation hypothesis, after
accounting for student composite competence (b=1.19, f=.77, =19.46, p<.001), the effect of
student gender on hireability was cut in about half though it reached conventional levels of
statistical significance (b=.23, f=.09, =2.28 p=.024). The indirect effect was b=.26, f=.11),
Sobel’s Z =2.13, p=.033.

Overall, therefore, Study 3 found evidence for partial mediation. The effect of student
gender was about evenly split between direct and indirect effects, and both reached
conventional levels of statistical significance, though relatively weakly so for each.
Moderation Analyses

Next, as in the prior studies, we conducted a moderation analysis to assess whether
faculty participants’ scores for MSS predicted ratings of the male and female student applicant
for composite competence, hireability, and mentoring. Results indicated that MSS did not
interact with student gender to predict perceptions of student composite competence (b= -.05,
B=-.11, p=.532), hireability (b= -.03, f=-.04, p=.797), or mentoring (b=.15, p=.23, p=.191).

To directly replicate M-R, regardless of the statistical significance of the interaction,
simple effects were computed separately for the female and male student applicants. There was
very little evidence of moderation. Thus, these analyses are reported in the Supplement Section
VI. C for Study 3.

Gender bias—Likeability

The likeability scale was submitted to a two (student applicant gender: male, female) x
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two (faculty gender: male, female) between subjects ANOVA. A statistically significant main
effect for student gender emerged, F(1, 229)= 12.23, p<.001, n*= .049, such that faculty
reported liking the female student (M=5.22, SD=1.07) more than the identical male student
(M=4.58, SD=1.15). Both the main effect for faculty participant gender, F(1, 229)=1.48,
p=273,1’=.005, and the interaction F(1, 229)=.061, p=.806, n*= .000, failed to achieve
statistical significance.

Finally, as in Study 1 and 2, we also conducted an independent samples #-test to assess
whether the male or female student was liked more. This test indicated that faculty participants
reported liking the female student (M=5.17, SD=1.08) more than the identical male student
(M=4.56, SD=1.18), [#(241)= -4.20, p<.001, 95% CI of the difference [-.89, -.32], d=-.54, 95%
Clford [-.79, -.28]].

Phase 3: Additional Analyses
Gender Differences—Ratings of Male Applicant

As in the prior studies, four independent-samples #-tests were conducted to compare
male versus female faculty ratings of the male student applicant for competence, hireability,
mentoring, and salary conferral. No statistically significant differences emerged for how
competent or hireable male and female faculty participants considered the male student to be,
nor for the salary offered to the male student. But, for mentoring, female faculty reported
greater willingness to mentor the male student than did male faculty. See Supplement Table
S30.

Familiarity, Overclaiming, Suspicion, and Cross-talk
As in Studies 1 and 2, we tested for moderation by familiarity with M-R, overclaiming,

suspicion, and cross-talk (discussing the study with other participants). The main findings were
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that: (1)- Very few participants (about 4%) claimed more than a little familiarity with M-R, but,
because of overclaiming, the true number is probably closer to 2% (see Supplement for
explanation); (2)- There was almost no cross-talk, too little to test for moderation; (3)-
Analyses indicated that familiarity, overclaiming, and suspicion significantly moderated only
two of 12 outcomes (three moderators by the four main outcomes—hiring, competence,
mentoring, and salary); and (4)- Even for the statistically significant moderators, biases against
men emerged across the entire or almost the entire range of the moderator. The full set of
results can be found in Supplement Section VI. C for Study 3.
STUDY 4

Study 4 was preregistered as a robust meta-analysis of the studies reported herein.
Because Studies 1, 2, and 3 are experimentally identical, and administer identical measures, it
was a clean meta-analysis. That is, Study 4 avoids the “combining apples and oranges”
problem of combining studies with very different outcomes. Furthermore, there was no need to
combine effect sizes. Instead, we directly performed the main analyses from the first three
studies for the combined data. Because technically Study 3 was not preregistered, including the
additional data from Study 3 in this meta-analysis is a deviation from our preregistration.

METHOD

Data for this study consisted of the pooled data from the prior three studies in this
paper. The total combined dataset included 1293 tenured/tenure-track R1 STEM faculty
participants (“John” condition= 622, “Jennifer” condition=671). That is, this total combined
sample from Studies 1, 2, and 3 consisted of tenured or tenure track faculty from biology,
chemistry, physics, engineering, computer science, mathematics, and statistics departments

from the geographically diverse sample of 79 public and 34 private “R1” universities
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(described in the prior studies).
Deviations from Preregistration

The preregistration stated that we expected to collect 1635 participants in Studies 1 and
2, and that this robust meta-analysis would be conducted on that basis. There were two
deviations from this: (1)- The meta-analysis was conducted on the basis of Studies 1, 2, and 3,
rather than just Studies 1 and 2; and (2)- because recruitment fell short, it was based on the Ns
of 1293 reported above. Consequently, it was necessary to re-estimate power based on the
smaller sample.
Power

Because N’s for the replication z-tests ranged from 1208 to 1284, we performed a power
analysis based on the smaller N (1208). Our power analysis, using G*Power (Faul, Erdfelder,
Lang, & Buchner, 2007), for a two-sided #-test effectively guaranteed that the result will be
significant at p<.01 (Power=1.0) for the the smallest effect size obtained by M-R (i.e., d=.60).
Power to detect our SESOI (d=.21) at p<.01 was 95.38%. Thus, although Study 3, by itself,
had suboptimal power to detect small effects, that issue is resolved in Study 4 by conducting
the main analyses on the basis of the combined samples of Studies 1, 2, and 3.

RESULTS AND DISCUSSION

Overview of A Priori Planned Data Analysis

Our preregistered data analysis again consisted of three phases. Phase 1 consisted of
preliminary analyses such as descriptives, frequencies, correlations for the combined dataset of
responses from Studies 1, 2, and 3. Phase 2 consisted of very close replication analyses for
gender bias, as specified in our preregistration. Phase 3 consisted of post-hoc exploratory

analyses that were not preregistered.
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Phase 1: Preliminary Analyses

Supplement Table S31 reports the means, range, and standard deviation for all of the
main variables, as well as the reliabilities for the composite variables from the combined
dataset. Supplement Table S32 reports the outcome from the manipulation check from the
combined dataset. Of those who responded to the manipulation check question (n=1137), 84%
correctly recalled the gender of the applicant whose statement they read, 15% thought the
applicant’s gender was ambiguous, and <1% incorrectly recalled the applicant’s gender.
Correlations among the primary variables can be found in Supplement Table S33.

Phase 2: Primary Analyses

The variables for competence, hireability, and mentoring, in addition to the single item
for salary conferral, were each submitted to separate 2 (student applicant gender: male, female)
x 2 (faculty participant gender: male, female) between subjects ANOVAs. Though not
preregistered (it was preregistered for Studies 1 and 2, and conducted in Study 3), we also
conducted this ANOVA for likeability. Biasing effects of student gender were found for all five
main dependent variables (see Table 5 for ANOVA significance tests and effect sizes).
Compared to the male student, faculty rated the female student as more competent (M=5.14,
SD=1.04 vs. M=4.81, SD=1.02), and more hireable (M=4.84, SD=1.28 vs. M=4.39, SD=1.29).
They also offered more mentoring (M=5.23, SD=1.13 vs. M=4.97, SD=1.08) and a higher
salary (M=5.11=$35,550, SD=1.65 vs. M=4.83=$34,150, SD= 1.73) to the female student.
Furthermore, faculty reported liking the female student more than the male student (M=5.19,
SD=1.09 vs. M=4.50, SD=1.10).

There were also statistically significant main effects for faculty gender for competence,

hiring, and mentoring (Table 5). In each case, female faculty rated the student applicants
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(regardless of applicant gender) more highly than did male faculty (see Supplement Table S34

for details). There were no statistically significant effects of faculty gender on salary or

likeability. There were also no statistically significant interactions between student and faculty

gender for any of these five variables; i.e., the patterns of bias were similar for male and

female faculty.

Table 5. Student Gender (condition) by Faculty Gender ANOVAs, Study 4 (Combination of

Studies 1-3)

DV Effect df F p-value | Effect size (n?)
Competence | Main effect of student gender | (1, 1126) | 22.36 | <.001 019
(1-7)

Main effect of faculty (1, 1126) | 4.93 .027 .004

participant gender

Interaction (1, 1126) |.029 .864 .000
Hireability Main effect of student gender | (1, 1119) |21.92 [<.001 .019
(1-7)

Main effect of faculty (1, 1119) |9.67 .002 .008

participant gender

Interaction (1, 1119) |.386 534 .000
Mentoring Main effect of student gender | (1, 1122) [ 10.12 |.002 .009
(1-7)

Main effect of faculty (1, 1122) |5.51 .019 .005

participant gender

Interaction (1, 1122) |.210 .647 .000
Salary Main effect of student gender | (1, 1107) | 8.19 .004 .007
conferral

Main effect of faculty (1,1107) |.003 958 .000

participant gender

Interaction (1, 1107) |.878 .349 .001
Likeability | Main effect of student gender | (1, 1099) [ 89.64 |<.001 .074
(1-7)

Main effect of faculty (1, 1099) |3.38 .066 .003

participant gender

Interaction (1, 1099) |.603 438 .000
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Note: Salary was rated on a 1-8 scale, with 1 corresponding to $15,000, and with increments of $5000 (so that 8
corresponded to $50,000). Higher scores on other variables indicate higher perceived competence, and greater
willingness to hire, mentor, or likeability.

Following both M-R and our preregistered plans, we next conducted five
independent-samples z-tests to compare competence, hireability, mentoring, salary conferral,
and likeability ratings related to the male versus the female student profile. Details are
presented in Supplement Table S35. Faculty participants viewed the female student as more
competent [#(1282)=-5.29, p<.001, 95% CI of the difference [-.42, -.19], d=-.30, 95% CI for d
[-.41, -.19]] and more hireable [#(1225)=-6.02, p<.001, 95% CI of the difference [-.58, -.30],
d=-.34,95% ClI for d [-.46, -.23]] than the identical male student (Figure 11). Faculty
participants also offered more career mentoring to the female student than the male student
[#(1208)= -3.69, p<.001, 95% CI of the difference [-.36, -.11], d=-.21, 95% CI for d [-.33,
-.10]]. Additionally, the mean starting salary faculty offered to the female student was higher
than that which faculty offered to the male student [#1206)= -2.70, p=.007, 95% CI of the
difference [-.46, -.07], d=-.16, 95% CI for d [-.27, -.04]] (Figure 12). And finally, faculty
reported liking the female student more the male student [#(1164)=-10.68, p<.001, 95% CI of

the difference [-.81, -.56], d=-.63, 95% CI for d [-.74, -.51]] .
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Figure 11. Study 4: Competence, hireability, and mentoring by student applicant gender condition (collapsed across
faculty gender). All student applicant gender differences are statistically significant (p<.001). Scales range from 1 to
7, with higher numbers reflecting a greater extent of each variable. Error bars represent standard error means.
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Figure 12. Study 4: Salary conferral by student applicant gender condition (collapsed across faculty gender). The
student applicant gender difference is statistically significant (p=.007). The scale ranges from $15,000 to $50,000.
Error bars represent standard error means.



Gender bias by S.T.E.M. faculty? 51

These results indicated that, over the entire set of studies, the biases favoring women
were indeed larger than our SESOI (d=.21) for hiring (lower bound of CI, d= -.23) and
likeability (lower bound of CI, d=-.51). For the other variables, the results were more
ambiguous. The confidence intervals for the bias effect sizes for the other variables
(competence, mentoring and salary) all included values both above and below the SESOI.
Therefore, although the bias for hiring clearly exceeded the SESOI, whether any of the biases
among the other variables did so remains statistically ambiguous.

Using a combined datafile with responses from all three studies, we failed to replicate
M-R’s gender bias effects in favor of males. Instead we find, overall, biases favoring females.
Heterogeneity between samples

Finally, and unique to Study 4, we conducted separate three [sample/study: Study 1
(“S™), Study 2 (“TEM” unpaid), Study 3 (“TEM” paid)] x two (student applicant gender: male,
female) between-subjects ANOVAs for competence, hireability, and mentoring, in addition to
the single item for salary conferral, to assess possible heterogeneity between the samples.
There were no statistically significant main effects or interactions involving study for any
variable with the exception of a statistically significant main effect of study for salary
conferral. Science faculty recommended lower starting salaries (regardless of student gender)
than did TEM faculty. Thus, there was no evidence that the patterns of bias obtained varied by
study (see Supplement section VI. D for Study 4 and Table S36).

Phase 3: Additional Study 4 Analyses

Finally, a series of additional analyses were conducted using the combined dataset.

Although many of these analyses are identical to those conducted in Studies 1-3, none were

preregistered.
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Mediation
The first mediation analysis performed for Study 4 was identical to those tested in prior
studies, except that it was conducted on the basis of the combined sample for all three studies.

The results are summarized in Figure 13.
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Figure 13. N=1204. Student gender difference hiring mediation. b's are unstandardized and ['s are standardized. Values in
parentheses are bivariate correlations. All coefficients are significant p<.01. The composite student competence variable consists
of the averaged standardized salary variable and the competence scale items. Student gender is coded such that male = 0,

female = 1, so positive coefficients for student pender indicate bias favoring women.

b=127,p=77
(.78)

First, as already demonstrated in our ANOVA results, student gender influenced
judgments of hireability; when conducted as a simple bivariate regression that effect was
b=.44, B=.17 (=5.97, p<.001). Second, our ANOVA results have also already shown that
student gender influenced perceptions of competence; when conducted as a simple bivariate
regression, that effect was b=.25, f=.16 (=5.43, p<.001).

In the third test, both student gender and perceptions of competence were included as
predictors of perceptions of hireability. Consistent with the mediation hypothesis, after
accounting for student composite competence (b=1.27, f=.77, =42.29, p<.001), the effect of
student gender on hireability was cut to trivially above zero though it was statistically

significant (b=.13, f=.05, =2.69 p=.007). The indirect effect was b=.31, f=.12, Sobel’s Z =
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5.44, p<.001. Overall, therefore, these analyses indicate that almost 70% of the effect of
student gender on hiring was mediated by beliefs about competence.
Additional Exploratory Mediation Models

Our results diverged substantially from those reported in M-R, which raised the
possibility that the process underlying the pro-female biases we observed also operated
differently. Therefore, we conducted several additional exploratory mediational analyses to
examine the consistency of the data with alternative processes. Those models found about as
much support for mediation by liking, and for reverse mediation (hiring decisions mediating
the effect of student gender on perceptions of competence and liking) as they did for the
original M-R model of perceptions of competence mediating the effect of student gender on
hiring. We cannot clearly identify which model is true. Supplement Section VI. D for Study 4
presents full detail on these models and discusses this indeterminacy in some detail, including
implications for the ways in which mediation analyses are used, and sometimes misused, in
psychological research.

GENERAL DISCUSSION

In this registered replication report (RRR), we conducted three independent very close
replications of the highly cited Moss-Racusin et al. (2012) study which found biases against
women applying for a lab manager position among faculty in biology, chemistry and physics.
We also conducted a meta-analysis of these three studies. As an adversarial collaboration
combined with RRR, the research reported herein strove for maximal rigor and validity. The
findings of the present studies did not merely fail to replicate M-R; instead, they found a
reversal (See Table 6 for a summary). Although M-R’s single study based on 127 faculty from

six institutions found biases against female students, the present three studies (plus
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meta-analysis) based on about 1200 participants from over 100 institutions found that faculty
were consistently biased against male student applicants. The bias effect for hiring (d=-.34
from the meta-analysis) was moderate in size but well above our SESOI. This finding is
consistent with prior research finding that gender bias in employment is generally small and,
especially in the last 15 years, more likely to find biases against men than women (e.g., Ceci et

al., 2023; Schaerer et al., 2023; Williams & Ceci, 2015).

Table 6. Which Moss-Racusin et al. (2012) findings were replicated?

Overall: Meta-Analysis

Finding Study 1 | Study 2 | Study 3 Studies 1-3

Competence () () () ()

(male v. female student applicant)

Hireability () () () ()

(male v. female student applicant)

Mentoring (] (] () ()

(male v. female student applicant)

Salary (] (] () ()

(male v. female student applicant)

Likeability (V) (V) V) (V)

(male v. female student applicant)

Notes: Study 1 = paid “S(cience) faculty sample, Study 2 = unpaid “TEM” sample, Study 3 =
paid “TEM” sample, and Overall = combined data from Studies 1-3. Overall »= 1293.

0 indicates statistically significant bias in the opposite direction, i.e., against males instead of
females.

Why the Reversal? Some Speculations

It is, of course, impossible to know with anything approaching scientific certainty why
the results of the present studies and those of M-R diverged so sharply. Below, therefore, we
offer a set of speculative possibilities which are not mutually exclusive and which could

constitute bases for future research.
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1. Perhaps society has changed and now more people are biased against men than women,
at least in STEM hiring contexts. This explanation does not deny the existence of biases
against women, only that such biases may be less common now than biases against
men. This explanation is consistent with a recent meta-analysis of 40 years of audit
studies examining bias in employment contexts also finding that sexist biases in hiring
have been minimal for decades, and that, in recent years, there is more evidence of bias
against men than women (Schaerer et al., 2023).

2. Whether or not the wider society has changed, perhaps academia has changed and is
now misandrist. Perhaps decades of rhetoric about biases against women, especially but
not exclusively in STEM, have successfully convinced many academics that these
biases are so powerful and pervasive that extraordinary corrective steps, including
discrimination against men, are necessary. Consistent with at least part of this
explanation, Schaerer et al. (2023) found that academics massively overestimated the
amount of anti-female biases there would be in hiring discrimination, and this
overestimation was similar in magnitude regardless of whether academics claimed
expertise in gender. If academics generally overestimate biases against women, it may
appear phenomenologically justified to discriminate against men to balance the scales.

3. Perhaps M-R was a false positive. The original study included a sample about 1/9th that
of the three studies reported herein, and small N studies are notorious for producing
false positives (see, e.g., Fraley et al., 2022; Simmons et al., 2011).

4. M-R was not preregistered, whereas three of the four studies reported herein were (and
even the one that wasn’t followed the exact same methodological and data analytic

procedures as the ones that were). Registered replication reports (RRRs), such as the
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present studies, typically induce more severe tests of the hypotheses under
consideration (Mayo, 2018) because they eliminate most researcher degrees of freedom
in reporting studies and conducting analyses. As such, RRRs typically are vastly more
capable of falsifying hypotheses, which is probably why, in fact, RRRs produce
hypothesis-confirming results vastly less often than do conventional research reports
(Scheel et al., 2021).

5. Perhaps there was sampling bias in M-R. Perhaps the faculty at the six unnamed
institutions they examined are, to this day, vastly more sexist than are faculty at the
over 100 institutions from which we drew our participants. Only a replication attempt
focusing exclusively on those six institutions could evaluate this explanation.

6. Perhaps differences between our study and M-R’s study can explain the divergence in
findings. On nearly all methodological and statistical dimensions (manipulation,
questionnaires, analyses) the studies were identical. However, there are some
differences beyond those discussed above.

o Our larger sample size provided not only more statistical power, but vastly
greater statistical certainty in the estimates of differences and coefficients. Large
sample studies are also much more likely to be replicable (Fraley & Vazire,
2014).

o The present research was an adversarial collaboration (and all that comes with
that, as discussed previously) whereas theirs was not.

o M-R had a 23% response rate, which was higher than that of our three studies,
all of which were in single digits. This is the one methodological aspect of their

study that is stronger than that of the three studies reported herein. How likely
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does the response rate account for the differences in findings? It is possible but
not likely on several grounds. First, the demographics of our sample
corresponded as well to the academic population as did theirs, which they touted
as evidence for their study’s rigor and generalizability. If such correspondence
constitutes such evidence for M-R, it also does so for our replications.
Regardless, there is no evidence suggesting that demographic differences or
biases can explain the results. Second, response rates to surveys in general have
been falling for decades (Holbrook et al., 2007), including those of faculty email
surveys such as M-R’s and ours. For example, the response rate of faculty
surveys by Williams and Ceci (2015) was 34%, Honeycutt & Freberg (2017)
was 26%, Kaufmann (2021) was 2-4% (depending on survey), and Weitz et al.
(2022) was 6.6%. Third, response rates have generally been found to be
“...unrelated to or only very weakly related to the distributions of substantive
responses” (Holbrook et al., 2007, p. 508). Fourth, the robust meta-analysis
reported in our fourth study found that the bias results were similar across our
three studies, despite differing response rates.

The bottom line is that the reason for the different findings in the present studies versus
those of M-R is unknowable with anything resembling scientific certainty. They could have
resulted from any one of the factors described above, or some combination, or some factor we
have not considered.

Interpretation of Findings
If M-R constituted evidence to take biases against women in STEM seriously, our

studies provide stronger evidence to take biases against men in STEM seriously. The bias
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effects we observed were smaller in magnitude but far more credible because of the much
larger and institutionally diverse sample sizes on which they were based, the adversarial
collaboration, and the more extensive analyses and examination of alternative hypotheses and
models.

Following on the heels of M-R, Handley et al. (2015) found that men, especially men in
STEM fields, evaluated the research described in M-R less favorably than did women. Here is
the conclusion in their abstract (p. 13201):

Results across experiments showed that men evaluate the gender-bias research less
favorably than women, and, of concern, this gender difference was especially
prominent among STEM faculty (experiment 2). These results suggest a relative
reluctance among men, especially faculty men within STEM, to accept evidence of
gender biases in STEM. This finding is problematic because broadening the
participation of underrepresented people in STEM, including women, necessarily
requires a widespread willingness (particularly by those in the majority) to
acknowledge that bias exists before transformation is possible.

Our results indicate that, rather than constituting some sort of cognitive or motivated
unwillingness on the part of men to accept results of the M-R study at face value, instead, the
men may have been well-justified in evaluating the study less favorably than did women, at
least if the criteria for evaluation justification was replicability. What may have been more
problematic than the men’s skepticism is the credulousness among those in accepting the
results of a small study as having established an irrefutable scientific fact. That some claim or
finding has been published in a peer reviewed journal, even a prestigious one, and has all the

trappings of scientific sophistication (experimental methods, complex statistics, mediational
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models), does not mean, by itself, that the claim or finding is necessarily true or replicable.
That can only be determined in the fullness of time, as other scientists attempt to replicate the
findings, and skeptically vet its methods and statistics.
CONCLUSION

Discrimination is an important social problem. In the U.S., gender discrimination is
also illegal. Thus, the results of the present studies, and related research, provide both good
news and bad news. Biases against women in hiring, both in general (Schaerer et al., 2023) and
in academic STEM appears to be mostly a thing of the past (see Ceci et al., 2023, for a review
and meta-analysis). In seeking explanations for gender gaps in STEM, efforts will probably be
more productively spent looking in places other than biases in hiring.

One of the clearest alternative explanations was empirically supported years ago,

though it has received far less attention than discrimination. A national study of over 1,000
high school students (Wang et al., 2013) found that:

1. 70 percent more girls than boys had strong math and verbal skills;

2. Boys were more than twice as likely as girls to have strong math skills but not
strong verbal skills;

3. People (regardless of whether they were male or female) who had only strong math
skills as students were more likely to be working in STEM fields at age 33 than
were other students;

4. People (regardless of whether they were male or female) with strong math and
verbal skills as students were less likely to be working in STEM fields at age 33
than were those with only strong math skills.

As Wang et al. (2013, p. 774) put it:
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Our study provides evidence that it is not lack of ability that causes females to
pursue non-STEM careers, but rather the greater likelihood that females with high
math ability also have high verbal ability and thus can consider a wider range of
occupations than their male peers with high math ability, who are more likely to have
moderate verbal ability.

If biases against women in STEM are mostly a thing of the past, this is terrific news for
women considering a STEM career. Although anyone, including women, will face obstacles
and challenges to accomplishments in STEM, if bias against women is no longer a major one
of those obstacles, this should be welcome news. On the other hand, however, there is some
bad news in our research for men. The bias landscape may have overcorrected by not merely
eliminating biases against women, but reversing them, therein producing biases against men.
Given that men appear to be falling behind in education more broadly (see, e.g., Fry, 2023) an
overcorrection such as this may exacerbate downstream consequences for men and broader
society. Although there are still more men than women in STEM, if early career jobseekers are
discriminated against, as found in our three studies, to paraphrase M-R (p. 14678, by replacing
“women” with “men”): ‘To the extent that faculty gender bias impedes wemen’s full
participation in science, it may undercut not only academic meritocracy, but also the expansion
of the scientific workforce needed for the next decade’s advancement of national
competitiveness.’

The present studies provide an important contribution to understanding the current state
of gender bias in STEM. The biases against men that we observed were smaller than historical
biases against women, and smaller than those against women obtained in the study we failed to

replicate (Moss-Racusin et al., 2012). Thus, although the existence of such biases against men
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may be bad news, their modest size is good news — it should take far less time and effort to

correct these biases than the biases women faced for centuries, at least if there is a modicum of

will to do so.

OPEN ACCESS, DATA AVAILABILITY

All measures, materials, data, and study preregistrations are available online

(https://osf.io/sefn8/).
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