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Human observers extract perceptual summaries for sets of items after brief visual exposure, accurately judging
the average size of geometric shapes (Ariely, 2001), walking direction of a crowd (Sweeny, Haroz, &
Whitney, 2013), and the eye gaze of groups of faces (Sweeny & Whitney, 2014). In addition to such actuarial
summaries, we hypothesize that observers also extract social information about groups that may influence
downstream judgments and behavior. In four studies, we first show that humans quickly and accurately
perceive the sex ratio of a group after only 500 ms of visual exposure. We then test whether these percepts
bias judgments about the group’s social attitudes and affect the perceiver’s sense of belonging. As the ratio
of men to women increased, both male and female perceivers judged the group to harbor more sexist norms,
and judgments of belonging changed concomitantly, albeit in opposite directions for men and women. Thus,
observers judge a group’s sex ratio from a mere glimpse and use it to infer social attitudes and interpersonal
affordances. We discuss the implication of these findings for a heretofore overlooked hurtle facing women in
male-dominated fields (e.g., science, technology, engineering, or mathematics): how the ratio of men to
women provides an early visible cue that signals an individual’s potential fit.
Keywords: ensemble coding, sex ratio, belonging, group norms, social vision

Reflecting on her appointment to the United States Supreme
Court in an interview at Georgetown University, Justice Ginsburg
discussed the balance of men and women on the bench. At the time
of her appointment, Justice Ginsburg was the second woman ever
confirmed to the Supreme Court and has, at various points, served
as the sole female voice. With the presence of women on the
Supreme Court growing to three under President Obama’s administration, Justice Ginsburg’s comments gestured toward a profound
perspective underlying the pursuit of equality: that the ratio of men
to women on the Supreme Court was not only salient to the public,
but that it also carried important social implications for society’s
perceived fit of women as arbiters of law.
Justice Ginsburg’s reflections may characterize percepts that
extend well beyond the judiciary. In a similar way, the ratio of men
to women has yet to reach parity in other traditionally masculine
fields. In science, technology, engineering, and mathematics
(STEM), for example, women comprise only 24% of the American
workforce (Beede et al., 2011), a statistic that indicates that observers of and participants in those fields are likely to encounter
three times as many men as women. Here we test how one’s first
glimpse of a group’s sex ratio shapes perceivers’ mental representations of a group and their feelings of fit therein. We bring to bear
existing research and methods from the vison and cognitive sciences to probe how the spontaneous perception of a group’s sex
ratio impacts perceivers’ judgments of the group’s social attitudes
and interpersonal affordances (i.e., judgments about whether a
group offers the individual opportunities for belonging). We contend that these group percepts and the inferences that they evoke

I think the worst time was when I was all alone, after Sandra left. The
public perception saw eight men, and then there was this little woman,
hardly to be seen. But now, because I’m so senior, I sit toward the
middle. I have Justice Kagan on my left, Justice Sotomayor on my
right . . . So the public will see that women are all over the bench.
They are very much part of the colloquy.
—United States Supreme Court Justice Ruth Bader Ginsburg, 2015
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have broad implications for individuals in a range of fields, including the courtroom, and extending to tech start-ups and beyond.
The notion that merely perceiving a group might influence
judgments of social attitudes and interpersonal affordances first
requires that observers can (and do) achieve some degree of
accuracy from minimal visual information, more generally. Indeed, people readily and rapidly form impressions about others,
often achieving a remarkable level of accuracy (Hugenberg &
Wilson, 2013; Macrae & Quadflieg, 2010). From merely glimpsing a face, people can judge a person’s demographic identities
(sex, age, race) and social traits (trustworthiness, dominance).
These early percepts compel perceivers to approach or avoid
others based upon appearance alone (Johnson, Iida, & Tassinary,
2012). Thus, the causes and consequences of social perception
involving isolated faces are well understood. In daily life, however, people are often encountered in groups. Here we test both the
accuracy and interpersonal implications of visually perceiving a
group of unknown others. As has been observed in research
probing the perception of individuals, we hypothesized that perceivers deduce similar characteristics of a group of people. Specifically, we predicted (and found) that observers’ actuarial summaries about a group occur quickly and accurately, and that these
summaries have important implications for subsequent social inferences involving a group’s social attitudes and the interpersonal
affordances the group provides.

Interpersonal Affordances: The Centrality of Belonging
Feelings of belonging are fundamental to the human experience
(Baumeister & Leary, 1995). Indeed, belonging is so important that
individuals will engage in goal-directed activity to satisfy the need to
belong, and if their need goes unfulfilled, people actively seek out
new groups or different relationships (Baumeister & Leary, 1995).
Furthermore, persistent lack of belonging portends negative mental
and physical health outcomes. For instance, lack of belonging fosters
feelings of loneliness, anxiety, and depression (Baumeister & Tice,
1990; Conte, Weiner, & Plutchik, 1982; Hagerty & Williams, 1999;
Lofland, 1982). Similarly, social isolation has been linked to increased
cortisol activity (Kiecolt-Glaser et al., 1984), higher blood pressure
(Cacioppo & Hawkley, 2003; Cacioppo et al., 2002; Hawkley &
Cacioppo, 2003; Uchino, Cacioppo, & Kiecolt-Glaser, 1996), poorer
immune functioning and healing ability (Cacioppo & Hawkley, 2003;
Kiecolt-Glaser et al., 1984, 1987; Kiecolt-Glaser, Glaser, Cacioppo, &
Malarkey, 1998), greater occurrence of psychosomatic health problems (DeLongis, Folkman, & Lazarus, 1988), and decreased sleep
efficacy (Cacioppo & Hawkley, 2003; Cacioppo et al., 2002). Efforts
to enhance social belonging appear to be effective, showing better
self-reported health and less frequent health care visits over a 3-year
period (Walton & Cohen, 2011). Belonging interventions also enhance motivation (Walton, Cohen, Cwir, & Spencer, 2012) and academic achievement (Cohen, Garcia, Apfel, & Master, 2006; Shnabel,
Purdie-Vaughns, Cook, Garcia, & Cohen, 2013; Walton & Cohen,
2011). Thus, felt belonging confers numerous emotional and physical
benefits.
The determinants of an individual’s feelings of belonging or fit
with a group are multifaceted. In some instances, the group’s own
self-characterization provides potent outward facing signals. For
instance, an explicit statement of a company’s philosophy in a
job-fair brochure formed the basis of African American job appli-
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cants’ trust in the company (Purdie-Vaughns, Steele, Davies, Ditlmann, & Crosby, 2008). More subtle cues to exclusion yield
similar effects. In one study, observers responded to job postings
and mock interviews that used either gender-exclusive (e.g., referring exclusively to “he” or “him”) or gender-inclusive (e.g., “he or
she” or “his or hers”) language (Stout & Dasgupta, 2011). Among
women, gender-exclusive language decreased felt belonging and
motivation to pursue the position, but increased anticipated workplace sexism. The opposite was true among men; gender-exclusive
language enhanced their motivation to pursue the position. Thus, both
explicit and subtle language signaled distinct workplace environments
to potential applicants, thereby affecting their likelihood to engage
with the group. Moreover, once immersed within a group, individuals
tend to distance themselves from traits that appear to be incongruent
with the group’s identity (Pronin, Steele, & Ross, 2004). Specifically,
Pronin et al. (2004) found that women who enrolled in a high
percentage of male-dominated courses (e.g., mathematics) eschewed
feminine characteristics (e.g., wearing make-up) in an effort to enhance their fit within their social environment.
Although most research to date has tested perceivers’ response
to social cues about the group, some evidence indicates that visual
cues can change individuals’ identification with a group or within
a certain context. Dubbed “ambient belonging,” this sense of social
fit arises based solely on the presence of inanimate objects placed
within the environment. In a computer classroom, simply replacing
Star Trek posters with nature posters boosted women’s interest in
pursuing computer science as a major (Cheryan, Plaut, Davies, &
Steele, 2009). Similarly, the presence of more minority individuals
in a job pamphlet led African American participants to report
feeling more organizational trust and to anticipate being more
comfortable in that work space (Purdie-Vaughns et al., 2008).
Thus, in addition to subtler linguistic indicators, visible cues can
serve to either enhance or curtail feelings of belonging.
Collectively, therefore, feelings of belonging show widespread
importance, and they are informed by multiple factors ranging from
subtle linguistic cues to incidental visual cues. For an observer attempting to discern whether a group affords the possibility of belonging, the earliest available information might be obtained visually from
merely a glimpse, a possibility to which we now turn.

The Social Vision of Groups
Observers’ visual perceptions of social spaces and the groups of
people that inhabit them are likely to inform a range of subsequent
judgments and behaviors. Although some evidence indicates that
perceivers attend to visual cues when making judgments about a
social space, the process by which perceivers aggregate across
groups of objects and/or people to draw inferences remains poorly
understood. Speaking to this point, Phillips, Weisbuch, and Ambady (2014) called for more empirical research into people perception to augment the sizable literature in person perception,
arguing that people perception occurs much more frequently and
has important implications for organizational behavior that rely on
individuals’ assessments of a social space (e.g., organization acculturation and team leadership). The current research is among
the first to empirically test these processes, by examining how
visual percepts (cf. verbal descriptions; Hamilton et al., 2015)
about a group inform downstream social judgments of the group’s
likely social attitudes and interpersonal affordances.
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Visually extracting the “gist.” Early evidence from vision
science provides support for our hypothesis that inferences about
groups may have roots in objects processed as a collective set. In
one study designed to probe the mechanisms of scene perception,
participants briefly viewed pictures of everyday locations (e.g.,
streets, kitchens, and store counters) and indicated whether or not
they had seen a given object (Biederman, Glass, & Stacy, 1973).
Participants’ judgments were more efficient when an object was
logically improbable for a given scene (e.g., a car in the kitchen)
than when it was commonplace (e.g., a teacup in the kitchen). The
researchers concluded that perceivers may rely on a schema or
script for a scene’s appearance, allowing them to quickly rule out
objects that do not appear to belong there. Subsequent research
demonstrated that this process could occur in as little as 100 ms
(Biederman, Rabinowitz, Glass, & Stacy, 1974) and that specific
details about an object’s shape or identity are not necessary for
accurate scene categorization (Oliva & Schyns, 2000; Oliva &
Torralba, 2001; Torralba, 2003; Torralba & Oliva, 2003). Furthermore, perceivers are more accurate at summarizing spatial details
when extracting the overall scene gist than when recalling the
locale of individual objects within it (Alvarez & Oliva, 2008,
2007). Thus, prior research implies that perceivers can rapidly
extract the gist of a scene, making holistic judgments that incorporate prior knowledge quickly and efficiently at some cost to
local detail (for a more thorough review of prior research on scene
gist extraction, see Oliva & Torralba, 2007).
Whether and how perceivers similarly extract the gist of a group
of objects/people has become a focus of more recent research.
Given the vast amount of visual information available to perceivers on a moment-to-moment basis, perceptual mechanisms evolved
to ease the processing burden (Attneave, 1954; Barlow, 1961;
Geisler, 2008). In one such manifestation, the visual system tends
to aggregate when it encounters group of similar objects to yield a
perceptual summary, or ensemble representation (Alvarez, 2011).
This process, ensemble coding, facilitates quick and accurate summary percepts for object groups. This process appears to be extensive, informing a range of aggregate judgments for a group of
objects, including their size (Ariely, 2001; Chong & Treisman,
2003, 2005), the ratio of specific shapes (Burr & Ross, 2008; Ross
& Burr, 2010), and their physical orientation (Parkes, Lund, Angelucci, Solomon, & Morgan, 2001). Importantly, similar ensemble representations occur for social percepts. From brief exposures,
perceivers accurately summarize a group’s average facial emotion
(de Fockert & Wolfenstein, 2009; Haberman & Whitney, 2007),
eye gaze direction (Sweeny & Whitney, 2014), gender (Haberman
& Whitney, 2007), race (Thornton, Srismith, Oxner, & Hayward,
2014), and walking direction (Sweeny et al., 2013).
Interpersonal consequences of ensemble coding. Ensemble
coding appears to guide visual representations for both descriptive
features of inanimate objects and overarching group characteristics. Still, the interpersonal consequences of these descriptive
summaries remain untested. In the same way that ensemble coding
eases one’s perceptual burden by producing actuarial summaries
(Olshausen, 2003), it might also ease one’s social burden by
providing a heuristic for estimating a group’s social affordances. In
particular, we hypothesized that ensemble coding may provide a
means of judging whether a group affords personal belonging—a
fundamental social need (Baumeister & Leary, 1995).

Thus, research has extended the concept of ensemble coding
from summaries of simple visual objects to summaries of complex
person characteristics, although the interpersonal consequences of
these summaries remain unexplored. Theoretically, perceivers
might perceptually group targets to increase the efficiency of
decision making (Olshausen, 2003). Summary representations of a
group may therefore guide broader social judgments about a group
in a heuristic fashion, enabling perceivers to estimate the behaviors, attitudes, and beliefs of individual group members given little
more than the composition of the group itself. We hypothesized
that this heuristic inference process may be especially important in
the domain of personal belonging. Deciding in advance whether or
not one belongs in a group presents a difficult challenge. Ensemble
perception may provide an efficient solution to the challenge: upon
seeing a group, perceivers may extract a summary representation
of the “average” group member and use that representation to
guide assumptions about the group overall.

The Present Studies
We tested these possibilities by integrating established methods
from social, cognitive, and vision sciences. In Studies 1a and 1b,
we first examined whether groups differing in the ratio of men to
women were accurately perceived and then tested whether they
elicited different perceptions of belonging from men and women.
We predicted that perceivers would: (a) accurately perceive the
group’s sex ratio following brief presentation; (b) draw inferences
about a groups attitudes based on sex ratio (i.e., the endorsement
of sexist norms); and, (c) use this information to gauge their own
feelings of belonging within the group. Study 2 replicated the
observed effects using a design that affords inferences about the
temporal process. Study 3 used a different methodology to extend
our observations by testing perceivers’ mental representations of
the average group member as a function of a group’s sex ratio.

Study 1a
Method
Design. Study 1a aimed to test how observers extract actuarial
summary statistics and draw social inferences from brief exposure to
social ensembles. A key goal in our approach was to test how the ratio
of men to women in an ensemble affected judgments of social
attitudes (i.e., harboring sexist attitudes) and interpersonal affordances
(i.e., a sense of personal belonging). Study 1a used a 2 (Perceiver Sex:
male vs. female) ⫻ 5 (Actual Sex Ratio: 0/8 men, 2/8 men, 4/8 men,
6/8 men, 8/8 men) mixed-model, quasi-experimental design in which
each participant provided multiple judgments for each stimulus. As
such, data were nested within stimuli and participant. Along with all
subsequent studies described here, Study 1a received research ethics
committee approval prior to the collection of data.
Participants. Ninety-one U.S.-based Internet users (57%
women) completed an online study via Amazon’s Mechanical
Turk (MTurk). Sample size estimates and power analyses for
nested data require knowing numerous parameters including, but
not limited to, the number of Level 1 groups (e.g., how many trials
seen per participant), the size of the effect, each random effect’s
variance, covariance estimates for random effects, regression coefficients, and the design effect (Aguinis, Gottfredson, & Culpep-
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per, 2013; Snijders, 2005; Westfall, Kenny, & Judd, 2014). Given
the novelty of our theory and the adaptation of vision science
techniques, we had no prior effect sizes and variance estimates on
which to base an a priori power analysis. We therefore recruited
what we judged to be a conservatively high number of participants,
given other samples used in social vision research. Consistent with
scientific norms in vision science, traditional work in ensemble
coding used a psychophysics approach and relied on repeated
measures experimental designs; furthermore, the within subject
design and high trial numbers (often exceeding 10,000 trials) in
these studies allows for sufficient power even with much smaller
samples than we typically see in social psychological research
(e.g., ranging from 2 to 55 observers at most; see Albrecht &
Scholl, 2010; Alvarez & Oliva, 2007; Ariely, 2001; Bai, Leib,
Puri, Whitney, & Peng, 2015; Haberman, Brady, & Alvarez, 2015;
Haberman & Whitney, 2010). By such standards, we sought to
recruit a large sample of participants for a completely within-subjects
design, given the cross-classified nature of our hypotheses. As a
starting point for moving forward, we conducted post hoc power
analyses using the parameter estimates derived from our model. As
shown in Table 1, post hoc power analyses revealed we were fully
powered to find our hypothesized results (achieved power for main
effects and their interaction ranged from 0.872 to 1.0).1
Stimuli. Stimuli included 20 social ensembles depicting eight
White faces. Ensembles varied in the ratio of men:women (0:8, 2:6,
4:4, 6:2, 8:0; see Figure 1). Target faces were drawn randomly from
the Chicago Face Database (Ma, Correll, & Wittenbrink, 2015) and
arranged at random into a 2 ⫻ 4 array. This procedure was repeated
four times for each condition, yielding 20 unique ensembles, presented randomly within each counterbalanced block. Each ensemble
image was saved as 2,386 pixel ⫻ 1,791 pixel JPG image to ensure
standardization across trials and participants.
Procedure. Participants learned that they would provide judgments about groups of people. Upon entering the survey hosted by
Qualtrics, participants provided informed consent.
Participants provided judgments in four counterbalanced blocks.
Within each block, ensembles were presented individually and in
random order for 500 ms prior to a judgment prompt. Prior
research in vision science has consistently relied on 500-ms display time to allow for the extraction of ensemble summaries while
preventing the serial processing of individual targets (Bai et al.,
2015; Haberman et al., 2015; Haberman & Whitney, 2009;
Sweeny & Whitney, 2014).
Two blocks probed participants’ perceptual acuity in ensemble
coding. In one block, participants estimated the Perceived Sex
Ratio in each ensemble using a visual scale that depicted schematic
men and women that varied in the ratio of men:women, from 0:10
to 10:0, increasing by 1 for each scale item (see Figure 2, Panel A).
In another block, participants judged the gendered appearance of
the average face in an ensemble. This Perceived Facial Masculinity
scale depicted 21 computer-generated faces that varied anthropometrically in face appearance from highly feminine to highly
masculine (see Figure 2, Panel B).
Two additional blocks probed participants’ inferences about
each ensemble’s social attitudes and affordances. In one block,
participants provided judgments about the norms within the group,
defined to participants as “a group’s spoken or understood rules
about member behavior; they explain how members ought to act,”
with an example of raising one’s hand in class. For each ensemble,
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participants rated the perceived importance of eight norms related
to sexist ideology, presented in random order, using a 7-point scale
anchored by “Extremely Unimportant to the Group” and “Extremely Important to the Group” (see the Appendix for complete
scale). In a fourth block, participants indicated the extent to which
they thought they would personally “fit in” and “belong” in each
ensemble using 9-point scales anchored by “Not at All” and
“Extremely Well” and “I Wouldn’t Belong at All” and “I Would
Definitely Belong Here”, respectively. Because participants provided repeated responses within each of these trial blocks, we
measured each scale’s internal reliability by proportioning participants’ response variance into its subcomponents and estimating
how much variance was accounted for by the repeated-measures
design, the actual stimuli themselves, and the items within each
scale (for more details on how to estimate these variances, see
Cranford et al., 2006). Observed reliability of change (RC) was
0.62 and 0.75 for judgments of norms and belonging, respectively.
As such, we averaged each scale to yield two composite indices—
Perceived Sexist Norms and Belonging.
Upon completion, participants provided basic demographic information. They were then debriefed and compensated.
Statistical analysis. Because responses were nested within
perceiver and target, we used cross-classified random coefficient
models incorporating random intercepts and slopes in all analyses.
Across all studies, perceiver sex moderated effects only where
noted. In an effort to provide some context for the magnitude of
our significant effects, we report both the intraclass correlation
coefficient (ICC) for the null model, as well as the pseudo R2
statistic for each significant effect. The ICC provides an indication
of how much variance in the dependent variable occurs between
participants (Hox, 2002; Kreft & de Leeuw, 1998; Lahuis, Hartman, Hakoyama, & Clark, 2014; Raudenbush & Bryk, 2002); thus,
we would expect this to be generally small, and we hypothesize
that most of the differences in perceiver judgments will depend on
changes in the participant’s response to a group (e.g., a different
response to seeing zero men in an ensemble vs. seeing eight men).
The ICC helps us understand how much variance in a model is
explained by between-subjects as compared with within-subject
effects. To provide additional context, we also report the R2
2
derived from multilevel variance partitioning (RMVP
). Although
some debate surrounds the best way to represent effect sizes in
multilevel models given the complexity of the data (Aguinis et al.,
2013; Lahuis et al., 2014; Peugh, 2010; Ugille, Moeyaert, Beret2
has been
vas, Ferron, & Van den Noortgate, 2014), the RMVP
shown to be the least biased and most efficient effect estimator in
cross-level, random-slope models (Lahuis et al., 2014); thus, it
should be interpreted as the amount of overall variance in the
dependent variable explained by the model and will accordingly
only be reported once per model.
1
We used a custom R script to run 10,000 Monte Carlo simulations for
each hypothesized model, separately looking at each predicted main effect
and interaction. Additional follow-up post hoc analyses revealed that,
given our effect sizes and experimental design, we would have had adequate power to find our predicted effects with only 8 participants (four men
and four women, power ⫽ 0.96). The R script for our post-hoc power
analyses can be accessed via our GitHub repository at: https://github.com/
UCLASoComLab/Publications
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Table 1
Post-Hoc Power Analyses of Sample Size from Studies 1a and 1b
Study

Tested effect

Achieved
power

1a
1a
1a
1a
1a
1b
1b
1b
1b
1b

Main effect of Actual Sex Ratio on Perceived Facial Masculinity
Main effect of Actual Sex Ratio on Belonging
Main effect of Actual Sex Ratio on Perceived Sexist Norms
Main effect of Actual Sex Ratio on Perceived Sex Ratio
Interaction effect of gender by Actual Sex Ratio on Belonging
Main effect of Actual Sex Ratio on Perceived Facial Masculinity
Main effect of Actual Sex Ratio on Belonging
Main effect of Actual Sex Ratio on Perceived Sexist Norms
Main effect of Actual Sex Ratio on Perceived Sex Ratio
Interaction effect of gender by Actual Sex Ratio on Belonging

1.0
.872
1.0
1.0
1.0
.9982
.9958
1.0
1.0
1.0

Note. All power analyses indicate the proportion of times the modeled effect was significant (p ⬍ .05) when
tested on 10,000 randomly simulated datasets.

We used the “lme” function with residual maximum likelihood
estimation (REML) in the open-source R packages “lme4” and
“lmerTest” to model our four outcomes of interest, as all our
criterion were continuous (Bates, Maechler, Bolker, & Walker,
2015; Kuznetsova, Brockhoff, & Christensen, 2015). Perceiver
Sex was dummy coded in all models, with 0 representing participants who self-identified as male and 1 representing participants
who self-identified as female. The Actual Sex Ratio variable was
coded to reflect the number of men in each ensemble: 0, 2, 4, 6,
and 8. In each statistical model for Study 1a, we first tested the
main effects of Actual Sex Ratio and Perceiver Sex before adding
their interaction term in a stepwise fashion. Our reported results
include the unstandardized regression coefficients for each effect
as well as its corresponding significance tests. All data and statistical analyses scripts described in Study 1a as well as in subsequent
studies are publicly available at: https://github.com/UCLASoCom
Lab/Publications

Results and Discussion
Accuracy in encoding actuarial summaries. To test the perceptual acuity of ensemble representations, we regressed Perceived

Sex Ratio and Perceived Facial Masculinity (separately) onto
Perceiver Sex, the Actual Sex Ratio, and their interaction. The ICC
for the null model predicting Perceived Sex Ratio and Perceived
Facial Masculinity was 0.01 and 0.32, respectively; most of the
observed variance in actuarial summaries occurs due to within
participant differences. Testing our hypotheses, we found that as
the ensemble’s ratio of men to women increased, Perceived Sex
Ratio also increased (B ⫽ 1.03, SE ⫽ 0.06, t ⫽ 18.16, p ⬍ .001,
2
RMVP
⫽ 0.78), and judgments of the average face became decidedly more masculine (B ⫽ 0.73, SE ⫽ 0.11, t ⫽ 6.71, p ⬍ .001,
2
RMVP
⫽ 0.37; see Figure 3, Panels A and C). Thus, both of these
measures show a high level of sensitivity to the sex ratio in an
ensemble, indicating that observers extract such information readily and rapidly, on the basis of 500 ms of visual exposure.
Social attitudes and affordances. Next, we tested our novel
prediction that perceivers infer social attitudes and affordances
from ensemble representations by regressing Perceived Sexist
Norms and Belonging (separately) onto Actual Sex Ratio, Perceiver Sex, and their interaction. The ICC for the null models of
Perceived Sexist Norms and Belonging were 0.39 and 0.32, respectively. As the ensemble’s ratio of men to women increased,
groups were judged to harbor more sexist attitudes (B ⫽ 0.15,
2
SE ⫽ 0.03, t ⫽ 5.89, p ⬍ .001, RMVP
⫽ 0.32), and perceivers’
sense of belonging increased (B ⫽ 0.25, SE ⫽ 0.06, t ⫽ 4.50, p ⬍
2
.001, RMVP
⫽ 0.39). The effect on Belonging varied by Perceiver
Sex, however (interaction B ⫽ ⫺0.71, SE ⫽ 0.07, t ⫽ ⫺10.65, p ⬍
.001; see Figure 4, Panels A and C). As the ensemble’s ratio of
men to women increased, Belonging increased among men, but
decreased among women (Bs ⫽ 0.25 and ⫺0.46, SEs ⫽ 0.05 and
0.06, ts ⫽ 4.68 and ⫺8.10, ps⬍.001). Thus, observers formed
accurate representations of a group’s sex ratio and drew inferences
about its attitudes from brief exposures. Male-dominated groups
were judged to be especially sexist, and perceptions of personal
belonging increased as representation of one’s own sex increased.

Study 1b

Figure 1. Sample stimulus from Study 1a in which Actual Sex Ratio varied
within each ensemble. This example depicts an Actual Sex Ratio of six men
and two women. See the online article for the color version of this figure.

Study 1b sought to replicate the discoveries from Study 1a,
employing a more rigorous design and using larger 12-person
groups with variable ratios of men:women. In particular, we developed a fully randomized stimuli creation paradigm to remove
(rather than control for) potential variance that could be explained
by using the same target stimuli across participants. Furthermore,
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Figure 2. Dependent measures of actuarial summaries assessing Perceived Sex Ratio (Panel A) and Perceived
Facial Masculinity (Panel B) used in Studies 1a, 1b, and 2. See the online article for the color version of this figure.

Study 1b tested whether ensemble coding can occur with more
complex stimuli sets.

Method
Design. Study 1b sought to replicate findings from Study 1a
using novel methodology and employed a 2 (Perceiver Sex: male
vs. female) ⫻ 5 (Actual Sex Ratio: 0/12 men, 3/12 men, 6/12 men,
9/12 men, 12/12 men) quasi-experimental mixed-model design.
Participants. Seventy-six undergraduates from a large, public
West Coast university participated in exchange for course credit.
One participant who indicated their sex to be “non-binary/genderqueer” was excluded from our analyses, leaving a final sample of
75 participants (75% women). As with Study 1a, a priori power
analyses were not estimable given the theoretical novelty of our
study design. Study 1b sought to improve upon Study 1a by fully
randomizing each ensemble, removing the need for specifying
cross-classification in the multilevel model. Because power analyses for multilevel models rely on the structure of nested data
(Snijders, 2005; Westfall et al., 2014), we lacked reasonable prior
estimates for effect sizes and variance estimates of data without
cross-classification. For this reason, we again recruited what we
judged to be a conservative sample size and calculated post hoc
power analyses via a customized R script. As shown in Table 1,
our post hoc analyses revealed we were adequately powered to
find our hypothesized effect, with achieved power for all main
effects and interactions equal to or greater than 0.995.
Stimuli. In Study 1a, we manually created 20 social ensembles using a random number generator. In Study 1b, we created a
custom Python script to automate the process. Individual faces
were drawn randomly from the White targets within the Chicago
Face Database (Ma et al., 2015) and placed into a 3 ⫻ 4 array to
form 12-person social ensembles. As in Study 1a, the ratio of
men:women varied: 0:12, 3:9, 6:6, 9:3, 12:0. The fully randomized

stimulus generation in Study 1b occurred in real time; the custom
Python script simultaneously generated and tracked the cumulative
number of each actual sex ratio condition each participant had
seen. It drew separately from the population of men and women in
the overall stimulus set to generate each unique ensemble (sampling without replacement within each trial, but with replacement
between trials). Furthermore, the Python script ensured uniform
presentation of individual target stimuli such that each target face
within the overall ensemble was 1,280 pixels ⫻ 960 pixels high,
subtending visual angles of 29.62° ⫻ 23.09°. Participants were
free to move their heads during the experiment. Within each block,
participants judged 10 unique ensembles for each Actual Sex
Ratio, presented randomly, resulting in 50 unique stimuli.
Procedure. Participants reported in-person to the lab, where
they provided informed consent before beginning the study on one
of three iMac desktop computers. The computers used in Study 1b
and all subsequent in-lab studies reported here had a 27” Retina
display with a 5,120-pixel ⫻ 2,880-pixel resolution. Participants
learned that they would provide judgments about groups of people
presented briefly on the computer screen. Each trial consisted of a
centered fixation cross for 500 ms, a randomly generated ensemble
for 500 ms, a blank screen for 500 ms, and finally, a judgment
prompt. Before beginning judgment trials, participants completed
three preview trials to familiarize themselves with the procedure.
Preview trials depicted individual cartoon faces from a famous,
recognizable 1970s cartoon series rather than pictures of actual
people and were intended to alert participants to the pace of
presentation.
As in Study 1a, participants completed four blocks in counterbalanced order. In each block, participants judged a total of 50
ensembles (10 per sex ratio). Judgment items were identical to
those in Study 1a, with one exception. For Perceived Sex Ratio, we
updated the visual scale to depict 12 schematic men:women to
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Figure 3. After 500-ms exposure, perceivers accurately report a group’s sex ratio in Studies 1a (Panel A) and
1b (Panel B). Perceivers chose a more masculine-gendered face to represent the average group member in
Studies 1a (Panel C) and 1b (Panel D) as the number of men in the group increased. The median face
corresponding to participants’ ratings for ensembles comprised of all-women or all-men are shown above their
respective conditions. See the online article for the color version of this figure.

reflect our increase in ensemble size. Once again, participants
provided basic demographic information and were debriefed.
Statistical analysis. We replicated our previous findings using the same analytic strategy described in Study 1a. Given our
full-randomization of target stimuli, we no longer needed to account for target cross-classification so the Study 1b models below
specified only an observation’s nesting within participant.

Results and Discussion
Accuracy in encoding actuarial summaries. The ICC, calculated based on variance components of the null model with
random intercepts for Perceived Sex Ratio, was 0.00. This indicates that all the variance in responses was within participant; that
is to say, all participants responded nearly identically to the measure. For Perceived Facial Masculinity, the ICC equaled 0.34. Consistent with findings from Study 1a, as an ensemble’s ratio of men to
women increased, Perceived Sex Ratio also increased (B ⫽ 0.48,
2
SE ⫽ 0.04, t ⫽ 11.66, p ⬍ .001, RMVP
⫽ 0.39), and judgments of the
average face became more masculine (B ⫽ 0.26, SE ⫽ 0.07, t ⫽ 3.54,
2
p ⬍ .001, RMVP
⫽ 0.06; see Figure 3, Panels B and D).

Social attitudes and affordances. The ICC for Perceived
Sexist Norms and Belonging in the null models equaled 0.24 and
0.28, respectively. We again replicated our findings from Study 1a;
as the ensemble’s ratio of men to women increased, groups were
judged to harbor more sexist attitudes (B ⫽ 0.09, SE ⫽ 0.02, t ⫽
2
5.24, p ⬍ .001, RMVP
⫽ 0.16; see Figure 4, Panel B). Once again,
the effect of Actual Sex Ratio on Belonging varied for men and
women, interaction (B ⫽ -0.26, SE ⫽ 0.04, t ⫽ ⫺6.76, p ⬍ .001,
2
RMVP
⫽ 0.08). As an ensemble’s ratio of men to women increased,
Belonging increased among men, but decreased among women
(Bs ⫽ 0.10 and ⫺0.16, SEs ⫽ 0.04 and 0.02, ts ⫽ 2.60 and ⫺8.10,
ps ⫽ .018 and ⬍ .001; see Figure 4, Panel D).
Collectively, Studies 1a and 1b found that ensemble representations accurately reflect the sex ratio of groups and that variations
in sex ratio inform inferences about a group’s sexist attitudes and
personal belonging. That said, these studies could not test causal
links between these judgments because of the randomization of
blocks, a temporal factor that precludes tests of mediation (Baron
& Kenny, 1986). We set out to test our hypothesis that actuarial
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Figure 4. Participants view male-dominated groups as having more sexist norms in Studies 1a (Panel A) and
1b (Panel B). Their feelings of Belonging depended on the number of same-sex others in the group in Studies
1a (Panel C) and 1b (Panel D). See the online article for the color version of this figure.

summaries of a group drive perceivers’ feelings of belonging in
Study 2.

Study 2
In Studies 1a and 1b, we demonstrated that perceivers accurately extract actuarial summaries from a group of people.
Furthermore, we showed that the group’s sex ratio significantly
impacts feelings of belonging and perceptions of sexist norms.
Although offering convergent evidence that ensemble representations arise from instantaneous judgments about a group, Studies 1a and 1b could not offer insight into the underlying
mechanisms; in Study 1a, while targets were identical across
blocks, the data’s cross-classification structure prevented us
from running a mediation model testing our hypothesis. Study
1b no longer used a cross-classified structure, however, participants did not see the same targets across blocks because each
stimulus was unique, preventing us from yoking participants’
responses to a given image. A more direct test of our hypothesis
required a test of moderated mediation, so we designed Study 2
to avoid cross-classification and allow participants to see the
same ensembles across blocks.

Consistent with Studies 1a and 1b, we expected both male and
female perceivers would accurately perceive increases in the ensemble sex ratio as the actual number of men in the ensemble
increased. We predicted that these actuarial summaries would
differentially mediate the effect of the Actual Sex Ratio on Belonging.

Method
Design. Study 2 aimed to test the mechanism by which differences in an ensemble’s sex ratio impacts one’s sense of belonging within the group. Study 2 used a 2 (Perceiver Sex: male v.
female) ⫻ 5 (Actual Sex Ratio: 0/12 men, 3/12 men, 6/12 men,
9/12 men, 12/12 men) quasi-experimental mixed-model design in
which participants provided multiple judgments for each stimulus.
Participants. Estimating desired sample size a priori for multilevel mediation analyses is a notoriously difficult task; while
custom scripts are recommended as best practice to estimate sample size for a single multilevel regression equation (Muthén &
Muthén, 2002), mediation analysis requires knowing threefold the
amount of information a priori (Krull & MacKinnon, 1999). Additionally, mediation can occur at the individual and/or group level
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(e.g., for a given observation as well as for a participant across
trials; Kenny, Kashy, & Bolger, 1998; Kenny, Korchmaros, &
Bolger, 2003), and variance matrices will, as a result, differ across
each component of the mediation analysis (Krull & MacKinnon,
1999). At the time of data collection, there were no readily available scripts or practical guidelines for estimating a priori sample
size for multilevel mediation analysis. Solving this problem was
beyond the scope and purpose of this paper. Thus, we recruited
what we considered a conservative sample size, based off recommendations from Krull and MacKinnon (1999). According to their
simulations, larger sample sizes (e.g., 50 participants or more) and
greater than 30 trials per person decreased bias in estimating the
coefficients in the mediator model. On the basis of their simulation
findings, we recruited 58 college undergraduates (81% women)
who completed Study 2 in a laboratory setting in exchange for
course credit. Participants were only eligible if they had not
participated in Study 1b.
Stimuli. Testing our proposed mediation required us to eliminate the stimulus cross-classification in our design while still
ensuring each participant saw the same unique-to-them set of
ensembles. We therefore created a custom Python script that
randomly generated and stored 100 unique ensembles (20 per
condition) as described in Study 1b. Here, however, the exact
ensembles that were generated in the first test block were repeated
in subsequent blocks. Thus, each participant viewed a randomly
generated set of ensembles that was repeated within participant
throughout subsequent blocks. This continuity in the design was
essential for testing our hypotheses involving multilevel mediation
without stimulus cross-classification. As in Study 1b, each stimulus was 1,280 pixels ⫻ 960 pixels, subtending visual angles of
29.62° ⫻ 23.09°.
Procedure. After providing informed consent, participants
completed a series of preview trials identical to those used in Study
1b. Following the preview trials, participants completed two
blocks of trials in which they judged a total of 100 ensembles (20
per sex ratio) for Perceived Sex Ratio and Belonging. The presentation order of dependent variables remained the same across
participants. All other aspects of stimulus presentation were identical to Study 1b.
Statistical analysis. We used the statistical R package “mediation” (Tingley, Yamamoto, Hirose, Keele, & Imai, 2014) to test
how an ensemble’s sex ratio compels a sense of belonging. We
recoded both Actual Sex Ratio and Perceived Sex Ratio to reflect
the number of same-sex faces in each ensemble, relative to Perceiver Sex (e.g., ensembles of three men to nine women were

coded as 3 for male participants and 9 for female participants),
hereafter Actual and Perceived Same-Sex Others, respectively.
This allowed us to collapse across Perceiver Sex to test a common
causal process for both men and women. Our mediation model
tested whether the relation between Actual Same-Sex Others and
Belonging was mediated by Perceived Same-Sex Others. This
model therefore tests whether one’s sense of belonging stems, at
least in part, from the first glimpse of a group of people.
The “mediation” analysis package in R requires the user specify
a control group and a comparison group. We compared the proposed mediation model across four separate contrasts: 0 vs. 3
Same-Sex Others, 0 vs. 6 Same-Sex Others, 0 vs. 9 Same-Sex
Others, and 0 vs. 12 Same-Sex Others.

Results and Discussion
We analyzed judgments using a multilevel mediation model.
Using a quasi-Bayesian Monte Carlo approximation with 10,000
simulations, we estimated average direct effects and the average
casual mediation effects of Actual and Perceived Same-Sex Others
respectively on Belonging (Tingley et al., 2014). As predicted, the
effect of Actual Same-Sex Others on Belonging was mediated by
Perceived Same-Sex Others in the ensemble. Across all four contrast comparisons, Perceived Same-Sex Others partially mediated
the effect of Actual Same-Sex Others on Belonging (see Table 2).
The proportion mediated and relative effects were similarly sized
across contrasts, suggesting a steady influence of actuarial statistics on judgments of social affordance. Of note, the perception of
just three Same-Sex Others in a 12-person ensemble group (proportionately only 25%) was sufficient to increase perceivers’ sense
of belonging (see Figure 5). As the number of Actual Same-Sex
Others in the group increased, so did judgments of Perceived
Same-Sex Others, again indicating sensitivity to the sex ratio of
ensembles. These percepts accounted for 14% of the variance
between Actual Same-Sex Others and Belonging.

Study 3
Having established that perceivers accurately represent social
ensembles and use these percepts to draw inferences about groups’
social attitudes, we sought to better characterize the mental representations resulting from ensemble coding. In Study 3, we used
reverse correlation, a method that provides a visual approximation
of participants’ mental representations (e.g., an ethnic in-group
member; Dotsch & Todorov, 2012; Dotsch, Wigboldus, Langner,

Table 2
Mediation Models Comparing the Effect of Perceived Same-Sex Others on Actual Same-Sex
Other’s Influence on Belonging
Number of Actual
Same-Sex Others
3
6
9
12

Direct effect
ⴱⴱ

.57
1.14ⴱⴱ
1.71ⴱⴱ
2.28ⴱⴱ

Indirect effect
ⴱⴱ

.09
.18ⴱⴱ
.27ⴱⴱ
.36ⴱⴱ

95% CI for indirect effect

Proportion mediated

[.05, .14]
[.09, .27]
[.13, .41]
[.18, .54]

.14ⴱⴱ
.14ⴱⴱ
.14ⴱⴱ
.14ⴱⴱ

Note. All mediation models compare the Actual number of Same-Sex Others in the ensemble to the control
condition of 0 Same-Sex Others in the ensemble.
ⴱⴱ
p ⱕ .01.
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Perceived Sex Ratio
b=0.52, p<.001

b=0.06, p<.001

Actual Sex Ratio

Belonging
Direct effect, b=0.57, p<.001
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Indirect effect, b=0.09, 95% CI [0.05, 0.14]

Figure 5. In Study 2, Perceived Sex Ratio mediated the effect of Actual
Sex Ratio on feelings of Belonging.

& Van Knippenberg, 2008; Ratner, Dotsch, Wigboldus, van Knippenberg, & Amodio, 2014), to test how sex ratio affects one’s
mental representation of the average group member’s face. Predominantly used by researchers in social cognition, reverse correlation methodology has also been successfully used to test questions pertaining to perceptual judgments in vision science (e.g.,
configural face processing; Sekuler, Gaspar, Gold, & Bennett,
2004). The images used in reverse correlation derive from the
same base face, with random patterns of sinusoidal noise added or
subtracted to them; when collapsing across participants’ trials, the
random noise cancels out and leaves an image that has been
systemically, albeit unconsciously, selected by the participant.
Although Studies 1 and 2 allowed us to examine explicit belonging
based on actuarial summaries, Study 3 allowed us to visualize
perceivers’ mental representations of groups varying in their sex
ratio.

Stage I Materials: Generating Mental Representations
of the Average Group Member
Design. Study 3 used a between-subjects design in which we
manipulated Condition; participants saw only majority-male (9
men, 3 women) or only majority-female (3 men, 9 women) 12person ensembles.
Participants. Prior studies employing reverse correlation
have ranged broadly in sample size (e.g., from 28 to 176 participants; see Dotsch & Todorov, 2012; Dotsch et al., 2008; Ratner et
al., 2014). Although the first study to apply reverse correlation to
group targets, we based our sample size off the approximate
average sample size from prior reverse correlation studies. We thus
recruited 110 college students, who received course credit for
completing the study. We excluded data from 16 participants (1
was exluded due to computer failure, 3 did not follow instructions,
and 12 had recently completed a near-identical task with full
debriefing), leaving a final sample size of 95 (63% women).
Stimuli. Participants were randomly assigned to view ensembles that consisted of a majority men or majority women. A custom
Python program fully randomized the selection of faces and their
placement within the 12-person ensemble group. White male and
female photographs were drawn without replacement within trials,
but with replacement between trials, from the Chicago Face Database (Ma et al., 2015). As in Studies 1b and 2, each stimulus was
1,280 ⫻ 960 pixels, subtending visual angles of 29.62° ⫻ 23.09°.
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Reverse correlation image classification task. Using the R
package “rcicr” (Dotsch, 2016), we generated 700 pairs of greyscale images that depicted variations of an androgynous base face.
These image pairs served as the forced-choice alternatives for our
measure. This technique imposes visual noise over the base image,
thus occluding it in systematic ways. Each image pair was constructed by both adding and subtracting a randomly generated
visual noise pattern to/from the base image. Consistent with prior
methods (Dotsch & Todorov, 2012; Dotsch et al., 2008; Ratner et
al., 2014), we presented these image pairs simultaneously.
Procedure. In each of 700 trials, an ensemble appeared for
500 ms followed by a pair of reverse correlation test images.
Participants indicated which of the two images best represented the
average face in the group (see Figure 6, Panel A). Using the R
package “rcicr” (Dotsch, 2016), we aggregated the noise patterns
first across trials within a participant and then across participants
to obtain a composite image that visualized the mental representation of the average group member for majority-male and
majority-female ensembles (see Figure 6, Panels B and C).

Stage II materials: Evaluating Mental Representations
of the Average Group Member from Majority-Male
and Majority-Female Ensembles
Design. We compared the mental representations from
majority-male and majority-female ensembles generated in Stage I
using a within-subject design. An independent group of participants categorized each composite image as male or female and
rated them on interpersonal characteristics (e.g., anger, warmth,
approachability). We predicted that judgments obtained for composite images in Stage II would vary according to the sex ratios of
ensembles presented in Stage I.
Participants. We recruited 142 U.S.-based Internet users to
complete our study from MTurk. Our sample size is consistent
with Stage II sample sizes from prior reverse correlation studies
(see Dotsch & Todorov, 2012; Dotsch et al., 2008; Ratner et al.,
2014). We excluded data from 22 participants (18 failed the
manipulation check, 3 failed to indicate their gender, and 1 had
an identical IP address as an earlier respondent). This left a final
sample of 120 participants (45% women).
Procedure. In Stage II, participants judged the two composite images from Stage I in three counterbalanced blocks. In
the Perceived Sex Category block, participants categorized the
two mental representations as male or female. In the trait
judgments block, participants judged how angry, friendly,
warm, approachable, intelligent, competent, happy, and attractive each mental representation appeared using a series of
7-point Likert scales (1 ⫽ “not at all”, 7 ⫽ “very”). Finally, in
the Perceived Facial Masculinity block, participants indicated
how masculine or feminine each mental representation appeared using a 7-point Likert scale (1 ⫽ “extremely feminine”,
7 ⫽ “extremely masculine”).
Statistical analysis. To test whether gender-linked judgments
reflected the Actual Sex Ratio of ensembles in Stage I, we regressed
Perceived Sex Category (using conditional logistic regression) onto
Condition. We used paired samples t-tests to independently compare
trait judgments and Perceived Facial Masculinity of the two mental
representations. We used a Bonferroni correction to ensure the familywise alpha level did not rise above 0.05; to do this, we divided the
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Figure 6. In Study 3, Stage I, participants completed 700 trials in which they saw a majority-male or
majority-female ensemble. They indicated after each trial which of two faces most resembled the average group
member (Panel A). Their choices were aggregated into two composite images derived from the majority-male
(Panel B) and the majority-female (Panel C) conditions.

desired family-wise alpha-level of 0.05 by the number of paired
samples t-tests (n ⫽ 9) we were running to arrive at the revised
significance level of less than or equal to 0.0056. We used this
corrected alpha level when deciding whether a given trait judgment
varied by Condition in Stage II. Furthermore, perceiver sex did not
moderate the effect of condition on any of the nine trait judgments.

Results and Discussion
First, we regressed Perceived Sex (using conditional logistic regression) and Perceived Facial Masculinity (paired samples t test)
onto Condition. Relative to judgments of the composite image derived
from majority-female ensembles, the composite derived from
majority-male ensembles was 4.67 times more likely to be categorized as male (B ⫽ 1.54, z ⫽ 2.42, p ⫽ .0155) and was rated as
significantly more masculine (see Table 3). Similar differences were
obtained for gender-stereotyped judgments using paired samples
t-tests with Bonferroni correction, such that composite images derived
from majority-male, relative to majority-female, ensembles were

rated as angrier, less warm, less approachable, less friendly, less
happy, and less attractive. We observed no significant difference in
perceived competence or intelligence between mental representations
from majority-male and majority-female ensembles (see Table 3).
These findings reveal that, in addition to compelling accurate
representations of a groups’ sex ratio, conveying information about
a group’s attitudes, and informing one’s sense of belonging within
a group, ensemble coding also alters more implicit mental representations. As such, the mental representation of an average group
member is imbued with gendered-linked appearance cues, including stereotypic cues to warmth, approachability, and anger.

General Discussion
Taken together, our findings indicate perceivers accurately discern the sex composition of a group of faces after brief visual
exposure, forming mental representations of the average group
member that embody gendered features and stereotypes (Broverman, Vogel, Broverman, Clarkson, & Rosenkrantz, 1972; Wood &
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Table 3
Majority-Female Ensembles Rated More Favorably Than the
Mental Representation of Majority-Male Ensembles
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Mental
representation
of majoritymale ensembles

Mental
representation
of majorityfemale
ensembles

Traits

M

SD

M

SD

t-test

Angry
Approachable
Attractive
Competent
Friendly
Happy
Intelligent
Masculine
Warm

2.60
4.30
4.16
4.46
4.19
3.92
4.42
4.00
3.99

1.47
1.36
1.32
1.21
1.28
1.34
1.19
1.28
1.38

2.15
4.85
4.83
4.55
4.78
4.68
4.55
3.09
4.65

1.26
1.19
1.18
1.12
1.12
1.20
1.22
1.30
1.31

4.46ⴱⴱ
⫺5.05ⴱⴱ
⫺6.25ⴱⴱ
⫺0.94
⫺5.46ⴱⴱ
⫺6.25ⴱⴱ
⫺1.28
6.71ⴱⴱ
⫺5.25ⴱⴱ

ⴱⴱ

p ⬍ .0001, with Bonferroni correction.

Eagly, 2010). Studies 1a and 1b served first as successful conceptual replications of prior work in vision science, demonstrating
perceivers accurately encode high-level information about a
group’s composition. Furthermore, we also found that these splitsecond percepts gave rise to more abstract social evaluative judgments. Perceivers felt a greater sense of belonging as members of
their own sex increased numerically, and both men and women
inferred that male-dominated groups were likely to harbor sexist
attitudes. Thus, we discovered that perceivers deduce group norms
even in the absence of interaction with other group members; the
ratio of men to women in an ensemble sends a rapid, strong
nonverbal signal about whether future gender discrimination is
likely to occur. Study 2 demonstrated that perceptions of same-sex
others in an ensemble partially drive observers’ feelings of fit and
belonging; our social attitudes and affordances shift in response to
actuarial summaries of groups, even from brief visual exposures.
Finally, in Study 3, reverse correlation techniques revealed perceivers’ mental representations of the average group member and
found that representations of majority-female ensembles tend to be
perceived as more welcoming and approachable than the representations of majority-male ensembles. Collectively, findings from
our four studies illuminate the efficiency with which human perceivers extract visual information about a group and use it as a
foundation on which to base important social judgments.

Implications for Vision Science
These findings have important implications across multiple domains. Methodologically, this research stands to enrich the experimental repertoire available to both vision scientists and social
psychologists alike. Drawing inspiration from early studies on
ensemble coding, we developed new experimental protocols that
help push the boundaries of vision science methodology. Using
novel methods that we adapted from prior work utilizing a psychophysics paradigm (e.g., de Fockert & Wolfenstein, 2009), we
found that perceivers can accurately achieve summary percepts for
a groups of individuals. Although perhaps unsurprising, this provides an important conceptual replication of prior work using a
more widely accessible alternate method that affords testing of
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larger sample sizes. Additionally, the range of measures explored
throughout our work expands the scope of inquiry available to
vision scientists that heretofore have focused exclusively on narrowly focused aspects of perceptual accuracy. The development of
these methods corroborates the robustness of the ensemble coding
phenomena, thereby complementing and expanding upon earlier
research.
Theoretically, this research also expands on prior work in vision
science by demonstrating that, in addition to supporting accurate
visual percepts, a mere glimpse of a group is also sufficient for
perceivers to infer a broader array of social information. These
overarching social impressions appear to occur just as rapidly and
readily as the visual estimates, sparked by only a half-second
visual exposure to an image. Thus, in addition to encoding the
average distribution of various social categories within an ensemble (e.g., sex, Haberman & Whitney, 2007; or race, Thornton et al.,
2014), observers also extract social meaning. Perceivers in our
studies accurately extracted the ratio of men to women in an
ensemble, and they used that knowledge to infer the groups’
attitudes and estimate their own fit within the group. Their ability
to do so was not immediately evident from prior research in vision
science; we present novel evidence of the downstream social
consequences of ensemble coding, with our findings suggesting
that complex social inferences occur alongside lower level processing of groups from the briefest of exposures. Future researchers may seek to tease apart the precise threshold at which social
attitudes shift as a result of changes in the number of same-sex
others in the group. While we found adding three same-sex others
to an ensemble significantly increased felt belonging and perceived discriminatory norms, it may be that in much larger groups
many more same-sex others are needed to change perceivers’
social affordances. It seems unlikely that seeing only three samesex others in a 100-person ensemble will elicit similar feelings of
belonging. It may be, instead, that a particular ratio of same-sex to
dissimilar others must be achieved before perceivers feel like they
belong.
Although our research draws on methodology and theory promoted by prior ensemble coding researchers, an alternative hypothesis from vision science could partially explain our results.
Researchers have begun to tease apart the differences between
ensemble coding and numerosity, defined as the ability to infer the
relative number of objects in a set. Developing the theory of
numerosity, Burr and Ross (2008) concluded that, like color or
size, humans have a general sense of “numberness”; perceivers can
guess roughly how many objects comprise a set, although environmental factors influence their accuracy. Additionally, numerosity appears to be a robust primary visual process coming online
developmentally early (Burr & Ross, 2008; Ross & Burr, 2010;
Xu, Spelke, & Goddard, 2005). Some initial evidence suggests that
ensemble coding occurs over and above the effects of numerosity;
while the two processes appear correlated, changes in the number
of objects in a set does not seem to hamper perceivers’ ability to
extract summary information about the set (Sweeny, Wurnitsch,
Gopnik, & Whitney, 2015).
According to the alterative numerosity hypothesis, perceivers in
Studies 1 and 2 could have based their responses to the dependent
variables on a general sense of the number of men to women in
each group, rather than extracting an actuarial summary of the ratio
or average facial masculinity. However, most prior research on
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numerosity has asked participants to make comparative judgments
between sets of objects (e.g., which of two images contains more
circles, Kirjakovski & Matsumoto, 2016). In contrast, across our
four studies, perceivers extracted information about the type of
object in each set, as well as the relative ratio of men to women.
If the numerosity hypothesis were to underlie our effects, perceivers would have had to first determine whether each face in an
ensemble was male or female before tallying the number per
gender. While theoretically possible, these judgments would have
had to occur quickly given the 500-ms presentation speed; perceivers would have had fewer than 42 ms on average to sort each
of the 12 faces in Studies 1b, 2, and 3. Thus, it seems unlikely that
numerosity alone can explain our findings. Rather, considering the
rapid presentation of stimuli, it appears more likely that perceivers
extracted holistic, summary information about the sex ratio of each
group and used it to inform downstream social attitudes and
affordances.
Furthermore, our work differs from prior research in numerosity by using reverse correlation. It is unlikely that a numerical
sense of the number of men and women in the ensemble could
lead to the systemic choice preferences in average group member seen in Study 3. Instead, it seems more plausible that
perceivers draw on a mental representation extracted from the
composite target images when choosing from the test pair
images. Indeed, this explanation is consistent with the theory
underlying reverse correlation as a methodology, which posits
that visual categorization relies on a holistic extraction of
features rather than the summary of individual parts (Mangini &
Biederman, 2004). It is a limitation of the current work—albeit
one reflected more broadly in the field—that we cannot definitively determine whether numerosity or ensemble coding processes underlie perceivers’ response to groups varying in the
ratio of men to women. While we believe our findings provide
further evidence for ensemble coding, the social consequences
of seeing similar or dissimilar others in a group remain the
same: namely, increases in the ratio of men to women in a group
affect feelings of fit and lead all perceivers to rate the group as
more likely to endorse sexist norms. Although outside the scope
of the current research, differentiating between numerosity and
ensemble coding process effects on social judgments constitutes
a very interesting and important avenue for future research.

Implications for Social Cognition
The current research also provides a viable means by which
social cognitive scholars can probe the perceptual underpinnings
of group judgments. Whereas it is widely recognized that the
composition of a group is likely to impact social behaviors (Hackman, 1992), a majority of those observations have utilized immersive experience (e.g., Seger, Smith, Kinias, & Mackie, 2009).
Here, we demonstrated that seeing a group, devoid of any other
information, can be sufficient to influence perceivers’ social judgments, using both explicit and indirect measures (e.g., reverse
correlation). Additionally, from a theoretical perspective, our research highlights that inferences about a group’s social attitudes
and affordances may arise earlier than we previously knew. A
perceiver need not be immersed in an environment, real or imagined, to feel the weight of being outnumbered; merely a glimpse of
a group triggered consequential social percepts, including a broad

sense of social belonging and inferences about gender-based attitudes. As such, this work complements prior observations that
prolonged exposure to a seemingly hostile environment (e.g.,
women taking a math test in a room with geek paraphernalia;
Cheryan et al., 2009) can lead to performance decrements and
changes in gender attitudes (Pronin et al., 2004) by providing
evidence for immediate shifts in social cognitions upon first espying a group. Our visual environment, including the people we see,
rapidly and strongly impacts our perceptions of whether we belong
and what behaviors to expect.
These findings form a foundation for answering more nuanced
questions about group perception. To be sure, our manipulation of
the sex ratio of ensembles provides an important first step toward
understanding the broader social implications of group perception,
but it is far from exhaustive. With these insights in hand, we are
now poised to probe a range of factors that differ among individuals that inhabit a group and how they uniquely impinge on
percepts. For instance, given that impressions of individuals exhibit a tight perceptual tethering between gender and race categories (Johnson, Freeman, & Pauker, 2012; Carpinella, Chen, Hamilton, & Johnson, 2015), percepts of ensembles that vary
systematically along both dimensions simultaneously are likely to
vary accordingly. The gendering of race may therefore bias both
the accuracy of actuarial measures and the extremity of social
inferences, depending on the specific racial composition of the
group. Testing intersectional ensemble coding would provide a
unique opportunity for future researchers to understand the relationship between race and gender in visual processing.
Additionally, our findings also provide a foundation for
expanding the scope of inquiry to probe behavioral approach
and avoidance tendencies when perceiving personally relevant
or contextually situated groups. For example, based merely on
a glimpse of a male-dominated STEM class, a woman may draw
meaningful inferences that could impact her educational and
professional trajectory: first, in her perception of the sex ratio;
followed by her impression of group norms and stereotypes;
and finally, manifesting in inferences about her own fit in the
group. Similarly, percepts of real-world groups with established
norms and/or visual similarities (e.g., a math club or sports
team) might yield more extreme summary impressions than
those we have observed based on a random selection of faces,
in much the same way that described similarity enhances judgments of entitavity (Hamilton et al., 2015). If correct, this
implies that our findings may even underestimate the potency of
a spontaneous impression of a group. Thus, the visual heuristics
that ease the task of social perception may fluctuate in strength
as a function of personal relevance of social context, thus
holding the potential to incur interpersonal costs well before
observers interact with group members. This approach provides
a viable way for testing such implications.
We wish to clarify, furthermore, that we do not believe this
phenomenon unique to women. As our findings demonstrate, men
also feel decreased fit in majority-female groups from only a mere
glimpse. Although mental representations of majority-female
groups may be perceived as less threatening overall (Alt, Goodale,
Lick, & Johnson, 2017), nevertheless gender disparity may cause
men to avoid female-dominated fields. In the 2014 –2015 academic year, for example, only 12% of the Bachelor’s degrees in
registered nursing were awarded to men (U.S. Department of
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Education, 2017). Other fields stereotyped as more feminine in
nature, like education or psychology, show a similar disparity in
educational achievement (Forsman & Barth, 2017; Shen-Miller &
Smiler, 2015; U.S. Department of Education, 2017). Although
researchers in the last decade have focused primarily on increasing
women’s participation in historically male-dominated fields
(Shen-Miller & Smiler, 2015), our findings shed light on a broader
mechanism by which men in female-dominated fields may feel
similarly disadvantaged and out of place. Increasing gender parity
across fields may positively boost both men and women’s participation, with further research needed to probe the long-term effects
of seeing similar or dissimilar others on vocational achievement.

Concluding Remarks
Our research provides the first empirical evidence confirming
not only that the ratio of men to women in a group is readily and
accurately perceived, but also that it drives feelings of fit and
belonging within the group and broader inferences about the
group. Given these findings, perhaps it is unsurprising that Judge
Ginsburg, as one woman surrounded by eight men, felt “all alone.”
Indeed, such feelings are likely to be shared by naïve observers of
any group exhibiting such an extreme ratio of men to women. Our
findings also imply an important remedy. Each and every step
toward equal representation on the Supreme Court (or any group
for that matter) produces a commensurate shift in observers’
actuarial representations of and interpersonal inferences about the
group. In this same interview, Justice Ginsburg opined, “People
ask me . . . When will there be enough women on the [Supreme]
Court?” Her answer underscored the potency of the relationship
between sex ratio and belonging: “When there are nine.”

Context
The conceptualization of these study ideas grew organically out
of individual and lab-wide discussions involving all authors. After
reading recent vision science research on ensemble coding of
shapes and people, the authors hypothesized that ensemble coding
of people could also drive downstream social judgments, broader
implications that had not been tested. Each of the first three authors
pursued separate, but related, questions that were inherently social
psychological in nature, leading to a multiproject collaboration.
The studies described here will contribute to the first author’s
doctoral dissertation, with follow-up research already underway.
All studies were conducted in the lab of Dr. Kerri L. Johnson and
drew on her expertise in methodologies from cognitive psychology, vision science, and social psychology. The authors conferred
with Dr. J. Krull and the Institute for Digital Research and Education for guidance on multilevel mediation analyses.
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Appendix
Perceived Sexist Norms Scale
Norms are a group’s spoken or understood rules about member behavior; they explain how members ought to act. For example, in many
classrooms, students understand the norm that they must raise their hands before they speak. Please answer the following questions about
the group’s potential norms.
How important, if at all, are the following norms to the majority of the group?

Norm

Extremely Unimportant
to the Group

Members should treat women like they’re good at math.ⴱ
Members should treat men differently than women.
It’s acceptable to exclude some people.
Women have a lot to contribute to the group.ⴱ
No one should be made fun of.ⴱ
Group members should be friendly towards each other.ⴱ
Women should defer to men.
It is okay to ask for help.ⴱ

1
1
1
1
1
1
1
1

Unimportant to
the Group
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3

Important to
the Group
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5

Extremely Important
to the Group
6
6
6
6
6
6
6
6

7
7
7
7
7
7
7
7

Note. Reverse coded items are marked with an asterisk.
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