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Abstract

In quantitative HCI research, gender is typically represented as a single categorical variable and data from non-binary
participants are frequently excluded from analyses. Meanwhile, many scholars argue that gender is a complex, multidi-
mensional construct, and that overly simplistic operationalization of gender risks that our theories will generalize poorly,
have limited explanatory power, and will exclude experiences of individuals whose gender identities are not included
in our analyses. In this work, we modeled gender as inclusive of multiple dimensions of gender socialization and we
operationalized gender socialization through a subset of the items from the Conformity to Masculine Norms Inventory
(CMNTI). We replicated three studies of basic cognitive abilities (theory of mind, mental rotation, spatial working memory)
that previously showed gender differences. For two of the studies, adding CMNI variables significantly and substantially
improved the explanatory power of regression models. Also, in those studies, more than half of the effect of binary gender
was mediated through the CMNI variables. These results suggest that gender socialization rather than categorical gender
explain a substantial part of the individual differences on some cognitive tasks. Consequently, differences in task perfor-
mance associated with gender categories may not be universal, i.e., they may not generalize to people from other cultures
or eras where people are socialized into their gender roles differently. Instead, including multidimensional representations
of gender may produce more accurate and more generalizable models. Given that our results also showed that CMNI
might not model non-binary participants the same way as men and women, it remains an open question what specific
instruments should be used to represent gender in quantitative analyses.
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Key Messages

e Gender socialization is significantly and substantially associated with differences in performance on tasks that involve such
low-level cognitive abilities as theory of mind and spatial memory.

e Measures of gender socialization can be used in addition to categorical gender to improve explanatory power of regression
models of participant behavior.

e In some cases, measures of gender socialization can be used instead of categorical gender variable in regression models
without loss of explanatory power.

1. Introduction in part, to differences in socialization (e.g., Eagly and Wood
(2013); Nazareth et al. (2013)). This has important implications

Gender is now understood to be a complex, multidimensional . X . . K
for quantitative research in which gender is used as either a pre-

construct shaped substantially by socialization (Rode, 2011;
Keyes et al., 2021; Stumpf et al., 2020; Carothers and Reis,
2013; Nielsen et al., 2021). A considerable body of research
has demonstrated that many gender differences in behavior

dictor or a covariate when analyzing behavior: Because gender
socialization is imperfectly correlated with gender categories,
and because it differs across individuals, cultures, and history,
. L . .. . any gender categorization is only an imperfect proxy for some
(ranging from low-level cognitive differences in information pro- ve & Y P proxy

. . . other more precise and more relevant constructs (Jaroszewski
cessing to high-level social behaviors) are attributable, at least p (
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et al., 2018; Keyes et al., 2021). Consequently, quantitative re-
search that models gender solely in terms of categories risks
producing models that have low explanatory power and that
may not generalize across cultures or across time.

Despite this, in quantitative Human-Computer Interaction
(HCI) research, gender is typically captured as a single cat-
egorical variable (recent examples include Hwang and Won
(2024); Umbach et al. (2024); Wang et al. (2024a); Mahmood
and Huang (2024); Wang et al. (2024b)). Moreover, data from
non-binary participants are frequently excluded from the anal-
ysis (e.g., Mahmood and Huang (2024); Wang et al. (2024b)).
When interpreting results, some quantitative studies — par-
ticularly those relating to complex social phenomena — do
address the possibility that gender differences in observed be-
havior may be impacted by societal factors such as gender role
expectations (Huang et al., 2018; Kimbrough et al., 2013), or
gender stereotypes (Wijenayake et al., 2019). However, HCI
publications relating to gender differences in perception, motor
performance, or basic cognitive tasks are less likely to suggest
that anything other than innate differences between sexes might
explain the differences (e.g., Borkin et al. (2013); Czerwinski
et al. (2002); Huber and Gajos (2020); Jing et al. (2012); Ross
et al. (2006); Tan et al. (2003); Yamauchi et al. (2015)).

A core motivation for our agenda, of which this manuscript
is the first step, is to align quantitative methods in HCI with the
conceptual advances regarding gender. In pursuit of this goal,
we operationalized gender socialization through two existing in-
struments: a subset (7 items) of the Conformity to Masculine
Norms Inventory (CMNI) (Mahalik et al., 2003) which captures
individual differences in gender attitudes, and the Gender Gap
Index (GGI) (World Economic Forum, 2020) which character-
izes differences in gender attitudes at the country level. We
then replicated three studies that had been shown previously
to produce reliable differences in performance between men and
women: the Reading the Mind in the Eyes Test (Baron-Cohen
et al., 2001) (women perform better), the Mental Rotations
Test (Peters et al., 1995) (men perform better), and the Spa-
tial Working Memory Task (Duff and Hampson, 2001) (women
perform better). We then investigated to what extent these
differences could be explained by differences in gender so-
cialization. Specifically, we conducted two types of statistical
analyses for each of the 3 studies: First, we conducted me-
diation analyses to quantify what fraction of the information
carried by the categorical gender variable could be explained
by measures of individual gender socialization (CMNI items).
Second, we conducted multiple regression analyses, successively
adding variables to quantify how much additional explanatory
power was provided by both individual (CMNI) and country-
level (GGI) measures of gender socialization beyond what was
captured by the categorical gender variable.

In all 3 studies (N=248,256, N=7,723, and N=7,730, respec-
tively), the effect of binary gender on the outcome variables
was significantly mediated through CMNI. Additionally, in all
3 studies, regression models that included CMNI in addition
to binary gender and baseline covariates explained significantly
more variability than models that did not include CMNI. Fur-
ther, in all 3 studies, models that included GGI in addition to
binary gender and covariates also significantly improved the ex-
planatory power of the models. In two of the studies (Reading
the Mind in the Eyes and Spatial Working Memory), the ef-
fects were not only statistically significant but also meaningful
in magnitude: more than half of the total effects was mediated
through CMNI and the relative benefits of including CMNI and

GGI in regression analyses were as large or larger than the ex-
planatory benefit of the binary gender variable. In the Mental
Rotation Test, the results were statistically significant but small
in magnitude.

In an additional analysis conducted in the context of our
largest study with substantial international participation (the
Reading the Mind in the Eyes Test), we found statistically sig-
nificant associations between GGI and individual measures of
CMNI—in most cases, greater gender parity (i.e., higher GGI
scores for countries where our participants grew up and lived
recently) was associated with less conformity with masculine
norms (i.e., lower CMNI scores).

Across the 3 studies, in models that included only two
gender categories we found no substantial interaction effects
between gender and CMNI, indicating that people who identi-
fied with either of the binary genders were modeled similarly
by CMNI. However, in the Reading the Mind in the Eyes study
(our largest study and the only one with a substantial number of
participants identifying as non-binary), when we modeled gen-
der as having three categories (woman, man, non-binary), we
found a significant and substantial interaction effect between
gender and CMNI. Additional analyses showed that partici-
pants identifying as non-binary were modeled differently by
CMNI than participants who identified with either of the binary
genders.

At the high level, our results contribute additional evidence
that gender socialization is significantly associated with dif-
ferences in behavior on several fundamental cognitive tasks,
including some (like spatial working memory) that may not
appear to be affected by social factors. Our results also demon-
strate limitations of CMNI and point to the need for further
research. Specifically, with respect to the quantitative research
in HCI, our results have the following key implications:

1. Gender socialization is significantly and substantially asso-
ciated with differences in performance on tasks that involve
such low-level cognitive abilities as theory of mind and
spatial memory. Because gender socialization differs across
cultures and across time, relying solely on gender categories
to demonstrate gender effects risks that the results may
not hold universally. Thus, to ensure validity and general-
izability of empirical claims related to the impact of gender
on behavior, quantitative HCI research needs to develop
methods to account for gender socialization.

2. Given the results of the mediation analyses that show that
more than half of the effect of binary gender is mediated
through CMNI for some studies, measures of individual
gender socialization could be used instead of categorical
gender variables for some studies. However, CMNI ap-
pears to capture different underlying constructs for binary
and non-binary individuals. Thus, to facilitate inclusion
of all genders in statistical analyses, there is a need for a
new instrument that more universally captures individual
differences related to gender socialization.

3. Both individual (CMNI) and country-level (GGI) measures
of gender socialization can be used in addition to categorical
gender to improve explanatory power of regression models
of participant behavior. Besides studies concerned directly
with impacts of gender socialization on behavior, such mea-
sures may be of value as covariates to control for gender
socialization differences in between-subjects comparisons.
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2. Related Work

2.1. Gender as a Social Construct

Contemporary literature frequently distinguishes between sex
and gender (Tannenbaum et al., 2019). Sex refers to biological
attributes at birth which, for humans, includes 3 categories:
male, female and intersex (although this last category—which
recognizes individuals who are born with some characteristics
of both male and female sexes (Fausto-Sterling, 2000)—is not
yet universally included). Gender, in turn, “refers to the so-
cially constructed roles, behaviours, expressions and identities
of girls, women, boys, men, and gender diverse people” (Cana-
dian Institutes of Health Research, 2023). This said, it is
frequently acknowledged that sex and gender can interact in
complex ways (Boerner et al., 2018; Van Anders et al., 2015;
Steensma et al., 2013; Wood and Eagly, 2012). It is also the case
that, as defined above, gender is a very broad concept. Thus, in
different research projects gender is conceptualized differently,
often responding to the specific needs of the project. Examples
of specific variables considered include caregiver strain, work
strain, social support (and 4 more) in (Nielsen et al., 2021) or
personal income, number of hours per week spent doing house-
work, stress at home (and 4 more) in (Pelletier et al., 2016).
Some researchers also posit that gender may include rapidly-
changing constructs such as “changes in hormones, abilities,
roles, and socially imposed expectations” (Boerner et al., 2018)
and, thus, may need to be conceptualized as comprising both
state and trait components (Boerner et al., 2018; Morgenroth
and Ryan, 2021). Finally, it is also the case that in day-to-
day research practice the distinction between sex and gender
is not yet fully established. As observed by (Boerner et al.,
2018), there are still numerous research articles that “use sex
and gender interchangeably or use the word gender to refer to
sex differences.”

In our work, we conceptualized gender as a stable trait
and we wanted to focus on aspects of gender that are distinct
from sex. Specifically, we chose to focus on gender socializa-
tion. Thus, let us first summarize some foundational work that
elucidated the concept of the social construct of gender and
that developed links between gender socialization and behav-
ior. Judith Butler, for example, defined gender as a “stylized
repetition of acts” (Butler, 1988); instead of being something
intrinsically defined and predetermined, socialized gender can
be understood as a constructed identity that is performed and
that exists only through its performance. There is no funda-
mental truth or predefined idea of what socialized gender is.
Instead, it is produced through social interactions and is only
defined through the acts performed as a representation of it.
People are taught to perform these acts and are continuously ex-
posed to similar acts being performed repeatedly around them,
and these acts are what come to constitute the definition of
how men and women behave.

Understanding the socialized aspects of gender as a set of
acts repeatedly performed suggests then that gender social-
ization is inseparable from the social context in which it is
embedded. This social context includes the social structures
which “constrain certain enactments of gender and enable oth-
ers” (Morawski, 1987). With the performance of gender comes
a significant social power and a definitive hierarchy. To behave
convincingly as a woman means that you are given the social
power of a woman and affected by sexism and those who ex-
pect you to behave a certain way (as feminine, submissive, etc.).
Therefore, gender socialization is not just about one individual
performance but a group performance as well in how others

treat you and which gender they see being performed. These
repeated acts also come to represent skills and abilities, so it is
often through these gendered performances and acts that peo-
ple learn the skills associated with their gender role which is
what often results in men and women being “good” at different
skills and tasks.

Social learning (or socialization) theories of gender differ-
ences focus on the impact of gender norms and constructs that
exist in someone’s social environment and suggest the impor-
tance of observation, imitation, and reinforcement in internal-
izing ideas about gender roles and gender differences (Mischel,
1966). For example, within the home, parental figures (and
even older siblings) often act as examples for children (moth-
ers/sisters for girls, fathers/brothers for boys) as to how to
behave as a man or woman (McHale et al., 2003, 2001). Pre-
vious studies have found that girls whose mothers did not
work, for example, exhibited more feminine behavior (Gold and
Andres, 1978; Hoffman, 1974), and boys who had no father fig-
ure exhibited less masculine behavior (Russell and Ellis, 1991;
Stevenson and Black, 1988). Socialization, then, specifically im-
pacts gendered behaviors in children to the extent that parents
encourage or discourage certain gendered behaviors and (inten-
tionally or unintentionally) impress onto their children these
gendered identities and attitudes (Lytton and Romney, 1991).
In a similar way, mass media can also have a large influence on
constructing these ideas of gender-typical behavior and what is
acceptable and unacceptable (Signorielli, 2001; Morgan, 1982,
1987).

And, indeed, there is now quantitative evidence demonstrat-
ing that differences in socialization explain at least some of
the gender differences in performance on a variety of low-level
cognitive tasks. For example, there is a significant association
between participation in masculine-associated spatial activities
like car repair, carpentry, or building model planes (New-
combe et al., 1983) and performance on the mental rotation
test (Nazareth et al., 2013). Individual differences in confi-
dence also mediate the sex differences in performance on that
test (Estes and Felker, 2012).

Building on all of the above work, in our research, we aimed
to represent gender using variables that capture attitudes, pre-
dispositions and/or accumulated experiences that reflect gender
socialization. We made no further a priori commitments regard-
ing what those specific variables should be and, instead, we
decided to seek an established instrument that is reasonably
contemporary, that is broadly used, and for which some empir-
ical evidence exists to support its validity. We explain our final
choice in Section 3.1.

2.2. Gender in Quantitative HCI Research

We are not aware of any papers in the quantitative HCI lit-
erature (through 2024) that represented gender in statistical
analyses other than as a single categorical variable with two
possible values: men and women. It is possible that excep-
tions exist but if they do, they are rare. To illustrate the
general trend with a small but systematically acquired sample,
we searched for papers from three 2024 general HCI confer-
ences (ACM CHI, ACM CSCW and ACM UIST) that included
“gender” in the paper title or as an author keyword. We then
reviewed these papers and kept those that used quantitative
methods and that included some representation of gender in
their analyses. We were left with 2 papers from ACM CHI
2024 (Hwang and Won, 2024; Umbach et al., 2024) and 3 papers
from ACM CSCW (Mahmood and Huang, 2024; Wang et al.,
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2024a,b). We did not find any relevant papers in ACM UIST.
All papers represented gender solely as a binary variable. In two
of the papers, data from participants identifying as non-binary
were collected but they were excluded from analysis (Mahmood
and Huang, 2024; Wang et al., 2024b). A “significant imbalance
in participant gender” (Mahmood and Huang, 2024) or “very
small number of individuals” (Wang et al., 2024b) identifying
as non-binary were given as the reasons for not including these
individuals in the analyses. Exceptions might exist, of course,
but we are not aware of them.

However, when interpreting the quantitative results, some
researchers are beginning to adopt more elaborate perspectives
on gender. For example, Huang et al. (2018) analyzed behavior
of participants on a social networking site QQ. Although they
represented gender as a binary variable in their statistical anal-
yses, they based their research questions on and analyzed their
results through the lens of social role theories of gender. As an-
other example, Wijenayake et al. (2019) also modeled gender as
a binary variable but founded their research in the observation
that certain topics of interest are stereotyped as masculine or
feminine.

One prominent strand of research in quantitative HCI re-
search where we detected an emerging shift in how gender might
be represented in quantitative analyses is a body of work collec-
tively referred to as Gender HCI (Beckwith et al., 2006). The
general approach taken by Gender HCI researchers was first
to synthesize existing social science research on gender differ-
ences in problem solving and information processing. Examples
of such differences included self-efficacy, motivations, attitude
toward risk, and information processing strategies (Burnett
et al., 2016). Next, researchers conducted quantitative studies
assessing whether—in the context of existing software—people
achieved different outcomes depending on their gender or qual-
ities such as self-efficacy. For example, in the context of
debugging moderately complex spreadsheets, they found that
women were less likely than men to use helpful debugging
features that they were previously unfamiliar with (Beckwith
et al., 2005). For women in that study, there was a signifi-
cant positive association between self-efficacy and effectiveness
on the debugging task but there was no such association for
men. Despite the differences in adoption of debugging features,
there was no difference between men and women in how many
bugs they identified and solved. However, because women re-
lied more on formula editing than men, they introduced more
new bugs (which they did not fix) than men. The researchers
hypothesized that these differences materialized because the
software, which was designed by a male-dominated industry,
was implicitly optimized for the personal qualities and prob-
lem solving strategies that are prevalent among men. In a
subsequent experiment, they provided compelling evidence for
this hypothesis: they redesigned the spreadsheet interface to
support individuals with lower self-efficacy and a lower propen-
sity to tinker to explore and adopt new features. The results
showed that both men and women benefited from the redesign
(compared to the conventional baseline) and that on several
outcome measures the differences between men and women were
reduced (Grigoreanu et al., 2008).

In all the Gender HCI papers mentioned so far, gender
was initially conceptualized as a binary variable. However, re-
cent research (Guizani et al., 2022) descended from this line
of work expanded the scope to “inclusivity bugs” (rather than
differential outcomes for men and women) and is beginning to
focus analytically on the individual characteristics (such as self-
efficacy, motivations, attitude toward risk, etc.) relevant to the

question at hand rather than binary gender or any other social
categories. This body of work is a valuable illustration of how
within the same intellectual agenda (design for equitable out-
comes among users of computer software) researchers used both
coarse gender categories and rich, theoretically-motivated mul-
tidimensional representations to capture relevant differences
among users.

One more compelling reason for rethinking the representa-
tion of gender in quantitative research was offered by Hu and
Kohler-Hausmann (2020) in a paper directed at the machine
learning community. Their key point was that some variables
that are currently considered as external to gender (e.g., a
choice of major in college among contemporary women in the
US) may need to be considered as constitutive features of gen-
der instead. The illustrative example that they bring up is
an analysis of admission rates to a competitive university. If
choice of major is conceptualized as separate from gender, then
a statistical analysis that analyzes admission rates for men and
women while controlling for major will show that men and
women have equal chances of getting in. However, if we con-
sider that to be a contemporary woman in the US is to be
encouraged to prefer humanities over STEM (and the oppo-
site for men) then we are likely to conclude that women have
lower chances of university admission because the majors that
they are socialized to prefer have lower admission rates. Or, to
leave out binary gender out completely, individuals socialized
to prefer humanities over STEM have lower chances of uni-
versity admission than those socialized to prefer STEM over
humanities.

3. Hypotheses and Approach

Our hypotheses explore concrete implications of the general
claim that gender is, at least in part, socially constructed. The
first implication is that people who share a gender identity share
experiences of gender socialization. Thus:

H1: We expect that gender socialization is what accounts,
at least in part, for the behavior differences between men and
women measured in the studies we replicate. Therefore, we
hypothesize that the effects of binary gender categories on be-
havior are mediated through individual differences in gender
socialization.

In statistics, mediation analysis allows one to quantify to
what extent one variable influences another indirectly through
a third variable (the mediator) (MacKinnon et al., 2007). In
our case, we are interested to what degree a person’s gender
identity impacts that person’s performance on cognitive tasks
indirectly through gender socialization.

Next, individuals who share a gender identity also have
unique experiences of gender socialization that make them de-
velop in distinct ways. For example, previous work argued that
girls with mothers working outside the home exhibited less
feminine behavior, and boys without a father exhibited less
masculine behavior (Gold and Andres, 1978; Hoffman, 1974;
Russell and Ellis, 1991; Stevenson and Black, 1988) (these
studies only considered families with one male and one female
parent). Thus:

H2: We expect that gender categories capture only a frac-
tion of the differences in gender socialization among individuals.
Therefore, we hypothesize that regression models that include
a measure of individual gender socialization in addition to bi-
nary gender categories will explain more of the differences in
behavior than models that only include binary gender.
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Lastly, we also expect that country-level differences in gen-
der norms and conceptions of masculinity and femininity will
result in group-level differences in gender socialization across
different countries. This hypothesis builds on previous work
demonstrating country-level differences in conformity to gen-
der norms. For example, Tager and Good (2005) documented
that Italian male students showed significantly less conformity
to masculine norms than American students did, especially
those norms which related to individuality, something much
more heavily emphasized in the US. Additionally, Sdnchez-
Lépez and Cuéllar-Flores (2011) argued that Spanish female
students showed significantly less conformity to feminine norms
than American students did, except for those related to the
family, a heavily feminized role in Spanish culture. Because of
these cross-country socialization and gender norm differences
(and because our participants come from over 200 countries
representing a diversity of national cultures), we expect that
country-level measures of gender equality and socialization will
provide additional predictive and explanatory power in the
analysis of the performance differences in these tasks. Thus:

H3: We hypothesize that regression models that include a
measure of country-level differences in gender socialization in
addition to binary gender will explain more of the differences
in behavior than models that only include binary gender.

3.1. Measuring Individual Differences in Gender
Socialization

Previous studies have attempted to measure gender socializa-
tion largely through understanding how masculine or feminine
someone is. In other words, researchers have created studies and
questionnaires that attempted to quantify how much someone
conforms to either masculine or feminine norms. The original
questionnaires developed that initially gained popularity were
the Bem Sex Role Inventory (Bem, 1981) and the Personal
Attributes Questionnaire (Spence et al., 1974). The Bem Sex
Role Inventory (BSRI) focused on having participants identify
specific characteristics and traits they possessed, but it was
criticized for its now somewhat outdated constructs (Auster
and Ohm, 2000) and its use of two different scales to mea-
sure masculinity and femininity (where high scores on both
was “androgynous” and low scores on both was “undifferenti-
ated”) (Pedhazur and Tetenbaum, 1979; Hoffman and Borders,
2001). Whether masculinity and femininity should be measured
on separate scales or one spectrum has also been an area of
debate, as separating them ignores the relation between them
and the way in which they have been defined in relation to
each other. The Personal Attributes Questionnaire (PAQ) simi-
larly used multiple scales to measure masculinity and femininity
separately, but it also added a third scale to measure bipolar
masculinity-femininity (i.e., a spectrum from masculine to femi-
nine). The PAQ also asked participants to rate each personality
trait as it fit into the masculine or feminine ideal, in addition
to rating themselves on the level with which they possessed
the trait, but the test has been similarly criticized for its age
and the potential outdated constructs it evaluates (Smiler and
Epstein, 2010). A more recent questionnaire, the Traditional
Masculinity and Femininity (TMF) scale, instead addresses the
constructs of masculinity and femininity as a whole by asking
participants directly to define themselves and different aspects
of their lives as more masculine or feminine (Kachel et al.,
2016).

Another recent instrument is the Conformity to Masculine
Norms Inventory (CMNI) (Mahalik et al., 2003). The (CMNI)
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has been found to be an effective way of characterizing the
conformity to gender norms of both men and women and has
been found to be generally consistent across different genders
and ethnicities/cultures within a country (Hsu and Iwamoto,
2014; Kivisalu et al., 2015; Mahalik et al., 2003; Parent and
Moradi, 2009; Parent and Smiler, 2012). This questionnaire asks
participants to rate themselves as to how much they agree with
a statement representing some construct of masculinity.

According to a recent review (Horstmann et al., 2022) of
how sex and gender are operationalized in quantitative health-
related research, the BSRI and the CMNI are the two most
frequently used instruments for assessing gender socialization.

Because BSRI is substantially older than CMNI and its
constructs have been found somewhat outdated by some re-
searchers (Auster and Ohm, 2000), we chose to use CMNI.

Specifically, we used a subset of the recent 29-item variant of
the Conformity to Masculine Norms inventory (CMNI-29) (Hsu
and Iwamoto, 2014). CMNI-29 has 8 factors. We excluded one
of the factors, Power Over Women, because we were concerned
that the questions drawn from that factor (e.g., “Women should
be subservient to men”) would be too off-putting to many par-
ticipants. For the remaining seven factors, we selected one
question per factor, each time picking the question that had
the highest factor loading in (Parent and Moradi, 2009). The
questions were presented on a 6-point Likert scale anchored at
the end points with “Strongly disagree” and “Strongly agree”.
The questions used in our studies are shown in Table 1.

The choice to use only a subset of CMNI-29 with one item
per factor was motivated by our use of the LabintheWild.org
platform (Reinecke and Gajos, 2015) to host our studies. As
we explain in Section 4.1.2, LabintheWild hosts studies that
are completed by unpaid volunteers. To motivate participation,
the studies end by giving participants their results, they are
also kept brief, and most survey questions are optional. While
abbreviating the CMNI questionnaire increases the variance in
the responses, it also tends to increase the number of people
who complete the studies and who answer all questions. The
higher variance in the responses means that the effect sizes are
smaller but the large numbers of participants (over 6,000 in
each of the primary analyses) makes it possible to detect these
smaller effect sizes.

3.2. Measuring Country-Level Differences in Gender
Socialization

There are a number of measures of country-level gender par-
ity (Else-Quest and Grabe, 2012). Following some recent
work (Zentner and Mitura, 2012), we chose the Global Gen-
der Gap Index (GGI) (World Economic Forum, 2020) because
it is designed to be independent of the absolute level of in-
come in any country, thus decoupling gender attitudes from
general affluence. GGI is a composite measure capturing gen-
der gaps in access to resources in several domains: economic,
educational, health and political. Although GGI does not di-
rectly measure gender socialization, it is very likely that it
captures it indirectly. Because individual gender socialization
continues throughout one’s lifetime, we asked participants to
report what country they spent most of their childhood in and
also in what country they spent most of the past 5 years. Con-
sequently, we included 2 GGI variables in relevant analyses: one
for the country of childhood and one for the country where the
person resided for most of the past 5 years. We used the 2020
GGI scores. GGI scores range from 0 to 1, with higher scores
indicating greater gender parity.



6 | Hagen, Miratrix, and Gajos

Factor Question

Emotional Control

Winning

Playboy

Violence

Self-Reliance

Risk Taking

Heterosexual Self-Presentation

25r. T like to talk about my feelings.

27r. More often than not, losing does not bother me.

36. It would be enjoyable to date more than one person at a time.
41r. No matter what the situation I would never act violently.

43. It bothers me when I have to ask for help.

8. I enjoy taking risks.

24. It would be awful if people thought I was gay.

Table 1. CMNI questions used in our study. Item numbers from (Hammer et al., 2018) are shown. Suffix ‘r

3.3. Selection of Studies to Replicate

‘We replicated 3 studies with well-established gender effects: the
Reading the Mind in the Eyes Test (one of the leading instru-
ments for measuring theory of mind—the ability to attribute
emotional and cognitive states to others), the Mental Rota-
tions Test, and the Spatial Working Memory Task. We chose
these tests because they pertain to fairly basic cognitive abil-
ities and the HCI studies of such basic abilities are the least
likely to consider social components of gender. We also chose
these studies because of their varying associations to masculine
and feminine norms and more socialized behavior, which allows
us to see the varying impact of gender socialization on differ-
ent types of tasks. Specifically, we expected that the effects of
gender socialization would be particularly prominent in the con-
text of the Reading the Mind in the Eyes Test. This is because
there is some evidence that Theory of Mind can be improved
through training (Kloo and Perner, 2008; Kidd and Castano,
2013) and from a young age women tend to be socialized (and
pressured), more than men, to be cooperative, “nice”, and at-
tentive to other people’s feelings (Thorne and Luria, 1986). In
contrast, we expected that the effects of gender socialization
would be harder to detect in the performance on the other two
tests—although there is some evidence that experience impacts
performance on each of them, the links to gender socialization
are less obvious.

8.8.1. Reading the Mind in the Eyes Test
The Reading the Mind in the Eyes test (Baron-Cohen et al.,
2001) consists of the participant being shown 37 pictures show-
ing just the eyes part of people’s faces (1 picture used for
practice, the remaining 36 used for the actual assessment). For
each picture, participants are given 4 emotions and asked to
tell which emotion the eyes are showing. Previous researchers
have argued that men were less accurate and less sensitive in
labeling and processing facial expressions and emotions, specif-
ically when the emotions or mental states are represented only
by eye stimuli (Kirkland et al., 2013; Montagne et al., 2005).
Women have been found to outperform men on the Reading
the Mind in the Eyes Test across countries (Greenberg et al.,
2023). The performance on this test has been connected to bi-
ological mechanisms such as prenatal testosterone (Chapman
et al., 2006), intranasal oxytocin administration (Domes et al.,
2007), as well as other genetic patterns (Warrier et al., 2015;
Uzefovsky et al., 2019), but new research suggests that perfor-
mance on the test is only partly genetic (Stewart and Kirkham,
2020). This suggests that perhaps social factors can be an addi-
tional contributing factor. For example, one study argued that
there was a difference in performance in adolescents relative to
their smartphone usage (Stewart and Kirkham, 2020).

” indicates reverse-coded questions.

3.3.2. Mental Rotations Test

The Mental Rotations Test (MRT) (Vandenberg and Kuse,
1978) consists of the participant being shown 20 shapes. For
each shape, participants are given 4 other shapes and are asked
to assess which 2 shapes are identical to the original shape
(regardless of rotation). Previous researchers have shown that
men perform better than women on this test and that these
differences are not solely related to time-based performance fac-
tors (Geary et al., 2000; Masters, 1998; Peters, 2005; Peters
et al., 1995). Past research largely categorizes these distinc-
tions as due to sex, but a few previous studies have produced
results showing that the relation between a person’s gender
and MRT score is mediated to some extent by social factors
and life experiences such as the number of masculine spatial
activities the participant had engaged in as youth, the confi-
dence of the participant, and the age of the participant, which
all speak to impact of socially learned behaviors (Nazareth
et al., 2013; Estes and Felker, 2012; Geiser et al., 2008). Sim-
ilarly, researchers have also explored how a country’s culture
impacts mental rotation ability through differences in mathe-
matics curricula and even the visual/pictorial aspects of the
languages (Jannsen and Geiser, 2011; Sakamoto and Spiers,
2014).

One study looked at the impact of gender socialization and
norms on spatial ability through both gendered personality
traits and behaviors and found that only one specific category
of stereotypically masculine personality traits (those related
to agency) contributed significantly to spatial ability (as mea-
sured by the MRT) (Saucier et al., 2002). This study points to
the possibility of both biology and socialization as significant
contributors to spatial ability.

3.3.8. Spatial Working Memory Task

The Spatial Working Memory Task (Duff and Hampson, 2001)
consists of the participant being shown a 4 X 5 board which has
a different color dot “hidden” in each square. Participants are
asked to find all 10 pairs of dots by color by clicking on each
square to look at each dot, with the constraints that they are
only able to look at two dots at a time and that the dots will be
hidden again after each guess regardless of whether the colors
match. This specific task tests spatial working memory and has
been shown to produce sex differences, with women perform-
ing better in terms of working memory errors and completion
time (Duff and Hampson, 2001). Past related research has ar-
gued that women have a better spatial memory, specifically
object location memory and object identity memory (Alexan-
der et al., 2002; Lejbak et al., 2009; Levy et al., 2005; McBurney
et al., 1997; Neave et al., 2005; Spiers et al., 2008; Tottenham
et al., 2003). Additionally, two studies have argued that this
spatial memory ability depends on age and that women only
surpass men in adulthood, raising the question again of how
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Figure 1. An example stimulus from the Reading the Mind in the Eyes
test

this skill is learned over time and not necessarily only bio-
logically determined (Barnfield, 1999; Voyer et al., 2007). One
study even found evidence that childhood experiences of gen-
der nonconformity was related to some types of object location
memory, pointing again to socialized behaviors and life expe-
riences as a contributor to these skills (Hassan and Rahman,
2007).

4. Study 1: Reading the Mind in the Eyes Test

4.1. Methods

4.1.1. Task

The Reading the Mind in the Eyes Test consists of the par-
ticipant being shown 37 pictures showing just the eyes part of
people’s faces. As shown in Figure 1, for each picture, partici-
pants are presented with 4 emotions and asked to decide which
emotion the person is feeling. The first picture is treated as a
practice task and is excluded from score calculations.

4.1.2. Procedure

The test was launched on the LabintheWild.org platform (Rei-
necke and Gajos, 2015) for conducting behavioral studies with
unpaid online volunteers. Participants on LabintheWild are in-
centivised to participate in the studies in exchange for a chance
to see their results and to compare themselves to others. The
quality of the data collected on LabintheWild has been shown
to match those collected in traditional laboratory settings (Rei-
necke and Gajos, 2015; Huber and Gajos, 2020; Li et al., 2018,
2020). In comparison to paid platforms like the Amazon Me-
chanical Turk, LabintheWild provides access to larger and more
diverse participant samples (Reinecke and Gajos, 2015) and
LabintheWild volunteer participants have also been shown to
provide more reliable data and exert themselves more (Ye et al.,
2017; August and Reinecke, 2019).

The landing page for the test offered basic information about
the test and it was followed by a detailed consent page. After
that, participants filled a demographics questionnaire where all
questions were optional.

Next, participants were presented with a brief set of instruc-
tions and moved to the 37 items of the Reading the Mind in the

Eyes Test. Afterwards, they were presented with the abbrevi-
ated CMNI questionnaire, followed by a page asking how well
they understood the words used to describe emotions in the
study, if they experienced any difficulties during the test, or if
they had any comments. At the very end, they were presented
with the results page showing how they scored on the Reading
the Mind in the Eyes Test and how their score compared to
others.

4.1.8. Participant Recruitment

Most participants arrived at the test site through the
LabintheWild.org main page, mentions on social media (mostly
by other participants), or web search results. We did not
conduct a formal power analysis to determine the number of
participants for the study. This is because a number of past
studies launched on LabintheWild attracted very large numbers
of participants, substantially exceeding numbers that would
have been indicated by power analyses (e.g., 16,000 participants
in (Gajos and Chauncey, 2017), 229,000 in (Gajos et al., 2020),
305,000 in (Greenberg et al., 2023)) with specific numbers vary-
ing depending on the popular appeal of the topic of the study
and the amount of time the researchers were willing to wait
for the results. Because participants do not receive monetary
compensation, there is also no resource constraint that would
motivate capping recruitment. Instead, we set an informal
threshold of at least 1,000 participants. We set this thresh-
old because this number is typically sufficient to detect even
small effect sizes (on the order of Cohen’s d = 0.2) in between-
group comparisons (assuming that participants are distributed
approximately equally between the two groups) using common
statistical techniques like t-test, multiple regression or ANOVA.

4.1.4. Approvals
All studies reported in the manuscript were approved by the

Internal Review Board at Harvard University (protocol number
IRB20-0578).

4.1.5. Design and Analysis
This was an observational study in which we examined associ-
ations between participants’ self-reported gender, measures of
gender socialization, and their score on the Reading the Mind
in the Eyes Test.

Our primary variables were:

e Self-reported gender. Following Spiel et al. (2019), the gen-
der question in our demographics questionnaire offered 5
options: Male, Female, Non-binary, Prefer to self-describe,
Prefer not to say. Participants who selected Prefer to
self-describe were given an option to write in an answer.

e Reading the Mind in the Eyes Test score (0-36).

e Responses to the 7 CMNI questions (each on a 6-point Likert
scale, with 6 always associated with the high conformity to
masculine norms).

e GGI (last 5 years): Gender Gap Index for the country where
the person spent most of the past five years. As part of
the demographics questionnaire we asked each participant
where they had lived for most of the past five years.

e GGI (childhood): Gender Gap Index for the country where
the person grew up. As part of the demographics question-
naire, we also asked participants “In what country did you
live most of your childhood?” (and we instructed them to
pick one that influenced them the most if they grew up in
more than one country).
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‘We also included the following covariates in our analyses:

e Education (“What is the highest level of education you have
received or are pursuing?”) {Pre-high school, High school,
College, Masters or professional degree, PhD (Doctorate)}

e Age. Because many cognitive abilities improve quickly
in childhood and decline slowly through adulthood (see,
e.g., Germine et al. (2011)), we followed Germine et al.
(2011) and represented age using log,,(age) and log,, (age)?
terms in our models.

e Comprehension of the English words used to describe emo-
tions in the Reading the Mind in the Eyes Test {“I am a
native speaker of English”, “I am not a native speaker, but
I recognized all the words used to describe emotions in the
study”, “I recognized almost all the words used to describe
emotions in the study”, “I recognized only some of the words
used to describe emotions in the study”}.

To enable additional intersectionality-related analyses, we
also collected two other variables:

e National culture. If a participant reported that they cur-
rently lived in the same country in which they lived for most
of their childhood, we set that country as their national cul-
ture. Participants for whom the two answers differed, were
not included in the analyses involving national culture.

e Race and ethnicity. Participants were asked to choose any
combination of the following options: “Asian or Asian Amer-
ican”, “Black or African American”, “Latino / Latina
or Hispanic”, “Native American, American Indian or

Alaska Native”, “Pacific Islander or Native Australian”, or
“White”. We have also provided an option for participants
to self describe their ethnicity. Because different cultures
define their ethnic boundaries differently and because social
meanings of these categories are culture-dependent, we have
only asked these race and ethnicity questions of participants
who accessed the study from within the United States.

As conceptually illustrated in Figure 2, we conducted a me-
diation analysis using the R package mma (Yu and Li, 2017; Yu
et al., 2019) (version 10.3-2). Under some structural assump-
tions, this analysis identifies what proportion of the relationship
between the self-reported binary gender (independent variable)
and the score on the Reading the Mind in the Eyes Test (depen-
dent variable) can be ascribed to socialization as measured by
CMNI (mediator variables). Under a mediation model, identify-
ing with a particular binary gender category leads to particular
gender-specific socialization experiences as captured by CMNI
scores. Subsequently, the differences in socialization lead to dif-
ferences in performance on the Mind in the Eyes test. This is
reported as the “indirect effect.” The “direct effect,” by con-
trast, captures the relationship between gender and the test
score that is not explained by the intermediate CMNI. We used
a non-parametric bootstrap to compute the 95% confidence in-
tervals for the effects estimated with the mediation analysis.
We considered the presence of an indirect effect significantly
different from 0 to be evidence in support of H1.

We compared a sequence of linear regression models to de-
termine if adding gender socialization (as measured with CMNI
or GGI) significantly improved the explanatory power of the
model compared to simpler models containing only covariates
and binary gender. We report adjusted R? (denoted R?), i.e.,
the fraction of the variance explained by each model, as a mea-
sure of the explanatory power of each model. We used ANOVA
for statistical comparisons of the models. In the context of our

CMNI measures

(Mediator variables)

Score on the Reading the
Mind in the Eyes Test
L(Dependent variable)

Binary gender
(Independent variable)

Direct effect

Figure 2. A mediation model can identify how much of the total effect
of the independent variable (binary gender in our case) on the dependent
variable (score on the Reading the Mind in the Eyes test) is mediated
through mediator variables (CMNI measures). The mediated part of the
effect is referred to as the indirect effect while the remaining part is re-

ferred to as direct effect.

study, we considered H2 or H3 supported if adding CMNI or
GGI items to a model that already included covariates and the
binary gender variable significantly improved the explanatory
power of the model.

Besides statistical significance, when analyzing the regres-
sion results, we also considered the magnitude of the benefits
conferred by including CMNI or GGI in the analysis relative
to the benefits of including binary gender. Specifically, the
baseline for our comparisons is the difference in R? between
a model that includes baseline covariates with gender and a
model that includes only baseline covariates. Given that the
effects of binary gender are considered scientifically meaningful
for this test, we consider the explanatory benefits of CMNI or
GGI relative to binary gender as a benchmark.

4.2. Results

4.2.1. Participants

248,256 participants completed the test, responded to the
CMNTI items and provided their education level, reported be-
ing 13 years old or older, and responded to the comprehension
question. Of those, 243,558 who identified as either men or
women were included in the mediation analyses. The addi-
tional 4,698 participants who chose the “Non-binary” option
were included in some of the additional analyses. Participants
who chose to self-describe were excluded because a detailed
analyses of their responses indicated that some of them were
non-binary individuals (e.g., “non-binary femme”), while some
others were trolling (e.g., “Attack helicopter”) or protesting
the inclusion of non-binary options in the questionnaire (e.g.,
“there are only 2 genders”), and yet others could not be un-
ambiguously categorized—a situation observed in some other
settings (Jaroszewski et al., 2018). Participants who did not
share what country they grew up in or where they lived for
the past five years, or whose countries were not included in
the Gender Gap Index, were omitted from the regression analy-
ses. Participants reported having grown up in over 200 different
countries and territories, of which 150 had a Gender Gap Index
score available. The top six most represented countries of child-
hood were United States (103,853), United Kingdom (19,486),
Canada (10,328), Australia (9,977), India (8,157), and Philip-
pines (7,414). The distribution of countries where people were
living for the past 5 years was similar. 88.4% of the partici-
pants reported currently living in the same country in which
they grew up.

4.2.2. Preliminary Analyses

‘We conducted a separate linear regression for each CMNI item
with gender (Man, Woman, Non-binary) as the sole predic-
tor. Using ANOVA, for each item, we observed a significant
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Error bars show 95% Confidence Intervals. Total N=252,939. * p < .05, ** p < .01, *** p < .001

main effect (at p < .0001) of gender on the response to the
CMNI. The mean responses are shown in Figure 3 together with
the results of a post hoc Tukey HSD analysis. For differences
between men and women, we also included effect sizes (as Co-
hen’s d) to help illustrate the extent to which CMNI captures
differences between binary genders. This analysis showed that
participants who identified as men scored significantly higher
on all CMNI questions except Self-Reliance (item 43) than peo-
ple who identified as women. For Self-Reliance, women scored
higher than men but the magnitude of the difference was neg-
ligible (d = .02). These results confirm that CMNI generally
captures differences in contemporary binary gender norms in
our sample.

As shown by the results of the post hoc Tukey HSD analy-
ses, people who identified as non-binary had CMNTI scores that
varied differently than the scores of people who identified with
either of the binary genders. We will return to these results in
Discussion, but for now we note that they indicate that CMNI
items may measure different underlying constructs or particular
life experiences of non-binary individuals compared to people
who identify as either men or women.

Next, we conducted linear regression analyses with GGI
(childhood) as the sole predictor separately for each CMNI item
and gender category. As shown in Figure 4, there was a statis-
tically significant effect of GGI (childhood) on all CMNI items
for women and for men. Because there were many fewer non-
binary participants (N=4,796) than either men or women in

this analysis, only 4 effects were statistically significant for this
group. In most cases, greater gender parity in the country were
one grew up (i.e., greater GGI score) was associated with lower
conformity to masculine norms (i.e., lower CMNI scores) as in-
dicated by the predominantly negative regression coefficients.
These results indicate that there are links between society-level
norms and individual gender attitudes. Because 88.4% of our
participants reported currently living in the same country in
which they grew up, results for GGI (last 5 years) were similar
to those for GGI (childhood) and are not reported.

Finally, as shown in Table 2, the correlations among re-
sponses to the CMNI questions are small (r < .3) or very small
(r < .1). As expected, given that we selected one item per
factor, each question appears to measure a distinct construct.
Because these responses are only minimally correlated, we will
treat them as independent in subsequent analyses.

4.2.8. Main Results

As reported in Table 3, our mediation analysis showed a statis-
tically significant total indirect effect indicating that the impact
of binary gender on the score in the Reading the Mind in the
Eyes Test was mediated through aspects of socialization cap-
tured by the CMNI. The CMNI variable most responsible for
the results was the Heterosexual Self-presentation. The total
indirect effect accounted for an estimated 61.7% of the total
effect. This result supports hypothesis H1.



10 | Hagen, Miratrix, and Gajos

(27r) (43) (41r) (24) (8) (25r)
Winning (27r)
Self-Reliance (43) 0.10%***
Violence (41r) 0.16%****  (0.05%***
Heterosexual Self-Presentation (24) 0.09****  Q.Q07****  (.09****
Risk Taking (8) -0.01**** _0.06**** (.06**** (.07****
Emotional Control (25r) 0.08****  (.22%¥#**  ( 12%**k ( 1g¥*¥* _( 1Q%***
Playboy (36) 0.01****  Q.01****  (0.09**** 0.00 0.13%¥*%  _(Q.05%***

Table 2. Correlations among responses to different CMNI questions for participants who identified as either men or women. * p < .05, **

p < .01, ®** p < 001, ¥*F* p < 0001

As shown in Table 4, the model in Step 3a, which includes
the baseline covariates, binary gender and CMNI, is a signif-
icantly better fit than the model in Step 2a (AR? = 0.020;
F(7,231479) = 178.28; p < 107'%) which includes only the
covariates and binary gender. This result is meaningful as the
magnitude of this benefit is several times larger than the benefit
of adding binary gender to a model that only includes baseline
covariates (AR? = 0.005). The results of this analysis support
hypothesis H2: CMNI captures relevant information that goes
beyond what is already captured by one’s binary gender.

Similarly, the model in Step 3b, which includes GGI in ad-
dition to covariates and binary gender, is a significantly better
fit than the model in Step 2a (AR? = 0.004; F(2,231484) =
445.14; p < 107'%). The magnitude of this improvement in fit
is nearly as large as the improvement due to inclusion of bi-
nary gender. This result indicates that GGI also adds relevant
information and supports hypothesis H3.

The model that includes both CMNI and GGI in addition to
covariates and binary gender (Step 5), is a significantly better
fit than either a model that included only CMNI (Step 3a) or
the one that included only GGI (Step 3b) indicating that CMNI
and GGI capture some complementary information. This said,
the magnitude of the improvement in fit due to adding GGI
to a model that already includes CMNI and binary gender is
relatively small (AR? = 0.001).

The model in Step 4a, which extends the model in Step 3a by
including interaction terms between binary gender and CMNI
questions, significantly improves the goodness of fit compared
to the model in Step 3a (AR? < .001; F(7,231472) = 29.762;
p < 1071%) but the magnitude of this improvement is negligible.
Because the interaction terms allow for a different relationship
between CMNI and outcome for men and women, the lack of a
meaningful difference in goodness of fit between the model with
the interaction terms and the one without indicates that a single
model (without interaction terms) can be used for both men
and women together. Similarly, the model in Step 4b, which
extends model in Step 3b by adding interaction terms between
GGI measures and gender, significantly improved goodness of
fit (AR? < .001; F(2,231482) = 72.143; p < 1071%) but the
magnitude of this improvement was also negligible. We conclude
that a single model can be used for both men and women to
measure the impact of GGI.

4.2.4. Additional Analyses: Intersectionality

Our social identities are multidimensional and these dimensions
combine in complex ways to create distinct identities. Each
combination of dimensions, such as gender and race, can create
a distinct social identity that cannot be understood by study-
ing each dimension in isolation. The importance of directly
studying such intersectional identities was prominently illus-
trated in the computing research community by the “Gender

Shades” paper (Buolamwini and Gebru, 2018). In that paper,
Buolamwini and Gebru (2018) demonstrated that computer vi-
sion algorithms for gender recognition performed particularly
poorly for dark-skinned women — a result that was not de-
tectable by analyzing these algorithms’ performance separately
by gender and skin tone. Only an intersectional analysis, that
looked at each combination of these factors separately, made
the inequities apparent.

An analogous equity-related concern in our research is
whether the modeling insights that we have demonstrated on
the sample as a whole apply equally well to the individual
subgroups that comprise it. Specifically, so far our study has
demonstrated that, for our combined sample, variables that
quantitatively capture aspects of gender socialization explain
some of the information captured by the binary gender vari-
able (H1) and add further relevant information not captured by
binary gender (H2). Will these results hold if we intersect gen-
der with other dimensions of identity? To begin to answer this
question, we conducted an additional set of post hoc analyses.

Methods.

In these additional analyses, we consider intersections of gen-
der and national culture, and gender and race/ethnicity for
participants from the United States. We acknowledge at the
outset that relying on any socially-constructed categories has
limitations when trying to conceptualize intersectional iden-
tities (McCall, 2005; Rankin and Thomas, 2019). Thus, we
consider the following analysis as preliminary.

There are multiple ways of operationalizing intersectional-
ity in statistical analyses, three of which are discussed by Scott
and Siltanen (2017). Following one of the suggested approaches,
we decided to conduct our analyses by disaggregating data by
another aspect of identity (i.e., national culture or race), re-
peating our earlier analyses separately for each subgroup, and
then qualitatively comparing the results.

For these analyses, we included subgroups for which we had
at least 2,000 participants. For smaller groups, we found that
the confidence intervals in the mediation analyses were too large
to enable meaningful comparisons.

Results.
There were 11 countries (Australia, Brazil, Canada, France,
Germany, India, Netherlands, Philippines, Russia, United
Kingdom, and United States) and 5 race/ethnicity identi-
ties among US participants (Asian or Asian American; Black
or African American; Latino / Latina or Hispanic, a multi-
ethnicity identity of Latino / Latina or Hispanic and White;
and White) with at least 2,000 participants each.

For the mediation analyses (related to hypothesis H1) across
national cultures (Table 11 in Appendix A), there was a signif-
icant indirect effect of CMNI for all countries analyzed, though
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Estimate [95% Cls] -0.600 -0.500 -0.400  -0.300 -0.200 -0.100  0.000 0.100
Total effect -0.626 [0.659,-0.597]* ]
Direct effect -0.239 [-0.276,-0.206]* —t ]
Total indirect effect -0.386 [-0.400,-0.374]* = |
Heterosexual Self-presentation (24) -0.258 [-0.267,-0.246]* H |
Risk Taking (8) -0.063 [-0.067,-0.059]* (I
Emotional Control (25r) -0.058 [-0.064,-0.052]* E
Playboy (36) -0.017 [0.021,-0.012]* ]
Self-Reliance (43) -0.002 [-0.002,-0.001]* 1
Violence (41r) 0.001 [-0.004,0.005] 1’
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Table 3. Results of mediation analysis for the Reading the Mind in the Eyes Test showing the effect of binary gender (identifying as a man)
on the test score. Overall, men scored 0.626 points lower than women (the Total effect). The Total indirect effect, which shows how much of
the gender effect was mediated through aspects of gender socialization captured by the CMNI, is estimated to be 61.7% of the total effect
and is significantly different from zero. * p < .05. The 95% Confidence Intervals were estimated using a casewise bootstrap.
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—1.76 (0.03)***
—1.38 (0.02)***
—3.15 (0.04)***
30.55 (0.85)***
—9.79 (0.29)***

—7.44 (0.63)***
0.68 (0.06)***
1.31 (0.07)***
1.54 (0.07)***
2.11 (0.08)***

—1.89 (0.03)***

—1.49 (0.02)***

—3.31 (0.04)***

37.20 (0.85)***

—11.94 (0.29)***

0.21 (0.64)
0.71 (0.06
1.30 (0.06
1.51 (0.07
1.98 (0.08
—1.73 (0.03)***
—1.38 (0.02)***
—3.09 (0.04)***
30.55 (0.85)***
—9.81 (0.29)***

e ok ok

s 3k ok
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NN NN

Gender (man)

Winning (27r)

Self-Reliance (43)

Violence (41r)

Heterosexual Self-Presentation (24)
Risk Taking (8)

—0.63 (0.02)***

—0.24 (0.02)***
0.12 (0.01)***
0.04 (0.01)***
0.00 (0.01)

—0.28 (0.00)***

—0.20 (0.01)***

—0.63 (0.02)***

—0.26 (0.02)***
0.12 (0.01)***
0.04 (0.01)***
0.01 (0.01)

—0.26 (0.01)***

—0.19 (0.01)***

Emotional Control (25r) —0.12 (0.01)*** —0.12 (0.01)**~*
Playboy (36) —0.04 (0.01)*** —0.03 (0.01)***
GGI (country of childhood) 4.48 (0.38)*** 3.27 (0.38)" "
GGI (main residence in last 5 years) 2.30 (0.40)*** 1.51 (0.40)*"~
R? 0.102 0.122 0.106 0.123
R? 0.102 0.122 0.106 0.123
Num. obs. 231,497 231,497 231,497 231,497

***p < 0.001; **p < 0.01; *p < 0.05

Table 4. Results of regression analyses for the Reading the Mind in the Eyes Test. The diagram above shows the model hierarchy and
summarizes the model comparison results. Details of a subset of the models are shown in the table (standard errors in parentheses; pre-
high school was the reference value for Education; native speaker was the reference for Comprehension). The key results are the significant
difference between Steps 3 and 2, which demonstrate that both CMNI and GGI capture relevant information that goes beyond what is
already captured by binary gender. R? denotes adjusted R2.
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AR? = 004~ |Step 2a: Covariates
& Gender

" R =0.087
AR = 018"

~ . ~
Step 2b: Covariates

AR? =.001"* | & CMNI

| R?=0.101

Step 2c: Covariates
& GGl
R?*=0.084

Step 1: Baseline

covariates only
R?=0.083

Step 3a: Covariates,

AR*=0.001*

Step 3b: Covariates,
Gender & GGl
R?=0.088

Step 4a: Covariates,
Gender, CMNI & Interactions
R?=0.105

AR? <0.00T—,

Step 5: Covariates, Gender,
CMNI & GGl
_ R*=0.101
AR? = .013"**

Step 4b: Covariates,
Gender, GGI & Interactions
R?=0.090

Figure 5. Overview of the model comparison results of regression analyses that included 3 gender categories: men, women and non-binary. Of interest

now is the difference between Step 4a (model that includes interactions between categorical gender and CMNI) and Step 3a (which does not include the

interaction terms). This difference is significant and the magnitude of the improvement in model fit (captured through AR2) is as large as improvement

in model fit due to adding categorical gender (Step 2a) to a model that only included covariates. R? denotes adjusted RZ.

it ranged in magnitude from CMNI mediating 23% of the to-
tal effect for Russia to 99% for Netherlands. In other words,
in Russia, gender socialization as captured by CMNI explained
only about a quarter of the effect of binary gender on the per-
formance on the test. In Netherlands, in contrast, all of the
effect of binary gender was mediated through CMNI. For all
national cultures analyzed, Heterosexual Self-presentation had
the largest effect except in the United Kingdom where Emo-
tional Control was estimated to have a slightly larger effect
(not significantly different from Heterosexual Self-presentation,
though). In most countries, more than half of the indirect effect
was accounted for by Heterosexual Self-presentation. The three
exceptions were France, United Kingdom, and India. In France
and United Kingdom, the effect of Emotional Control was very
close to Heterosexual Self-presentation, whereas in India the
two other large contributors were Winning and Risk Taking.

For the mediation analyses across race/ethnicity identities
among US participants (Table 10), there was also a significant
indirect effect of CMNI for all groups. For people who identified
as Asian or Asian American, 40% of the binary gender effect
was mediated through CMNI while for people who identified
as Black or African American, the entire effect was mediated
through CMNI. For all groups, Heterosexual Self-presentation
was the most impactful dimension. For participants who iden-
tified as white, Emotional Control was also notable (half of the
magnitude of Heterosexual Self-presentation) while for other
groups, no other dimension rose to prominence.

For the regression analyses (related to hypothesis H2), Ta-
ble 12 shows that for all race/ethnicity groups included, adding
CMNI to the analyses resulted in similar model fit improve-
ments (as shown by AR? Step 3a - Step 2a and AR? Step 2b
- Step 1). Inclusion of CMNI also improved model fits for all
countries analyzed, though the magnitude of the improvement
varied considerably (Table 13). Specifically the AR? achieved
by adding CMNI to a model that already included binary gen-
der and covariates ranged from .006 in Russia and Brazil to .025
in India. For all race/ethnicity identities and for all countries
except for Russia, the magnitude of the improvement in fit due
to adding CMNI to a model that already included gender and
covariates was larger than the initial benefit of adding binary
gender to a model that only included covariates.

4.2.5. Additional Analyses: Generalizability
Because in the preceding analyses CMNI appeared to explain
more variance than binary gender (see R? for Step 2b vs Step

2a in Table 4), we asked if future analyses that needed to in-
clude the effect of gender socialization as a covariate could use
CMNI instead of categorical gender so that having many fewer
non-binary participants than men or women (a stated reason
for excluding non-binary participants from analyses in some re-
search, e.g., (Mahmood and Huang, 2024; Wang et al., 2024b))
would not stand in the way of including non-binary participants
in analyses.

To answer this question, we repeated the comparison be-
tween Steps 3a and 4a, but this time we included the partic-
ipants who identified as non-binary in addition to those who
identified as either men or women. We also took a random sam-
ple of the data for men and women so that we would have an
equal number of samples for each gender category (4,434 per
gender category; 13,302 total). The results are summarized in
Figure 5. As a baseline for evaluating the magnitude of the ef-
fect of including interaction terms, the improvement in model
fit due to adding categorical gender to a model that already in-
cluded baseline covariates (the difference between Step 2a and
Step 1) was AR? = .004 (F(2,13290) = 33.776; p < 10~ '°).

We found that the new model in Step 4a (which included
interaction terms between gender and CMNI) significantly im-
proved model fit over the model in Step 3a, which did not
include the interaction terms (AR? = .004; F(14,13269) =
5.615; p < 10_10). The magnitude of the improvement due
to adding the interaction terms (AR? = .004) was as large as
the magnitude of the improvement due to adding categorical
gender. Thus, we consider this effect to be meaningful. In par-
ticular, there were significant interactions between gender and
Risk Taking, and between gender and Emotional Control—in
both cases, participants who identified as non-binary were mod-
eled significantly differently from participants who identified as
either men or women.

To examine these differences further, we fit separate mod-
els for men, women and non-binary participants (Table 5, this
time using all available data). Inspecting the three models, we
note that for all three gender categories, Heterosexual Self-
Presentation has the highest coefficient value among the 7
CMNI variables. However, for men and women, the second most
impactful CMNI variable is Risk Taking while for non-binary
participants it is Emotional Control.

These results indicate that it may not be accurate to use a
single model with CMNI instead of categorical gender to simul-
taneously model people who identify with either of the binary
genders and those who identify as non-binary.
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Men Women Non-binary
(Intercept) —4.92 (0.89)*** 11.41 (0.82)*** —21.37 (4.89)***
Education: high school 0.68 (0.09)***  0.74 (0.08)*** 0.01 (0.39)
Education: college 1.23 (0.09)***  1.36 (0.09)*** 0.18 (0.41)
Education: masters 1.40 (0.09)***  1.63 (0.09)*** 0.32 (0.44)
Education: PhD 1.87 (0.11)™**  2.09 (0.10)***  0.17 (0.51)

41.31 (1.24)***
—13.34 (0.42)**"
—1.74 (0.04)***
—1.39 (0.03)***
—3.23 (0.05)***

log (age)

loglo(age)2

Comprehension: understood all words
Comprehension: understood most words
Comprehension: understood some words

20.71 (1.14)***
—6.58 (0.38)***
—1.73 (0.04)***
—1.35 (0.03)***
—3.03 (0.05)***

65.08 (6.89)"**
—21.19 (2.39)**"
—1.69 (0.25)***
—0.70 (0.17)***
—2.58 (0.41)***

Winning (27r) 0.13 (0.01)***

0.11 (0.01)***

0.13 (0.04)**

Self-Reliance (43) 0.05 (0.01)***  0.04 (0.01)*** —0.02 (0.05)
Violence (41r) 0.06 (0.01)*** —0.05 (0.01)*** 0.00 (0.05)
Heterosexual Self-Presentation (24) —0.27 (0.01)*** —0.29 (0.01)*** —0.36 (0.08)***
Risk Taking (8) —0.19 (0.01)*** —0.20 (0.01)***  0.06 (0.05)
Emotional Control (25r) —0.06 (0.01)*** —0.17 (0.01)*** —0.31 (0.04)***
Playboy (36) —0.05 (0.01)*** —0.02 (0.01)**  —0.02 (0.04)
R? 0.120 0.116 0.097
R? 0.120 0.116 0.094
Num. obs. 112,757 130, 801 4,698

| 13

***p < 0.001; **p < 0.01; *p < 0.05

Table 5. Separate models for the score on the Reading the Mind in the Eyes Test for participants who identified as men, women, or
non-binary. Standard errors in parentheses; pre-high school was the reference value for Education; native speaker was the reference for

Comprehension. R? denotes adjusted R2.

5. Study 2

In Study 2, we replicated the Mental Rotations Test (Peters
et al., 1995) and the Spatial Working Memory Task (Duff and
Hampson, 2001).

5.1. Methods

5.1.1. Task

In this study, participants were asked to first complete the Men-
tal Rotations Test followed by the Spatial Working Memory
Task.

The Mental Rotations Test consisted of 10 trials. In
each trial (Figure 6 Left), participants were shown a three-
dimensional shape (the reference) and 4 additional shapes.
Participants were asked to identify which 2 of the additional
shapes were identical to the reference shape, just rotated.

The Spatial Working Memory Task consisted of the partic-
ipant being shown a 4 X 5 board which had a different dot
“hidden” in each square (Figure 6, Right). There were 10 pairs
of dots, each pair had its own color and letter. Participants were
asked to find all 10 pairs of dots by clicking on each square to
look at each dot, with the constraints that they were only able
to look at two dots at a time and that the dots would be hidden
again after each guess regardless of whether the colors matched.

5.1.2. Procedure
This study was also launched on LabintheWild. As with the pre-
vious study, the landing page offered basic information about
the test and it was followed by a detailed consent page. After
that, participants filled a demographics questionnaire where all
questions were optional.

Next, participants were presented with instructions for the
Mental Rotations Test, which included one practice trial, fol-
lowed by the actual test. After that, they were given an option

to take a break before being presented with the instructions
and the main interface for the Spatial Working Memory Task.
After completing both tests, participants were presented
with the abbreviated CMNI questionnaire, followed by a page
asking if they experienced any difficulties during the test, or if
they had any comments. At the very end, they were presented
with the results page showing how they scored on both tests
and how their scores compared to those of other participants.

5.1.8. Participant Recruitment

Most participants arrived at the test site through the
LabintheWild.org main page, mentions on social media (by
other participants), or web search results.

5.1.4. Design and Analysis
We analyzed the data separately for each test using the same
methods as in Study 1.

The main performance measure for the Mental Rotations
Test was the average number of correct choices for each trial
(max 2).

For the Spatial Working Memory Task, we measured the
total number of attempts (one attempt = a pair of squares
uncovered) taken to find all pairs.

Our preliminary analyses showed that age was the only co-
variate that significantly improved the statistical models for
both tests so this is the only covariate used in our analyses. As
before, the relationship between age and performance was best
modeled as log-quadratic for both tests.

5.2. Results

5.2.1. Participants

7,723 participants (3,744 women, 3,713 men, 266 non-binary)
completed the Mental Rotation Test and provided their gender
and age. The Gender Gap Index could be assigned to 6,993
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Mental Rotation Test

Spatial Working Memory Test

Question 5 out of 10

Select the two shapes that are identical to the shape on the left.
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Find all the pairs!
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Figure 6. Left: A trial in the Mental Rotations Test (a participant selected options 1 and 4). Right: The Spatial Working Memory Task interface.

participants (3,382 women, 3,376 men, 235 non-binary). For
the Spatial Memory Working Test, 7,730 participants (3,746
women, 3,717 men, 267 non-binary) completed the task and
provided their gender and age. The Gender Gap Index could
be assigned to 7,000 participants (3,384 women, 3,380 men,
236 non-binary).

Participants who completed the Mental Rotation Test re-
ported having grown up in 166 different countries, with the top
6 most frequently listed being: United States (3,267), United
Kingdom (859), Canada (442), Australia (362), Sweden (225),
and India (217). 87.5% participants reported having spent most
of the past 5 years in the same country in which they grew up.
The numbers for the Spatial Memory Working Test are nearly
identical as the two tests were administered together.

5.2.2. Main Results: Mental Rotations Test

As shown in Table 6, in our mediation analysis we observed a
statistically significant total indirect effect indicating that the
impact of binary gender on the score in the Mental Rotations
Test is mediated through aspects of socialization captured by
the CMNI. The magnitude of the indirect effect is relatively
small: 11.9% of the magnitude of the total effect. Interestingly,
the indirect effect is negative, while the total effect is positive.
This suggests that identifying as a man is associated with a
higher score on this test, but being socialized to conform to
current masculine norms is associated with a decrease in per-
formance. This result supports hypothesis H1, but the support
is weak (small relative magnitude of the indirect effect) and we
acknowledge that we did not expect gender identity and gender
socialization to have opposite effects.

As shown in Table 7, the model in Step 3a, which includes
age, binary gender and CMNI, is a significantly better fit than
the model in Step 2a (AR? = 0.016; F(7,6747) = 19.631; p <
10~1%) which includes only age and binary gender. The relative
magnitude of this improvement in model fit is only 16.3% of the
improvement in fit due to adding binary gender to a model that
only includes baseline covariates (AR? = 0.098; F(7,6754) =
756.91; p < 10~ '%). This result weakly supports hypothesis H2:
CMNI captures relevant information that goes beyond what is
already captured by one’s binary gender but the relative benefit
in terms of model fit is small compared to the benefits of using
a categorical gender variable.

The model in Step 4a, which extends the model in Step 3a
to include interaction terms between binary gender and CMNI

questions did not significantly improve the explanatory power
of the model (AR? = .001; F(7,6740) = 1.5428; n.s.) indicating
that men and women can be modeled together.

Adding GGI to a model that already included age and
gender (Step 3b vs Step 2a) significantly improved model fit
(AR? = 0.013; F(2,6752) = 51.043; p < 1071%) but the
magnitude of the improvement was only 13.3% of the bene-
fit of adding the categorical gender variable to a model that
already contained baseline covariates. Thus hypothesis H3 is
weakly supported for the Mental Rotations Test. Adding in-
teraction effects between gender and GGI (Step 4b vs Step
3b) did not significantly improve model fit (AR? = . — 001;
F(7,6750) = 0.1301; n.s.), indicating that, as with CMNI, men
and women can be modeled together.

5.2.8. Main Results: Spatial Working Memory Task

As shown in Table 8, our mediation analysis showed a statisti-
cally significant total effect of binary gender on the number of
attempts taken to complete the Spatial Working Memory Task:
consistent with prior research, men performed worse (needed to
make more attempts) than women. Consistent with hypothesis
H1, there was also a statistically significant indirect effect of bi-
nary gender on the number of attempts taken to complete the
Spatial Working Memory Task. The indirect effect accounted
for 57.2% of the total effect. This result indicates that a sub-
stantial part of the total gender effect observed on this task was
mediated through aspects of gender socialization captured by
the CMNI.

As shown in Table 9, both hypotheses H2 and H3 are sup-
ported: adding CMNI to a model that contained only baseline
covariates and binary gender significantly improved model fit
(AR? = .012 between Steps 3a and 2a; F(7,6753) = 12.593;
p < 107'%). Similarly, adding GGI to the model in Step 2a also
significantly improved model fit (AR2 = .002 between Steps 3b
and 2a; F(2,6758) = 8.3879; p < 10715). The magnitudes of
these improvements are meaningful compared to the improve-
ment in model fit due to adding binary gender to a model that
contained only baseline covariates (Step 2a vs Step 1) which
was AR? = .002 (F(2,6760) = 14.369; p = 0.0002).

The model that included both CMNI and GGI in addition to
binary gender and baseline covariates (Step 5) was significantly
better than the model in Step 3a which lacked GGI but the
magnitude of the improvement was negligible (AR? < 0.001;
F(2,6751) = 3.3354; p = 0.0357). This suggests that GGI did
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Estimate [95% Cis] -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Total effect 0.253 [0.234,0.27)* ] ——
Direct effect 0.282 [0.264,0.299]* | ——
Total indirect effect -0.030 [-0.036,-0.023* |

Heterosexual Self-presentation (24) -0.023 [-0.028,-0.018]* "E

Risk Taking (8) -0.006 [-0.008,-0.003]* 'E

Violence (411) -0.002 [-0.004,0] f

Winning (27r) 0.000 [0,0.001] |

Self-Reliance (43) 0.000 [-0.001,0] !

Playboy (36) 0.000 [-0.002,0.003] H

Emotional Control (25r) 0.001 [-0.001,0.004] 4

Table 6. Results of mediation analysis for the Mental Rotations Test showing the effect of gender (identifying as a man) on the average
number of correct responses per trial. Overall, men gave 0.253 more correct responses per trial than women (the total effect). The total
indirect effect, which shows how much of the gender effect was mediated through aspects of gender socialization captured by the CMNI, is
significantly different from zero, but it points in the opposite direction from the total effect. This indicates that identifying as a man confers
an advantage on this test, but being socialized to conform to masculine norms is associated with a decrease in performance. * p < .05. The

95% Confidence Intervals were estimated using a casewise bootstrap.

Step 2a: Covariates
& Gender
R?=0.125

Step 1: Baseline
covariates only

AR? = .098*** AR? = .016**

Step 2b: Covariates
& CMNI
R?=0.034

Step 2c: Covariates

AR? = 013

Step 4a: Covariates,
Gender, CMNI & Interactions
R?=0.142

Step 3a: Covariates,
Gender & CMNI
R? = 0.141

AR? = .009"** -
Step 5: Covariates, Gender,

CMNI & GGl
R?=0.150

Step 4b: Covariates,
Gender, GGI & Interactions
R?=0.137

Step 3b: Covariates,
Gender & GGl
R*=0.138

AR? =-.001

Gender & CMNI

Step 3a Step 3b

Gender & GGI

Step 5
Gender, CMNI & GGI

& GGl
R2=0.044
Step 2a
Gender
(Intercept) —1.26 (0.29)**"
logy 4 (age) 3.77 (0.40)***
log,, (age)? —1.33 (0.13)***

—0.78 (0.30)**
3.26 (0.40)***
—1.16 (0.13)***

—2.09 (0.30)***
3.78 (0.39)***
—1.34 (0.13)***

—1.53 (0.31)***
3.33 (0.40)***
—1.19 (0.13)***

Gender (man) 0.26 (0.01)***
Winning (27r)

Self-Reliance (43)

Violence (41r)

Heterosexual Self-Presentation (24)

Risk Taking (8)

0.28 (0.01)*** 0.25 (0.01)*** 0.28 (0.01)***

0.00 (0.00) 0.00 (0.00)
0.01 (0.00)* 0.01 (0.00)*
—0.01 (0.00) —0.00 (0.00)

—0.03 (0.00)***
—0.02 (0.00)***

—0.02 (0.00)***
—0.02 (0.00)***

Emotional Control (25r) 0.00 (0.00) 0.00 (0.00)
Playboy (36) ~0.00 (0.00) ~0.00 (0.00)
GGI (country of childhood) 0.99 (0.21)*** 0.83 (0.21)**~
GGI (main residence in last 5 years) 0.16 (0.22) 0.13 (0.21)
R? 0.125 0.143 0.138 0.152
R? 0.125 0.141 0.138 0.150
Num. obs. 6758 6758 6758 6758

***p < 0.001; **p < 0.01; *p < 0.05

Table 7. Results of regression analyses for the Mental Rotations Test. The diagram above shows the model hierarchy and summarizes
the results. Model in Step 3a is a significantly better fit than the model in Step 2a indicating that CMNI captured relevant information
not already captured by binary gender. Adding GGI to the model that already included covariates and gender (Step 3b vs Step 2a) also

significantly improved model fit. Standard errors in parentheses; pre-

the reference for Comprehension. R? denotes adjusted R2.

high school was the reference value for Education; native speaker was



16 | Hagen, Miratrix, and Gajos

Estimate [95% Cis] 0 0.5 1 1.5 2 2.5 3

Total effect 1.810 [1.053,2.599]* | i
Direct effect 0.775 [-0.024,1.585] s
Total indirect effect 1.035 [0.742,1.35]* —

Heterosexual Self-presentation (24) 0.795 [0.58,1.015]* _E—'

Risk Taking (8) 0.192 [0.094,0.288]* [

Violence (41r) 0.137 [0.023,0.241]* =

Playboy (36) 0.012 [-0.107,0.128]

Winning (27r) 0.010 [-0.016,0.035] L

Self-Reliance (43) 0.009 [-0.012,0.028] ¥

Emotional Control (25r) -0.103 [-0.224,0.018] —f

Table 8. Results of mediation analysis for the Spatial Working Memory Task. Men made on average 1.81 more attempts to complete the task
than women (the total effect). The total indirect effect was significantly different from zero, indicating that the gender effect was mediated
through aspects of gender socialization captured by CMNI. * p < .05. The 95% Confidence Intervals estimated using a casewise bootstrap.

Step 4a: Covariates,
Gender, CMNI & Interactions
R?*=0.048

Step 1: Baseline | A2 _ oo+ |Step 2a: Covariates
covariates only & Gender

R?=0.034 _ R?=0.036
AR =014

AR? = 012+ | Step 3a: Covariates,
Gender & CMNI
R?=0.048

AR? < .001

~ _>\ AR? < .007*
> Step 2b: Covariates - Step 5: Covariates, Gender,
AR*=.002"" | & CMNI AR?=_002"** CMNI & GGI

_ R?*=0.048
AR? = 010"

| R?*=0.048

Step 2c: Covariates

Step 3b: Covariates, Step 4b: Covariates,

& GGl Qender & GGl ARZ < 007 C_aender, GGl & Interactions
R?=0.036 R?=0.038 R?=0.038
Step 2a Step 3a Step 3b Step 5
Gender Gender & CMNI Gender & GGI Gender, CMNI & GGI

(Intercept) 195.43 (13.15)***  177.17 (13.46)***  210.93 (13.67)*** 187.86 (14.09)***
log,, (age) —218.44 (17.94)*** —200.41 (18.16)*** —218.02 (17.95)***  —200.86 (18.17)***
log,, (age)? 77.20 (6.04)*** 71.43 (6.10)*** 77.18 (6.04)*** 71.64 (6.11)***
Gender (man) 1.59 (0.42)*** 0.56 (0.44) 1.69 (0.42)*** 0.67 (0.45)
Winning (27r) 0.16 (0.14) 0.16 (0.14)
Self-Reliance (43) —0.16 (0.14) ~0.16 (0.14)
Violence (41r) 0.34 (0.14)* 0.33 (0.14)*
Heterosexual Self-Presentation (24) 0.96 (0.13)"** 0.91 (0.13)"*~
Risk Taking (8) 0.61 (0.15)*** 0.59 (0.15)***
Emotional Control (25r) —0.20 (0.13) —0.19 (0.13)
Playboy (36) 0.01 (0.14) 0.01 (0.14)
GGI (country of childhood) —12.68 (9.47) —6.19 (9.45)
GGI (main residence in last 5 years) —9.21 (9.85) —7.84 (9.80)
R? 0.037 0.049 0.039 0.050

R? 0.036 0.048 0.038 0.048
Num. obs. 6764 6764 6764 6764

***p < 0.001; **p < 0.01; *p < 0.05

Table 9. Results of regression analyses for the Spatial Working Memory Task. The diagram above shows the model hierarchy and summarizes
the results. The key results are the significant differences between Steps 3a/3b and 2a, which demonstrate that both CMNI and GGI capture
relevant information that goes beyond what is already captured by binary gender. Standard errors in parentheses; pre-high school was the
reference value for Education; native speaker was the reference for Comprehension. R? denotes adjusted R?.
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not include much relevant information that was not already
captured by CMNI.

As shown in the model hierarchy diagram above Table 8,
adding interaction terms between CMNI and binary gender
(AR? < 0.001; F(7,6746) = 1.01; n.s) or between GGI and
binary gender (AR? < 0.001; F(2,6756) = 0.7834; n.s) did
not significantly improve model fits suggesting that men and
women can be modeled together.

5.2.4. Additional Analyses

Because of a much smaller sample size for these tests compared
to the Reading the Mind in the Eyes Test, we did not conduct
the additional analyses for these tests.

6. Discussion

Prior research in HCI and cognitive psychology has demon-
strated that men and women systematically perform differently
on a range of cognitive tasks. We have reproduced three such
tasks. Our results present several converging strands of evidence
showing that quantitatively modeling gender socialization helps
account for the observed differences.

First, in all three studies, a significant portion of the effect
of binary gender was mediated through the individual differ-
ences in gender socialization as measured by a subset of the
Conformity to the Masculine Norms Inventory (CMNTI).

Further, in all three studies, when regression models of task
performance included both the binary gender and CMNI, they
explained significantly more variance in the task performance
than models that did not include CMNI. These results suggest
that there exist individual differences in gender socialization
(as captured by CMNI) that are consequential for task perfor-
mance and that are not captured when gender is represented as
a categorical variable.

Lastly, we showed that society-level differences in attitudes
toward women (as measured by the Gender Gap Index or GGI)
were also significantly associated with how people from different
countries performed on all three tasks. These results, combined
with the statistically significant associations between GGI and
CMNTI observed in Study 1, add further evidence that social-
ization contributes to the development of consequential gender
differences.

For two of the studies (Reading the Mind in the Eyes Test
and the Spatial Working Memory Task), the observed effects
were not only statistically significant but also meaningfully
large. For those studies, more than half of the effect of binary
gender was mediated through CMNI and the additional vari-
ance explained by CMNI and GGI in regression analyses was
as large or larger than the variance explained by the binary gen-
der variable. For the Mental Rotation Test, all the effects were
relatively small and might be of limited scientific or practical
significance.

Our results add support to previous research (e.g., Carothers
and Reis (2013)) arguing that in some quantitative research
gender may be best modeled as a multidimensional construct
rather than a single categorical variable. Although Heterosexual
Self-Presentation was primarily responsible for the mediation
effects in all of our studies, in the regression analyses at least
two distinct CMNI dimensions were significantly associated
with the participants’ performance in each of the studies.

This said, based on our results, we are not confident
that CMNI is the right instrument to model gender social-
ization. There are two reasons for this. First, Heterosexual

Self-Presentation—the most impactful CMNI construct in all
three studies—is a more complex construct than it at first
appears. Second, our analyses suggest that CMNI captures rel-
evant gender-related experiences and attitudes of non-binary
individuals differently from how it models binary men and
women. These concerns impact the precision and universality of
CMNTI as a tool for modeling gender. We address each of these
two concerns below.

Additionally, our preliminary analyses related to intersec-
tional identities in the context of the first study yielded mixed
results. On the one hand, when we disaggregated the data by
national culture (11 countries) or when we disaggregated the
data from US participants by race and ethnicity (5 groups), we
found support for hypotheses H1 and H2 in all the subgroups.
However, despite some indication that CMNI generalizes across
race and ethnicity (Kivisalu et al., 2015; Hsu and Iwamoto,
2014) the degree to which CMNI mediated the effect of gen-
der categories and the degree to which CMNI helped model
participants’ performance in the regression analyses varied
considerably across these subgroups.

6.1. Heterosexual Self-Presentation

In all three studies, heterosexual self-presentation shows up as
the strongest and most significant of the CMNI constructs we
included in our questionnaire when modeling the behavior of
people who identify with binary genders. Although heterosex-
ual self-presentation seems to be a specific and narrow part of
gender socialization and performance, it is in fact tied to several
other gender norms and broader concepts. Most importantly,
this factor is likely tied to anti-femininity (e.g., Wilkinson
(2004)). Indeed, in the original CMNI development paper,
Mabhalik et al. (2003) originally called this construct “disdain
for homosexuals” and found that this factor specifically re-
lated to anti-femininity and restrictive affectionate behavior
between men. In “Homophobia Among Men,” Lehne (1976)
argues that homosexual activities are generally grouped with
women'’s activities and interests, which suggests that (predom-
inantly male) homosexuality is put in opposition to masculinity.
Lehne argues that this is largely because emotion and affection
between two men is seen as more feminine, since only women
are allowed to be affectionate with each other in that way (pla-
tonically). Creating any sort of emotional bond with another
man, then, painted a man as emotionally vulnerable and overly
affectionate, and thus extremely feminine.

In this way, Lehne claims that homophobia is used to “main-
tain male roles” by reinforcing masculinity and appropriate
types of relations between men who should be strong, invulner-
able, and unemotional (Lehne, 1976). Similarly, in “Patterns of
gender role conflict and strain: Sexism and fear of femininity in
men’s lives,” O’Neil (1981) argues that the “fear of femininity
is central to understanding male homophobia” and that when
men fear their feminine side they are scared that people will see
them as “stereotypically and negatively feminine (e.g., weak,
dependent, submissive) rather than positively masculine”. He
argues that men and some women fear exposing their feminine
side because it will result in their own devaluation.

This work allows us to begin to understand not just male
homophobia but homophobia in general. While it may be intu-
itive that women who conform more to feminine norms would
be more homophobic and more resistant to changing gender
roles (especially in same-gender relationships), our results sug-
gest that a majority of women are much less homophobic and
much more comfortable with being perceived as not straight
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than men. One potential explanation for this is that to be
homophobic is to resist emotional and affectionate relation-
ships with those of the same gender, per Lehne. In this sense,
women who resist emotional relationships with other women,
who might also fear exposing their feminine side because of
the devaluation of those traits in our society, would begin to
conform to more masculine norms of being less emotional, af-
fectionate, vulnerable, etc. The ties between homophobia and
emotional connections with those of the same gender also speak
to the general conception that homosexuality aligns much more
with femininity and feminine norms than with masculinity and
masculine norms.

In conclusion, we are concerned that heterosexual self-
presentation is a distant (and therefore noisy) symptom of a
more fundamental set of attitudes. In future research, it may
be valuable to replace it with several more granular and more
precise constructs.

6.2. Difficulty in Modeling the Experiences of
Non-Binary Individuals

Our results suggest that at least some of the CMNI items may
capture different underlying constructs for non-binary individ-
uals compared to individuals who identify with either of the
binary genders. For example, when we compared how people of
different genders scored on the 7 CMNI questions (Figure 3), we
found that people who identified as men generally scored signifi-
cantly higher (i.e., conformed more with masculine norms) than
women. However, people who identified as non-binary some-
times scored significantly higher, sometimes scored significantly
lower and sometimes scored in the same range as individuals
identifying as either men or women.

Specifically, non-binary individuals reported significantly
higher scores on the Self-Reliance item than either men or
women, which could potentially be explained by the fact that
non-binary people are subject to higher rates of physical and
sexual assault as well as general harassment, loss of parental
support, homelessness, unemployment, etc. (Liszewski et al.,
2018). These experiences may result in non-binary people
being—by necessity—more independent and self-reliant than
people who have not experienced frequent discrimination. Thus,
while people who identify as men may strive to be self-reliant
to appear invulnerable and to limit their emotional expres-
siveness (Mahalik et al., 2003), non-binary individuals may be
self-reliant as a result of their experience resisting discrimina-
tion and marginalization (Robinson and Schmitz, 2021). This
argument may extend to people holding other marginalized
identities as well.

Three other constructs (Heterosexual self-presentation,
Playboy, and Winning) might also mean something entirely
different for non-binary individuals compared to those who
identify as either men or women. When someone identifies as
outside of the gender binary, heterosexuality becomes a difficult
concept to apply, because there is not just one “opposite” or
“other” gender. Heterosexuality is based in the gender binary,
therefore for those who identify as non-binary, it would make
sense for them to have little concern about appearing queer in
any way, since they most likely do not identify as heterosex-
ual. Similarly, the queer community as a whole generally holds
more open-minded views about non-monogamy (another way to
“queer” the heteronormative relationship) (Carlstrém and An-
dersson, 2019), and as part of that community, it would make
sense that non-binary people might be more open and sup-
portive of that. With these two claims, it makes sense that in

our results, non-binary people assigned much lower importance
to Heterosexual Self-Presentation than either men and women,
and that they expressed a stronger desire to have multiple rela-
tionships (reflected in the Playboy construct) than either men
or women. Finally, non-binary people also scored lower than
either men and women on the importance of Winning, which
might tie into the construct of competition embedded into the
idea of heterosexual, monogamous relationships (Lehne, 1976),
which, again, may be much less valid or relevant to those who
identify outside the gender binary.

These sorts of variance in the specific experiences of non-
binary people compared to men and women highlight reasons
why different constructs in CMNI might be more applicable
or accurate in terms of capturing gender socialization for non-
binary people than the constructs most significant for men
and women. Additionally, because of the ties between non-
binary gender identity and a non-straight sexual orientation,
it is also possible that the membership in this group reflects
more information than just gender identity (i.e., more specific
lived experiences, sexuality, feelings about monogamy, etc.).
This suggests that other groups within the categories of men
and women might also have similarly different relationships to
CMNI based on sexuality or other markers that suggest some
sort of “queerness.”

Further research would need to be done to conclude a more
full explanation of these varying results, but it is important to
continue to develop these sorts of questionnaires with an at-
tempt to make questions the most universally applicable (i.e.,
perhaps excluding questions related to sexuality). Our results
suggest that CMNI is not the universal way to capture gen-
der socialization—as illustrated by the results in Section 4.2.5
where the regression models linking gender socialization to the
performance on the Reading the Mind in the Eyes test were
significantly different for non-binary individuals compared to
those who self-identified as fitting within the gender binary.
Instead, to fully capture gender socialization and conformity
to gender norms, we need a different, more inclusive instru-
ment that takes into account a wider variety of experiences and
constructs.

6.3. Additional Observations

It is noteworthy that in all three studies, being socialized to
conform to masculine norms resulted in poorer task perfor-
mance. We observed this outcome even on the Mental Rotations
Test where men generally perform better than women. On that
test, identifying as a man was associated with better perfor-
mance, but both the mediation analysis and the regression
analyses showed that higher (i.e., more masculine) scores on
Heterosexual Self-Presentation and on Risk-Taking resulted in
reduced performance. While this result may appear counterin-
tuitive, there exists prior research that found opposing effects of
sex and gender (e.g., among older adults, female sex was found
to be positively associated with cognitive performance while
higher femininity scores were negatively associated with cogni-
tive performance (Pohrt et al., 2022)). This finding, we believe,
makes the value of explicitly modeling gender socialization even
more apparent.

6.4. Limitations

Beyond the issues with CMNI as related to non-binary partic-
ipants, the abbreviated CMNI version we used likely increased
the measurement variance compared to the full CMNI-29 in-
strument and also potentially provided some limitations in the
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level of nuance we were able to capture regarding participants’
gender socialization. In our results, the gender socialization in-
formation captured by CMNI produced a much smaller effect
on the score for the Mental Rotations Test than for the two
other studies. While these results could point to the mental ro-
tation requiring skills that are tied more to other factors than
socialization, an alternative explanation is that the CMNI ques-
tionnaire we used was not comprehensive enough to capture all
relevant aspects of gender socialization.

Our studies only captured information about a person’s cur-
rent gender. Thus, our results are not representative of people
who transitioned genders or who are gender fluid.

Finally, while there is evidence that translated versions of
CMNI tested across some cultures remained valid (e.g., French
Canadian and Russian (Krivoshchekov et al., 2022; Jbilou et al.,
2021)), the Chinese version did not reach the same level of re-
liability as the Western ones (Rochelle and Yim, 2015). Thus,
it is possible that CMNI itself does not capture notions of mas-
culinity equally well across all contemporary cultures or that it
will not remain informative in the future.

7. Conclusion and Implications for Quantitative
Research in HCI

Our results demonstrate that gender socialization can measur-
ably impact human performance on tasks related to such basic
cognitive skills as theory of mind and spatial working mem-
ory. Specifically, given that the effects of categorical gender in
some of our studies were substantially mediated through gender
socialization, it suggests that differences in task performance
associated with gender categories may not be universal. Peo-
ple from different cultures today, or future generations, may
be socialized differently and may, therefore, not exhibit the
same performance differences as today’s participants from one
particular culture. It may be more robust, therefore, to use
specific gender-related constructs—rather than broad gender
categories—to construct our models and theories of how gender
impacts behavior.

In our studies, we used CMNI as a set of measures of
different dimensions of gender socialization. This choice was
valuable in our work because it helped make apparent the
link between socialization and performance on seemingly un-
related tasks. CMNI is not necessarily the best choice for all
projects, however. First, our results demonstrated that CMNI
may not support inclusive modeling of participants of all gen-
ders. Second, the CMNI constructs may not be scientifically
the most informative for every research question. For exam-
ple, in the GenderHCI work summarized in Section 2.2, other
gender-related constructs such as self-efficacy, motivations, at-
titude toward risk, and information processing strategies were
identified in the literature as relevant to people’s effective use
of software tools. Using these theoretically-grounded dimen-
sions instead of gender categories is allowing the authors to
construct more accurate and more inclusive theories for how to
design software that effectively supports many different types
of users. However, in areas where strong theoretical foundations
do not yet exist, measures of gender socialization (ideally more
generally applicable than CMNI) can be a good starting point.

8. Positionality Statement
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gender.
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background. She has a joint major in Women, Gender, and Sex-
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A. Intersectionality Analyses for Study 1

This appendix presents the detailed intersectionality results

discussed in Section 4.2.4.



Asian or Asian American
est [95% Cl]

Black or African American
est [95% Cl]

Latino / Latina or Hispanic
est [95% Cl]

Latino / Latina or Hispanic,Whit| White

est [95% Cl]

est [95% ClI]

Total effect
Direct effect
Totalindirect effect

-0.890 [-1.094,-0.751]
-0.536 [-0.727,-0.382]
-0.355 [-0.428,-0.307]

-0.377 [-0.636, -0.195]
0.050 [-0.209, 0.262]
-0.427 [-0.551,-0.334]

-0.756 [-0.915,-0.579]
-0.376 [-0.540,-0.197]
-0.380 [-0.444,-0.313]

-0.443 [-0.699, -0.204]
-0.083 [-0.371,0.173]
-0.360 [-0.463,-0.242]

-0.648 [-0.722,-0.582]
-0.341 [-0.424,-0.268]
-0.307 [-0.333,-0.278]

Winning (27r)
Self-Reliance (43)
Violence (41r)

Heterosexual Self-presentation (24)

Risk Taking (8)
Emotional Control (25r)

-0.004 [-0.015, 0.005]
-0.004 [-0.008, 0.001]
-0.006 [-0.022, 0.009]
-0.300 [-0.358, -0.257]
-0.015 [-0.036, 0.005]
-0.015 [-0.031, 0.001]

0.027 [0.007,0.038]

-0.022 [-0.051, -0.009]
-0.023 [-0.044, -0.004]
-0.308 [-0.384,-0.223]
-0.064 [-0.104,-0.033]
-0.040 [-0.066, -0.013]

0.031 [0.014, 0.042]

-0.020 [-0.031, -0.008]
0.001 [-0.015,0.021]
-0.216 [-0.272,-0.167]
-0.063 [-0.088,-0.039]
-0.055 [-0.074, -0.035]

0.016 [-0.008, 0.040]
0.002 [-0.009, 0.015]
0.010 [-0.025, 0.048]
-0.253 [-0.333,-0.171]
-0.030 [-0.061,-0.003]
-0.073 [-0.106, -0.034]

0.020 [0.014, 0.025]

-0.001 [-0.002, 0.000]
0.006 [-0.005, 0.020]
-0.188 [-0.206, -0.168]
-0.049 [-0.057,-0.039]
-0.099 [-0.112,-0.088]

Playboy (36) -0.013 [-0.037,0.008] -0.001 [-0.045, 0.046] -0.052 [-0.085,-0.021] -0.032 [-0.059,-0.001] 0.004 [-0.0083, 0.012]
N 10018 5526 10071 3326 57867
Table 10. Results of mediation analyses for the Reading the Mind in the Eyes test disaggregated by race and ethnicity.
Australia Brazil Canada France Germany India

est [95% Cl]

est [95% Cl]

est [95% Cl]

est [95% Cl]

est [95% Cl]

est [95% Cl]

Total
Direct
Indirect

-0.52 [-0.695,-0.344]
-0.109 [-0.294, 0.076]
-0.411 [-0.482,-0.338]

-0.447 [-0.776,-0.125]
-0.295 [-0.656, 0.051]
-0.152 [-0.250,-0.046]

-0.536 [-0.685,-0.370]
-0.144 [-0.307, 0.033]
-0.392 [-0.465,-0.316]

-0.81 [-1.148,-0.505]
-0.558 [-0.914,-0.232]
-0.252 [-0.397,-0.109]

-0.615 [-0.856,-0.362]
-0.247 [-0.497,0.007]
-0.368 [-0.456,-0.272]

-0.995 [-1.182,-0.769]
-0.526 [-0.729,-0.286]
-0.469 [-0.571,-0.364]

Winning (27r)
Self-Reliance (43)
Violence (41r)

0.013 [0.002,0.021]
-0.003 [-0.013,0.004]
-0.054 [-0.084,-0.022]

0 [-0.007,0.007]
-0.003 [-0.017,0.011]
0.009 [-0.008, 0.024]

0.013 [0.004,0.025]
-0.001 [-0.003,0.002]
-0.004 [-0.035,0.022]

0.005 [-0.015,0.018]
-0.001 [-0.013,0.010]
0.003 [-0.023, 0.032]

0.007 [-0.003,0.017]
-0.003 [-0.012,0.004]
-0.013 [-0.039,0.018]

-0.121 [-0.153,-0.085]
0 [-0.007,0.007]
-0.003 [-0.011, 0.006]

Heter LSelf-p ion (24) -0.234 [-0.282,-0.184] -0.112 [-0.181,-0.036] -0.229 [-0.282,-0.181] -0.098 [-0.203,0.010] -0.232 [-0.304,-0.156] -0.192 [-0.261,-0.124]
Risk Taking (8) -0.035 [-0.055,-0.013] -0.031 [-0.065, -0.003] -0.065 [-0.088, -0.047] -0.043 [-0.076,-0.012] -0.067 [-0.089, -0.032] -0.106 [-0.141,-0.067]
Emotional Control (25r) -0.091 [-0.124,-0.060] -0.012 [-0.048, 0.030] -0.082 [-0.115,-0.050] -0.088 [-0.163,-0.012] -0.073 [-0.116,-0.030] 0.009 [-0.008, 0.024]
Playboy (36) -0.004 [-0.027,0.019] -0.002 [-0.041,0.039] -0.019 [-0.038,0.005] -0.033 [-0.086,0.025] 0.008 [-0.019, 0.032] -0.06 [-0.108, -0.007]
N 9260 2533 9312 1992 4662 6477
Netherlands Philippines Russian Federation United Kingdom Unied States
est [95% ClI] est [95% Cl] est [95% Cl] est [95%Cl] est [95%Cl]

Total -0.521 [-0.757,-0.217] -0.475 [-0.669, -0.255] -0.72 [-1.077,-0.365] -0.413 [-0.555, -0.282] -0.577 [-0.632, -0.528]

Direct -0.005 [-0.223,0.334] -0.116 [-0.327,0.126] -0.558 [-0.966,-0.146] -0.092 [-0.235,0.042] -0.249 [-0.306,-0.199]

Indirect -0.516 [-0.709, -0.376] -0.36 [-0.443,-0.280] -0.162 [-0.298, -0.032]

-0.321 [-0.369, -0.275]

-0.327 [-0.344,-0.310]

Winning (27r)
Self-Reliance (43)
Violence (41r)

Heterosexual Self-presentation (24)

0.017 [-0.012, 0.048]
-0.025 [-0.050,-0.002]
-0.006 [-0.041,0.029]
-0.284 [-0.416,-0.182]

-0.034 [-0.060,-0.010]
-0.005 [-0.019, 0.009]
0.005 [-0.003,0.013]
-0.235 [-0.296, -0.166]

-0.022 [-0.036, 0.010]
-0.001 [-0.013,0.010]
0.007 [-0.029, 0.044]
-0.13 [-0.212,-0.035]

0.008 [-0.002,0.017]

0 [-0.003,0.001]
-0.001 [-0.022,0.022]
-0.141 [-0.175,-0.106]

0.021 [0.017,0.024]

-0.002 [-0.003, -0.001]

-0.006 [-0.014,0.002]
-0.2 [-0.214,-0.186]

Risk Taking (8) -0.122 [-0.191,-0.059] -0.032 [-0.047,-0.011] -0.036 [-0.090, 0.008] -0.021 [-0.040, -0.005] -0.044 [-0.050,-0.038]
Emotional Control (25r) -0.117 [-0.178,-0.059] 0.011 [-0.002,0.021] -0.012 [-0.069, 0.041] -0.171 [-0.199,-0.143] -0.085 [-0.094,-0.077]
Playboy (36) 0.02 [-0.034, 0.066] -0.076 [-0.104,-0.048] 0.024 [-0.037,0.076] 0.007 [-0.014, 0.026] -0.011 [-0.017,-0.005]
N 2713 6624 2224 17323 99158

Table 11. Results of mediation analyses for the Reading the Mind in the Eyes test disaggregated by country.
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Black or Latino/Latina

AsianorAsian African Latino/Latina or Hispanic and
American American or Hispanic White White
R step1(Covariates only) 0.077 0.074 0.076 0.068 0.061
R*  step2a(Covariates and gender) 0.088 0.076 0.084 0.072 0.068
R? Step 2b (Covariates and CMNI) 0.099 0.093 0.101 0.093 0.082
R Step 3a (Covariates, Gender and CMNI) 0.103 0.093 0.103 0.093 0.083
AR: Step2a-Step1 0.011 0.002 0.008 0.003 0.007
AR'; Step2b-Step 1 0.023 0.019 0.025 0.024 0.020
AR* Step 3a- Step2a 0.015 0.018 0.019 0.021 0.015
N 9593 5275 9690 3267 56841

Table 12. Results of regression analyses for the Reading the Mind in the Eyes test disaggregated by race and ethnicity.

Russian United United

Australia Brazil Canada France Germany India Netherlands Philippines Federation Kingdom States

R Step 1 (Covariates only) 0.124 0.043 0.098 0.026 0.087 0.068 0.049 0.027 0.059 0.052 0.075
R Step 2a (Covariates and gender) 0.127 0.046 0.102 0.037 0.093 0.078 0.053 0.030 0.066 0.054 0.080
R Step 2b (Covariates and CMNI) 0.146 0.051 0.118 0.045 0.107 0.101 0.076 0.050 0.068 0.072 0.095
R Step 3a (Covariates, Gender and CMNI) 0.146 0.052 0.118 0.048 0.108 0.103 0.076 0.050 0.072 0.072 0.095
AR* Step2a- Step1 0.003 0.003 0.004 0.011 0.005 0.011 0.003 0.003 0.008 0.003 0.005
AR? Step2b- Step1 0.022 0.008 0.020 0.018 0.020 0.033 0.027 0.022 0.010 0.020 0.020
AR? Step 3a - Step2a 0.019 0.006 0.016 0.011 0.015 0.025 0.023 0.020 0.006 0.017 0.016
N 9260 2533 9312 1992 4662 6477 2713 6624 2224 17323 99158

Table 13. Results of regression analyses for the Reading the Mind in the Eyes test disaggregated by country.
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