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Comparisons between single-sex (SS) and coeducational (CE) schools are often limited in design. Associations
between SS schooling and gender cognitions remain especially unclear. We compared gender cognitions in
students from SS versus CE high schools. A longitudinal design addressed long-term reciprocal effects, and
propensity score matching addressed preexisting (confounding) differences between SS and CE students.
During the final year of high school (N = 667) and again following graduation (N = 463), students completed
measures of gender salience, gender stereotypes, felt pressure for gender conformity, and exposure to gender
equality. Before graduation, SS students were more gender salient about self, reported more exposure to gender
equality, and had less pressure for gender conformity. The magnitudes of these SS—CE differences were small
but did not change significantly over time. However, gender salience about self did not predict or mediate other
gender cognitions as often hypothesized, and there were no differences in gender salience about others or in
gender stereotypes. We conclude that SS schooling is related to some gender-related cognitions both prior to
and following high school graduation. However, findings are neither consistently supportive nor critical of
either type of schooling. SS schooling was positively related to students’ attention to their own gender, but
how this attention relates to other gender cognitions may vary across individuals in ways that need further
research. Our design innovations and inclusion of debated yet understudied outcomes contribute to a fuller
evaluation of SS versus CE schooling by examining long-term development and by expanding the outcomes
evaluated.
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Educational Impact and Implications Statement

We employed a novel rigorous design that followed students longitudinally before and after their high
school graduation and examined understudied outcomes (i.e., gender cognitions) to evaluate single-sex
versus coeducational schooling more fully. Single-sex, compared to coeducational, high school students
are slightly more conscious of their gender but are no more or are less gender-typed in some other gender
cognitions. High school students’ gender cognitions undergo temporal changes regardless of school

type.
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Gender segregation prevails across the life span as preferences for
own-gender groups begin as early as the preschool years and con-
tinue across life. It reinforces gender differences in conversational
styles and activity preferences, strengthens ingroup—outgroup
biases, supports gender-based power asymmetries in dating scripts,
and promotes further segregation in interpersonal relationships
(Leaper, 2022; Mehta & Strough, 2009). A common institutional
form of gender segregation occurs in schools in which boys and
girls are segregated into single-sex (SS) schools or classes. This
form of institutional gender segregation exists at all levels of educa-
tion globally and may have far-reaching developmental impacts
(Leaper, 2022; Liben, 2015; Pahlke & Hyde, 2016). Although the
popularity of SS education has declined over time in some countries,
it remains common in others. For example, 24%-31% of indepen-
dent schools in Britain and Australia are SS (Cooper, 2010). In the
United States, a legal revision in 2006 led the number of SS public
schools to surge (Liben, 2015) from two in 1996 to 100 in 2014
(Riordan, 2011). Some Chinese cities have also resorted to all-boys
programs in an attempt to improve boys’ performance and manhood
(Agence France-Presse, 2013). This revival, coupled with uncer-
tainty over the consequences of SS education, has resulted in highly
visible debates among SS education practitioners and researchers
(Halpern et al., 2011; Liben, 2015; Pahlke & Hyde, 2016; Sax,
2011; Signorella & Bigler, 2013), and in legal battles that saw the
closure of many SS classes or schools in U.S. public education
(Brown, 2013). Nevertheless, SS schools continue to exist across
the globe and gender segregation is common within otherwise coed-
ucational (CE) schools (e.g., in physical or health education classes).
Thus, it is unsurprising that comparisons of SS versus CE education
remain of great interest to academicians and the public (Robinson
et al., 2021).

The current study fills in important research gaps by empirically
comparing SS and CE school students on gender cognitions. We col-
lected longitudinal data to allow us to compare SS and CE systems at
two points in students’ educational careers. The first wave of data
collection was scheduled during students’ final year of high school
and the second was roughly 1.5 years following graduation. This
schedule thus bridged an important social transition that differed for
SS versus CE students with respect to whether there was, or was
not, a dramatic change in the gendered nature of their daily interac-
tions. Thus, our design addressed (a) group comparisons between
SS and CE students, (b) within-person comparisons across time before
and after graduation and whether these comparisons were moderated
by SS—CE group membership, and (c) whether individual’s varying
levels of gender salience—that is, the degree to which gender is read-
ily accessible, made conscious, and relevant to an individual’s cogni-
tive schemas or when making classifications—was related to SS—-CE
differences in other cognition outcomes.

Apart from providing valuable empirical data relevant for a theo-
retical debate about links between school structure (SS vs. CE) and
gender cognitions such as gender salience, findings that increase
understanding of these three issues will contribute to educators’
increased understanding of the consequences of differing school
structures and ultimately help educators design educational interven-
tions that take gendered structure into account.

It is important to note here that the term “gender salience” has
been used in various ways by previous researchers, and no one
meaning or measure of the label or concept is universally endorsed.
Some research has focused on gender salience as a person variable.

Illustrative is the distinction between gender schematic versus gender
aschematic people made by Bem (1981) and the distinction between
children with stronger versus weaker gender salience filters proposed
by Liben and Bigler (2002). Other work has focused on gender sali-
ence as an environmental variable, for example, distinguishing
between environments that highlight versus ignore gender in language
(Bigler & Leaper, 2015; Palomares, 2008), in classroom gender com-
position (Fabes et al., 2015, 2018), or in laboratory experiments that
manipulated ad hoc group gender composition (Cota & Dion, 1986).
Yet other work has emphasized the inseparable or “relational” impor-
tance of person-centered and context-centered constructs, an approach
exemplified in developmental intergroup theory (DIT; Bigler & Liben,
2006, 2007; see Liben, 2014). Consistent with DIT, in various works
developed from the distinctiveness theory (McGuire, 1984), gender
salience is conceptualized as showing contextual differences along fac-
tors such as group proportion and distinctive traits relative to other
people in a given situation (environmental variable; e.g., Cota &
Dion, 1986; McGuire & Padawer-Singer, 1976; McGuire et al.,
1979). However, the situation can be both transient (e.g., ad hoc
group gender composition; Cota & Dion, 1986) or chronic or rela-
tively long-term (e.g., family gender composition and classroom gen-
der composition; McGuire & Padawer-Singer, 1976; McGuire et al.,
1979). Chronic situations can give rise to individual differences in
gender salience (e.g., McGuire et al., 1979; Wood & Eagly, 2015).
It would be beyond the scope of a single empirical article to review
the many past uses of the term gender salience. It would be valuable if
future work clarified and compared interpretations of gender salience
in more detail. For the current article, we draw our use of gender sali-
ence from related research stemming from social identity theory and
cognitive developmental theory (including the DIT) and distinctive-
ness theory that define gender salience as the extent to which someone
uses gender for making membership categorizations or judgments,
reflecting their consciousness of and attention to gender (Bigler &
Liben, 2006, 2007; Cota & Dion, 1986; Liben, 2017; McGuire,
1984; McGuire & Padawer-Singer, 1976; McGuire et al., 1979;
Mehta, 2015; Palomares, 2008; Serbin & Sprafkin, 1986; Wong
et al., 2018). Because situational factors such as the gender composi-
tion of one’s school are relatively chronic and because person-centered
and context-centered constructs are inseparable (Bigler & Liben, 2006;
see Liben, 2014), we conceptualize gender salience as both a person
attribute and a situational variable (see also Wood & Eagly, 2015).

The Debate About Gender Salience in SS Versus
CE Schools

Recent reviews have questioned the alleged academic advantages
of SS over CE education, arguing that advantages previously reported
for SS schools instead resulted largely from differences in student
socioeconomic status and prior levels of academic achievement
(Pahlke, Hyde, & Allison, 2014; Signorella et al., 2013). Those who
criticize SS education often assert that SS settings will lead students
to have higher gender salience, that is, to be more attentive to gender
than their CE counterparts. However, the assertion that gender salience
is greater among SS students has rarely been tested empirically in
actual school settings. It has been theorized that highly gender-salient
people view others through gendered lenses and make more gender-
based categorizations (Bigler & Liben, 2006, 2007; Liben & Bigler,
2002, 2017), possibly intensifying gender segregation and reinforcing
gender stereotypes. There have been experimental studies designed to
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model highly gender-salient settings. For example, when teachers cre-
ate gender-salient environments (e.g., use more gender-specific lan-
guage or asking boys and girls to line up separately), children
develop stronger gender stereotypes, interact less with other-gender
peers, and view other-gender peers less positively (Hilliard & Liben,
2010). Gender salience may also have broader impacts, including deter-
ring individuals from pursuing courses and careers that are perceived as
inappropriate for their own gender (Bigler & Liben, 2006, 2007). A
contradictory hypothesis is given by advocates of SS schooling (e.g.,
Sax, 2011). For example, advocates posit that SS environments reduce
gender salience because there is no opportunity for teachers to treat
boys and girls differentially within the same school or classroom as
all students are of the same gender. Proponents of SS schools also
argue that these contexts provide increased exposure to gender equality,
especially in all-gitls schools. In contrast, critics of SS contexts (e.g.,
Halpern et al., 2011; Liben, 2015; Pahlke & Hyde, 2016) posit that
SS schools will increase gender salience because segregation con-
stantly reminds students that gender is important.

Several social constructivist theories are relevant for understanding
how SS and CE students might differ in gender cognitions. First, DIT,
pioneered by Bigler and Liben (2006, 2007; see also Liben, 2017),
posits that an identity (gender in our case) becomes salient (cogni-
tively accessible and relevant) under four environmental condi-
tions—when groups are perceptually discriminable, in the minority,
explicitly labeled, and implicitly used—and furthermore, that a higher
degree of salience leads to greater bias. Many researchers use DIT to
hypothesize that, owing to some characteristics of SS schools (e.g.,
gender labels in school names), SS students are more gender-salient
and stereotyped (Halpern et al., 2011; Liben, 2015; Pahlke, Hyde,
& Allison, 2014). This hypothesis was contradicted by a meta-
analysis finding reduced gender-stereotyping in SS girls; however,
the authors noted that heterogeneity of measures made this finding
hard to interpret and there was a lack of controlled studies of SS
boys (Pahlke, Hyde, & Allison, 2014). Others (e.g., Sax, 2011), empha-
sizing other characteristics of SS schools (e.g., less differential treat-
ment, own gender being the majority at school), predict the opposite,
that is, lower gender salience in SS students. Both critics and supporters
of SS schooling cite research on how people perform in same- versus
mixed-gender settings as supporting evidence (e.g., Halpern et al.,
2011; Sax, 2011), but such research does not directly assess gender sali-
ence in SS and CE students. Therefore, even when researchers and
stakeholders agree with the principles of DIT, they may still disagree
about the relative gender salience of SS and CE students because SS
schools have features that both increase and decrease gender salience.

Second, social-cognitive theories, which emphasize differential
treatment and gender schemas (Bussey & Bandura, 1999; Cook
et al., 2022), are relevant to hypothesizing outcomes on intergroup ste-
reotypes. In peer socialization studies, same-gender peers reinforce
gender-typed behaviors and attitudes (Mehta & Strough, 2009).
Hence, SS students may be more gender-stereotyped because of
reduced socialization by other-gender peers, and they may become
less so after graduation because of increased socialization of this
kind. This prediction is consistent with intergroup contact theory,
which suggests that intergroup contact reduces outgroup prejudice
(Pettigrew & Tropp, 2006). However, social-cognitive theories can
also make the opposite prediction insofar as the presence of both gen-
ders increases opportunities for others to apply differential socialization
and for people to make gender-based social comparisons (McHale
et al., 2003).

Existing Findings on Gender Cognitions in SS Versus CE
Students

Few studies examined gender cognitions in SS and CE students and
even fewer within these addressed gender salience. Available findings
are mixed. For example, one study found SS girls to feel more gender-
typical and pressured to conform to gender norms than CE girls
(Drury et al., 2013), but another found girls randomly assigned to
SS Physics classes to have lower endorsement of, and longer time
responding to, feminine traits. The latter finding was interpreted as
showing SS girls have less accessible gender-related self-knowledge
and, thus, lower gender salience (Kessels & Hannover, 2008).
However, the outcome measure used is not well matched to gender
salience as we have defined it here which is readiness and propensity
for using gender in making categorizations (Cota & Dion, 1986;
McGuire, 1984; McGuire & Padawer-Singer, 1976; McGuire et al.,
1979; Palomares, 2008; Wong et al., 2018). Lower endorsement of
feminine traits by the girls in SS classes may reflect an outcome of
gender salience instead of gender salience per se. A prior cross-
sectional study (Wong et al., 2018) used a traditional measure of gen-
der salience and found that SS high school students were more likely
than CE high school students to mention gender when asked who they
are (or are not) even when demographic covariates were considered.
This finding provides initial direct evidence for the hypothesis that
gender is more salient in SS schools (Halpern et al., 2011; Liben,
2015; Pahlke, Hyde, & Allison, 2014). Nevertheless, this finding
requires replication in a well-controlled longitudinal study.

Design Challenges in Prior Studies

Given the mixed predictions and limitations in studies on whether
and how SS and CE students differ on gender cognitions, more
empirical evidence is needed. It would be informative and timely
for studies to focus on understudied gender cognition variables,
especially gender salience, and to assess these outcomes longitudi-
nally and to control for background differences between SS and
CE students. However, ethical and practical restrictions mean that
it is rarely possible to assign students randomly to SS versus CE
schools. As a result, attributes of the students who are ultimately
enrolled in the two kinds of schools can be expected to differ. For
example, students’ from SS schools tend to have higher socioeco-
nomic backgrounds and academic motivations (Bigler et al., 2014;
Halpern et al., 2011; Nagengast et al., 2013; Pahlke, Hyde, &
Allison, 2014; Signorella & Bigler, 2013; Signorella et al., 2013).

Thus, across all investigations of SS schooling (whether focused
on gender cognitions or otherwise), several methodological con-
straints and considerations apply. Truly randomized experiments
that allocate students randomly to SS and CE schools for research
purposes are extremely rare. In nonexperimental research, many
researchers failed to include comparison groups and made no
attempt to address potential self-selection bias (i.e., students may
already differ upon school entry; Pahlke, Hyde, & Allison, 2014).

Studies that statistically control for differences between SS and CE
students (e.g., socioeconomic status, religion) or control for prior per-
formance (e.g., by assessing academic performance both before and
after a year of SS vs. CE instruction) are more effective in examining
the impact of SS versus CE schooling (Liben, 2015; Pahlke, Hyde, &
Allison, 2014). For students’ academic outcomes, meta-analyses
(Pahlke, Hyde, & Allison, 2014; Signorella et al., 2013) have



is not to be disseminated broadly.

This document is copyrighted by the Ame
This article is intended solely for the personal use of the individual user ¢

4 SHI, LI, LIBEN, CHEN, AND WONG

shown that the inclusion of even a few demographic covariates is suf-
ficient to eliminate inaccurate conclusions (false positives) about sig-
nificant advantages or disadvantages of a given school type. Studies
adopting additional strategies to make the controlling even more strin-
gent are rare. A few earlier investigators have used propensity score
matching to statistically match SS and CE students to create data
sets resembling an experimental design (e.g., Garcia-Gracia &
Donoso Viazquez, 2016; Gee & Cho, 2014; Nagengast et al., 2013;
Paredes, 2022) and some quasi-experimental studies in South Korea
were able to capitalize on an exceptional policy that led to nearly ran-
dom assignments of students to SS versus CE schools within school
districts (e.g., Lee & Nakazawa, 2022; Lee & Sambanis, 2023).

Despite increased attention to problems of nonrandom assignment
in recent studies, well-controlled studies are still rare. Furthermore, the
majority of SS versus CE studies still focus on academic and career
achievement or academic self-concepts (Mael et al., 2005; Pahlke,
Hyde, & Allison, 2014; Robinson et al., 2021). Few focused on gen-
der cognitions. A rare exception was a study by Kessels and Hannover
(2008), who studied accessibility of gender self-knowledge using ran-
dom assignment. However, assignment to SS versus CE occurred at
the class level. In addition, they assessed gender salience by asking
students to indicate the degree to which they believed that various
gender-typical descriptions applied to themselves rather than by
assessing their awareness of gender when making categorizations.
Although Lee and Sambanis (2023) investigated some aspects of gen-
der cognitions (i.e., hostile sexism and gender role attitude) in adult SS
and CE graduates using randomized sampling (and found no differ-
ence), other critical gender cognition outcomes such as gender sali-
ence, felt pressure to conform to gender stereotypes, or exposure to
gender equality require more well-controlled study.

Also, very few studies addressed the longitudinal changes of SS and
CE students. Some studies utilizing large data sets are limited in the
types and depth of outcome measures used posthigh school gradua-
tion. For example, many past studies commonly tapped into status var-
iables such as educational or career attainment and choices (Lee &
Nakazawa, 2022; Nagengast et al., 2013; Sullivan et al., 2010). The
few studies to date that followed up on the nonachievement-related out-
comes of SS and CE students have focused on marriage (e.g., Sullivan
et al., 2012). One study of gitls in a school with a CE campus and an
SS campus transitioning to CE found reduced stereotyping over a year
regardless of whether students were in CE classes or SS classes
(Signorella et al., 1996). Gender stereotypes in adulthood have been
shown to be similar in SS and CE graduates who had been randomly
assigned to SS or CE high schools (Lee & Sambanis, 2023), but like
the other studies, measurement was only made at one time. Therefore,
more studies are needed to reveal how SS students adapt at transition
windows.

In sum, educators and researchers have been debating the con-
sequences of SS versus CE schooling, but the existing literature has
several important limitations. First, irrespective of the outcome
being studied, most comparisons of students in SS versus CE schools
have been confounded by differences in student background. Second,
most studies have focused on a limited range of student outcomes,
most assessing academic achievement. Third, very few investigations
have measured gender salience directly despite the fact that this con-
struct has often been viewed as at the crux of the SS versus CE debate.
Wong et al. (2018) compared the gender salience of SS and CE stu-
dents but even that study was limited insofar as it was cross-sectional
rather than longitudinal. As explained next, our work was designed to

build from and extend past work. We did so by examining understud-
ied gender cognition outcomes including gender salience and the lon-
gitudinal changes of SS and CE students before and after they left the
gender-segregated environment and entered a mixed-gender world.
Propensity score matching and repeated measures were administered
to address some of the critical methodological limitations discussed
above (i.e., confounding background differences between SS and
CE students and lack of longitudinal studies).

Design Innovations: Propensity Score Matching and
Cross-Lagged Design

Propensity score matching can model the assignment of students
into different school types. Although matching does not permit conclu-
sions about causality like those from randomized control trials, it does
permit stronger conclusions about observed associations than do
designs that ignore confounding group differences (Nagengast et al.,
2013). Specifically, propensity score matching can closely mimic a
randomized experiment (Stuart, 2010). A good balance between sam-
ple characteristics can be achieved before analyzing the outcomes
(Rubin, 2005). Propensity score matching performs better than regres-
sion methods such as analysis of covariance especially when there is
insufficient overlap between the treatment and the control groups in
the covariate distributions (Stuart, 2010). Although earlier researchers
have recommended propensity score matching for studying the effects
of SS schooling (Nagengast et al., 2013; Pahlke, Hyde, & Allison,
2014), very few investigators have applied it, and those who did
(e.g., Garcia-Gracia & Donoso Vizquez, 2016; Gee & Cho, 2014;
Nagengast et al., 2013; Paredes, 2022) did not focus on gender cogni-
tion outcomes.

In addition, a cross-lagged longitudinal design can examine the
differences between SS and CE schooling over time around high
school graduation and the potential mediation effects of gender sali-
ence. Unlike the basic regression approaches or group comparison
methods more commonly used in the SS schooling literature, cross-
lagged panel (CLP) model enables testing for prospective associa-
tions that may be reciprocal. Also, this longitudinal approach is help-
ful for probing the potential factors that mediate the predictive
associations between school type and students’ long-term outcomes
so that initial insights can be gained into the underlying mechanisms.

The Current Study

In the current study, we empirically compared SS and CE students
before and after their high school graduation on gender salience, gen-
der stereotypes, felt pressure for gender conformity, and exposure to
gender equality, and we examined associations among these variables.
Combining cross-lagged longitudinal design and propensity score
matching is a novel approach for studying SS schooling and provides
a more stringent test of the differences between SS and CE schooling
outcomes.

The period between the final year of high school and a year post-
graduation was chosen for two reasons. First, almost all local kinder-
gartens are CE, and SS schools are very few relative to CE schools at
the primary (about 6% SS) and secondary school (about 16% SS)
levels, making it very difficult to conduct a longitudinal study that
could follow up a large sample of CE students entering SS schools
at these lower levels of education. On the other hand, tertiary schools
are all CE in Hong Kong. Thus, the high school graduation period is
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the only transition period in which almost all SS school students
recruited initially could be expected to enter a CE environment, mak-
ing it feasible to recruit a large and balanced sample split by SS and
CE students and to examine the effect of change in gender segrega-
tion environment. Second, SS and CE students would be expected to
show more apparent school-type differences in the final year than
earlier years because they have spent more extended time in different
schooling environments.

As implied above, our sample came from Hong Kong, which
is a former British colony in which the education system and gender
differences are similar to those found in the West (e.g., Wong &
VanderLaan, 2020). As in the West, SS schools in Hong Kong are
also of higher status, are more academically selective, and are often
established by churches and missionaries originating from North
America and Western Europe since the 19th century. The initial mis-
sion for boys’ schools to preach was somewhat unsuccessful and over-
taken by the Chinese pragmatic concerns for boys and men to receive
academic training in order to obtain respectable jobs (W. Y. Ho,
2004). For girls’ schools, many were set up with the liberal aim of
helping disadvantaged girls become independent women. Following
the modern ideology of equal opportunities, there has been a
deemphasis of gender orientation in education (W. Y. Ho, 2004).
However, due to their higher prestige and more international back-
ground, SS schools are still coveted in Hong Kong. Hong Kong cul-
ture emphasizes academic achievement; local high schools are
assigned a band to indicate their academic standing (Band 1 being
the highest and Band 3 being the lowest). The education culture is
highly merit-based and discipline-focused, although there are also
classes on culture, sports, and art, and most students take up extracur-
ricular activities for further learning or as hobbies.

High school allocation is determined by a host of factors, includ-
ing merit factors such as academic performance and extracurricular
participation, as well as nonmerit factors such as district of resi-
dence, self-selected preference, religious background, schools’ dis-
cretion, and partial random allocation. Both gender egalitarian and
traditional gender conservative ethos coexist in SS schools as well
as CE schools. For example, there is evidence of some feminist
voice in SS girls’ schools and girls’ schools often emphasize training
independent women and cultivating middle-class ladies (W. Y. Ho,
2004). Across all schools, certain subjects (e.g., home economics)
are subtly offered and designed on the basis of gender differences
despite the explicit syllabus and objectives are often portrayed in a
gender-neutral manner (W. Y. Ho, 2004).

Based on theories and empirical findings drawn from the West,
which we reason to be largely generalizable to Hong Kong, we tested
three sets of hypotheses on gender cognitions, which are focused
first on differences between school types (Hypothesis 1 [H1]), sec-
ond on longitudinal changes surrounding high school graduation
(Hypothesis 2 [H2]), and third on cross-lagged effects among the
study variables (Hypothesis 3 [H3]).

H1: School-Type Differences

Although past findings on SS—CE differences in gender stereotypes
are mixed and few studies have reported on felt pressure, a cross-
sectional study by Wong et al. (2018) has directly examined gender
salience in SS and CE students. Thus, we formulated our hypotheses
on school-type differences based on this earlier study (Wong et al.,
2018) and on processes identified in DIT (Bigler & Liben, 2006,

2007) and distinctiveness theory (Cota & Dion, 1986; McGuire,
1984; McGuire et al., 1979; McGuire & Padawer-Singer, 1976).
We hypothesized that prior to high school graduation, SS students
would be more gender salient (Hypothesis 1a [H1a]), more gender ste-
reotyped (Hypothesis 1b [H1b]), and feel more pressure for gender
conformity (Hypothesis 1c [Hlc]) than CE students. We also tested
the exploratory hypothesis that SS students would report more expo-
sure to gender equality than CE students (Hypothesis 1d [H1d]). This
hypothesis is based on the observation that SS schools often have stu-
dents from families that are wealthier, and these schools are more
Western oriented and sometimes explicitly or historically communi-
cate egalitarian missions and values (Liben, 2015; W. Y. Ho, 2004).
SS girls” school stakeholders including the students, parents, and
teachers generally endorsed antigender discrimination as a rationale
for SS schooling more strongly than did CE stakeholders (e.g., endors-
ing that girls were treated unfairly in the past, and so they deserve extra
help to catch up with boys; Pahlke, Bigler, & Patterson, 2014).

H2: Longitudinal Change

After high school graduation, the SS students would enter the
mixed-gender world and thereby encounter more opportunities to
interact with other-gender peers than they had prior to graduation.
Based on gender socialization and intergroup contact theories
(Bussey & Bandura, 1999; Cook et al., 2022; Mehta & Strough,
2009; Pettigrew & Tropp, 2006), we hypothesized that any differ-
ences between school types would therefore diminish after high
school graduation (H2). Support for this hypothesis would be dem-
onstrated if there were statistically significant paths from school type
to the latent change variables in a latent change score (LCS) model
(Coman et al., 2013; Kievit et al., 2018; see the Main Analyses sec-
tion for additional explanation).

H3: Cross-Lagged Effects

We used a CLP model to explore potential mediation associations
among the study variables (Orth et al., 2021). Specifically, we exam-
ined the predictive associations between school type and the gender
cognition variables, as well as among the gender cognition variables
themselves (H3). We first tested the significance of the paths from
school type to the gender cognition variables at initial testing
(Time 1 [T1]) and then tested whether these baseline effects passed
on to later scores (on either the same or different outcomes at Time 2
[T2]). We explored all potential effects, but the effects of gender sali-
ence were of particular interest due to the centrality of this construct
in the SS schooling debate.

Method
Participants
Recruitment

Hong Kong students in Form 6 (i.e., final year of high school;
Mg = 17.63) were invited to complete a Qualtrics questionnaire
online before (T1) and after (T2) high school graduation. Given
the predominance of CE schools, the general reluctance of schools
to take part in research, the local sociopolitical unrest in 2019-
2020, and the requirement of follow-up testing during a life transi-
tion, recruiting participants for this study was challenging. To



gical Associ
personal use of the in

tended solely for the

This document is copyrighted by the American Psycholo,

6 SHI, LI, LIBEN, CHEN, AND WONG

maximize the participant pool and increase sample diversity, we
recruited from any channel that would allow us to reach Form 6 stu-
dents rather than recruiting from only a few specific schools. Indeed,
judging from the students’ reports on the schools they were attend-
ing, the sample of participants came from over 100 different schools.
On average, no school was represented by more than a few students.
This removes concerns about clustering or skewing of the results
by a few schools. Initial invitations at T1 were distributed through
local high schools, online forums, and chat groups. Participants were
encouraged to advertise the study to other eligible students. Potential
participants were told that this was a longitudinal study on students’
cognitive and social development before and after graduation; the
recruitment materials did not emphasize the focus on gender cogni-
tions, thus minimizing potential self-selection bias based on students’
gender cognitions. They were informed if they agreed to participate,
they would be invited to complete an online questionnaire (about
45 min) twice, once in their final year of high school and again
about a year after graduation. They were explicitly informed that
they could decide whether to participate again when contacted the sec-
ond time. After completing each of the two assessment questionnaires,
participants received a coupon worth about USD13 and were eligible
to join an online support group formed by our research assistants for
them to consult about future study and career plans.

Sample Size

No clear rule exists regarding the proper sample size for the types
of analyses adopted in this research (propensity score-matched,
cross-lagged data in structural equation modeling), and much
depends on unknown data parameters (e.g., actual variances).
However, prior studies collecting new empirical data on SS and
CE students typically had groups of fewer than a hundred partici-
pants to several hundred (Pahlke, Hyde, & Allison, 2014). Given
that the general rule of thumb for structural equation modeling is a
total sample of 200 (Boomsma, 1985; Kline, 2016), we judged
that a 400-student sample, roughly equally split between SS and
CE schools, would be adequate. A total of 700 students submitted
the T1 questionnaire between September 2019 and April 2020.
After excluding those respondents who failed all three attention
check questions which asked participants to select a preassigned
option (n = 28), or who reported a nonbinary gender identity (n =
5), the final T1 sample included 667 participants (437 CE students,
230 SS students, 381 self-reported as female, 286 as male, Mo, =
17.63 years, SD =0.72). Because in Chinese, the terms gender
and sex are not distinguished and no single term worked for all,
we refer to participants as male or female students.

T1 participants were contacted again after graduation to complete the
T2 questionnaire. A total of 497 participants responded to the T2 ques-
tionnaire between January 2021 and August 2021 (attrition rate =
25.5%). After excluding the respondents who completed fewer than
half of the survey questions (n = 25), failing all three attention-check
questions (n = 7), providing ambiguous information on school type
(n=1), or repeating high school (n = 1), the final sample at T2 con-
sisted of 463 participants who were included in further analyses (165
CE students self-reported as female, 121 SS students self-reported as
female, 135 CE students self-reported as male, 42 SS students self-
reported as male, M. = 19.01 years, SD = 0.75; average time interval
of response in months = 16.64, SD = 2.00). Table 1 shows detailed
demographic characteristics of the final sample. The demographic

Table 1

Descriptive Statistics of Demographic Variables in the Final Sample

Male

Female

All

CE SS CE SS CE SS

Total sample

SD SD SD SD SD SD

SD

Variable

0.47
0.47

17.64
18.97

0.82
0.81

17.67
19.01

0.62
0.64

17.52
18.94
3.72
4.17

0.80
0.82

17.65
19.07

0.58
0.60

17.55
18.95

0.81
0.81

17.66
19.04
3.00
3.61

0.74
0.75
1.33
1.12

17.62
19.01

Age at T1 (range = 15.80-22.96)

Age at T2 (range = 17.42-24.08)

Income® (range

1.28
1.24
0.92
0.51
0.55
0.70
1.67

3.64
4.24
4.08
1.19
0.55
0.38
2.00

42

1.32
1.08
1.17
0.71
0.66
0.70
1.98

3.16
3.66
3.64
1.50
0.44
0.54
2.59

135

1.52
1.20
1.09
0.44
0.55
0.55
1.97

1.05
0.94
0.97
0.80
0.59
0.85
1.92

2.87
3.57

1.46
1.21

3.70
4.19

1.18
1.01
1.06
0.76
0.63
0.79
1.95

3.25
3.82
3.78
1.42
0.48
0.56
2.53

463

1-7)
o (range = 1-6)

Mother education® (range = 1-6)

Father education

4.17

3.54
1.53
0.56
0.69
2.53

165

1.05
0.46
0.56
0.59

4.15
1.25
0.44
043
2.47

163

3.59
1.51
0.51
0.62
2.56

300

1.09
0.68
0.60
0.73
1.93

1.26
0.40
0.45
2.64

121

School banding (range = 1-3)

Number of brothers (range = 0-5)

Number of sisters (range = 0-5)

1.91

Religiosity level® (range = 1-7)

Time 2 measure.
60,001-100,000; 6 = 100,001-150,000; 7

senior secondary; 5

Time 1 measure; T2

40,001-60,000; 5

Results are based on raw data without imputation or matching. CE = coeducational school; SS = single-sex school; T1

# Response scale for monthly family income (in HKD): 1 = less than 10,000; 2 = 10,000-20,000; 3

Note.

more than

postsecondary (diploma/certificate,

Junior secondary; 4

4

primary; 3

(i

20,001-40,000

® Response scale for father education and mother education: 1 = no schooling/preprimary; 2

150,000.
subdegree course, degree course); 6

very strong.

moderate; 6 = strong; 7=

weak; 5 =

¢ Response scale for religiosity level: 1 = not at all; 2 = only nominal; 3 = very weak; 4

postgraduate.
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comparison between participants retained and participants who
dropped out at T2 is reported in Table S1 in the online supplemental
materials. Overall, there was no significant difference between the
retained and attritted groups on the demographic variables.

Ethics approval was obtained from the Survey and Behavioral
Research Ethics Committee of the Chinese University of Hong
Kong. Participants provided informed consent and completed mea-
sures of demographic variables (school type, gender, birth date, parent
education level, family income, school banding [an indicator of school
quality], religion, ethnicity) at T1 and a battery of measures on gender
cognitions (gender salience, gender stereotypes, felt pressure for gen-
der conformity, exposure to gender equality) and interpersonal asso-
ciations at both T1 and T2. In this study, we focus on the gender
cognitions, so only this set of measures and results are reported.
The Chinese versions were translated by Sylvia Yun Shi and Wang
Ivy Wong and a research assistant with a professional degree in
translation.

Measures
Gender Salience

Gender salience has been tapped in various ways (e.g., Cota &
Dion, 1986; McGuire et al., 1979; Mehta, 2015; Palomares, 2008;
Serbin & Sprafkin, 1986; Tobin et al., 2010). We focus on measures
that assess the accessibility and relevance of gender in schemas, man-
ifested as spontaneously noticing gender and making gender-based
categorizations. We measured gender salience about both one’s own
gender and others’ gender, using McGuire et al.’s (1979) open-ended
probes and their modification. To assess the salience of one’s own
gender, participants were asked to give three short answers to each
of these two questions: “Tell me what you are” and “Tell me what
you are not” (McGuire et al., 1979). This measure detected individual
and group differences in gender salience even when subjects
were tested outside the environment producing those differences
(McGuire et al., 1979) and were used successfully in a prior cross-
sectional study of SS and CE high school and college students
(Wong et al., 2018). It also better reflects gender salience than do
related measures of gender identity (Cota & Dion, 1986). Salience
about others’ gender was measured by a modified measure derived
from this method. Participants were given the instruction “Imagine
you met another student on the first day of college (for T1) or
coworker on the first day of work (for T2) and you start talking,”
and then asked to describe “This person is ...” and “This person is
not ...,” each with three short phrases, similar to the measure for gen-
der salience about self. For both self and others’ gender salience mea-
sures, the answers were scored as “1” if they included gender or
gender-related terms (e.g., “I am a girl”) or “0” if they made no refer-
ence to gender (e.g., “I am a student”), with a maximum score of 6
each. Coding was first done by two researchers separately and the dis-
agreements were then resolved by discussion. The interrater reliabili-
ties prior to resolving the disagreements were good (ks > .80 at T1
and >.90 at T2). Item scores of each measure were summed, with
higher sum scores meaning higher gender salience.

Gender Stereotypes

The Social Roles Questionnaire (Baber & Tucker, 2006) was used to
measure students’ endorsement of gender stereotypes. This measure
was chosen because it has shown construct validity and does not

correlate with social desirability (Baber & Tucker, 2006). It consists
of five gender-transcendent items (e.g., “People can be both aggressive
and nurturing regardless of sex”) and eight gender-linked items (e.g.,
“A father’s major responsibility is to provide financially for his chil-
dren”). Participants responded on a percentage scale ranging from
0% = strongly disagree to 100% = strongly agree with increments
of 10%. The five gender-transcendent items were reverse coded. Item
scores were averaged, and higher mean scores indicate stronger gender-
stereotyped beliefs (Cronbach’s os = .82 for T1 and .86 for T2).

Felt Pressure for Gender Conformity

The felt pressure scale was originally designed by Egan and Perry
(2001) for adolescents and then revised for children by asking how
others might respond if the participant were to do something that
others of their gender usually do not do (see Patterson, 2012 and
Schroeder & Liben, 2021). We further adapted 12 items to measure
felt pressure for gender conformity in the adolescent/adult sample.
Specifically, participants were asked to rate how much they think
they would be pressured if they wanted to do something that men/
women usually do (the gender is not the same as that of the partic-
ipant’s own). Pressure from four sources of people (parents/
friends/classmates/other relatives) was rated separately. First, they
rated how much these people would try to stop them (four items)
and then how much they think these people would tease them
(four items). Finally, they rated how much they think these people
would try to get them to act more like women/men (the gender is
the same as the participant’s own; four items). Responses were on
a 4-point scale (1 = not at all to 4 = a lot). Item scores were aver-
aged, and higher mean scores indicate stronger felt pressure for gen-
der conformity (Cronbach’s as = .85 for T1 and .87 for T2).

Exposure to Gender Equality

The Exposure to Feminism Scale developed in a study of adoles-
cent girls (Leaper & Brown, 2008) was adapted by changing the
focus from feminism to gender equality. Participants were given a
definition of gender equality in a format similar to that used in the
original study. In particular, participants were told:

Gender equality refers to the belief in equality for women and men.
People who believe in gender equality point to ways that society and
some people treat boys and men or girls and women in unfair ways.
For example, sometimes women are turned down for jobs or boys are
not allowed to play with certain toys—because they are female or
male. Another example is when women or men get unwanted sexual
comments. When discrimination like this occurs, it is known as sexism.

After having read the definition of gender equality, participants
were asked to indicate if they had learned about gender equality
from each of six different sources (literature, media, parents, other
family members, teachers, peers) by choosing yes (coded as 1) or
no (coded as 0). Item scores were summed, and higher sum scores
indicate more sources of exposure to gender equality.

Data Analyses
Multiple Imputation

For all study variables, missing data were <8.86% at T1 and
<0.44% at T2. Little’s missing completely at random test
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suggested that the missingness was completely at random,
%2(635) = 62.34, p > .999. Following the best-practice recommenda-
tions for handling missing data, we employed multiple imputation
(Graham, 2009) using the Multivariate Imputation by Chained
Equations (mice) package (Version 3.15.0) in R (van Buuren &
Groothuis-Oudshoorn, 2011). To our knowledge, there is no strict
rule regarding the number of data sets that should be imputed. The
rule of thumb is that the number of imputed data sets should be at
least as large as the percentage of incomplete cases (White et al.,
2011). We imputed 30 data sets which exceeded the minimum
required number of imputed data sets for the missingness in our
data. Auxiliary variables correlated with the imputed variables at r
> 40 level, which would be considered as a medium to large associ-
ation according to the operational convention (Cohen, 2013), were
included in the predictor matrix of the imputation model.

Propensity Score Matching

To approximate our observational data to experimental data and
control for potential confounding factors, we implemented propen-
sity score matching (Nagengast et al., 2013; Rosenbaum & Rubin,
1983) on the imputed data sets using the MatchThem (Version
1.0.1) and Matchlt (Version 4.5.2) packages in R (D. E. Ho
et al., 2011; Pishgar et al., 2021). The procedure of propensity
score matching mainly consists of two stages (Stuart, 2010). In
the design stage, the covariates and the matching method are
selected and the quality of the matched samples is assessed. In
the analysis stage, the analysis of the outcome variables is con-
ducted using the well-matched samples. For multiple imputed
data sets, matching and analysis are done on each of the imputed
data sets and the results are pooled together using Rubin’s rules
(Pishgar et al., 2021; Rubin, 1987).

In the design stage, we adopted a conservative criterion to include
the demographic variables that correlated with at least one of the out-
come variables at p <.20 level as the covariates for matching
(Cheslack-Postava et al., 2015). Based on this criterion, eight covar-
iates were included in matching (i.e., age, family income, father edu-
cation, mother education, school banding, number of brothers,
number of sisters, religiosity level). We then applied optimal full
matching to estimate the average effect of treatment on the treated.
Optimal full matching is potentially the best matching technique
(Hansen, 2004). It uses all available subjects in the treatment and
the control groups (i.e., the SS and CE groups in this study), places
comparable participants into subgroups of different sizes to compute
the propensity score weights, and optimizes the size of each sub-
group to automatically maximize the overall achieved balance
(Hansen, 2004; Stuart, 2010). The average effect of treatment on
the treated in the current study is the effect of SS schooling for
the population of students who attended an SS school or have
the same characteristics as those who attended an SS school.
Diagnostics of covariate balance suggested that optimal full match-
ing yielded an excellent balance between the SS and the CE groups.
The absolute standardized mean difference of all covariates after
matching was well below the cutoff of 0.25 (Harder et al., 2010).
Comparisons of the achieved balance also suggest that optimal full
matching performed better in our data than other common matching
approaches (i.e., nearest neighbor matching and optimal pair match-
ing). The detailed balance measures are shown in Table S2 in the
online supplemental materials.

Main Analyses

The main analyses were conducted using the lavaan.survey
(Version 1.1.3.1) package in R (Oberski, 2014) and were conducted
using the matched data sets after multiple imputation. First, we tested
the zero-order correlations among all study variables as preliminary
analyses. Second, we used LCS models (Coman et al., 2013; Kievit
et al., 2018) to investigate whether gender cognitions differed by
school type, whether they changed from T1 to T2, and whether
these changes (if any) varied by school type or gender (see
Figure 1 for the general path diagram). Each gender cognition out-
come was tested in a separate model. Finally, we explored the poten-
tial mediation effects of the gender cognition outcomes in a CLP
model (Orth et al., 2021; see Figure 2 for the path diagram). Note
that the school-type variable (i.e., SS vs. CE) represented a status
prior to T1. Therefore, the two-wave measure of the gender cogni-
tion variables, along with the school-type variable, provided suffi-
cient grounds for testing the significance of the mediation paths.
We first tested all possible paths from school-type to T1 variables
(path a) and from T1 to T2 variables (path b), and then we tested
the indirect effect of a x b when both a and b paths were significant.
If the indirect effect of a x b was significant, we could conclude that
there was a significant mediation effect (if path b was a cross-lagged
path) or a significant autoregressive indirect effect (if path b was an
autoregressive path). The significance of the indirect effect parame-
ters was tested using the delta method combined with robust maxi-
mum likelihood estimation (see Oberski, 2014 for technical
explanations). In this regard, although the LCS and CLP both
addressed school-type differences, they also addressed different
questions such as whether longitudinal changes differed by school
type versus whether gender salience mediated between school-type
and other gender cognition variables. Sensitivity analysis was con-
ducted by also using the raw data set without imputation and without
matching (see Tables S5-S7 in the online supplemental materials).
All p values reported are two-sided.

Figure 1
Path Diagram of the LCS Models

Time 2 measure
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Time 1 measure
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Note. The residual error and the intercept of DV, were set to zero. The autor-
egressive path and the ADV to DV, path were set to 1. LCS = latent change
score; DV = dependent variable; T1 = Time 1 measure; T2 = Time 2 mea-
sure; SSCE = school type (0 = coeducational school, 1 = single-sex school).
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Figure 2
Path Diagram of the CLP Model

Note.
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Significant regression, autoregression, and cross-lagged paths (p < .05) are marked with solid-

line arrows. Values beside each significant path are standardized regression coefficients B (outside the
parentheses) and p values (inside the parentheses). Nonsignificant regression estimates and variance—
covariance estimates are omitted from this graph for simplicity. The mediation effect of exposure to gen-
der equality between school type and felt pressure, and the autoregressive indirect effects of gender sali-
ence about self, exposure to gender equality and felt pressure were not significant, ps > .05. Full results
can be found in Table S4 in the online supplemental materials. Results are based on the multiple imputed
and matched data sets and pooled using Rubin’s rules. CLP = cross-lagged panel; GSS = gender sali-
ence about self; T1 = Time 1 measure; T2 = Time 2 measure; GSO = gender salience about others;
GST = gender stereotypes; SSCE = school type (0 = coeducational school, 1 = single-sex school);
FPG = felt pressure for gender conformity; EGE = exposure to gender equality.

Transparency and Openness

We reported how we determined our sample size, data exclusion
considerations, and the selection of measures in this study. This
study was not preregistered. The data and measures are available
from the corresponding author upon reasonable request. Data were ana-
lyzed using R, Version 4.2.2 (R Core Team, 2022) and packages mice,
Version 3.15.0 (van Buuren & Groothuis-Oudshoorn, 2011), Matchlt,
Version 4.5.2 (D. E. Ho et al., 2011), MatchThem, Version 1.0.1
(Pishgar et al., 2021), and lavaan.survey, Version 1.1.3.1 (Oberski,
2014).

Results

We report below the results organized by hypotheses and the type
of analyses. Table 2a summarizes the hypothesis testing results and
Table 2b summarizes meaningful exploratory findings.

Preliminary Analyses

Measurement invariance testing was conducted on the measures
of gender stereotypes and felt pressure for gender conformity
across groups and across time. Following common practice and
recommendations in psychological research (Little, 2013), strong
invariance is adequate for the interpretability of the results. Using
the evaluation criterion of ACFI < .01, both measures achieved
strict invariance across SS versus CE groups. However, for invari-
ance across gender groups, only the T2 felt pressure for gender
conformity measure achieved strong invariance, while T1 felt
pressure and the gender stereotypes measure at both time points
achieved weak invariance. Regarding across-time invariance, the
gender stereotypes measure achieved strict invariance and the
felt pressure measure achieved strong invariance. Measurement
invariance testing was not performed on the other measures

(gender salience and exposure to gender equality) because they
were not psychological scales requiring such tests.

Table 3 shows descriptive statistics and zero-order correlations
among key study variables at each time point on SS and CE students
matched after propensity score matching and multiple imputation.
Note that normative gender differences in the outcome variables
resembling those reported in the Western literature (Cook et al.,
2022; Perry et al., 2019) were found, suggesting that the measures
performed in reliable ways and the data were meaningful. At both
time points, male students reported higher gender stereotypes and
felt more pressure for gender conformity than female students,
whereas female students reported higher gender salience about self
(but not about others) and more exposure to gender equality than
male students.

To test the associations between school type and gender cogni-
tions and the change over time, we used LCS models because
these models could investigate school-type differences, changes
over time, and the associations of the changes with school type
simultaneously. To examine the predictive associations among dif-
ferent variables, we used the CLP model. Both models are described
below. Multigroup analyses additionally addressed whether the LCS
and CLP findings differed by student gender.

School-Type Differences (H1) and the Longitudinal
Changes Surrounding High School Graduation (H2)

Table 4 shows the results of the LCS models (because the LCS
models were saturated with df =0, the model fit indices could not
be estimated). School type significantly predicted gender salience
about self, felt pressure for gender conformity, and exposure to gen-
der equality at T1, but not gender salience about others or gender ste-
reotypes. Before graduation, SS students reported higher gender
salience about self (M =1.28, SD =0.99 for SS students; M =


https://doi.org/10.1037/edu0000879.supp

This document is copyrighted by the American Psychological Association or one of its

personal use of the individual user

ntended solely for the

10 SHI, LI, LIBEN, CHEN, AND WONG

Table 2
Summary of Key Findings

Research question Hypothesis tested

Extent of support

(a) Summary of hypothesis testing results

School-type differences

conformity.

Hla: SS school students would be more gender salient.
H1b: SS school students would be more gender stereotyped.
Hlc: SS school students would feel more pressure for gender

Supported for Hla for gender salience about self; not
supported for gender salience about others;

Not significant for H1b gender stereotypes;

Contrary to hypothesis for Hlc felt pressure;

H1d: SS students would report more exposure to gender equality Supported for H1d exposure to gender equality.

than CE students.

Longitudinal differences
graduation.

Mediation effects

gender salience were of particular interest.

H2: School-type differences would reduce after high school

(Indicated by corresponding regression paths between
SSCE and gender cognitions at T1 in the LCS models.)

Not supported.

(Indicated by nonsignificant paths from school type to the
latent change score variable in the LCS models.)

H3: School type would have indirect effects on later scores (either Not supported.
on the same or different outcomes). The mediation effects of

(Indicated by the lack of significant indirect effects in the
CLP model.)

(b) Summary of meaningful exploratory findings

Gender differences

Normative gender differences were found at both time points. Male students reported higher stereotypes and felt pressure for

gender conformity; female students reported higher gender salience about self and more exposure to gender equality.

(Indicated by zero-order correlations.)
Moderation by gender

Differences between school types and variable relationship paths did not differ significantly by student gender. (Indicated by

multigroup analyses of the LCS models and the CLP model.)

Role of exposure to gender
equality
Role of gender stereotypes

Higher exposure to gender equality at T1 predicted lower felt pressure at T2. (Indicated by the CLP model.)

Higher gender stereotypes at T1 predicted less salience about others’ gender at T2. (Indicated by the CLP model.)

Note.
CLP = cross-lagged panel.

1.03, SD = 1.00 for CE students), felt less pressure for gender con-
formity (M = 2.18, SD = 0.55 for SS students; M = 2.34, SD = 0.60
for CE students), and had more exposure to gender equality (M =
4.34, SD = 1.26 for SS students; M = 4.00, SD = 1.28 for CE stu-
dents) than CE students. The effects sizes were small (B ranged
from .12 to —.13). The LCS models additionally showed that there
was a significant main effect of time on gender salience about self
(but not about others), felt pressure for gender conformity, and gen-
der stereotypes. However, school type did not significantly predict
the changes over time. Students in general reported an increase in
gender salience about self, a decrease in felt pressure for gender con-
formity, and a decrease in gender stereotypes from T1 to T2, regard-
less of which type of school they attended. Although the zero-order
correlations (Table 3) showed that the school-type differences in
some outcomes changed from statistically significant at T1 to non-
significant at T2 (gender salience about self, felt pressure for gender
conformity, and exposure to gender equality), the magnitudes of
these differences were similar for the two time points. Coupled
with the LCS model, which showed no significant association
between school type and the change over time, the overall findings
provide no strong evidence to support H2 that school-type difter-
ences were significantly diminished from T1 to T2.

To test whether the school-type and time differences were general-
izable across male and female students, multigroup analysis by gender
was conducted. First, the intercept of LCS was fixed to examine
whether the time effect differed by gender. Second, the regression
path using school type to predict each T1 outcome was fixed to exam-
ine whether gender moderated the school-type differences in T1 out-
comes. Third, the path from school type to LCS was fixed to examine
whether gender moderated the association between school type and
changes over time. The likelihood-ratio test on the gender salience
about others was significant when the regression path from school

H = hypothesis; SS = single-sex school; CE = coeducational school; SSCE = school type (single-sex or coeducational); LCS = latent change score;

type to T1 variable was fixed (p = .044), indicating that there was a
school type by gender interaction on T1 gender salience about others.
However, follow-up analyses did not show significant school-type dif-
ferences for either gender (male SS students reported lower gender
salience about others than male CE students, whereas female SS stu-
dents reported higher gender salience about others than female CE
students, but neither difference was significant: for male students,
B=—.12, p =.165; for female students, = .13, p =.137). Results
of multigroup analysis on the other outcomes also failed to reveal sig-
nificant effects (Table 4), meaning that no significant gender differ-
ences were found on the school-type differences in T1 outcomes or
the time effects for gender salience about self, gender stereotypes,
felt pressure, and exposure to gender equality.

Cross-Lagged Associations Among the Outcomes (H3)

Figure 2 shows the results of the CLP model (for detailed statis-
tics, see Table S4 in the online supplemental materials). The fit
indices indicated that this model fitted well on our data (compara-
tive fit index [CFI] = 1.000, root-mean-square error of approxima-
tion [RMSEA]=.000, standardized root-mean-square residual
[SRMR] = .009). As with the LCS analyses, at T1, school type sig-
nificantly predicted gender salience about self, felt pressure for
gender conformity, and exposure to gender equality (f ranged
between .12 and —.13). SS students were more salient about their
own gender, reported more exposure to gender equality, and felt
less pressure for gender conformity than CE students. The novel find-
ings from the CLP models were those concerning the autoregressive
paths, cross-lagged paths, and mediations. The autoregressive paths
for all five outcome variables were significant, with T1 outcomes pos-
itively predicting T2 outcomes, suggesting expected stability in rela-
tive scores in these variables (those with relatively higher scores at T1
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Table 4
Results of the LCS Models

Likelihood-ratio test for gender difference

Dependent variable

of each model Path Estimate SE CI (lower) CI (upper) B P Ay? Adf P
Model 1 GSSty ~ SSCE 0.25 0.13 0.00 0.49 12 .049 0.54 1 463
GSS AGSS ~ SSCE —0.13 0.15 —0.43 0.17 —.05 .385 0.25 1 .619
AGSS intercept 0.21 0.10 0.01 0.40 17 .036 <0.01 1 .982
Model 2 GSOr; ~ SSCE —0.02 0.12 —0.26 0.21 —.01 .839 4.07 1 .044
GSO AGSO ~ SSCE 0.01 0.16 —0.31 0.33 .00 954 0.91 1 339
AGSO intercept —0.03 0.11 —0.25 0.18 —-.03 155 0.10 1 751
Model 3 GSTr; ~ SSCE —0.20 0.18 —0.55 0.15 —-.07 253 1.63 1 .201
GST AGST ~ SSCE —0.10 0.15 —0.39 0.19 —.04 493 0.12 1 733
AGST intercept —0.22 0.10 —0.40 —0.03 —.19 022 1.42 1 233
Model 4 FPGr; ~ SSCE —0.17 0.08 —0.32 —0.01 —.13 .037 <0.01 1 970
FPG AFPG ~ SSCE 0.02 0.07 —0.12 0.16 .02 793 0.18 1 .669
AFPG intercept —0.12 0.05 —0.21 —0.03 —.20 .011 0.89 1 346
Model 5 EGEr; ~ SSCE 0.34 0.17 0.02 0.67 13 .040 0.71 1 .398
EGE AEGE ~ SSCE —0.01 0.18 —0.37 0.36 .00 975 1.12 1 .290
AEGE intercept —0.12 0.12 —0.35 0.12 —.08 331 0.99 1 .320

Note. Figure 1 illustrates the general path diagram of the LCS models. Full results can be found in Table S3 in the online supplemental materials. Because
the LCS models were saturated with df = 0, the model fit indices could not be estimated. Results are based on the multiple imputed and matched data sets and
pooled using Rubin’s rules. Significant p values are bolded. A positive estimate of a DV, ~ SSCE path indicates that the average value of the DV, is higher
in SS students than in CE students. A =LCS (T2-T1); a positive ADV intercept indicates an increase in the DV from T1 to T2 averaged across SS and CE
students. When ADV intercept is positive, a positive estimate of a ADV ~ SSCE path indicates a larger increase in the DV from T1 to T2 among SS students
than among CE students; when ADV intercept is negative, a negative estimate of a ADV ~ SSCE path indicates a larger decrease in the DV from T1 to T2
among SS students than among CE students. For simplicity, estimates of the DV, intercept, DV, variance, and the covariance between DV, and ADV are
not reported in this table. LCS = latent change score; CI = confidence interval; GSS = gender salience about self; T1 = Time 1 measure; SSCE = school type
(0 = coeducational school, 1= single-sex school); GSO = gender salience about others; GST = gender stereotypes; FPG = felt pressure for gender

conformity; EGE = exposure to gender equality; DV = dependent variable; SS = single-sex school; CE = coeducational school; T2 = Time 2 measure.

randomly assign students to SS versus CE schools intentionally for
research purposes. This approach allowed us to control for differences
among students that would otherwise undermine the value of compar-
isons between those from SS and CE schools. To our knowledge, this
study presents one of the most stringently designed data sets and ana-
lytical approaches to address several gendered outcomes that have not
been examined together in earlier work.

Differences by School Type
Did SS Students Have Higher Gender Salience?

Our data showed that in the final year of high school, SS students
were more gender salient than CE students, even when carefully
matched on potentially confounding background variables which
were correlated with key study variables. The data were consistent
with arguments that have been made by earlier critics of SS schooling
(Halpern et al., 2011; Liben, 2015; Pahlke, Hyde, & Allison, 2014;
Signorella & Bigler, 2013; Signorella et al., 2013). SS students were
indeed more gender salient about themselves, albeit only modestly.
This finding is consistent with the prediction made by critics of SS
schooling who draw on DIT (Halpern et al., 2011; Liben, 2015;
Pahlke, Hyde, & Allison, 2014) and with prior cross-sectional findings
reporting the same difference in high school students (Wong et al.,
2018). We thus infer that SS schools may contain features that select
for or increase the salience of gender in some ways, for example, by
including gender in their school’s name. Proponents of SS schools
argue that they reduce gender salience in other ways, for example,
by offering few opportunities to observe differential treatment of stu-
dents in relation to gender. However, critics of SS education have pro-
vided counterarguments for this and other rationales for SS education

(e.g., see Bigler et al., 2014, in particular, their discussion of the ratio-
nale that SS education “works by reducing attention to gender”). These
discussions underscore the importance of empirical data.

The data from the current study are consistent with the position
that SS schools increase self-gender salience insofar as the data
showed that students in SS schools were more likely than those in
CE schools to include gender when they were asked to provide
descriptions of themselves. Gender was thus a more accessible
scheme of self-categorization among SS than CE students. At the
same time, an association between school type and gender salience
was not pervasive insofar as responses to the measure of gender sali-
ence about others were not related to school type and did not corre-
late strongly with gender salience about self (r=.24 at T1 and
r=.22 at T2 in the zero-order correlations). Few other studies on
spontaneous salience about others’ gender are available, so whether
the SS—CE difference in gender salience is restricted to their self-
concept but not to their perception of others needs additional study.

Did SS Students Score Higher on Other Gender Cognition
Outcomes?

Gender stereotypes assessed by the Social Role Questionnaire
showed no significant difference by school type. In Pahlke, Hyde
and Allison (2014) meta-analysis, gender stereotypes were signifi-
cantly different by school type. Specifically, they were lower in SS
girls in studies that included some control variables (i.e., higher qual-
ity studies), but the authors noted that this finding should be viewed
with caution due to the heterogeneity of measures included as gender
stereotype outcomes. Our failure to find any significant associations
between school type and gender stereotyping is consistent with a
recent finding by Lee and Sambanis (2023). These investigators
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studied South Koreans in middle adulthood who had earlier been
randomly assigned to attend either SS or CE schools. They found
no SS versus CE differences on either the measure of hostile sexism
or work-family gender role attitudes. Interestingly, in our work, we
found that despite finding that SS students reported higher self-gender
salience, SS students did not score higher on measures that may be
perceived as reflecting stronger stereotyping. Specifically, they did
not differ from CE students in gender stereotypes, and they reported
feeling less pressure for gender conformity than CE students. The lat-
ter finding contrasts with one study in the United States reporting
higher felt pressure in SS girls (Drury et al., 2013). However, our find-
ings are in line with female SS graduates’ subjective feeling that they
felt “freedom to be themselves” (Jephcote, 2022) and with another
study reporting that girls in SS classes were slower responding to fem-
inine traits when asked whether these traits described them (Kessels &
Hannover, 2008).

In addition, we assessed a novel construct—exposure to gender
equality. On this measure, SS students more commonly reported
having learned about gender equality from various sources than
did CE students. This difference may be driven by school ethos
stressing equality and the chance for students in SS schools to
engage in both gender-normative and nonnormative tasks given
the absence of other-gender peers to divide the labor. Stakeholders
of SS schools hold stronger antigender discrimination belief (com-
pared to CE stakeholders; Pahlke, Bigler, & Patterson, 2014), and
modern SS schools were often initially established with an egalitar-
ian vision (Liben, 2015; W. Y. Ho, 2004). Our finding of higher
exposure to gender equality in SS schools may be reasonable if
stakeholders of SS schools put their antigender discrimination atti-
tudes into practice. In fact, it would be important to further study
the exact contexts created and the practices conducted at SS and
CE schools, in addition to studying school gender composition per
se. For example, SS and CE schools may both instill or alleviate gen-
dered concepts in students depending on how the teachers frame
gender in their daily practices (Robinson et al., 2021). Different chal-
lenges may exist in SS and CE environments, and it may be unnec-
essary to solve potential problems of CE schooling by separating
boys and girls into different schools and classes (Liben, 2015), or
the reverse.

In sum, SS and CE students did not significantly differ on all
dimensions of gender cognitions, and the significant differences
(i.e., in levels of gender salience, felt pressure, and exposure to gen-
der equality) were small, with the direction of those differences vary-
ing across constructs. The current findings thus neither imply
uniform positivity nor negativity about associations between SS
schooling and gender cognitions. Instead, they suggest that differ-
ences between SS and CE schooling may exist but are complex, mul-
tifaceted, and cannot be assumed to be unidimensional.

Longitudinal Changes
Did SS-CE Differences Diminish After Graduation?

The hypothesis about the reduction of school-type differences
across time was generally not supported. The LCS models, which con-
sidered data from T1 and T2 simultaneously, revealed that school type
did not predict changes in any outcome over time. Put differently, the
magnitude of differences between SS and CE students was not signif-
icantly different between T1 and T2. Thus, there was no strong

evidence that graduation reduced the differences in gender cognitions
between SS and CE students even after SS students no longer
remained in a single-sex school environment. However, it is important
to note that the SS—CE differences were small to begin with, perhaps
reducing room for school-type differences to narrow over time.

Were There Changes in Gender Cognitions Over Time
Regardless of School Type?

The main effects in the LCS models showing a reduction of felt
pressure and gender stereotypes over time are consistent with a prior
study reporting a decrease in gender stereotypes over a year regardless
of gender-segregation status (Signorella et al., 1996). The findings that
gender salience increased between T1 and T2 even as felt pressure and
gender stereotypes decreased are not necessarily at odds but may
reflect general age-related changes that occur in emerging adulthood.
For example, young adults may be exposed to more social situations
that require attention to gender, such as dating, thus making gender
a more salient feature in how they define themselves compared to
when they were younger. Accumulated exposure to gender-egalitarian
knowledge and experiences (Leaper & Brown, 2008) may also lead to
reduced gender stereotypes and felt pressure for gender conformity
while simultaneously increasing gender salience.

In sum, the findings suggest that SS schooling may still be asso-
ciated with graduates’ gender cognitions even after they have grad-
uated. It is important to note that the second wave of data collection
was conducted less than 2 years after graduation and thus the pat-
terns of stability and change we found across time may not general-
ize to longer time spans or to other outcomes. However, the findings
appear to be consistent with studies on interpersonal outcomes
including anxiety about mixed-gender interactions (Wong et al.,
2018) and marriage outcomes (Sullivan et al., 2012), which showed
differences by school type years after graduation (e.g., lower divorce
rate among male CE graduates). More well-controlled research that
spans longer periods and includes a richer battery of understudied
outcomes is needed to evaluate SS schooling comprehensively.

Cross-Lagged Path Analyses

Did Earlier Gender Cognitions Predict Later Outcomes and
Did They Mediate SS—-CE Differences?

To give preliminary insights into potential mechanisms through
which SS schooling might be channeled into later outcomes, we con-
ducted cross-lagged analyses with autoregressive and cross-lagged
paths. We tested all possible effects but found few cross-lagged
effects and no mediation effects. One cross-lagged effect was that
students who had more exposure to gender equality before gradua-
tion felt less pressure for gender conformity after they graduated,
which is consistent with the general understanding of an association
between felt pressure and liberal gender attitudes (Cook et al., 2022).
We found an unpredicted cross-lagged path showing that stronger
gender stereotypes predicted less attention to others’ gender (i.e.,
lower other-gender salience). This finding had not been studied pre-
viously, but it may suggest that highly gender-stereotyped people are
less aware of gender issues (Rogers, 2020). More importantly, we
did not find significant cross-lagged mediation effects of gender sali-
ence or exposure to gender equality despite finding that school type
showed significant differences on both variables at T1.
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As a result, the current data do not support the notion that SS stu-
dents would evidence different gender cognitions following gradua-
tion when T1 scores were controlled and when SS and CE students’
backgrounds were matched as closely as possible. However, some
caveats are needed before concluding that there are no mediation
effects. Specifically, because mediations were examined by testing
the paths of indirect effects (e.g., indirect effect of a x b was tested
when both a and b paths were significant), one possible interpretation
is that there are no mediation effects when a x b is not significant. An
alternative interpretation may be that the effect size of path a (i.e., the
initial differences by school type) was small to begin with, thus mak-
ing it necessary to have larger samples to detect small mediation
effects. The causal mechanisms through which school type produced
differences between SS and CE students remain to be identified.

Were Gender Cognition Differences Between SS and CE
Students Consistent Across Participant Gender?

There is no strong theoretical or empirical basis to predict how the
differences between alternative school types are modified by student
gender. Girls were more heavily represented in prior research sam-
ples on SS schooling, and findings have been mixed regarding
how boys and girls are affected (Pahlke, Hyde, & Allison, 2014).
In the current study, we found no significant moderation by student
gender for any of our analyses, suggesting that participant gender
had little impact on the associations we examined. (We note that
although the multigroup analysis was significant in the LCS model
for gender salience about others, follow-up analyses showed no sig-
nificant difference in school type in both male and female students.)
The changes over time and the associations among different gender
cognitions also were not significantly different for male and female
students. Nevertheless, it would be wise to conduct additional stud-
ies to learn if our findings are replicated.

Implications for Future Research and Interventions

Our findings regarding gender salience and stereotypes lead us to
call for more theoretical and empirical work to consider what it really
means to find higher gender salience in SS students. In the current
study, gender salience was defined as greater attention to or greater
consciousness about gender and the tendency to make gender-based
categorizations (Bigler & Liben, 2006, 2007; Cota & Dion, 1986;
Liben, 2017; McGuire, 1984; McGuire et al., 1979; McGuire &
Padawer-Singer, 1976; Mehta, 2015; Palomares, 2008; Serbin &
Sprafkin, 1986; Wong et al., 2018). In our data, gender salience
but not stereotypes significantly differed between SS and CE stu-
dents, and these two measures did not significantly correlate or
mediate. More work is needed to understand whether and under
what conditions greater attention to gender affects stereotypes.

Some investigators have demonstrated that increasing attention to
gender does indeed lead to stronger gender stereotypes. For example,
Hilliard and Liben (2010) asked some teachers to use gendered lan-
guage in their preschool classrooms and to use gender to organize
activities. In just 2 weeks, children in those classes showed a signifi-
cant increase in their gender stereotypes and avoided playing with chil-
dren of another gender, an aversion they had not shown 2 weeks
earlier. No similar changes occurred in the comparison classes in
which teachers did not highlight gender unnecessarily (e.g., saying
“Good morning, children” instead of “Good morning, boys and girls”).

Because children may be prone to make naive extrapolations
about gender whereas adolescents and adults are more cognitively
advanced and familiar with gender equality concepts (Leaper &
Brown, 2008), paying attention to gender may have different causes
and impacts at different ages. For children, it may be especially
important to teach ways to reject sexist messages explicitly as illus-
trated in a program for elementary school children (Lamb et al.,
2009). However, even adults may need to be taught to be more crit-
ical when attending to gender given that well-meaning antisexist
campaigns (e.g., to encourage women to pursue careers in science
or to highlight women’s disadvantage in science and math fields)
may inadvertently be communicating and reinforcing gender stereo-
types or discouraging people to apply to fields that they find espe-
cially difficult (Liben, 2016; Williams & Ceci, 2015).

In short, people who are highly attentive to gender (i.e., highly gen-
der salient) may include different kinds of subgroups that have differ-
ent gender stereotype profiles. Some high salience people may have
strong gender stereotypes and some may have strong nonsexist,
gender-egalitarian beliefs. Some of our findings are consistent with
this possible interpretation. First, our work showed that SS students
had higher self-gender salience while they also reported lower felt
pressure and greater exposure to gender equality. Second, we found
that students who had higher gender stereotypes were less attentive
to others’ gender (i.e., lower other-gender salience) later. The specu-
lation that there are multiple profiles of people characterized by differ-
ent combinations of gender salience and gender stereotypes could
explain the lack of an overall correlation or mediation effect between
gender salience and other outcomes. In fact, a study comparing
Swedish gender-neutral schools and traditional schools found that
children in a gender-neutral school were less gender-stereotyped but
not less likely to automatically encode gendered information (Shutts
et al., 2017), supporting our speculation that the association between
gender salience and stereotyping may be multidimensional. Because
higher exposure to gender equality was related to lower felt pressure
regardless of school type, exposing students to gender equality infor-
mation may be an effective pedagogical strategy for educators to opti-
mize students’ gender cognition outcomes (such as lowering felt
pressure to conform to gender norms) at both SS and CE schools.

It is also worth noting that gender salience has sometimes been
used to refer to or used interchangeably with other terms such as gen-
der schematicity and gender accessibility. Additionally, gender sali-
ence has been measured in different ways (e.g., Cota & Dion, 1986;
Coyle & Liben, 2016; Liben & Bigler, 2002, 2017; McGuire et al.,
1979; Serbin & Sprafkin, 1986; Wong et al., 2018). It has been con-
ceptualized both as a situational characteristic and as a person attri-
bute (see Liben, 2017; Liben & Bigler, 2002, 2017). Some studies
measured the hypothesized outcomes of gender salience (e.g.,
endorsement of gender stereotypes in Kessels & Hannover, 2008)
and some manipulated the environmental factors of gender salience
(e.g., Hilliard & Liben, 2010). In the current study, we defined gen-
der salience as the accessibility or awareness of gender and separated
it from measurements of its hypothesized environmental precedents
(e.g., SS or CE environment) and hypothesized outcomes (e.g., gen-
der stereotypes). It was conceptualized as a person attribute that
shows individual differences but is influenced by situational factors
such as SS or CE schooling environments. SS—CE schooling con-
texts are long term, similar to the way that families provide long-term
environments that may foster chronic individual differences in gen-
der salience (see Cota & Dion, 1986; McGuire et al., 1979; also see
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Wood & Eagly, 2015). Further discussions about the definition and
measurement of gender salience may drive the field forward and
guide new research.

Limitations

This study offers several important contributions to the SS school-
ing literature, but we acknowledge a number of limitations. First, the
sample size is reasonably large but, as in prior research (see Pahlke,
Hyde, & Allison, 2014), males from SS schools were underrepre-
sented. A larger sample may be needed to detect school by participant
gender interactions and mediations. The comparisons across gender
groups were also weakened by the lack of strong invariance for gender
groups in two measures, specifically for the gender stereotype mea-
sure at both T1 and T2 and the felt pressure for gender conformity
measure at T1. Thus, results involving comparing these two measures
for male and female students should be regarded with caution.

Second, the findings are based exclusively on students from
Hong Kong. Given that Hong Kong is a very industrialized and
Westernized society with a long history of British rule and influence,
its education system closely resembles those found in other Western
cultures, especially those in Britain. While others have reported find-
ing normative gender differences in gender development across cul-
tures (Gibbons, 2000; Wong & VanderLaan, 2020), we also found
normative gender differences in gender stereotypes and felt pressure
that are in line with those reported in the West (Cook et al., 2022).
Taken together, these observations suggest that the current findings
are likely generalizable to other Westernized cultures. In comparison
to studies that recruited students from very few schools (e.g., Drury
et al., 2013; Signorella et al., 1996), our recruitment was not school
based, and thus our samples of SS and CE students represented a
wide range of schools. Our sampling method thus provided school
diversity, but that diversity was within a single society. Different pat-
terns of findings might have emerged if samples had been drawn
from SS schools in more varied cultural contexts.

Third, although propensity score matching has the potential to min-
imize differences between groups (e.g., Nagengast et al., 2013), our
matching did not control for gender cognitions prior to initial entry
to SS or CE schools. Although self-selection into SS or CE schools
on the basis of preexisting gender cognitions is possible, actual school
allocation is determined by a myriad of factors such as academic
merit, geographical proximity, and partial random assignment by lot-
tery. These considerations may have helped to minimize the probabil-
ity that students entered SS or CE schools based on preexisting gender
cognitions. However, we cannot rule out this possibility.

Fourth, we focused on only one particular 1.5-year interval and
context—a focus that made it feasible for us to recruit a large sample
of SS and CE students during a critical transition. This high school
graduation transition was selected because it marks the time that SS
students leave a gender-segregated school environment and become
fully immersed in a mixed-gender environment (all universities are
CE in Hong Kong). Changes emerged within this short interval. For
all student groups, over time we found increased gender salience,
reduced gender stereotypes, and lowered felt pressure for gender
conformity. However, the length of our longitudinal work does
not permit us to know about changes that might occur in the more
distant future. Even after immersion in institutional gender segrega-
tion has ended, graduates of SS schools may continue to favor same-
gender friends and interactions (Wong et al., 2018), occupations, and

environments. Self-selected SS environments may reflect a distal
effect of earlier segregation.

Conclusions

The evaluation of the consequences of SS versus CE schooling is
far from complete, and the current study does not permit all questions
about the differences between SS and CE schooling to be answered.
However, our work demonstrates the utility of studying more varied
gender cognition outcomes of SS versus CE schooling. SS students
were slightly more attentive to their own gender, reported more expo-
sure to gender equality, and felt less pressured to conform to gender
norms both before and after graduation, while they did not differ
from CE students in gender salience about others or in gender stereo-
types. The range of our findings indicates that in real-life SS and CE
schooling contexts, differences predicted by theories may not be as
simple or substantial as those found in more tightly controlled exper-
imental studies of gender segregation or identity salience because it is
impossible to control for and manipulate all forces that may be at play.

Because the patterns of differences in gender cognitions between
SS and CE students were not always significant, and the significant
differences were small and varied in direction, it appears that gender
cognition differences between of SS and CE schooling are neither as
alarming nor as beneficial as suggested in the scholarly literature or
the public press. This more balanced conclusion resonates with the
conclusion that the most positive outcome of SS schooling touted
by supporters of SS schools—academic achievement—is minimal
at best once corrections are made for confounds between SS and
CE samples (Pahlke, Hyde, & Allison, 2014; Signorella et al.,
2013). Apart from focusing on achievement-related constructs, it
would be valuable to assess a variety of constructs in order to under-
stand the differences between SS and CE schooling more fully.
Future research will be advanced if researchers can implement lon-
gitudinal designs and avoid (or statistically control for) initial differ-
ences between SS and CE samples.
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