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Editorial on the Research Topic

Gender differences and disparities in socialization contexts:
How do they matter for healthy relationships, wellbeing, and
achievement-related outcomes?

Gender differences and disparities in youths development, education, and
socialization are part of long-standing scientific, political, and public debates. According
to the European Institute for Gender Equality (https://eige.europa.eu/), gender
disparities refer to differences in women’s and men’s access to resources, status, and
wellbeing, which usually favor men and not rarely are institutionalized through law,
justice, and social norms. Despite remarkable advances in furthering the status of women,
gender disparities still remain a worldwide challenge, as no country has achieved full
gender parity yet (World Economic Forum, 2022). At the current rate of progress, it
will take 132 years to close the global gender gap. Gender disparities largely persist
in several life domains such as school (e.g., in academic pathway and achievement),
work (e.g., career development and wages), and family (e.g., household division and
parental expectations of children), and can result in context- and gender-specific
problems and maladjustment. It is thus essential to better understand the psychosocial
mechanisms underlying gender differences in socialization contexts in order to reduce
the risk of harmful disparities and strengthen the factors fostering equitable development
opportunities for girls and boys.

With a multiperspective approach, the current Research Topic (RT) aims to
contribute to the international debate by offering scientific data and educational and
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social suggestions for building a social context supporting
optimal development of youth, regardless of their gender. The
following sections describe the RT’s contributions in two sub-
themes.

Gender disparities: From school to
university

Most current RT papers allow us to observe how the
gender gap in the school context persists in many countries
(Austria, Australia, Colombia, Denmark, Germany, Italy, Japan,
Quebec, Nigeria, Switzerland, and United States) and at different
school-ages. Together these studies highlight the need for
extra attention to gender differences in the school context by
education staff and policymakers.

A large body of literature is devoted to girls’ and boys’
attitudes and performance in science, technology, engineering,
and mathematics (STEM). In line with Eccles and Wigfield’s
(2020) situated expectancy-value theory, many sociocultural,
contextual, biological, behavioral, and psychological variables
may contribute to the widespread under-representation
of girls and women in the scientific field and a lower
academic self-concept than boys. In this regard, Valls’s
research has confirmed gender differences in academic
self-concept with girls feeling more confident in language
learning and boys feeling more confident in mathematics.
Furthermore, Valls’s research demonstrated that negative
social comparison processes could best explain these gender
differences, which, in turn, may negatively impact boys and
girls’ motivation toward certain academic challenges. Similarly,
Andersen and Smith found that the social contexts in schools
(i.e., teacher gender stereotypes, comparisons with math
achievement of female peers) generates gender differences in
young people’s self-concept and achievements in math and
language. In Hiitbner et al’s study clear disparities favoring
boys were found for upper secondary school achievements
in math and physics and to a lesser extent in biology.
These disparities did not increase (nor decrease) after a
recent school time reform in Germany that reduced overall
school time, which was compensated by increased average
instructional time per week. Although, girls’ level of stress
and wellbeing was negatively affected by this instructional
time reform to a greater extent than for boys, which may on
a longer term exacerbate existing gender disparities in the
school context.

Interestingly, as Froehlich et al. outlined, although there
are no gender differences in math ability in young STEM
students, expected backlash (i.e., less positive reactions to
university major) affected female STEM students’ emotions
and STEM motivation to a larger extent than male STEM
students. Despite the relatively higher level of female students’
mathematics achievement than boys, they maintain a weaker
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math self-concept, negatively affecting the cognitive resources
necessary to perform STEM tasks better (Bertrams et al.).

Similarly, Musso et al. focused on STEM-gender stereotypes
and assumed that gender disparities become more complex and
pronounced when socioeconomic status (SES) is considered.
The authors shed light on the unneglectable consideration that
higher SES is associated with lower STEM-gender stereotypes.
With a different approach to SES, Kuzyk et al. confirmed
the interrelationships between SES, nationality, and gender,
which may interactively impact students’ cognitive performance
and self-perceptions of this performance. Additionally, despite
evidence that IQ levels are equally distributed between genders,
there is a significant gender gap in self-estimated intelligence,
with males providing systematically higher estimates than
females (Reilly et al.).

How  gender-stereotypes threaten
adolescents’ mental health and wellbeing is a second Research

and  disparities

Topic concerning gender disparities at school. According
to Rubach et al, it is not a surprise that male and female
students report distinct stressors and mental health troubles
contextually observed during the COVID-19 pandemic.
Nevertheless, teachers’ instructional quality may reduce mental
health menaces and enhance students’ academic satisfaction.
Similarly, Korlat et al. focused on gender role self-concept (i.e.,
masculine, feminine, androgynous, and undifferentiated) in
relation to school-related wellbeing. Their findings showed that
an androgynous self-concept might be optimal for academic
wellbeing. Furthermore, their study opens urgent reflections
on how school staff might approach gender-typed attributes
in students.

With a different perspective on the educational setting, the
third theme of the RT focuses on the relationships between
teachers’ gender and their mental health. Kreuzfeld and Seibt
shed an interesting light on how male and female teachers
differ in terms of working conditions and coping with high
work demands, as well as individual factors that promote early
retirement. By collecting several types of data from a gender-
balanced group of teachers, the authors found that female
teachers have a greater tendency to overcommit themselves
and have a worse capacity to recover from troubles than
male teachers. A second study by Dersch et al. addressed
educators’ stereotypes regarding STEM and outlined that
teachers’ misconceptions may impact their students self-
concepts. Preservice teachers’ training should thus promote their
awareness of gender misconceptions.

The focus on teacher-student relationships was also analyzed
in the research by Beiflert et al. concerning teachers’ reactions
to social exclusion among students by considering their gender.
Interestingly, teachers were less likely to intervene if a boy was
excluded than if a girl was excluded. This study drew attention
to male-specific school disparities by showing that also boys can
be at risk of being encapsulated in their gender role, which, in
turn, may negatively affect their school-adjustment.
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Finally, Bluteau et al. analyzed the relationship between
students’ seating in the classroom and their school-related
wellbeing. Flexible classroom seating positively affects girls
wellbeing, while male students take advantage of fixed classroom
seating. Thus, seating arrangements, and individual differences
in the need for personal space, could contribute the gender gap
in wellbeing at school.

An important future direction for research on gender
disparities in the school context is to not primarily focus on
gender in STEM, but also examine processes related to the
underrepresentation of boys and men in HEED (health care,
elementary education, domestic sphere; Croft et al., 2015) as
well as gender differences in the performance on other school
subjects (e.g., language, arts).

Reducing gender disparities: Start
early, at home

For the greater part of childhood and early adolescence,
the family is another primary context in which children
and youths are socialized about gender and gender roles
(e.g., Lawson et al, 2015). Parents engage in numerous
cultural socialization processes and practices, which expose
children to information that helps them to learn about their
history, heritage (values, religion, traditions, customs, etc.),
and social norms (e.g., what is socially expected from a
girl or a boy). One such cultural process among families
is parent-child transmission of norms, beliefs, and values
which many scholars consider the hallmark of successful
intergenerational socialization (Knafo-Noam et al, 2020).
Parents widely use perceived social norms and stereotypical
beliefs as a reference when socializing children (Tam et al,
2012). This clearly emerged from Barni et al’s study, which
showed a significant relationship between parents’ hostile and
benevolent sexism and their socialization values (i.e., the
values parents want to transmit to their children). The more
parents, especially fathers, hold sexist beliefs against women,
the more they would like their young adult children to
be conservative.

Parents’ beliefs translate into daily practices and influence
children’s development of competencies and motivations. In
this regard, Mues et al,, involving preschool children, showed
that parents’ mathematical gender stereotypes (in favor of
boys), self-efficacy, and their beliefs on the importance of
mathematical activities at home are related to parents’ numeracy
activities and children’s numeracy competencies. The findings
supported the assumption of a direct association between
children’s numeracy competencies and parents numeracy-
related activities for fathers only, but not for mothers.
In general, parents’ gender-differentiated encouragement of
science or language predicts children’s later motivations
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(Shirefley and Leaper) and even career decisions (Endendijk
and Portengen). Everhart Chaffee and Plante’s results suggested
that parents’ ability stereotypes about language support girls’
motivation for language arts; on the other hand, stereotypes
that language arts are not for boys push them toward
science. Boys are less interested in female-dominated fields,
also regarding occupation, particularly when they feel pressure
to conform to gender norms and hold stereotypical beliefs
about these occupations (Masters and Barth). Endendijk and
Portengen showed that parents’ gender-typical career and
family involvement (i.e., work hours and task division in
the home) influence their children’s vision of their future
work and family roles. Children play an active role in
developing this vision for the future through their gender
identity, precisely by how similar they feel to individuals of the
same gender.

Parental influence is so pervasive in children’s acquisition
of gender roles, knowledge, and understanding that perceived
parenting styles are even related to young adults later intimate
relationships outside the family. Paleari et al, in their study
on cyber dating abuse, pointed out that the more young adults
report that their mothers” parenting style was authoritarian or
permissive during their childhood, the more likely they are
to be involved in a cyber-abusive dating relationship. They
have also found that mothers’ parenting styles interact with
fathers’ styles in relating to their daughters’ cyber control
and aggression.

The studies included in this RT support the specific and
interrelated role of fathers and mothers in children’s gender
socialization, substantially in the direction of conforming to
gender stereotypes. In all these processes, children’s sex and
gender identity (Endendijk and Portegen) come into play
by influencing parents’ styles and practices and moderating
their impact. Most gender disparities are harmful to girls
at a young age, but some involve boys (see Everhart
Chaffee and Plante), and they have long-term effects on
academic paths, careers, and intimate relationships. It is
nevertheless worthwhile noting that, under some individual
and/or contextual conditions, the family can actively counteract
cultural stereotypes about gender. For example, Shirefley and
Leaper reported that highly educated parents—living near
scientific/technology industries where women are employed—
tend to use a higher proportion of science talk with daughters
compared to sons.

These findings highlight that the psychosocial and
educational programs to reduce the gender gap should
start early at home by involving both parents. They
could help parents to become more aware of their own
gender-based biases and gender socialization practices,
especially when  these negatively impact children’s
health, by generating disparities (in terms of effective
and  symbolic children’s

opportunities), compromising
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(eudaimonic) wellbeing, and feeding feelings of unfairness
across generations.

Conclusion

Bringing together the above contributions, a multisystemic
view of gender issues arises where different microsystems
(mainly school and family) and sometime mesosystems (i.e.,
interactions across the microsystems) and macrosystems (i.e.,
cultures) are considered. This view can help in expanding
focus to tap into a more comprehensive picture of gender
differences and disparities and their consequences on youth’s
wellbeing in multiple daily life contexts so to inform social
policies, provide intervention targets, and create a new
community awareness of the roots of gender inequalities in
current society.

Almost all the studies included in this RT provide a
binary classification for gender. It would be worthwhile that
future contributions on gender disparities in school and
family contexts move beyond the binary toward a more
multidimensional view of gender.
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UER Développement de I'enfant a I'adulte, Haute Ecole Pédagogique Vaud, Lausanne, Switzerland

Forced social comparison (i.e., comparing oneself to another “predefined” student) has
often been studied in school settings. However, to our knowledge, studies that explore its
association with academic self-concept have rarely distinguished between subjects
involved (e.g., mathematics or language learning). Moreover, some processes taking
place during forced social comparison are thought to have a negative impact on academic
self-concept. Thus, the aims of this study were to explore: 1) the associations between
self-concepts (i.e., Language learning, Mathematics and Social), attitudes towards school
and social comparison processes in school settings; and 2) the influence of social
comparison processes on components of academic self-concept across gender. A
sample of 238 elementary school students (Mage = 10.12, SD = 1.25; 52% boys)
completed a questionnaire assessing self-concepts and attitudes towards school, as
well as a questionnaire measuring four social comparison processes. Results indicated
that girls used negative processes (i.e., upward contrast and downward identification)
more than boys. In addition, boys reported better self-concept in mathematics while girls
reported better self-concept in language learning (small effect). Results of stepwise multiple
linear regression analyses showed that upward contrast best explained gender
differences, with a stronger effect for girls. Attitudes towards school only explained
gender differences in language learning self-concept. Furthermore, positive processes
(i.e., upward identification and downward contrast) have no effect on either component of
academic self-concept. Results of this study demonstrate the need to examine the
evolution of social comparison processes over time, considering their impact on
students’ academic/social well-being and achievement from a gender perspective.

Keywords: forced social comparison, upward comparisons, downward comparisons, academic self-concept,
gender, school settings

INTRODUCTION

Social comparison theory has been applied to many clinical problems, such as body image,
depression and burnout (Dijkstra et al., 2010). Social comparison includes all processes aimed at
comparing one’s own personal characteristics with those of others (Buunk and Gibbons, 2000).
Dijkstra et al. (2010, p. 196) have identified processes involved when individuals compare themselves
to others. According to them, individuals will choose various comparison targets. It refers to the
direction of comparison: either a comparison with people judged as having similar abilities to their
own (i.e, lateral comparisons), or a comparison with people having superior abilities (i.e., upward
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comparisons) or inferior abilities (i.e., downward comparisons).
Moreover, individuals would compare themselves in a movement
of identification/contrast with respect to the chosen target. It
refers to the framing of comparison: they can either identify with
the comparison target by focusing on their similarities, or
contrast themselves from the comparison target by focusing
on their differences. Thus, four social comparison processes
have been highlighted: upward identification, downward
contrast, upward contrast and downward identification (Smith,
2000; Buunk et al., 2005). These four processes will be the point of
reference for this article because they have already been studied in
elementary school students (Boissicat et al., 2012; Bouffard et al.,
2014). According to the meta-analysis by Gerber et al. (2018),
contrast would be the dominant response as identification would
require a special priming. Although the tendency would be to
evaluate oneself positively, these authors believe that individuals
“look upward to confirm their closeness to the ‘better ones,” which
often leads, alas, to self-deflation” (p. 194).

Specifically in school settings, social comparison can be
defined as a student taking one or more classmates as
comparison target in order to conduct an assessment of his/
her own competence (Bouffard et al., 2014). Therefore, it would
impact students’ self-concept, especially academic self-concept.
Internal/External frame of reference model (I/E model; Marsh,
1986) assumes the influence of social comparison on academic
self-concept (Wolff et al., 2018). The internal frame of reference
an internal comparison called “dimensional
comparison” (e.g., student comparing his/her competence
between two different subjects) while the external frame of
reference involves an external comparison called “social
comparison” (Ertl et al., 2017; Wolff et al., 2018). Wolff et al.
(2018) indicate that if the student compares his/her academic
performance to that of his/her peers and believes that he/she is
better than them, this social comparison should lead to a better
academic self-concept. Although the I/E model suggests that
social and dimensional comparisons are jointly involved
during the development of self-concept in school settings
(Wolff et al., 2018), only the external frame of reference will
be considered in this study. Indeed, the comparisons students
make within their classrooms provide an external frame of
reference for self-assessment and performance attribution (Ertl
et al.,, 2017; see also; Rost et al., 2005) and appear to be most
important when students form their academic self-concept
(Wolff et al., 2018).

Boissicat et al. (2020) point out that when a student compares
himself/herself to a classmate, this individual comparison may be
unconscious (i.e., not being fully aware that he/she is comparing
oneself), deliberate or forced. These authors define deliberate
comparison as being fully chosen by students, by voluntarily
selecting a comparison target within the classroom. It is assessed
through nomination. Forced comparison, on the other hand,
occurs when students are asked to compare themselves to another
“predefined” student. In this particular case, students would
appear to favor upward identification and downward contrast,
both of which are non-threatening processes to the self (Bouffard
et al., 2014). However, social comparison in school settings has
often been defined as a type of vicarious experience, where

involves

Gender Differences in Social Comparison

observing a peer of the same level succeeding or failing in a
task would provide information leading students to believe that
they are likely to do the same (e.g., Boissicat et al, 2020).
Nevertheless, according to Dijkstra et al. (2008) “although the
concepts of modeling and social comparison overlap, they differ
significantly” (p. 841). They state that the purpose of modeling is
observation and imitation teaching (e.g., a procedure) that would
ensure student success and thus positively influence academic
self-concept. Conversely, social comparison occurs when
students choose a target (i.e., another student) with whom to
compare his/her competence or performance. Thus, “upward
comparisons negatively affect students’ academic self-concept”
(Dijkstra et al., 2008, p. 841).

Positive effects of upward identification have been suggested
in studies evaluating forced social comparison processes. Indeed,
the preferred process for elementary school students appears to
be upward identification followed by downward contrast
similarly across gender, which are positively associated with
perceived academic competence (Boissicat et al, 2012;
Bouffard et al., 2014). Bouffard et al. (2014) indicate that this
preference may be related to a more pronounced search for
positive emotions that these two processes are presumed to
generate. Nevertheless, Boissicat et al. (2012) found that
upward identification would have a low contribution to
academic self-concept, while downward identification would
have the largest negative contribution despite its low use by
students. These deleterious effects would be found even after
controlling for academic performance. These authors conclude
that links between self-concept and social comparison in school
settings would not only depend on the direction of the
comparison, but also on the framing. In addition, Dumas and
Huguet (2011) point out that upward identification would be
more implemented during deliberate comparisons, especially
from the age of 10, with an effect of enhancing perceived
competence. They also indicate that if the student is
confronted with a failure, he/she will tend to take as
comparison target a student with competence judged inferior
to his/her own. Dumas and Huguet (2011) conclude that during
forced comparisons (notably imposed by selective educational
systems), positive effects of upward identification would not be
sufficient to counteract the effects of upward contrast that
generate a decline in academic self-concept.

Unfortunately, to our knowledge, studies that consider
associations between academic self-concept and forced social
comparison make little or no distinction between the subjects
concerned. Moreover, depending on the age groups observed,
results relating to gender differences seem to differ. For example,
Pulford et al. (2018) showed that female university students were
more likely to use upward comparisons, while male students were
more likely to use downward comparisons. In addition,
downward comparisons would not be related to academic
confidence. Studies among elementary school students
generally show that girls use downward identification and
upward contrast more than boys (Boissicat et al., 2012;
Bouffard et al., 2014). However, these two studies do not
explore the relative contribution of these four social
comparison processes to academic self-concept across subjects
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and gender. Thus, the present study has a twofold purpose. First,
itaims at exploring gender differences in academic self-concept in
two important subjects during elementary grades (i.e., language
learning and mathematics), social self-concept, attitudes towards
school, and four social comparison processes previously
identified. Second, it aims at exploring the influence of social
comparison processes on academic self-concept in each subject
area and by gender, taking into account effects of social self-
concept and attitudes towards school. In particular, given the
above-mentioned elements and age of the students involved in
this study, we expect that girls will report implementing negative
processes more frequently, which will have a negative impact on
their academic self-concept. Furthermore, since the presumed
positive effects of upward identification would not be sufficient in
forced social comparison contexts (Dumas and Huguet, 2011), we
expect that this process would not emerge as a significant
predictor of academic self-concept.

MATERIALS AND METHODS

Research Design and Study Procedure

Data were collected from elementary school students (five to
height graders) in a French-speaking canton of Switzerland
during the 2017 to 2020 school years. In Switzerland, grades
five to height correspond to the fifth to eighth years of
compulsory schooling. The Cantonal Commission on Ethics in
Human Research (CER-VD)! provides authorizations for clinical
trials and human research projects that fall within the application
field of the Human Research Act (HRA)® However, the HRA
does not apply to research conducted on health-related data that
has been collected anonymously or anonymized. The Cantonal
data protection acts® concern personal and identifiable data:
henceforth data is anonymized, it is no longer covered by the
Act. This research was conducted in accordance with the Code of
Research Ethics for the Universities of Teacher Education
(CDHEP)* and the International Ethical Guidelines for
Health-related Research Involving Humans’. In particular, the
duty to inform was respected. Parents were informed by letters of
the general objectives of the study, and could decline their child’s
participation in the data collection. The letters also contained the
identity of the supervisor and the institution for which he or she
worked, as well as a contact address. Students were also given the
option to decline to participate in the study, as their participation
was voluntary. Under these conditions, no refusals were recorded
(i.e., return rate of 100%) and the anonymity of the participants
was preserved.

'https://www.cer-vd.ch/

*https://www.fedlex.admin.ch/eli/cc/2013/617/en
*https://prestations.vd.ch/pub/blv-publication/actes/consolide/172.65?
key=1543934892528&id=cfodf545-13{7-4106-a95b-9b3ab8fa8b01
*https://etudiant.hepl.ch/files/live/sites/files-site/files/filiere-ps/programme-
formation/code-ethique-recherche-cdhep-2002-fps-hep-vaud.pdf
*https://cioms.ch/wp-content/uploads/2017/01/WEB-CIOMS-
EthicalGuidelines.pdf

Gender Differences in Social Comparison

Data were collected in the classroom by Bachelor students who
administrated the questionnaires anonymously. Each item was
read a first time to ensure understanding by students, and
completing the questionnaires took between 15 and 30 min.

Participants and Study Procedure

The sample consisted of 238 students (age range: 8-13 years),
including 114 girls (48% of the total sample; Mage = 10.18, SD =
1.31) and 124 boys (Mage = 10.07, SD = 1.19). Of the total sample,
21.80% were fifth graders (21.90% girls; 21.80% boys), 23.90%
were sixth graders (21.90% girls; 25.80% boys), 29.40% were
seventh graders (29.80% girls; 29.00% boys) and 24.80% were
eighth graders (26.30% girls; 23.40% boys).

Measures

Social Comparison Processes in School Context
Social comparison processes were assessed using the French
version of the Questionnaire of the comparison of academic
self (Questionnaire de la Comparaison de Soi Scolaire; QCSS)
developed by Bouffard et al. (2014). The QCSS is a self-report
questionnaire designed to assess four social comparison
processes (i.e., upward contrast, a« = 0.73; upward
identification, & = 0.60; downward identification, a = 0.78;
downward contrast, « = 0.77). Each process is composed of 3
items scored on a 4-point Likert scale (1 = “Not at all like me”
to 4 = “Totally like me”; scores per dimension range from 3 to
12). A higher score on one dimension indicates higher
frequency of use of a forced social comparison process.
Confirmatory Factor Analysis (CFA) results show a good
fit to the data (x*/df = 1.74; CFI = 0.96; RMSEA = 0.06;
SRMR = 0.05). With regard to structural invariance,
traditional Chi* difference test approach was performed,
indicating the QCSS’s factorial invariance across gender
(AX* =11.97, Adf = 8, p = 0.152).

Self-Concepts and Attitudes Towards School

An adapted French version of the CoSoi (Valls and Bonvin,
2021) was used to measure self-concepts and attitudes
towards school. Due to the age of the students involved in
this study, the pictures were adapted with only one statement
per item. This self-report questionnaire is composed of 13
items divided into four subscales: self-concept in language
learning (SC-L; 3 items, a = 0.64) and in mathematics (SC-M;
3 items, a = 0.77), social self-concept (SC-Social; 3 items, o =
0.75) and Attitudes towards school (Attitudes; 3 items, a =
0.85). Academic self-concept corresponds to the student’s
evaluation of his/her general academic competence (i.e., in
the two subjects mentioned). Social self-concept corresponds
to the student’s evaluation of his/her social relationships
within the classroom, while attitudes towards school
correspond to the student’s evaluation of his/her emotional
well-being at school. Each item was scored on a 4-point Likert
scale with six reverse scored items (1 = “Not at all like me” to
4 = “Totally like me”; scores per subscale range from 3 to 9)
and higher scores indicate higher self-concept (i.e., language
learning, mathematics or social) and positive attitudes
towards school. CFA results showed a good fit to the data
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TABLE 1 | Means (M), standard deviations (SD) and t-test results for gender differences.

Gender Differences in Social Comparison

Boys (n = 124) Girls (n = 114) Means comparison

M SD M SD t df P d
SC-L 2.89 0.65 3.06 0.62 -2.08 236 0.039 0.27
SC-M 3.36 0.66 3.12 0.79 2.59 220.49 0.010 0.33
SC-Social 3.37 0.78 3.45 0.73 -0.80 236 0.423 -
Attitudes 2.74 0.99 3.19 0.86 -3.75 234.93 0.000 0.55
Upward contrast 1.84 0.75 2.21 0.90 -3.39 219.96 0.001 0.46
Upward identification 2.82 0.75 2.75 0.76 0.67 236 0.505 —
Downward identification 1.65 0.74 1.89 0.85 -2.32 236 0.021 0.30
Downward contrast 2.1 0.91 2.20 0.88 -0.82 236 0.412 —
Note. SC-L, language learning self-concept; SC-M, mathematics self-concept; SC-S, social self-concept; Attitudes, attitudes towards school.
TABLE 2 | Correlations between the variables of interest for girls (below the diagonal) and boys (above the diagonal).

1. 2. 3. 4, 5. 6. 7. 8.

1. SC-L — 0.08 0.22* 0.12 -0.32"** -0.15 -0.36™* 0.05
2. SC-M 0.13 — 0.21* 0.29* -0.21* -0.11 -0.19* -0.10
3. SC-Social 0.19* 0.07 — 0.13 —0.34** -0.02 -0.32"** -0.08
4. Attitudes 0.21* 0.32** 0.16 — -0.29* 0.05 -0.08 -0.16
5. Upward contrast -0.34"* -0.26™ -0.35"* -0.12 - 0.28* 0.46"* 0.30*
6. Upward identification -0.15 0.01 -0.14 0.07 0.22* — 0.25"* 0.13
7. Downward identification -0.23* -0.28" -0.36"* -0.15 0.49" 0.32%* - 0.08
8. Downward contrast -0.09 -0.02 -0.23* -0.18 0.48** 0.36"** 0.25" -
Note. SC-L, language learning self-concept; SC-M, mathematics self-concept; SC-S, social self-concept; Attitudes, attitudes towards school.
p < 0.05.
*Pp < 0.01.
0 < 0.001.

(Xz/df: 1.99; CFI = 0.95; RMSEA = 0.07; SRMR = 0.06) with
factorial invariance across gender (Ax> = 4.99, Adf = 8, p =
0.758).

Items of the two questionnaires were presented alternately
(ie, one item from the CoSoi, then one item from the QCSS
and so on), making the overall questionnaire contained 25 items.
This was done to prevent students from trying to be consistent in
their responses. Respondents were asked to indicate how similar they
thought they were to the student described in each statement. The
general instruction stated that there were no right or wrong answers.

Statistical Analysis

In order to explore gender differences, Student’s t-test was
conducted using Cohen’s d to assess effect sizes (Cohen,
1988). A stepwise linear regression analysis was carried out in
order to determine the predictors of each dimension of academic
self-concept. Model 1 of PROCESS (Hayes, 2013) was used to test
the moderating effect of gender in the relationship between
significant predictors and each dimension of academic self-
concept. Then, stepwise multiple linear regression analyses
were performed separately for girls and boys to assess the
influence of SC-Social, Attitudes, and four social comparison
processes on each dimension of academic self-concept (i.e., SC-L
and SC-M). Variance Inflation Factor (VIF) values were
examined, with a VIF value equal to or greater than 10.00
indicating a multicollinearity problem (Chatterjee et al., 2000).
The VIF values were all less than 2.00 in all models tested.

RESULTS

Table 1 shows the means and standard deviations of study’s
variables for boys and girls. At the descriptive level, we can see
that the preferred social comparison processes differ somewhat
by gender. Although they both report first using upward
identification, girls report using upward and downward
contrast equally, whereas boys report using more downward
contrast and then upward contrast. The process least reported
by both girls and boys is downward identification. Results of ¢-test
(Table 1) indicate that girls have better SC-L and more positive
attitudes towards school, while boys have better SC-M (with small
to moderate effect sizes). In addition, girls report using upward
contrast and downward identification significantly more
frequently than boys (with small effect sizes).

A first step was to explore correlations according to gender,
which are reported in Table 2. It appeared that the strength of the
associations between social comparison processes and
dimensions of academic self-concept did not vary notably by
gender. The only differences found were in the relationship
between Attitudes and SC-L (the correlation being significant
for girls but not for boys) and between SC-S and SC-M (the
correlation being significant for boys but not for girls). Results of
the first stepwise multiple linear regression analysis showed that
upward contrast (8 = —0.25, p < 0.001, sr* = —0.21), gender (8 =
0.21, p < 0.001, s¥* = 0.21) and downward identification (8 =
~0.18, p < 0.001, sr* = —0.16) emerged as significant predictors of
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TABLE 3 | Hierarchical multiple linear regression analyses predicting self-concept in language learning (SC-L) across gender.

R? Predictors

0.06 SC-Social

Attitudes

SC-Social

Attitudes

Upward contrast
Upward identification
Downward identification
Downward contrast
SC-Social

Attitudes

SC-Social

Attitudes

Upward contrast
Upward identification
Downward identification
Downward contrast

Boys Step 1

Step 2 0.19

Giirls Step 1 0.07

Step 2 0.18

B t p F change (df)
0.20 2.30 0.023 3.63 (2,121)
0.10 1.10 0.274
0.08 0.86 0.394 4.69 (4,117)
0.07 0.77 0.444
-0.19 -1.75 0.083
-0.05 -0.60 0.551
-0.24 -2.50 0.014
0.15 1.69 0.094
0.16 1.76 0.081 414 (2,111)
0.18 1.96 0.052
0.06 0.59 0.557 3.45 (4,107)
0.20 2.16 0.033
-0.35 -3.06 0.003
-0.13 -1.34 0.182
-0.01 -0.12 0.902
0.17 1.61 0.111

Note. SC-L, language learning self-concept; SC-M, mathematics self-concept; SC-S, social self-concept; Attitudes, attitudes towards school.

TABLE 4 | Hierarchical multiple linear regression analyses predicting self-concept in mathematics (SC-M) across gender.

R? Predictors

0.1 SC-Social

Attitudes

SC-Social

Attitudes

Upward contrast
Upward identification
Downward identification
Downward contrast
SC-Social

Attitudes

SC-Social

Attitudes

Upward contrast
Upward identification
Downward identification
Downward contrast

Boys Step 1

Step 2 0.14

Giirls Step 1 0.10

Step 2 0.21

B t P F change (df)
0.17 2.01 0.046 7.78 (2,121)
0.27 3.10 0.002
0.14 1.44 0.183 0.83 (4,117)
0.26 2.88 0.005
-0.02 -0.15 0.882
-0.09 -1.00 0.319
-0.10 -0.96 0.338
-0.02 -0.21 0.832
0.01 0.15 0.880 6.13 (2,111)
0.31 3.43 0.001
-0.10 -1.04 0.302 3.53 (4,107)
0.30 3.34 0.001
-0.25 -2.26 0.026
0.03 0.33 0.745
-0.20 -1.88 0.063
0.17 1.58 0.117

Note. SC-L, language learning self-concept; SC-M, mathematics self-concept; SC-S, social self-concept; Attitudes, attitudes towards school.

SC-L (F3234 = 13.43, p < 0.001, R* = 0.15). However, the
interaction effects of upward contrast and gender as well as
downward identification and gender were not significant (p =
0.950 and p = 0.139, respectively). A second analysis was
performed to predict SC-M (F3234) = 14.46, p < 0.001, R?
0.16), and results showed that Attitudes (8 = 0.28, p < 0.001, sr*
0.27), downward identification (8 = —0.21, p < 0.0501, sr°
-0.21) and gender (8 = —0.20, p < 0.01, sr* = —0.19) were
significant predictors. Results also showed that interaction
effect of Attitudes and gender was not significant (p = 0.292),
nor was the interaction effect of downward identification and
gender (p = 0.460).

Results of stepwise multiple linear regression analyses are
presented in Tables 3, 4. As show in Table 3, only downward
identification (sr* = —0.21) was a significant and negative
predictor for boys regarding the prediction of SC-L, indicating
that the more they would tend to use this process the lower their

SC-L would be. For girls, beyond the positive contribution of
Attitudes (sr* = 0.19), a negative effect of upward contrast (sr* =
—0.27) on SC-L is found. Concerning the prediction of SC-M (see
Table 4), a negative effect of upward contrast (s¥* = =0.20) is
found beyond the positive contribution of Attitudes (s¥* = 0.29)
for girls, while for boys only Attitudes are a significant predictor
(s = 0.25).

DISCUSSION

This study had two main purposes: 1) to explore gender
differences in self-concept (academic subject-specific and non-
academic), attitudes towards school and social comparison
processes; and 2) to explore the relative contribution of social
comparison processes to academic subject-specific self-concepts
by gender, beyond the influence of social self-concept and
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attitudes towards school. Our results confirmed our hypotheses
that girls in our sample engaged in more negative social
comparison processes than boys (ie., upward contrast and
downward identification) and that upward identification was
not a significant predictor of academic self-concept (for any of
the observed subjects).

Regarding gender comparisons, results on academic self-
concept are not surprising given that several studies have
shown higher levels of mathematics self-concept among boys
while girls reported higher levels of language learning self-
concept (e.g., Bouffard et al, 2006; Marsh, 1989). Some
studies, conducted with culturally similar samples to the
present study, had nevertheless found that the social
comparison processes preferentially used by students were
upward identification and downward contrast (Boissicat et al.,
2012; Bouffard et al., 2014). However, our results indicate that
while we do find these preferences for boys, girls use upward and
downward contrast equally after upward identification. As for
downward identification, it is the least used process, regardless of
gender.

Results of stepwise multiple linear regression analyses show
that upward contrast best explains gender differences, with a
stronger effect for girls. Attitudes towards school only explain
gender differences in language learning self-concept.
Furthermore, positive processes (i.e., upward identification and
downward contrast) have no effect on either component of
academic self-concept. Yet, Boissicat et al. (2012) reported a
stronger negative influence of downward identification while
upward identification had a positive but small contribution.
These differences in results can be explained on the one hand
by the fact that we conducted separate analyses by gender.
Furthermore, it is clear that upward contrast (i.e., contrast
with another student judged as having superior abilities) has a
deleterious effect on self-concept in mathematics and language
learning for girls, while it is only marginally significant for boys in
language learning (p = 0.08). Thus, as suggested by Dumas and
Huguet (2011), it would appear that the supposed positive effects
of upward identification are insufficient to counteract the
negative effects of upward contrast especially for girls and
regardless of the subject concerned. The non-significant
moderating effects of gender indicate that the effects of social
comparison processes on subject-specific self-concepts do not
vary substantially between girls and boys, as suggested by the
correlations according to gender. The gender differences found in
the social comparison processes could be explained by other
moderating variables not taken into account in this study, such as
“social comparison orientation” (SCO; Gibbons and Buunk
1999), which has not yet been studied in elementary school
students (Dijkstra et al., 2008). SCO refers to “the extent to
which and the frequency with which people compare themselves
with others” (Dijkstra et al., 2010, p. 196). It turns out that
individuals with a high SCO would seek out more social
comparison and that these processes would also affect them
more negatively (Buunk and Gibbons, 2006). Thus, it is

Gender Differences in Social Comparison

comparison processes (i.e., upward contrast and downward
identification) and school anxiety but unfortunately, they did
not compare levels of such anxiety according to gender. We can
nevertheless suppose that girls may have higher levels of SCO
than boys, with negative social comparison processes having a
greater impact on them and a greater risk of experiencing school
anxiety in relation to the subject influenced by gender stereotypes
(e.g., mathematics). Moreover, for girls, although upward
contrast contributes to explain most of the variance in
mathematics  self-concept, downward identification is
marginally significant (p = 0.06) while neither is significant
for boys.

Limitations of the Study

However, the major limitation of our study is the induction of
forced social comparison. Indeed, the latter can only be
hypothetical and can therefore differ greatly from the
voluntary and deliberate comparison carried out within the
classroom, that is in which students can choose a real
classmate with whom they compare themselves (Boissicat
et al, 2020). In addition, forced social comparison may lead
students to compare themselves on a dimension that is of little or
no relevance to them, with the results producing effects not
comparable to those obtained with deliberate social
comparisons in subjects perceived as relevant by students
(Dijkstra et al, 2008). Nevertheless, both types of social
comparison (i.e., forced and deliberate) are important to
consider because they can coexist in the classroom context.
Generally, during forced comparisons, upward contrast effects
are predominant, but upward identification effects may be added
during deliberate comparisons for adaptive purposes (Dumas and
Huguet, 2011). In particular, a qualitative study of 246 students
between the ages of 10 and 11 found that forced comparisons
were less common in the classroom setting, with students
reporting that they were more likely to compare themselves if
they could choose a friend to do so with (Webb-Williams, 2021).
Moreover, forced comparison would only take place if they are
struggling. Thus, when they deliberately compare themselves,
students would choose targets of the same sex with a tendency to
compare upward (Dumas and Huguet, 2011; Boissicat et al,
2020). The effects of upward social comparison are therefore
complex in nature, and also depend on the type of comparison
(forced vs. deliberate). According to Dumas and Huguet (2011),
when students actively seek it out, its influence would be
beneficial for academic  self-concept and academic
achievement. Moreover, not having considered students’
academic achievement and grade-point average of classrooms
is another limitation. For example, Webb-Williams (2021) found
that students in low-ability group were more vulnerable to the
negative effects of social comparison on self-evaluation and
performance evaluation, and avoided upward comparisons.
Knowing that the effect of social comparison on academic
self-concept may be due to the Big-Fish-Little-Pond Effect
(BFLPE; Marsh and Parker 1984), it is possible that high-

possible that girls may be more sensitive to SCO. achieving students may self-assess their competence as average
Furthermore, Bouffard et al. (2014) report moderate  or inferior if they are in a high-achieving class or school (and
correlations (i.e., about 0.40) between negative social inversely). Yet, Huguet et al. (2009) showed that BFLPE was
Frontiers in Education | www.frontiersin.org 14 January 2022 | Volume 6 | Article 815619


https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles

Valls

rooted in the disadvantageous way students compared themselves
to most of their classmates (i.e., forced under the pressure of the
environment), but that beyond these comparisons students made
comparison choices (i.e., deliberate and for adaptive purposes)
that sometimes had a beneficial effect on their academic self-
concept. Returning to the previously mentioned findings of
Webb-Williams (2021), grouping students by ability levels
would imply a forced comparison with students of the same
levels, restricting the potential positive effect of deliberate
comparison. All of these elements may thus explain why the
positive effects of social comparison processes did not emerge in
the results of the present study. A final limitation is the cross-
sectional design of the study. Although Wolff et al. (2018) showed
that social comparison had a stronger effect on academic self-
concept than dimensional or temporal comparison, it seems
important to conduct longitudinal studies that include
multiple measurement times over a school year and within the
same classroom to observe variations in social comparison
processes and SCO levels across subjects.

CONCLUSION

Thus, recall the conclusion of the meta-analysis by Gerber et al.
(2018), namely: “The common response to comparison is
contrast: people increase their self-evaluations after
downward comparison and decrease their self-evaluations
after upward comparisons.” (p. 194). Even though our results
must be interpreted with caution, it appears that upward
contrast best explains gender differences in our sample, and
its negative effect is not reduced by less frequent use or by more
frequent implementation of others processes. Results of this
study demonstrate the need to examine the evolution of social
comparison processes over time, considering their impact on
achievement as well as on students’ academic and social well-
being from a gender perspective. This would also allow us to
explore the existence of particular profiles and to assess their
risk in order to implement strategies to limit their negative
impacts on students. It also seems necessary to take into
consideration different motivations for comparison (e.g., self-
assessment, improvement, valorization) and its level of
orientation (i.e, SCO). Making teachers aware of the
existence of these social comparison processes appears to be
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Although Germany and Japan are top-ranking in STEM, women are underrepresented in the
STEM fields of physics, engineering, and computer science in both countries. The current
research investigated widespread gender-science stereotypes in STEM in the two countries
(Studies 1 and 2) and negative consequences of expected backlash (i.e., imagining negative
reactions and lower ascribed communion in scenarios) for women’s emotions and
motivation in STEM due to role incongruity and lack-of-fit (Study 3). Studies 1 (N = 87)
and 2 (N = 22,556) showed that explicit and implicit gender-science stereotypes are
widespread and comparable in Germany and Japan. Study 3 (N = 628) showed that
lower ascribed communion was related to less positive emotions, more negative emotions
and anxiety emotions, and less study motivation for STEM students (from the fields of
physics, engineering, and computer science) from Germany and Japan. Results point to
more subtle expected backlash effects for women in STEM than hypothesized. Theoretical
and practical implications for gender equality in STEM are discussed.

Keywords: backlash, cross-cultural psychology, gender stereotypes, social role theory, science technology
engineering mathematics

INTRODUCTION

Around the world, women are underrepresented in Science, Technology, Engineering, and
Mathematics (STEM) fields. Across the member states of the Organization of Economic Co-
operation and Development (OECD), 72% of engineering and 80% of information technology
degrees are awarded to men (OECD, 2015). However, gender distributions differ
between STEM fields. Whereas women’s representation in biology, chemistry and
mathematics is equal or even higher than men’s, women are clearly underrepresented in
physics, engineering, and computer science (e.g., Cheryan et al, 2017). Women’s
underrepresentation in these fields is unlikely to be explained by gender differences in
mathematical ability, as numerous studies found that men and women show equal math
performance (e.g., Else-Quest et al., 2010; Lindberg et al., 2010). The topic of gender differences
in STEM has been investigated in numerous disciplines. Social-psychological research
highlights how gender stereotypes and their consequences for women’s emotion,
motivation, and behavior contribute to their underrepresentation in STEM (e.g., Eagly and
Karau, 2002; Eagly and Wood, 2012).
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Whereas a large amount of social-psychological work on
women’s underrepresentation in STEM has focused on the
United States (e.g., Cheryan et al., 2017; Diekman et al., 2017),
the gender gap in STEM varies around the world. It is of
increasing importance to investigate factors that contribute to
cross-cultural  differences and similarities in women’s
underrepresentation in STEM (e.g., Yalcinkaya and Adams,
2020). Therefore, the current research focuses on Germany
and Japan, two top-ranking countries in STEM, which for
example, are among the top 5 countries in natural-science
research (Nature Index, 2020) and technological expertise (U.
S. News and World Report LP, 2020). Despite their success in
STEM, in both countries women are underrepresented in physics,
engineering, and computer science. In these fields, less than one
third of undergraduate students were female (Germany: physics:
30%, engineering: 24%, computer science: 21%; Japan: science:
27%, engineering: 14%; Destatis, 2019; Gender Equality Bureau
Cabinet Office, 2017).

Social psychological research has shown that gender
stereotypes associate STEM with males (e.g., Nosek et al,
2009) and that women entering counter-stereotypic fields can
experience social repercussions in form of backlash effects (e.g.,
Rudman and Glick, 2001). The current research investigates how
gender stereotypes and expected backlash effects contribute to the
gender gap in STEM in Germany and Japan, two different
cultural contexts in which group membership is of varying
relevance to the individuals (Markus and Kitayama, 1991) and
which have received less scholarly attention than the cultural
context of the United States.

Gender Stereotypes in STEM

Despite gender similarities in performance, women’s STEM
abilities and motivation are stereotyped as low in many
countries (e.g., Miller et al, 2015; Nosek et al, 2009).
Stereotypes are “beliefs and associations that link a whole
group of people with certain traits or characteristics” (Kassin
et al, 2011, p. 148) and can be described on the dimensions of
agency and communion (e.g., Williams and Best, 1991). Agency
consists of competence (“capable”) and assertiveness
(“ambitious”), whereas communion consists of warmth
(“friendly”) and morality (“honest”; Abele et al., 2016). Men
are stereotyped as agentic and women as communal (e.g,
Williams and Best, 1991). As STEM is stereotypically
associated with traits that are more valued in men than in
women (Cheryan et al., 2015), negative stereotypes about
women’s agency likely have detrimental consequences for
women in STEM. They are associated with lower domain
identification, career intentions (e.g., Cundiff et al, 2013),
interest, sense of belonging (e.g., Cheryan et al., 2009), and
lower enrollment in STEM classes (e.g., Stout et al, 2016).
Thus, it can be assumed that gender stereotypes contribute to
women’s underrepresentation in STEM.

Research conducted separately in Germany and Japan showed
that women are negatively stereotyped in STEM in both countries
(e.g., Adachi, 2014; Ikkatai et al., 2020; Steffens and Jelenec, 2011).
The current research conducts a joint investigation of gender
stereotypes in these two countries to gain knowledge about

Stereotypes and Backlash in STEM

potential similarities and differences in gender stereotypes and
their psychological consequences for (female) STEM students.
Further, we aim to study whether the psychological processes that
are related to widespread gender stereotypes and women’s
underrepresentation in STEM are generalizable in these two
countries representing different world regions: Whereas
Germany can be categorized as a WEIRD (i.e, Western,
Educated, Industrialized, Rich, Democratic), the East Asian
country of Japan, although rich and industrialized, is
commonly classified as non-Western (Henrich et al., 2010).

A recent model of cross-national variation in gender gaps in
STEM participation (Yalcinkaya and Adams, 2020) proposed that
individualistic, post-materialistic WEIRD countries show higher
underrepresentation of women in STEM than collectivistic,
materialistic countries. The model explains national differences
in STEM gender gaps by differences in values emphasizing
individual choice financial security and relational
expectations. However, there are deviations from this proposed
dichotomy, embodied by Germany and Japan. Germany is more
individualistic than Japan (e.g., Varnum et al., 2010), but the
structural and economic factors are similar: Both countries are
industrialized and affluent (e.g., Credit Suisse Research Institute,
2019), and in both countries the gender gap in STEM is large. As
gender stereotypes arise from the gendered division of labor (e.g.,
Eagly and Wood, 2012) and women are underrepresented in
STEM in Germany and Japan, we thus expect STEM ability to be
stereotypically associated with men rather than women in both
countries (Hypothesis 1; Studies 1 and 2). Focusing on Germany
and Japan, we aim at investigating which aspects of the
consequences of gender stereotypes for women in STEM are
generalizable across countries and whether they are related to
cultural variables reflecting the relevance of social group
membership and associated stereotypes for the self (Study 3).

VS.

Backlash and Lack of Fit for Women in
STEM

Social-psychological theories describe negative consequences of
gender stereotypes for women in male-dominated domains (e.g.,
leadership, STEM). Social role theory (e.g., Eagly and Wood,
2012) posits that gender stereotypes arise because men and
women occupy different social roles. The observation of
gender-segregated social roles leads to stereotypes, which
subsequently influence motivation, emotion, and behavior.
Higher role segregation and stronger stereotypes lead to
gender differences in behavior. Women (men) are expected to
behave communal (agentic). However, women pursuing a STEM
career behave counter-stereotypically, which can lead to negative
social consequences like being perceived as unlikable.

The lack-of-fit framework describes that social roles
stereotyped to require agentic traits (e.g., leadership positions)
are perceived as incongruent with the female stereotype, resulting
in a perceived lack-of-fit of women with these roles (e.g.,
Heilman, 1983). According to role congruity theory (Eagly and
Karau, 2002) men’s roles, but not women’s, overlap with
leadership roles. When women enter a field stereotyped as
agentic or display agentic behavior-thereby violating
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prescriptive gender stereotypes (i.e., how women should behave;
e.g., Fagly and Karau, 2002), they likely experience a backlash
effect (i.e, social repercussions for counter-stereotypical
behavior). Agentic women receive negative social reactions in
that they are evaluated as socially deficient and unlikable (low in
communion) by others (Rudman and Phelan, 2008).

Based on social role theory and role congruity theory, we
investigate how women in STEM expect backlash as a
consequence of gender stereotypes. STEM fields, especially
physics, engineering and computer science, are stereotypically
associated with men (e.g., Cheryan et al, 2015) and work in
STEM fields is not perceived as people-oriented (e.g., Gino et al.,
2015), representing communal work goals (Cheryan et al., 2017).
Therefore, we expect women in these STEM fields to expect
backlash (Hypothesis 2; Study 3). The current research focuses on
expected rather than experienced backlash for several reasons.
First, investigating actual backlash behavior (repercussions for
counter-stereotypical behavior from other people) would require
an observational or experimental methodology, which was
beyond the scope of the survey conducted in Study 3. Second,
the focus of the current research was on how female students
expect backlash due to their study major and how this subjective
perception of potential backlash influences their subsequent
emotions and motivation. We believe that this focus on
subjective expectations of backlash is highly relevant, as these
subjective expectations are likely to be a proximal predictor of
emotions and motivation.

Negative social reactions can in turn influence women’s
emotions and motivation in STEM. Morinaga et al. (2017)
investigated how benevolent sexism affects women’s emotions
and motivation in mathematics in two scenario experiments with
Japanese female (junior) high-school students. When students
imagined their math teacher to comment a good performance
with “well done, although you are a girl!” (stereotype activation
condition), they experienced more negative and less positive
emotions than in a control condition (“well done!”).
Stereotype activation lead to lower motivation mediated by
emotions. In line with this, we expect that for women, but not
for men, the expectation of more negative reactions to studying a
STEM subject (expected backlash effect) is related to negative
emotions (Hypothesis 3). In turn, these emotions predict lower
motivation to study for STEM (Hypothesis 4).

A Cross-Cultural Approach to Expected
Backlash for Female STEM Students

If STEM is stereotypically associated with men in both Germany
and Japan, it is likely that these stereotypes have negative
psychological consequences for female STEM students in both
cultural contexts. The negative consequences of backlash effects
have been predominantly investigated in the United States (e.g.,
Rudman and Glick, 2001; Rudman and Phelan, 2008; Eaton et al.,
2020). It remains unclear whether the expected negative reactions
for counter-stereotypical behavior are related to women’s
emotion and motivation in a similar way and intensity in
cultural contexts in which membership in social groups is of
varying relevance to the self. To fill this gap in the literature, the
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present research investigates gender stereotypes and their
psychological consequences for women in stereotype-
incongruent STEM fields in Germany and Japan and examines
whether the psychological variable of self-construal, which
reflects how central social group membership is for the self, is
associated with the extent of expected backlash effects.

In the Japanese culture individuals tend to endorse an
interdependent self-construal, a cultural orientation for which
social group membership is central to the self. In the German
culture individuals tend to endorse an independent self-construal,
for which group membership is less central (Markus and
Kitayama, 1991; Varnum et al, 2010). In cultures where
individuals tend to endorse an interdependent self-construal,
social networks are relatively stable (ie., low relational
mobility; Thomson et al., 2018) and people are highly sensitive
to social rejection (e.g., Sato et al., 2014). We thus argue that self-
construal is relevant when investigating expected backlash effects
of female STEM students across cultures, as individuals endorsing
an interdependent self-construal should be more prone to
expecting negative social repercussions for their counter-
stereotypical behavior (studying a STEM subject) than
individuals endorsing an independent self-construal. We thus
expect that the kind of self-construal moderates the effects of
expected backlash on female STEM students’ emotions and
motivation (Hypothesis 5). We explore whether these
relationships depend on the relational mobility afforded by the
social situation. Associations between variables should be
stronger in a low relational mobility situation (new
relationships are likely to become stable) compared to a high
relational mobility situation (relationships are flexible and
formed by personal choice).

The Present Research

As a basis for the investigation of the consequences of gender
stereotypes for female STEM students in Germany and Japan, in a
first step (Studies 1 and 2) we aim at substantiating that in both
countries gender stereotypes associate men more with STEM
than women. Study 1 investigates explicit gender stereotypes
about mathematical and general academic abilities. Because
explicit measurement of stereotypes can be prone to response
biases (e.g., Smith, 2014; Kemmelmeier, 2016), Study 2
investigates explicit and implicit gender-science stereotypes
using samples from Project Implicit. In a second step, we
investigate expected backlash effects for female students of
physics, engineering and computer science for the first time
jointly in Germany and Japan. Study 3 (pre-registered)
investigates the consequences of gender stereotypes for
German and Japanese STEM students. In two scenarios,
participants were asked to imagine a conversation with a
previously unknown person of the opposite gender who is
asking about their field of study. The participants indicated
how they expected their conversation partner to react and
perceive them on communion. We hypothesize that women
expect more negative reactions and lower communion ratings
than men (expected backlash). Furthermore, expected backlash
should have negative consequences for women’s emotions and
motivation in STEM and should be stronger for individuals
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strongly endorsing an interdependent self-construal. Materials
(Studies 1 and 3), data and analysis scripts (all studies), and the
pre-registration (Study 3) are available on the OSF (https://osf.io/
4awqe/).

STUDY 1: EXPLICIT GENDER-MATH
STEREOTYPES

To replicate the basic premise that men are more strongly associated
with STEM and high STEM ability than women (e.g., Steffens and
Jelenec, 2011; Ikkatai et al., 2019) in both countries, in a questionnaire
study we assessed participants’ perceptions of widespread gender
stereotypes about math and general academic abilities.

Methods

Data were collected in December 2013 (Japan) and September 2015
(Germany). University students were recruited as participants via
e-mail, a virtual laboratory and in class. Participants did not receive
compensation for participation. The sample consisted of 28 Japanese
(age: M = 26.15 years, SD = 7.34, 42.9% female) and 59 German
university students (age: M = 33.25 years, SD = 10.18, 74.6% female).
Participants answered a questionnaire assessing gender stereotypes
about math and general academic abilities and their valence.
Materials were translated and back-translated by the research
team. Participants listed stereotypical statements about women’s
and men’s general academic and math abilities and rated the
statements’ valence (from -3 = very negative to +3 = very
positive). Participants were asked not to provide their personal
opinion, but indicate socially shared stereotypes in Germany or
Japan. Finally, they provided demographic information (age,
gender, nationality) and were debriefed.

Results

Stereotype Content

Japanese participants made 221 statements (women/math: 61,
women/general: 55, men/math: 55, men/general: 50), and German
participants made 924 statements (women/math: 218, women/
general: 239, men/math: 228, men/general: 239). In both samples,
most statements about women’s math ability indicated a negative
conception. For example, participants indicated “slow in doing
mental arithmetic,” “bad at logical thinking/algebra.” In contrast,
for women’s general academic ability, participants mostly indicated
that they are good at languages and humanities, for example, “good at
languages” or “good at arts and music.” Men’s math ability was
described with positive statements, e.g., “good at math/logical
thinking,” “good comprehension of mathematical formulas.” In
turn, men’s general academic ability was characterized as “good at
math and natural science” or “bad at languages.” The statements
reflected the widespread stereotype that women have high abilities in
languages and humanities but low abilities in math and science, and
vice versa for men (e.g., Steffens and Jelenec, 2011).

Stereotype Valence

Valence ratings were averaged for each category. Ratings were
nested within participants, we therefore computed a linear mixed
model. To do so, we transformed the data from wide format (1
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row per participant) to wide format (4 rows per participant,
reflecting repeated measures of Domain and Gender). Because
many participants listed less than the maximum number of five
statements per category, we used restricted maximum likelihood
(REML) estimation as it can produce unbiased estimates of
variance and covariance parameters in the presence of missing
data and uses the full data set; in contrast to full maximum
likelihood estimation with listwise deletion. The dependent
variable was valence ratings, predictors were Gender (male vs.
female, within participants), Domain (general academic vs. math,
within participants), and Country (Germany vs. Japan, between
participants). Main and interaction effects were entered as fixed
effects, the covariance type was compound symmetry. The main
effect of Country was non-significant, F (1, 87.17) = 0.20, p =
0.657. There were significant main effects of Gender, F (1, 231.95)
= 54.51, p < 0.001, and Domain, F (1, 253.04) = 5.49, p = 0.020.
The interaction of Domain and Gender was also significant, F (1,
231.95) = 29.59, p < 0.001. The interactions with country were
non-significant, Fs < 0.87, ps > 0.351. Bonferroni-adjusted post-
hoc comparisons for the interaction of Gender and Domain
across countries revealed that women’s math ability was rated
significantly more negatively than men’s [Myomen = —0.86, 95%
CI (~1.16; =0.55), SE = 0.15, M,,or, = 1.04 (0.73; 1.34), SE = 0.15; ¢
(223.63) =9.37, SE=0.20, p < 0.001, Cohen’s d = 1.58]. Valence of
women and men’s general academic abilities did not differ
significantly [Momen = 0.30, 95% CI (-0.01; 0.60), SE = 0.16;
Mpen = 0.58 (0.26; 0.91), SE = 0.16; £ (239.34) = 1.33, SE = 0.22,
p =0.183, d = 0.23]. Across countries women’s math ability was
rated more negatively than their general academic ability [¢
(238.86) = 5.59, SE = 0.21, p < 0.001, d = 0.90]. Men’s math
ability was rated more positively than their general academic
ability [t (246.25) = 2.12, SE = 0.21, p = 0.035, d = 0.41].

Discussion

In line with previous studies conducted separately in Germany
and Japan (Ikkatai et al, 2019; Steffens and Jelenec, 2011),
findings indicate the presence of negative stereotypes about
women’s math ability in Japanese and German society
(Hypothesis 1). Participants indicated that women’s math
ability is stereotyped more negatively than men’s, and also
more negatively than women’s general academic ability. These
effects can be considered large (Cohen, 1988). There were no
country differences between stereotype content and valence
ratings. However, samples were small and stereotypes were
measured only explicitly. To rule out response bias in explicit
stereotype measurement (e.g., Smith, 2014; Kemmelmeier, 2016),
in Study 2, we investigated gender-science stereotypes with data
from Project Implicit.

STUDY 2: EXPLICIT AND IMPLICIT
GENDER-SCIENCE STEREOTYPES

Study 2 investigated explicit and implicit gender-science
stereotypes in Germany and Japan by Project Implicit (https://
implicit.harvard.edu), which provides different Implicit
Association Tests (IAT; Greenwald et al., 1998) to the public
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in various languages. The gender-science IAT is a behavioral task
measuring the implicit association between the categories male/
female and science/liberal arts. Participants from 34 countries
who completed gender-science IATs on the Project Implicit
website associated male with science and female with liberal
arts more easily than the reverse category combination (Nosek
et al., 2009).

Method

Data provided by Project Implicit contained responses from
72,094 participants. Participants with missing values on the
measure of implicit gender-science association (n = 44,010),
missing values on gender (n = 4,017), or an age below
18 years (n = 1,159) were excluded. The final sample (N =
22,556) consisted of 9,875 Japanese (age: 18-88 years, M
2846, SD = 10.23; 50% female) and 12,681 German
participants (age: 18-87 years, M = 29.54, SD = 10.22, 54%
female).

Participants completed the gender-science IAT between 2006
and 2017. They categorized words into four categories by pressing
two keys. In a stereotype-congruent condition the categories
male/science were paired on one key and female/liberal arts
on the other; in the stereotype-incongruent condition the
pairings were reversed. Faster responses in the stereotype-
congruent condition compared to the stereotype-incongruent
condition indicate a stronger male-science association. Details
on Project Implicit’s gender-science IAT procedure can be found
in Nosek et al. (2009). In addition, participants responded to the
item “How much do you associate science with males or females”
(1 = strongly male to 7 = strongly female) as a measure of explicit
gender-science stereotypes, and provided demographics.

Statistical Analyses

In contrast to Study 1, which included a mixed model with
between- and within-participants factors, Study 2 predicted
implicit and explicit stereotypes by the between-participants
factors Gender and Country. To do so, we used factorial
Analysis of Variance (ANOVA). As only participants who
completed the IAT were included in the sample, there were no
missing values in the analysis of implicit stereotypes. For explicit
stereotypes, a subsample of 51% of participants who completed
the IAT also completed the explicit stereotype measure. Again,
analyses were conducted with the subsample that completed the
respective measure. In additional ANCOVAs, we controlled for
year of data collection.

Results

Implicit Stereotypes

Project Implicit computed D scores as a measure of the implicit
gender-science association for each participant by dividing the
difference in mean response latency between the two conditions
by the participant’s latency standard deviation inclusive of the
two conditions using the improved scoring algorithm (Nosek
et al., 2009). Participants from Germany as well as from Japan
showed positive overall D scores, indicating a stronger implicit
association of male/science and female/liberal arts than the
reverse combination [Mgermany = 0.43, 95% CI (0.42; 0.44), SE

Stereotypes and Backlash in STEM

= 0.01, Mjapa, = 0.38 (0.37; 0.39), SE = 0.01]. We subjected the D
scores to a 2 x 2 ANOVA with the between-participants factors
Gender (men vs. women) and Country (Germany vs. Japan).
Results showed significant main effects of Gender, F (1, 22,552) =
493.27, p < 0.001, Country, F (1, 22,552) = 70.49, p < 0.001, and a
significant interaction, F (1, 22,552) = 145.89, p < 0.001.
Bonferroni-adjusted post-hoc comparisons showed that in
both countries, women showed stronger implicit associations
of male/science and female/liberal arts than men [Germany:
Mwomen = 045 (0.44; 0.46), SE = 0.01, My, = 0.40 (0.39;
0.41), SE = 0.01, ¢ (22,552) = 7.64, SE = 0.01, p < 0.001, d =
0.14; Japan: Myyomen = 0.47 (0.46; 0.48), SE = 0.01, My, = 0.29
(0.27;0.30), SE=0.01, £ (22,552) = 22.84, SE=0.01, p < 0.001, d =
0.46]. For men, German participants showed a stronger implicit
association than Japanese [ (22,552) = 14.25, SE=0.01, p < 0.001,
d = 0.14]. This difference was also significant for women, but with
a small effect size [f(22,552) = 2.60, SE = 0.01, p < 0.001, d = 0.05].
Results were mainly robust when controlling for year of data
collection (albeit the last comparison was no longer significant).

Explicit Stereotypes

The explicit gender-science stereotype item was completed by
11,601 participants (51% of the total sample). Means were above
the scale midpoint, indicating that science was stereotyped to be
male. A 2 x 2 ANOVA with Gender and Country as between-
participants factors and explicit stereotypes as the dependent
variable showed significant main effects of Gender, F (1, 11,597) =
89.02, p < 0.001, Country, F (1, 11,597) = 276.59, p < 0.001, and a
significant interaction, F (1, 11,597) = 74.72, p < 0.001.
Bonferroni-adjusted post-hoc comparisons showed that in
Germany, men showed stronger endorsement of explicit
stereotypes than women, this difference was non-significant in
Japan [Germany: Myy,pe, = 4.88 (4.85; 4.91), SE = 0.02, My, =
5.22(5.18;5.26), SE=0.02, t(11,597) = 11.86, SE=0.02, p < 0.001,
d = 0.37; Japan: Myyemen = 5.36 (5.32; 5.39), SE = 0.02, Mz =
5.37 (5.33;5.41), SE=0.02, ¢ (11,597) = 0.61, SE = 0.02, p = 0.541,
d = 0.01]. Both men and women from Japan showed stronger
stereotype endorsement than men and women from Germany
[men: ¢ (11,597) = 5.33, SE = 0.03, p < 0.001, d = 0.15, women: ¢
(11,597) = 19.09, SE = 0.03, p < 0.001, d = 0.50]. Results were
robust when year of data collection was controlled.

Discussion

In line with Study 1, Study 2 supported Hypothesis 1, showing
that in large samples and with implicit and explicit stereotype
measures, men were more strongly associated with science than
women. It is prudent to note that significant country and gender
differences should be interpreted with caution due to large sample
sizes, effect sizes for country and gender differences were small to
medium (0.01 < Cohen’s d < 0.50). Study 2 replicated and
extended findings from Study 1 and previous research (Ikkatai
etal., 2019; Steffens and Jelenec, 2011), as it included much larger
samples and explicit as well as implicit measures of gender-
science stereotypes, whereas Study 1 focused on gender-math
stereotypes. Taken together, Studies 1 and 2 take multi-faceted
angles and present a comprehensive picture of gender stereotypes
in the STEM domain. Based on the combined results, we
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conclude that negative gender stereotypes about women’s STEM
ability are widespread in both countries. Study 3 thus focused on
the consequences of these stereotypes and investigated to what
extent female STEM students expect backlash for their
stereotype-incongruent study major.

STUDY 3: EXPECTED BACKLASH FOR
FEMALE STEM STUDENTS

Study 3 was a scenario study with German and Japanese
university students of physics, engineering, and computer
science as participants. In an online questionnaire,
participants imagined being asked about their study major in
a conversation with an unknown person of the opposite gender.
They completed items on the expected reactions of the
conversation partner, their emotions and study motivation.
We hypothesized expected backlash (i.e., expected negative
reactions of the conversation partner and lower ascribed
communion) for women, but not for men (Hypothesis 2).
This expected backlash should predict more negative/less
positive emotions and lower study motivation (Hypotheses 3
and 4). Moreover, we expected these relationships to be stronger
for women endorsing an interdependent self-construal
(Hypothesis 5). Hypotheses were pre-registered (https://osf.
io/afqxb/).

Participants and Procedure

Data were collected between January and September 2019. After
registering their e-mail address in an online form, participants
were invited to participate in two parts of an online questionnaire
via personalized emails. Data from Part 1 and 2 (2-days interval
between measurements) were matched with participant-
generated codes. E-mail addresses could not be connected to
questionnaire data. Participants provided written consent in
accordance with EU General Data Protection Law. The study
was approved by the ethics committee of the first author’s
institution.

Participants were recruited via university classes and Facebook
groups/mailing lists of student associations of physics,
mathematics, computer science, and engineering. The
questionnaire (both parts) was completed by 656 participants.
We excluded participants who were not university students or
indicated non-STEM majors (n = 24), entered non-
corresponding gender information at the two parts (n = 2), or
indicated “other” as their gender (n = 2). The final sample
consisted of 628 participants (Japanese: n = 432, 101 female,
age: 18-33 years, M = 19.73, SD = 1.59; German: n = 196, 87
female, age: 18-57 years, M = 26.88, SD = 8.37).

A sample size of 100 female students per country was
determined based on an a-priori power analysis for a
repeated-measures ANOVA (Hypothesis 2) with a within-
between interaction (medium effect size of f = 0.15, « = 0.05,
power = 0.80, 2 groups, 2 measurements), which resulted in a
sample size of N = 90. As Hypotheses 3-5 required path
modeling, sample size was increased to 100 female students
per country (and at least as many male students), resulting in
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a total minimum sample size of N = 400. The pre-registered
sample size of female students was reached for the Japanese but
not the German sample (n = 87). Data collection was terminated
after 9 months of contacting Facebook groups and student
councils of the STEM majors of all German universities, and
152 German university instructors. A sensitivity analysis showed
that with the current sample small effects (f = 0.06) could be
detected.

Materials

Materials were translated by the project team and back-translated
by a professional translator. Moderators and demographics were
assessed in Part 1, scenarios and outcomes in Part 2.

Part 1

Participants indicated whether they were university students,
their field of study and gender. Independent/interdependent
self-construal was measured with 10 items each (e.g., “I always
try to have my own opinion,” “I will sacrifice my self-interest for
the benefit of the group I am in,” 1 = do not agree, 7 = completely
agree; Park and Kitayama, 2014).

Part 2

Participants were asked to imagine a conversation with an unknown
person of the opposite gender in two scenarios. Female participants
imagined a male conversation partner, whereas male participants
imagined a female conversation partner. The wedding party scenario
should represent high relational mobility (a flexible social network
and opportunities to form relationships by choice), whereas the choir
scenario should represent low relational mobility (a fixed network
and long-term relationships due to circumstance; Thomson et al,
2018).

Wedding Party Scenario

“Please imagine you are attending a friend’s wedding reception.
You are introduced to a male/female person whom you have not
met before. You start chatting with him/her and you feel like you
are getting along well. During your conversation, he/she asks you
about your university major. You tell him/her that you study
(subject entered by participant displayed). Please take some time
to imagine yourself in this situation.”

Choir Scenario

“Please imagine that you recently decided to participate in your
university’s choir. Therefore, you attend the first choir meeting of
the new semester. You are very motivated to join the choir and go
to rehearsals regularly because you like singing and want to start a
new extra-curricular activity for the next year. During the first
meeting, a choir member asks you about your university major.
You tell him/her that you study (subject). Please take some time
to imagine yourself in this situation.”

Following each scenario, participants described how they
imagined the conversation partner’s reaction [“How do you
think would your conversation partner react to hearing that
you study (subject)? Please write down his/her imagined
reaction as detailed as possible. Keep in mind that reactions
can either be verbal (what he/she says) or non-verbal (facial
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TABLE 1 | Descriptive statistics.

Reaction Communion Positive emotions
Japan
Men M 4.42 3.97 3.71
[95% CI] [4.31; 4.52] [3.84; 4.08] [3.58; 3.83]
(n = 331) a 0.74 0.89 0.92
Women M 4.48 3.41 3.64
[95% CI] [4.30; 4.68] [3.20; 3.60] [3.44; 3.83]
(n=101) a 0.85 0.88 0.88
Germany
Men M 4.69 4.03 4.24
[95% CI] [4.53; 4.85] [3.78; 4.28] [4.01; 4.46]
(n=109) a 0.72 0.92 0.92
Women M 4.87 4.24 4.67
[95% CI] [4.68; 5.07] [3.97; 4.50] [4.47; 4.89]
(n=87) a 0.59 0.94 0.89
Total
Men M 4.49 3.98 3.84
[95% CI] [4.40; 4.58] [3.88; 4.09] [3.72; 3.95]
(n = 440) a 0.74 0.90 0.92
Women M 4.66 3.79 4.12
[95% CI] [4.53; 4.81] [3.62; 3.97] [3.95; 4.29]
(n =188) a 0.71 0.92 0.91
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Negative emotions Anxiety emotions Motivation Independent
self-construal
2.27 3.32 4.43 4.41
[2.15; 2.39] [3.19; 3.45] [4.32; 4.53] [4.32; 4.50]
0.82 0.76 0.86 0.68
2.09 2.97 4.29 4.43
[1.87; 2.33] [2.71; 3.23] [4.11; 4.47] [4.28; 4.58]
0.87 0.81 0.85 0.68
1.85 2.18 4.22 4.74
[1.67; 2.04] [1.96; 2.41] [4.12; 4.34] [4.60; 4.86]
0.89 0.80 0.76 0.63
213 214 4.49 4.89
[1.91; 2.38] [1.91; 2.38] [4.29; 4.70] [4.74; 5.04]
0.92 0.83 0.92 0.67
217 3.04 4.38 4.49
[2.06; 2.27] [2.92; 3.16] [4.29; 4.46] [4.42; 4.56]
0.88 0.80 0.84 0.67
2.11 2.58 4.38 4.64
[1.95; 2.28] [2.40; 2.77] [4.26; 4.51] [4.53; 4.75]
0.90 0.83 0.88 0.68

Note: For scales with more than two items, Chronbach’s a is displayed, for reaction and motivation Spearman’s rho is displayed.

expression, body language etc.).”], rated the reaction valence (“How
positive or negative is this reaction?” 1 = very negative, 7 = very
positive) and impression (“How positive or negative do you think is
your conversation partner’s impression of you?” 1 = very negative,
7 = very positive).

Furthermore, they rated expected communion (“Please indicate
how much your conversation partner thinks you possess the
following traits,” 4 items, gentle, affectionate, supportive,
sympathetic; Steinmetz et al, 2014; 1 = not at all, 7 =
completely), emotions (“How would you feel in the scenario?” 13
items; Morinaga et al., 2017, 1 = do not agree, 7 = completely agree),
and motivation [“In the scenario, how would you intend to work hard
for (subject) from now on? Please indicate whether your motivation is
stronger or weaker compared to before.” 1 = much weaker than
before, 7 = much stronger than before; and “In the scenario, how has
your motivation to study hard for (subject indicated above)
changed?” 1 = completely lost motivation; 7 = motivation got
much stronger; Morinaga et al, 2017]. Demographics included
field of study, gender, birth year, and nationality. Further
measures not reported in this paper were implicit theories of
intelligence, gender identity, implicit gender-science attitudes, and
benevolent sexism (Part 1), perceived agency, general motivation,
career and research intentions, goals, perceived stereotype threat,
future work domain and importance of digitalization for STEM
(Part 2).

Statistical Analyses
Because all questions were programmed as mandatory in the
online questionnaire, there was no missing data. Measurement

invariance was tested with exploratory factor analysis (conducted
in SPSS version 25) and confirmatory factor analysis (conducted
in Mplus Version 8.6). Cutoff criteria for goodness of model fit in
CFA were CFI/TLI 20.90, SRMR <0.06, RMSEA <0.08. Reaction
valence and communion stereotypes were investigated with linear
mixed models with REML estimation. Open-ended answers on
reactions were categorized and subjected to frequency analysis
(cross tabulation and XZ tests). Consequences of reactions and
communion for emotions and motivation were investigated with
path analysis in Mplus.

Results

Measurement Invariance and Descriptive Statistics
We investigated measurement invariance between national
subsamples  for multi-item  measures. Multiple-group
confirmatory factor analysis (CFA) with the national groups
after model modifications showed partial metric invariance for
all scales. For emotions, exploratory factor analysis (EFA) with
promax rotation yielded three factors: positive (happy, proud,
feeling good, satisfied, relieved, relaxed), negative (disappointed,
angry, feeling bad, dissatisfied), and anxiety (anxious, nervous,
embarrassed). In a CFA configural model (no equality
constraints), three items (satisfied, relieved, feeling bad) were
excluded due to low factor loadings and high cross-loadings.
Loadings of item “angry” on negative emotions and item
“embarrassed” on anxiety emotions were freed due to non-
equivalence. The model showing partial 