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Abstract Math-gender stereotypes have been prevalent with
adolescent girls and negatively affect their developmental out-
come. The discrepancy between these negative stereotypes
and early adolescent girls’ pronounced mathematical perfor-
mance provides a good opportunity for intervention on nega-
tive math-gender stereotypes. This study designed a three-
month intervention program based on Identity Threat Model
to reduce math-gender stereotypes for middle school girls.
Nine intervention sessions were held in classrooms and
targeted at changing adolescent girls’ collective representa-
tions, situational cues and personal characteristics. Three-
wave measures were collected before the intervention (pre-
test), immediately after the intervention (post-test), and three
months after the end of the intervention (follow-up test).
Intervention effect indicators included math-gender stereo-
types, self-esteem, math scores and language-gender stereo-
types. The results immediately after the intervention showed
that math-gender stereotypes were significantly reduced, math
scores were improved, and self-esteem and language-gender
stereotypes were not significantly affected among girls in the

intervention group compared with control group. Follow-up
test showed no significant differences between the interven-
tion group and the control group except that math-gender ste-
reotypes in intervention group were still lower than control
group, indicating that the intervention activities were effective
to reduce adolescent girls’ math-gender stereotypes. The in-
tervention program provided theoretical and educational im-
plications for effective intervention on adolescent girls’math-
gender stereotypes in school or classroom settings.
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Introduction

Stereotypes about female inferiority in mathematics have been
persistent and pervasive in daily life (Bieg et al. 2015; Miller
et al. 2015). In the short run, negative math- gender stereo-
types can affect adolescent girls’ learning, motivation, and
performance in relevant disciplines (Beilock et al. 2010;
Forbes and Schmader 2010; Lane et al. 2012); in the long
run, it can disrupt girls’ potential development during adoles-
cence and negatively affect their career choice and achieve-
ments in adulthood (Appel and Kronberger 2012; Good et al.
2008; Schmader et al. 2004). Therefore, it is quite necessary to
study how to reduce or eliminate the negative effects of math-
gender stereotypes during adolescence.

An amount of interventions aiming at reducing females’
math-gender stereotypes have been conducted in laboratory
settings (Johns et al. 2005; Ramsey et al. 2013; Stout et al.
2011) and school settings (Brinkman et al. 2011; Good et al.
2003; Lamb et al. 2009). However, there are three aspects that
are worth further consideration. First is about the intervention
strategies. Most laboratory interventions used one particular
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intervention strategy, such as changing implicit attitudes
(Forbes and Schmader 2010) and introducing role models
(Shin et al. 2016). According to Identity Threat Model, these
strategies generally target at one of the three aspects that affect
individuals’ appraisal of identity threat: collective representa-
tions, situational cues and personal cues, though, these three
aspects should work together to shape one’s appraisal of iden-
tity threat (Major and O’Brien 2005). Thus, it necessitates an
integrated and systematical intervention on girls’ math-gender
stereotypes that target at multiple aspects of belief and behav-
ior. Second is about the research method. Though the interven-
tions conducted in laboratory settings examined immediate
effect of specific intervention strategy effectively, they would
result in a lack of ecological validity and it was unclear whether
they were effective to generalize to real life settings, like class-
rooms. And the experimental interventions were generally con-
ducted once in a very short period and cannot guarantee long-
lasting intervention effects. Third is about the cross-cultural
generalizability of school interventions. Many laboratory and
school intervention strategies have been conducted in western
culture (e.g., Good et al. 2003), however, it is unclear whether
they are effective in eastern background. Taken together, it is
important to adopt multiple intervention strategies in real cir-
cumstances like classrooms or schools and examine the long-
term intervention effects on girls’ math-gender stereotypes.

The present study expected to extend previous intervention
research by integrating the strategies into an intervention pro-
gram based on the rationale of Identity Threat Model (Major
and O’Brien 2005). The intervention activities were targeted
at math-gender stereotypes among adolescent girls. Self-
esteem and math performance were included as convergent
indicators and language-gender stereotypes as discriminant
indicator of stereotype intervention effect.

Math-Gender Stereotypes in Adolescent Girls

Math-gender stereotypes have been observed in Grade 3 or 4 of
elementary school and become prevalent among early adoles-
cence (Marsh 1989; Muzzatti and Agnoli 2007). Muzzatti and
Agnoli’s (2007) investigation in Italian children indicated that
the onset of explicit math-gender stereotypes has been found at
around 9 years of age, and the patterns observed in elementary
school consolidate duringmiddle school. Another study showed
that boys and girls in grades 7 and 9 hold explicit math-gender
stereotypes; girls in grade 9 reveal stronger implicit math-
gender stereotypes than boys (Steffens et al. 2010). These
negative stereotypes can take effect on adolescents’ cognitive
performance via stereotype threat (Ambady et al. 2001).

However, a body of literature suggests that girls tend to
outperform boys in mathematics until they reach adolescence
or high school (Lai 2010); some other studies didn’t find sig-
nificant differences in mathematics between boys and girls in

various cultures including China (Hyde et al. 2008; Zhang and
Tsang 2015). For example, one study interviewed a sample
from Beijing and observed that girls outperformed boys in
primary and lower secondary education on total score for
Middle School Graduation Exams mathematics (Lai 2010).
Though girls showed pronounced performance in math or as
good as boys during adolescence, girls still hold negative
math-gender stereotypes and girls’ lower self-concept in math
relative to boys’ exceed actual performance differences
(Steffens et al. 2010). This discrepancy between performance
and negative stereotypes is detectable among girls who
achieve better grades than boys in mathematics but are under-
represented in the Mathematics Olympiads and girls who per-
formed less well than boys (Muzzatti and Agnoli 2007). The
discrepancy between performance and stereotypes makes it
more significant to intervene with early adolescent girls’
math-gender stereotypes since the negative math-gender ste-
reotypes may have long-lasting effect on girls’ future motiva-
tion for math-related careers and choice of math-related
domain.

Math-Gender Stereotypes in Adolescent Girls: Effect
on Self-Esteem and Math Performance

Math–gender stereotypes demonstrate that boys are more suit-
able for mathematics than girls (Franceschini et al. 2014;
Steffens and Jelenec 2011; Steffens et al. 2010). These nega-
tive stereotypes have been prevalent among adolescents and
have become a problem that affects female students’ self-
esteem and math performance.

First, math-gender stereotypes have negative effects on tar-
get individuals’ self-esteem. Self-esteem refers to a positive or
negative orientation toward the self (Rosenberg 1979). Self-
esteem is also operationally defined as the association be-
tween the concept of self and a valence attribute (Greenwald
et al. 2002). Theoretically, the balance-congruity principle has
demonstrated that female group identity (self = female) and
math-gender stereotypes (male = math) can work together to
predict self-esteem in math domain (self ≠ math) (Greenwald
et al. 2002; Nosek et al. 2002). Thus, negative math-gender
stereotypes were negatively correlated to individuals’ self-
esteem in math domain (Guimond and Roussel 2001;
Lindberg et al. 2013; Martinot and Désert 2007).
Furthermore, researches indicated that self-esteem in particu-
lar domains can contribute to the global self-esteem (Daniels
and Leaper 2006). Since school experience makes up the ma-
jority of middle school students’ lives and shapes their self-
esteem, it is presumable that the change of self-esteem in math
domain is correlated with and can spillover to global self-
esteem in middle school students. That is, the higher the level
of negative math-gender stereotypes is, the lower the global
self-esteem is (Rydell et al. 2009).

Curr Psychol (2018) 37:612–624 613



Second, math-gender stereotypes are closely associated
with math achievements. Substantial studies on college stu-
dents showed that the more negative academic gender stereo-
type individuals hold, the lower corresponding school grades
they have, and vice versa (Heyder and Kessels 2013; Smeding
2012; Tine and Gotlieb 2013). A longitudinal study indicated
that negative academic-gender stereotypes in grade eight are
negatively related to classroom engagement in grade eleven
(Swinton et al. 2011). In line with this, Spencer et al. (1999)
have revealed that negative math-gender stereotypes could
account at least in part for the persistent performance deficits
for females on standardized tests of math achievement in
school. A recent meta-analysis also indicated that stereotype
manipulation significantly deteriorates females’ math perfor-
mance (Doyle and Voyer 2016). In brief, math-gender stereo-
types are significantly correlated with math grades.

The Intervention on Math-Gender Stereotypes
in Adolescent Girls: An Intervention Program Based
on Identity Threat Model

A large body of research on intervention strategies of math-
gender stereotypes has been conducted in laboratory settings.
For example, training women to hold more positive attitudes
about math (Forbes and Schmader 2010), taking verbal tests
before math tests (Smeding et al. 2013), suppressing
stereotype related thought (Logel et al. 2009), and introduc-
ing female role models (Shin et al. 2016) are experimentally
demonstrated to be effective ways to reduce negative math-
gender stereotypes. All these intervention strategies have un-
doubtedly important implications for alleviating female stu-
dents’ math-gender stereotypes. However, the laboratory in-
terventions were lack of ecological validity and cannot guar-
antee the effectiveness in real life settings. Consequently, it is
necessary to adopt previous intervention strategies systemati-
cally to real classroom activities (Zhang et al. 2014).

Major and O’Brien (2005) put forward an Identity Threat
Model of Stigma to explain how people are affected by neg-
ative stereotypes. This model assumes that individuals
possessing a devalued social identity tend to experience iden-
tity threat when stereotype relevant stressors are appraised as
potentially harmful to one’s social identity and as exceeding
one’s coping resources. Collective representations, situational
cues and personal characteristics are three factors that affect
how individuals evaluate the potential threat of specific situa-
tion on their well-being (Major and O’Brien 2005). That is,
one appraises the stigma-relevant stressor as identity threat
based on the interaction between perceived cues in the imme-
diate situation that make stigma relevant to the situation, the
collective representations that individual bring to the situation,
and individual characteristics including stigma sensitivity, do-
main identification, group identification, goals and

motivation. Thus, controlling these three influence factors
can reduce the negative effect of stereotypes (Major and
O’Brien 2005).

Collective representations refer to the simplified and
generalized cultural views toward a subdominant group. Girls
endorse the dominant cultural stereotypes of their inferiority in
mathematics (Miller et al. 2015; Passolunghi et al. 2014). The
interventions targeted at collective representations should teach
adolescent girls to reappraise their Bvulnerable^ groups in
more positive directions and to use schema information in
more reasonable and positive ways. Specifically, the present
study focused on four methods to change group representa-
tions: redefining where vulnerable groups belong to by
providing external attribution for difficulties (Johns et al.
2005), providing female role models (Marx and Roman
2002; Stout et al. 2011), and teaching students to think in
different ways (Cheryan et al. 2015).

Situational cues have been extensively studied to have neg-
ative effect on adolescents’ math-gender stereotypes.
Stereotype threat can be seen as a situational social identity
threat (Steele et al. 2002). Once a person is evaluated on the
basis of a threatened social identity in certain environment, he
or she would experience stereotype threat. Eliminating task
cues related to negative stereotype or redefining tasks can pre-
vent girls from experiencing stereotype threat. For example,
subtle cues such as describing the task as a challenge, announc-
ing that the test is diagnostic for verbal rather than math ability,
or being taught by an instructor who is an in-groupmember can
reduce the negative effects of stereotypes (Alter et al. 2010).

Personal characteristics can influence how situations are per-
ceived and appraised. Personal characteristics include stigma
sensitivity, domain identification, group identification, goals
and motivation (Major and O’Brien 2005). Changing the indi-
vidual tendency of the self-evaluation and self-schema are pre-
viously studied to be effective in intervening academic gender
stereotypes. We reviewed previous studies and summarized
four strategies to intervene with personal characteristics: em-
phasizing on intellectual growth (Aronson et al. 2002), training
implicit attitude changes (Forbes and Schmader 2010), encour-
aging self-affirmation (Martens et al. 2006), and establishing
long-term justice belief (Kay and Jost 2003). Therefore, the
intervention strategies systematically controlling collective rep-
resentation, personal traits, and situational cues based on the
rationale of Identity Threat Model were expected to be effective
in reducing negative math-gender stereotypes.

The Characteristics of Math-Gender Stereotypes:
Domain Dependent or Domain Independent

Math-gender stereotypes stress that boys are more suitable for
mathematics than girls, whereas language-gender stereotypes
suggest that girls are more suitable for literature and language
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than boys (Galdi et al. 2014). Some researchers believe that
different kinds of academic-gender stereotypes are correlated
to each other. That is, if one type of academic gender stereo-
type is strong, the others academic stereotypes that the same
person holds would also be strong (Beilock et al. 2007).
However, much more researchers tend to believe that different
kinds of academic gender stereotypes are independent from
each other (Walker and Bridgeman 2008). Accordingly, in the
practice of intervention on the effects of negative math-gender
stereotypes, the intervention effect should not spill over to the
language domain.

The Present Study

The aim of this study was to reduce negative stereotypes
among middle school girls who were in a developmental stage
with consolidated math-gender stereotypes. A comprehensive
intervention program was designed to reduce math-gender
stereotypes based on the principles suggested by Identity
Threat Model. The aim was to test the intervention effect on
decreasing negative math-gender stereotypes and the retention
of that knowledge, specifically proposing the following
hypothesis:

Hypothesis 1: Compared to participants in control group,
participants in intervention group will report less math-
gender stereotypes after intervention and at follow-up.

The level of stereotype in negative stereotype domains
should be closely associated with important outcomes such as
self-esteem and math achievement (Major and O’Brien 2005).
Therefore, self-esteem and math exam scores were included as
two important outcome variables that result from the change of
math-gender stereotypes. That is, self-esteem and math scores
were taken as the criteria for testing the effectiveness of inter-
vention strategies on reducing math-gender stereotype.

Hypothesis 2: Compared to participants in control group,
participants in intervention group will report higher self-
esteem after intervention and at follow-up.
Hypothesis 3: Compared to participants in control group,
participants in intervention group will report higher math
score after intervention and at follow-up.

The final aim was to test whether the intervention would be
effective in decreasing participants’ knowledge of language-
gender stereotypes and the retention of that knowledge rela-
tive to control condition, specifically proposing the following:

Hypothesis 4: The intervention will not decrease adoles-
cent girls’ language-gender stereotypes relative to base-
line, and this effect will be maintained at follow-up.

Method

Participants

The intervention program was designed and conducted on
courses of Mental Health Education in a junior high school
in China by employing cluster sampling technique. Before
intervention program begins, informed consent was obtained
from all participants included in the study. Researchers ex-
plained and assured that the intervention activities were con-
ducted purely for research purpose and that participation was
voluntary. The students were free to decline participation
without any negative consequences. One hundred and fifty-
six junior high school students (79 girls and 77 boys) from two
grade 7 and two grade 8 classes participated in the intervention
activities at baseline and they indicated willingness to consid-
er further participation. These four classes were random-
ly assigned into intervention group and control group,
each including one class from grade 7 and one class
from grade 8. All of the students completed a three-
wave study (baseline, intervention, and follow-up). As
the main interest was adolescent girls’ math-gender ste-
reotypes, boys’ data was not included in the present
study.

The final sample included 77 middle school girls except
two girls who didn’t finish the three-wave measures. The in-
tervention group contained 38 participants (22 from grade 7
and 16 from grade 8) and the control group contained 39
participants (22 from grade 7 and 17 from grade 8). Pearson
Chi-square test results showed that χ2 (1) = .02, p = .90, indi-
cating that grade was not significantly different across two
groups. The mean ages for the intervention and control group
were 13.58 years (SD = 0.58) and 13.61 years (SD = 0.59),
respectively. There were no significant differences in age,
t (71) = −.24, p = .81.

Materials

Math-Gender Stereotype Math-gender stereotype scale was
developed from previous research questionnaires (Greenwald
et al. 2003; Steffens et al. 2010) and results from interviews
with middle school teachers. Originally, the scales were dis-
tributed to 100 students. The students were asked to assess
whether each item was clear and appropriate for their age
and to make sure they could understand the meaning. After
analyzing the students’ feedback and further revising the
scale, the final scale was formed. The final math-gender ste-
reotype scale includes 10 items regarding male math-gender
stereotypes and 10 items regarding female math-gender ste-
reotypes, separately (e.g., Bboys are good at math problem
solving^ and Bgirls are good at math problem solving^).
Students were asked to assess these items on a Likert-type 5-
point scale. The items for Bgirls are good at math^ items were

Curr Psychol (2018) 37:612–624 615



negatively scored. The higher the score is, the stronger the
math-gender stereotype held by the individual. The final
scale was then distributed to another 100 students (50
boys, 48 girls, 2 unknown genders) to test the reliability
and validity. Confirmatory factor analysis results showed
that the fitting index of the scale structure was good
(RMSEA = .079, χ2 (34) = 1.97, p = .001, GFI = .92,
NFI = .94, CFI = .97). The factor loadings for math-gender
stereotype items in the present study range from 0.71 to 0.95,
indicating that the measurements used in the present study was
of reasonably good quality. In addition, the math-gender ste-
reotype scale was significantly correlated with math score
(r = −.54, p < .001), which showed a reasonable validity for
the questionnaire. The Cronbach’s α for the math gender ste-
reotype scale was .80.

Language-Gender Stereotype The procedure for developing
and validating the scale of language-gender stereotype was the
same as that of the math-gender stereotype scale mentioned
above. The final language-gender stereotype scale includes 10
items regarding male language-gender stereotypes and 10
items regarding female language-gender stereotypes, separate-
ly (e.g., Bboys are good at language^ and Bgirls are good at
language^). Students were asked to assess these items on a
Likert-type 5-point scale. The score for Bboys are good at
language^ items were negatively scored. The higher
the score is, the stronger the language-gender stereotype
held by the individual. Confirmatory factor analysis re-
sults also showed a good fitting index of scale structure
(RMSEA = .084, χ2 (34) = 2.09, p < .01, GFI = .92,
NFI = .92, CFI = .96). The factor loadings for language-
gender stereotype items in the present study range from 0.69
to 0.89, indicating that the measurements used in the present
study was of reasonably good quality. In addition, the
language-gender stereotype scale was significantly correlated
with Chinese score (r = −.53, p < .001), which showed a
reasonable validity for the questionnaire. This measure had
good reliability (α = .80).

Self-Esteem Rosenberg self-esteem scales (RSES) were used
to measure the level of general self-esteem. The self-esteem
scale includes 10 items (e.g., BI take a positive attitude toward
myself^). The scale typically uses a Likert-type response for-
mat that employs scales ranging from Strongly disagree to
Strongly agree. Total score ranges from 10 to 40 points; the
higher score means the higher level of self-esteem. This mea-
sure had good reliability (α = .78).

Math Grades (Exam Scores) The recent test scores for the
first midterm, first final term, and second midterm examina-
tions in math were collected for each individual. To analyze
the data, we transformed test scores in each grade into T
scores.

Intervention Program

The three-month comprehensive intervention program was
launched at a frequency of once a week or every two weeks
(depending on the school schedule) to reduce negative math-
gender stereotypes for adolescent girls through systematical
intervention on collective representations, situational cues and
personal characteristics. The whole program consisted of 9
sessions (1 opening session, 7 intervention sessions and 1
ending session), each of the seven intervention sessions focus-
ing on one specific intervention strategy. They include: en-
courage the self-affirmation, external attribution training,
changing the implicit attitude, establishing long-term justice
goal, emphasis on intelligence growth, introducing role model
and focusing on the comparison of difference thinking. Each
intervention session consisted of four parts including warming
up, transition, working, and ending. Each session lasted for
approximately 40 min and was conducted in the classroom.

Take the intervention of providing female role models as an
example. After warming up, the class intervention included
three parts: brainstorm, praise a great, and topic discussion. In
the brainstorm part, students were asked to write down as
many names of scientists the groupmembers know as possible
in one minute and count the number of male scientists and
female scientists. Then students discussed why such few fe-
male scientists’ names were listed. In the Bpraise a great^ part,
group representatives were asked to introduce the glorious
achievements of female scientists so that female scientists be-
come possible role models for girls. In the Btopic discussion^
part, students were asked to discuss how female scientists
gained glorious achievements and to discover female role
models who were good at science in their lives. For detailed
information on the intervention program please see Appendix.

Participants in control group received no intervention ac-
tivities; instead, they had themed class meetings as usual ac-
cording to the assigned books by school, the themes included
ways to improve mental health, building harmonious interper-
sonal relationships, emotion control, etc. Participants in the
intervention group received intervention activities for three
months by a female teacher. Both control groups and interven-
tion group class activities consisted of four sections, including
warming up, transition, working, and ending.

Procedure

Baseline The pre-test was conducted the week before the in-
tervention began. Students finished a series of questionnaires
including math-gender stereotypes, self-esteem and language-
gender stereotypes scales. Meanwhile, the midterm math ex-
am scores were collected from all participants.

Intervention During the intervention, the nine serial sessions
for reducing math-gender stereotypes were conducted by one
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female researcher for the intervention group once a week or
every two weeks during the period of 3 months (depending on
school schedules). At the same time, participants from the
control group attended a normal class meeting by theme once
a week or every two weeks (depending on school schedules).
At the end of the intervention program, the post-test
was conducted using the same measures of math-
gender stereotypes, self-esteem and language-gender ste-
reotypes as in the pre-test. The final-term math test
scores were collected.

Follow-Up Three months after the intervention program, the
same measures for math-gender stereotypes, self-esteem and
language-gender stereotypes were conducted and the second
mid-termmath test was collected. Finally, all participants were
debriefed and thanked.

Data Analysis

Since cluster sampling was used in current study, students
were not randomly assigned into the control and intervention
groups, which cannot guarantee sample homogeneity
completely (Wright and Daniel 2006). Consequently, to ex-
amine the intervention effects, analyses of covariance were
employed (Huitema 2011; Wright and Daniel 2006). In data
analysis, the group (intervention group vs. control group) was
the independent variable, the post-test and follow-up test
scores of math-gender stereotypes, self-esteem, math exam
scores and language-gender stereotypes were dependent vari-
ables, with corresponding pre-test indices as covariate vari-
ables, respectively.

Results

Descriptive Statistics

Means and standard deviations of three-wave math-gender
stereotypes, language- gender stereotypes, self-esteem and
math exam scores were listed on Table 1.

Math-Gender Stereotype

First, participants’ math-gender stereotypes favoring boys in
the first place was tested. The mean score of pre-test
math-gender stereotypes was M = 33.27, SD = 6.13,
one sample t test showed that t (76) = 47.66, p < .001, indi-
cating that participants held math-gender stereotypes prior to
intervention.

Then an analysis of covariance was conducted using the
group as the independent variable, the post-test scores of
math-gender stereotypes as a dependent variable, and the

pre-test scores of math-gender stereotypes as a covariate var-
iable. The homogeneity of regression coefficients of pretest
math-gender stereotypes on post-test math-gender stereotypes
was significant, F (1, 73) = 6.49, p = .01, partial η2 = 0.08,
indicating the slopes are heterogeneous. Thus, the traditional
analysis of covariance was not proper. Huitema (2011) indi-
cated that Bwhen the slopes are heterogeneous, an alternative
to ANCOVA should be considered^. Then the Johnson–
Neyman (J–N) technique was used to analyze the heteroge-
neous regression case. PROCESS 2.15 was used to conduct
the J-N analysis (Hayes 2013). The results indicated that the
value was 30.13, J-N significance region is [33.77, 66.23].
That is, the post-test math-gender stereotypes were signif-
icantly different between two groups for participants
scored above 30.13 in pre-test math-gender stereotypes,
but the effect was not significant for participants scored
lower than 30.13 in pre-test math-gender stereotypes.

Following the same strategy, another covariance analysis
was conducted on the follow-up test of math-gender stereo-
types with group as the independent variable and pre-test
scores of math-gender stereotypes as the covariate variable.
The homogeneity of regression coefficients of pretest math-
gender stereotypes on follow-up math-gender stereotypes was
not significant, F (1, 73) = 3.62, p > .05, partial η2 = 0.05,
indicating the slopes are homogeneous. Results showed that
the covariate effect of pre-test score of math- gender stereo-
types was significant, F (1, 74) = 13.45, p < .001, partial
η2 = 0.15. The main effect of group was marginally sig-
nificant, F (1, 74) = 3.84, p = .05, partial η2 = 0.05.
The math-gender stereotypes of intervention group was
lower than that of the control group, indicating the ef-
fect of the intervention did still exist even three months
after the end of intervention.

Table 1 Means and standard deviation of variable over three
times of measures

Pre-test Post-test Follow- up test
M(SD) M(SD) M(SD)

Math-gender stereotype

intervention 32.23(6.96) 28.47(6.21) 30.13(6.13)

control 34.30(5.07) 34.03(5.82) 33.67(6.65)

Self-esteem

intervention 32.03(4.35) 33.66(4.21) 33.66(4.21)

control 32.28(3.10) 32.33(3.56) 32.90(3.85)

Math grades (T score)

intervention 50.83(11.16) 52.05(9.51) 50.17(11.37)

control 48.98(8.87) 47.86(9.89) 49.68(8.69)

Language-gender stereotype

intervention 37.61(6.33) 35.42(6.45) 35.66(5.44)

control 37.28(4.93) 35.09(5.22) 35.54(5.63)
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Self-Esteem

Taking the pre-test scores of self-esteem as the covariance
variable, the results showed that the homogeneity of regres-
sion coefficients of pretest self-esteem on post-test self-esteem
was not significant, F (1, 73) = 0.19, p = .67, partial
η2 = 0.003, indicating the slopes are homogeneous. The
covariate effect of pre-test score of self-esteem was sig-
nificant, F (1, 74) = 21.28, p < .001, partial η2 = 0.22.
The main effect of group was marginally significant, F
(1, 74) =3.40, p = .07, partial η2 = 0.07. The self-esteem of
the intervention group was marginally higher than that of the
control group.

Another covariance analysis on the follow-up test of self-
esteem was also conducted with group as the independent
variable and pre-test scores of self-esteem as the covariate
variable. The homogeneity of regression coefficients of pretest
self-esteem on follow-up self-esteem was not significant,
F (1, 73) = 0.38, p = .54, partial η2 = 0.005, indicating
the slopes are homogeneous. Results revealed that the
covariate effect of pre-test score of self-esteem was signifi-
cant, F (1, 74) = 17.55, p < .001, partial η2 = 0.19. The main
effect of the group wasn’t significant, F (1, 74) = 1.11,
p = .30, partial η2 = 0.02. There was no significant dif-
ference on self-esteem between the intervention group
and the control group.

Math Exam Scores

Taking the pre-test score of math score as the covariate
variable, covariance analysis on the post-test math score
was conducted. The homogeneity of regression coeffi-
cients of pretest math score on post-test math score
was not significant, F (1, 73) = 3.25, p > .05, partial
η2 = 0.04, indicating the slopes are homogeneous. Results
showed that the covariate effect of pre-test score of math
was significant, F (1, 74) =117.05, p < .001, partial
η2 = 0.61. The main effect of the group was significant,
F (1, 74) =4.02, p = .049, partial η2 = 0.05. The post-
test of math score of the intervention group was higher
than that of the control group, indicating that math per-
formance was significantly improved after intervention
for adolescent girls in the intervention group.

Following the same procedure, another covariance analysis
on the follow-up test of math score was conducted with the
pre- test scores of math as the covariate variable. The homo-
geneity of regression coefficients of pretest math score on
follow-up math score was not significant, F (1, 73) = 1.17,
p = .28, partial η2 = 0.03, indicating the slopes are homoge-
neous. Results showed that the covariate effect was signifi-
cant, F (1, 74) = 143.77, p < .01, partial η2 = 0.66. The main
effect of the group was not significant, F (1, 74)= .56, p > .05,

partial η2 = 0.01. The follow-up math score of the inter-
vention group and that of the control group were not
significantly different, indicating that the math performance
did not sustain the higher level three months later after the end
of intervention.

Language-Gender Stereotype

First, participants’ language-gender stereotypes favoring girls
in the first place was examined. The mean score of pre-test
language-gender stereotypes was M = 37.44, SD = 5.63, one
sample t test showed that t (76) = 58.37, p < .001, indicating
that participants held language-gender stereotypes prior to in-
tervention. Then, covariance analysis on the post-test and
follow-up test of language-gender stereotypes with pre-test
of language-gender stereotypes as the covariate was conduct-
ed. The homogeneity of regression coefficients of pretest
language-gender stereotypes on post-test language-gender ste-
reotypes was not significant, F (1, 73) = 1.28, p = .26, partial
η2 = 0.02, indicating the slopes are homogeneous. Results
showed hat the covariate effects of the pre- test score of
language-gender stereotypes on post- test score was signifi-
cant, F (1, 74) = 10.33, p < .01, partial η2 = 0.12; the main
effect of the group was not significant, F (1, 74)= .03, p = .86,
partial η2 < 0.001.

What’s more, the covariate effect of the pre- test score of
language-gender stereotypes on follow-up test score was con-
ducted. The homogeneity of regression coefficients of pretest
language-gender stereotypes on follow-up language-gender
stereotypes was not significant, F (1, 73) = 1.07, p = .30,
partial η2 = 0.01, indicating the slopes are homogeneous.
The covariate effects of the pre- test score of language-
gender stereotypes on follow-up test score was significant, F
(1, 74) = 10.57, p < .01, partial η2 = 0.12; the main effect of
the group was not significant, F (1, 74) = .00, p > .05, partial
η2 < 0.001. The differences of post-test and follow-up test
language-gender stereotypes between the intervention group
and the control group were not significant, indicating that the
intervention sessions did not have a significant influence on
the language-gender stereotypes.

Discussion

Math-gender stereotypes, acquired as early as nine years old
(Cvencek et al. 2011) and consolidated during middle school
age (Muzzatti and Agnoli 2007), have been potential threat to
females’ development. Identity threat model of stigma
demonstrated that intervention on math-gender stereotypes
should target at collective representations, situational cues
and personal characteristics (Major and O’Brien 2005). First,
consistent with hypothesis 1, the level of math-gender
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stereotypes in the intervention group was significantly lower
than that of control group immediately after the intervention
and at follow-up test, indicating that the intervention of
adolescent girls’ math-gender stereotypes targeted at
multiple aspects of beliefs and behavior was effective.
That is, the multiple intervention activities including
encouraging the self-affirmation, external attribution
training, changing the implicit attitude, establishing long-
term justice goal, emphasis on intelligence growth,
providing role models, and teaching students to think in
different ways were effective for the reduction of math-
gender stereotypes among adolescent girls.

The intervention strategy of encouraging self-affirmation
based on self-affirmation theory (Steele 1988) emphasizes that
the primary source of human motivation is to maintain
self-integrity and self-worth. This intervention strategy
encourages adolescent girls to learn defensive methods
to protect their self-worth (Martens et al. 2006). The
external attribution training demonstrates that negative
stereotypes can affect females’ attribution of failure.
When females are in negative conditions, they tend to
attribute failure internally to their ability; while when
they are in positive conditions, they would attribute
their failure externally, which in turn affect their perfor-
mance (Koch et al. 2008). The intervention of changing
implicit attitudes has used IAT test to retrain girls to
associate their gender with being good at math (Forbes
and Schmader 2010). In the present intervention pro-
gram, girls were asked to imagine their image being a
female scientist through drawing to change their implicit
attitudes. The intervention of establishing long-term jus-
tice goal stresses that gender gap between male and
female mathematics have become much smaller and
guides students to view mathematic gender gap in more
positive perspective. The intervention of emphasis on
intelligence growth argues that the way students think
about intelligence may have powerful effect on their
achievement and encourages students to see intelligence
as a malleable capacity. Students who hold an entity
view of intelligence tend to pursue Bperformance goals^
and become disengaged when task becomes challenging;
while those who hold an incremental view of intelli-
gence tend to pursue Blearning goals^ and experience
less anxiety, take more effort and increase engagement
when the task becomes challenging (Aronson et al.
2002). The intervention of providing role models was
adopted because when adolescent girls were encouraged
to think about role models of their stereotyped group,
their performance deficits under stereotype threat can be
alleviated (Marx and Roman 2002; McIntyre et al.
2003). The intervention of teaching students to think
in different ways stresses altering stereotypes by

broadening the representation of people who do math-
related work, math domain itself and the environments
stereotype occurs (Cheryan et al. 2015). These interven-
tion strategies predicted students’ less vulnerable to ste-
reotype threat and more psychological engagement in
math tests.

Second, the intervention of math-gender stereotypes didn’t
improve adolescent girls’ self-esteem score over time. The
post-test self-esteem of the intervention group was marginally
higher than that of the control group; while no significant
difference on self-esteem between the intervention group
and the control group was found in follow-up test. This might
be explained from following reasons. On the one hand, the
intervention period is relatively too short to improve self-
esteem because global self-esteem is relatively stable in a pe-
riod. On the other hand, global self-esteem is a complex
psychological variable influenced by many factors such
as relationships with parents, parenting style, and rela-
tionships with friends. Although stable during elementa-
ry school years, self-esteem tends to decrease with the
transition into junior high (Wigfield and Eccles 1994).
This might also partially explain why self-esteem was
not significantly improved after intervention. Therefore,
future studies may use state self-esteem or math-related
domain specific self-esteem as an indicator of math-
gender stereotype intervention effect.

Third, the post-test math score of the intervention group
was higher than that of the control group, however, the
follow-up math score of the intervention group and that of
the control group were not significantly different, indicating
that the math performance did not sustain the higher level
three months after the end of intervention. Stereotype threat
has been put forward as one explanation that caused math
performance gap between boys and girls. When girls are
stereotyped as inferior in mathematic achievement, this
social identity raises high level of anxiety during math-
ematic test, resulting in lower scores (Osborne 2001;
Schmader 2002; Schmader et al. 2004). Considering that
stereotype threat can impair math performance, the in-
tervention on negative math-gender stereotypes is a pos-
sible way to improve adolescent girls’ math perfor-
mance (Good et al. 2003). However, the present study
didn’t support the long-lasting intervention effect on
math performance. This can be explained from two as-
pects. From one aspect, girls tend to perform similarly
or outperform boys during early adolescence in various
cultures (Hyde et al. 2008; Lai 2010). This makes the
improvement of math score via decreasing math-gender
stereotypes difficult. From the other aspect, the present
study used classroom math exam rather than laboratory
math test, which may result in inconsistent conclusions
with laboratory interventions. Previous studies have
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indicated that classroom grades measure mastery of
material explicitly taught in school and teachers are
likely to take into account nonacademic factors. This
can provide a different measure of mathematics
performance when compared to test scores (Friedman
and Frisbie 1995; Ganley et al. 2013). Though math
score was not significantly improved, the intervention
may have influence on math-related attitudes, motivation
and future development in math-re la ted areas
(Franceschini et al. 2014).

Fourth, language-gender stereotypes was used as a
discriminant criterion of effectiveness of intervention
strategies because language-gender stereotypes represent a
different stereotype from the target domain. Generally,
females endorse more negative math-gender stereotype and
more positive language-gender stereotypes (Franceschini
et al. 2014; Steffens et al. 2010; Steffens and Jelenec 2011).
Along with earlier work (Marsh et al. 1988; Walker and
Bridgeman 2008), results indicated that the levels of
language-gender stereotypes were not influenced by the
intervention. In other words, the intervention program can
reduce math-gender stereotypes but not necessarily language-
gender stereotypes. The results of this study refined the
effectiveness of the intervention program, and at the same
time indicated that different types of stereotypes are
independent from each other.

Limitations and Future Directions

Three obvious limitations with respect to the intervention
method and research design used in this study need to be
noted. First, the intervention period was not long enough.
Being limited by the school teaching schedule, this research
developed nine sessions that are not enough when compared
to the math-gender stereotypes existing since primary school
(Cvencek et al. 2011; Neuburger et al. 2012). Many other
strategies should be integrated into the intervention activities,
for example, activating positive group identity to redefine
where vulnerable groups belong to (Hess et al. 2003). Future
studies should extend the intervention time in order to im-
prove the effectiveness of the intervention program.

Second, the current study cannot disentangle the individual
effects of collective representation, personal traits, and sit-
uational cues targeted various intervention strategies on
adolescent girls’ math-gender stereotypes. It was diffi-
cult to ascertain the individual contribution of each type
of strategy designed from the three different factors.
Future work may try to develop three different interven-
tion programs based on the three factors to disentangle
or compare the individual effects on the variance of
academic gender stereotypes.

Third, girls’ math-gender stereotypes might be influenced
by outside resources such as parents’ and teachers’ expecta-
tions for children’s math competence (Gunderson et al. 2012).
However, the present intervention program didn’t take these
factors into consideration. On the one hand, future studies
should examine the intervention effect by controlling
the possible influence of these factors; on the other
hand, future interventions should stress the significant
roles of parents and teachers in shaping adolescents’
math-gender stereotypes.

Practical Implications

The present study included nine intervention sessions to
systematically reduce math-gender stereotypes from the
perspective of changing the cognitive processing of
stereotype information. Specifically, we used Identity
Threat Model as a solid basis for intervention program
by intervening on collective representations, situational
cues and personal characteristics. To ensure the
ecological validity, the intervention sessions were
conducted in a real school environment; the intervention
strategies could be easily adapted and catered to the actual
demands of the school. With these advantages in mind,
the intervention program can reduce math-gender stereo-
types effectively and the effectiveness could be sustained for a
reasonable period of time (three months at least). Of course,
the present classroom intervention is not limited to school
environment and in fact could be adapted to a number of other
contexts, because these activities were easy to learn and
operate. Future work is necessary to assess the duration of
the intervention’s effectiveness at reducing adolescent girls’
math-gender stereotypes. More comprehensive interventions
can be designed for teachers to intervene with students’
negative stereotypes.

Conclusion

In sum, the interventions based on Identity Threat Model are
topic-centered activities to help students realize that their gen-
der group has much more possibilities for better development.
It is a valid activity to buffer or reduce math-gender stereo-
types among junior high school girls in China.
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Appendix

Table 2 Details of intervention program

Intervention sessions Sessions content

Session 1: Greeting Meet-and-greet; warm-up activities; introduction of the intervention program; dividing students into small
groups (each group has a leader and members).

Session 2: Encouraging the
self- affirmation

Story

Youngster Dumas. By sharing the story of Dumas, the purpose was to let the group members understand that
everyone has advantages over others, encourage students to rebuild more positive images about themselves
so as to reduce negative math-gender stereotype.

Activities

Myself Analogy: Group members were instructed to describe their strengths and advantages using plants,
animals, or any other things.

Please Leave a Message on My Back: Every group member was instructed to paste a message card on their
own back, and other members would in turn write down their merits on the message card quietly. Then
group members would read the cards on their backs and share their feeling about the messages their
partners left.

Homework

Today, I Am Really Cool: Record behavior that deserves praise in a small notebook every day.

Session 3: Training external
attribution

Role play

A Math Final Exam: Math teacher of Class A thinks boys’ math grades are better than girls’,
but math teacher of class B thinks both girls and boys are good at math. The different
attitude of two math teachers leads to Linlin’s (girl in Class A) worse math performance in
final exam than Fangfang’s (girl in Class B), though the two girls’ math abilities are actually
the same.

Make up a story

After a Math Final Exam: first, share the following story with students: Xiaojing (a girl’s name)
thinks her math learning ability is poor because she is a girl. Xiaona (a girl’s name) thinks that
the anxiety resulted from her fear of performing worse than nearby boys influences her
performance on the exam.

Then students were divided into two groups, and asked to make up a story to describe what happened to
Xiaojing and Xiaona after the math final exam. They were given cue words including Bmood, learning
attitude, learning process, and learning results^. The purpose ofmaking up a story is to teach students about
external attribution.

Summary

Mathematics grades are influenced by many factors, and both girls and boys can learn math well.

Session 4: Changing the
implicit attitude

Warm-up

The rain variations: Let students use group members’ body to perform rain variation including light rain,
moderate rain, and heavy rain.

Activities

Lists of imagination: First, Group members were asked to imagine that they were female
scientists, female engineers, or female doctors. Then they were asked to show their imagination
through drawings, essays or playlets. The purpose was to guide students to change their
attitudes toward females in STEM fields.

Award ceremony

Awarded groups in which members performed well in Lists of imagination to praise their active participation.

Session 5: Establishing
long-term justice goal

Discussion

The discussion part is to let group members think and discuss what justice is.

Listening

Group leaders were arranged to introduce the history of women’s liberation and the women of knowledge
economy time to group members. The purpose of sharing and listening the histories is to let students realize
that the gap across genders today is much smaller than that of past times.

Discussion

Group members were instructed to discuss whether gender-equality can really encourage girls to strive for
success in their school performance and life.
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