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Gender compatibility, math-gender stereotypes, and self-concepts in math and physics
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[This paper is part of the Focused Collection on Gender in Physics.] Positive self-assessment of ability in
the quantitative domains is considered critical for student participation in science, technology, engineering,
and mathematics field studies. The present study investigated associations of gender compatibility (gender
typicality and contentedness) and math-gender stereotypes with self-concepts in math and physics.
Statistical analysis of survey data was based on a sample of 170 male and female high school science
students matched on propensity scores based on age and past GPA scores in math. Results of MANCOVA
analyses indicated that the combination of high personal gender compatibility with low endorsement of
math-gender stereotypes was associated with low gender differentials in math and physics self-concepts
whereas the combination of high personal gender compatibility with high endorsement of math-gender
stereotypes was associated with high gender differentials in math and physics self-concepts. These results
contribute to the recent theoretical and empirical work on antecedents to the math and physics identities
critical to achieving gender equity in STEM fields.
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I. INTRODUCTION

Equal participation of males and females in study and
selection of careers in science, technology, engineering,
and mathematics (STEM) fields is considered a critical goal
for science education reform efforts worldwide [1-3]. Yet,
the potential to achieve this goal remains influenced by
differential views of ability and opportunity structures
based on sex [4-9]. As a sociocultural phenomenon, gender
ideology shapes how individuals define themselves—their
notion of self, their cultural beliefs about gender [2,6,10]; it
naturalizes perceptions of differences of ability between
both the sexes and the gendered nature of knowledge
domains.

This paper reports the results of an investigation on the
relationship between multiple measures of gender identity
and self-concepts in math and physics among males and
females enrolled in the same science-math academic stream
in Thailand and matched in terms of their past school
performance in math.
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II. BACKGROUND

In the literature on math and science education, inequity
between the sexes has classically been defined in terms of
lower female enrollment in secondary level advanced math
and science courses and lower female enrollment and
retention in physical science programs in colleges [11].
In Thailand, where we conducted the study reported in this
paper, almost equal proportions of males and females are
enrolled in science-math academic streams at the upper
secondary school level and females are well represented
in math and science undergraduate programs in Thai
colleges and universities. In the year 2013, the top eleven
Thai universities reported that the proportion of females
enrolled in undergraduate degree programs in biology,
chemistry, math, physics, and computer sciences were
76.47%, 73.97%, 63.38%, 52.87%, and 45.81%, respec-
tively [12]. Yet, Thai females are less than half as likely as
Thai males to be employed in science and technology jobs
and continue to be underrepresented in high earning careers
in STEM fields [3,13].

Gender identity is considered one of the most pervasive
and enduring influences on personal goals, aspirations, and
behavior [14]. It is for this reason that a growing body of
literature emphasizes the centrality of gender identity to the
promotion of equity in science education [2,15-17].
Gender identity is often defined in terms of feminine or
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masculine sex-role identity. Feminine or masculine sex-role
identity emerges from an evaluation of one’s self as having
more traits regarded as stereotypically feminine or mascu-
line. Aspects of gender identity include feelings of psycho-
logical compatibility with one’s gender (i.e., feeling one is a
typical member of one’s sex and feeling content with one’s
biological sex), feelings of pressure from parents, peers,
and self to conform to gender stereotypes [18]. The power
of the social significance of gender motivates students to
learn about and comply with gender norms [19]. The social
significance of gender extends to perceptions of the nature
of knowledge domains. For example, physics is perceived
as a highly masculine domain while math may be perceived
as somewhat masculine or gender neutral [3,11], although
math and physics are often treated interchangeably in
research studies.

Math and physics are considered essential subjects in
preparation for high earning careers in STEM fields
[3,11,20-22]. Many social theorists agree that lack of
parity for the sexes can be best understood through an
examination of self-concept because of its predictive power
to explain sex differences related to interest, persistence,
coursework selection, and academic achievement [23-25].
Self-concept is described as domain-specific perceptions
of self-competence, formed through interactions and expe-
riences in the environment [26]. Math self-concept has
been found to be strongly associated with learning gains
for students and achievement-related choices [27,28].
Perceptions of self-competence in both math and physics
become more significant during secondary school when
students settle into academic paths or make career decisions
[11,29-32].

Carlone [33] concludes that adolescent females may try
to avoid science activities that are incongruent with their
gender identities. Brickhouse and Potter [2] conclude that
females may find it hard to negotiate the culture of school
science when their school science identity is inconsistent
with their gender identity. Baker [34] concludes that
females who aspire to science related careers perceive
themselves as more masculine while females who aspire to
careers traditionally deemed suitable for women perceive
themselves as more feminine. Baker [34] suggests that self-
evaluation as typically female or satisfaction with female
gender identity should therefore negatively associate with
identification with science. Gilbert and Calvert [35] con-
clude that females who are attracted to science are attracted
to aspects of science typically associated with masculinity
and men. Addressing the inclination of science attraction
by looking specifically on the male-typed domain of
physics, Murphy and Whitelegg [30] suggested that
females won’t feel they “belong” in physics if identification
with physics may be seen as “a gender transgressive act
which challenges a key signifier of femininity” [11,31].
This clarifies Danielsson’s [36] assertion that doing physics
is “doing gender,” that for a female student to adopt a

physics identity requires her to distance herself from what
is traditionally female. So, do the findings of prior research
mean that “femininity” is harmful to girls in subjects such
as math and physics? Are self-concepts in math and physics
negatively affected by positive identification with female
gender assignment?

The demographic category of sex is often used to assess
gender differences in perceptions of competence in math
and science. “Sex refers to the biological features that make
one a male or a female whereas gender refers to a set of
traits, behaviors, and expectations that cultures train girls
and boys to practice and hold, usually described as those
that are feminine and those that are masculine” [15,37].
Gender identity may be described as knowledge of one’s
membership in a sex-typed group [38]. Gender identity is a
core element in the development of sense of self [39]. In
Egan and Perry’s [18] multidimensional model, gender
identity reflects the collection of thoughts and feelings one
has for one’s gender category or “felt gender compatibility,”
which means degree of gender typicality, and “gender
contentedness,” the degree of happiness with one’s gender
category.

The idea of male or female roles evokes preferences
based on gender [40]. When such preferences are referred
to as characteristics that males and females are likely to
possess and should possess, they are called cultural beliefs
about gender or gender stereotypes [21,41] which “function
as cultural schemas for interpreting and making sense of the
world” [6,42]. Common gender stereotypes include the
association of math and physics with males and language
and humanities with females.

Perry and Pauletti [9] view personal identity-plus-
stereotype patterns as causal systems that influence an
adolescent’s efforts to develop and regulate the self. Past
research has found that self-evaluations in math are likely
to be influenced by how well an individual’s behaviors and
sex roles conform to stereotypes associated with persons of
the same gender [6,9,17,43-45]. Nosek et al. [44] and
Cvencek et al. [17] found that girls’ weaker identification
with math or their low self-concept in math may derive
from strong gender identity and cultural beliefs that math is
more appropriate for males than for females. Whether
males and females attend equally to male-advantage beliefs
is unclear [46]. It is unclear whether females with high
gender typicality and contentedness have lower self-
concept in domains stereotyped as masculine. Does the
relationship between personal identity-plus-stereotype pat-
terns and self-concept differ across subject domains?
Differences between students’ self-evaluations in math
and physics have not previously been examined.

This study presents results of an investigation on
associations of a combination of felt gender compatibility
and math-gender stereotypes with self-concepts in math
and physics among a sample of Thai secondary school
students. Results of this investigation contribute to the
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knowledge regarding the antecedents to gender differentials
in self-concepts in math and physics.

III. THEORETICAL FRAMEWORK AND
HYPOTHESES DEVELOPMENT

The theoretical framework for our study is grounded
in the social psychology theories of self-efficacy [19,47],
expectancy value [7,48,49], and cognitive balance [50,51].
Self-efficacy theory posits that social processes such as
internalization of gender roles have an important influence
on the development of self-efficacy and academic choices
[52]. Children internalize social sanctions against gender
inappropriate behaviors and develop sex-typed notions
of self-efficacy. They learn to believe themselves less
competent in gender inappropriate domains [19,53]. For
example, when children find few women scientists and
engineers, they tend to have low expectations for women to
be successful in these fields [19], and according to
expectancy-value theory, such gender role schemas predict
gender differences in expectations for success and value
assigned to different school subjects [7]. Cognitive balance
theory suggests that stereotypical attitudes, social identity,
and self-concept are organized into cognitive structures that
are mutually consistent or balanced [17,50,51]. This
tendency (what social psychologists call cognitive balance)
is illustrated in the following combination [17]: Cultural
stereotypes (“math is for males”) with the knowledge about

GENDER-IDENTITY-PLUS-

one’s gender identity (“I am female”) is likely to be
associated with an individual’s self-concept in math (“math
is not for me”). Figure 1 presents the framework used in this
study to assess the relationship between measures of gender
identity and math and physics identities.

Studies have reported a relationship between gender
identity and self-evaluation [3,6,46,54-56]. Correll [6,46]
found that integration of math-gender stereotypes that favor
males has positive association with math self-concept for
males and negative association with math self-concept for
females. By the same token, Leaper and Van [56] found
that gender typicality was negatively associated with self-
evaluation in gender inappropriate fields. Research has also
shown that endorsement of math-gender stereotypes bene-
fits males more than females [3,57]. In our study, we
hypothesized that males who affirm high felt gender
compatibility (gender typicality and gender contentedness)
would report higher levels of self-concept in math and
physics than males who affirm low felt gender compati-
bility. We also hypothesized that males who endorse higher
levels of math-gender stereotypes would report higher levels
of self-concept in math and physics than males who endorse
low levels of math-gender stereotypes. Consistent with prior
empirical evidence [6,44,46], we hypothesize that the
relationship between our measures of gender identity-
plus-stereotypes patterns and self-concept in math and
physics would likely differ for males and females.

MATH AND PHYSICS

STEREOTYPE PATTERNS

FELT GENDER COMPATIBILITY

4 Gender typicality N

(e.g., "Some girls don't feel they are
just like all the other girls their age
but other girls do feel they are just

\_ like all the other girls their age") W

/ Gender contentedness \

(e.g., "Some girls don't think it's fair that
some things are only for boys but other
girls don't mind that some things
\_ are only for boys") W

CULTURAL BELIEFS ABOUT GENDER

Math-gender stereotypes

(e.g., "Males are better than females
in mathematical skills and process")

FIG. 1.

> IDENTITIES

SELF-CONCEPT IN
MALE-TYPED DOMAINS

Self-concept in math

(e.g., "I have always done well in
mathematics")

\_ /
4 N
Self-concept in physics

(e.g., "I have a talent for physics")

Conceptual framework for the study.
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IV. METHODOLOGY
A. Participants

The educational system in Thailand provides six years of
primary education (called Prathom), followed by three
years of lower secondary education (called Mathayom 1, 2,
and 3), and three years of upper secondary education
(called Mathayom 4, 5, and 6). When students transition
from the lower secondary to the upper secondary level of
education, they are tracked into an academic or vocational
stream. Biology, chemistry, and physics are compulsory
subjects for students in the science-math academic stream.
We collected survey data from every student enrolled
in the science-math stream in three different schools
located in the same community in central Thailand. All
participants in our January 2013 survey were taking the
same math and physics courses under the Thai national
curriculum. There are equal proportions of males and
females enrolled in science-math academic streams in
Thailand, however, the majority of students in our survey
were females because these schools are in transition
from same-sex to coed education. Our response rate of
94.0% for both males and females was based on
complete surveys only (N =550, Males = 16.0%;
Females = 84.0%). Respondents were 14-19 years old
(M = 16.67, SD =0.98), 34.0% of the students were
enrolled in 10th grade (Mathayom 4), 34.4% in
11th grade (Mathayom 5), and 31.6% in 12th grade
(Mathayom 6).

B. Measures

Our survey questionnaire was written in Thai and
divided into two sections. The first part of the survey
asked for general information, which included gender, age,
and GPA. The second part of the survey assessed gender
typicality, gender contentedness, endorsement of math
gender stereotypes, and self-concepts in math and physics.
Our survey questions were developed for the Thai context
using the standard research technique of translation and
back-translation [58]. Questions were initially developed in
English by the principal researcher. Two bilingual Thai
researchers then translated each item into Thai. Two
bilingual researchers and the principal researcher reviewed
each item written in Thai and translated it back into
English. Finally, the English and Thai translations were
compared, and, by consensus, found to be conceptually
equivalent.

Measures of self-concepts were based on instruments
developed and validated by Marsh [59] and Pietsch,
Walker, and Chapman [60]. The twelve items in our survey
were designed to measure self-concept in math and physics,
using the 5-point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree) (sample items: “I have
always done well in mathematics,” “I have a talent for
physics”). The gender stereotypes measure (6 items)

assessed student endorsement of gender stereotypes
pertaining to specific math content (sample items:
“How would you compare males and females in geom-
etry?”, “How would you compare males and females in
mathematical skills and processes?””) and was validated in a
prior study [3]. Responses to these items were made by
choosing one of the three options, (a) males are better,
(b) females are better, or (c) both males and females are
equally good.

The felt gender compatibility measure (12 items) was
based on the multidimensional measure of gender identity
developed and validated by Egan and Perry [18]. The Thai
translations in our questionnaire were designed to measure
gender typicality (6 items) (sample item: “Some girls don’t
feel they’re just like all the other girls their age (“very true
for me”, “sort of true for me”) but other girls do feel they’re
just like all the other girls their age (“sort of true for me”,
“very true for me”)” and gender contentedness (6 items)
(sample item: “Some girls like being a girl (“very true for
me”, “sort of true for me”) but other girls don’t like being a
girl (“sort of true for me”, “very true for me”)”. The gender
typicality scale was designed to assess the degree to which
students think that their interests, personalities, and com-
petencies are typical of their sex whereas the gender
contentedness scale measures the extent to which the
students are happy with their gender assignment and rarely
wish to participate in cross-sex activities. The internal
consistency of the scales measuring gender typicality,
gender contentedness, and math-gender stereotypes was
good (a = 0.68 for gender typicality scale, @ = 0.73 for
gender contentedness scale, and @ = 0.85 for math-gender
stereotypes scale).

V. ANALYSIS

A. Confirmatory factor analysis

We performed confirmatory factors analysis to determine
if math self-concept and physics self-concept represent
two empirically distinct constructs. Results using one
factor model (all items are deemed to measure perceived
math and physics-related competence) indicated a poor fit,
7> = 152777, p =0.000, y*/df = 56.58, CFI = 0.638,
GFI = 0.626, NFI = 0.634, SRMR = 0.182, RMSEA =
0.284. RMSEA and SRMR values < 0.05 are considered
to indicate a good fit. The fit of the two-factor model was
quite good: y?, 132.91, p = 0.000, y*/df = 5.11, CFI =
0974, GFI=0.958, NFI=0.968, SRMR = 0.031,
RMSEA = 0.077. In our two-factor model, all factor
loadings were greater than 0.66, no cross loadings were
observed, and the internal consistency of both scales was
good (a = 0.91 for math self-concept and 0.89 for physics
self-concept). These results indicate that self-concept in
math and self-concept in physics represent interrelated but
distinct judgments of perceived self-competence.
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B. Sample selection using propensity scoring approach

In order to address the measurement bias in sample
selection, we used the propensity score blocking technique
[61] to model the selection of students into equal numbers
of males and females. Prior research has linked self-concept
in math with age and math GPA scores [62,63]. We
therefore controlled for age and math GPA scores as
covariates. A logit model with gender grouping as the
outcome variable and the covariates as predictors was
estimated. Based on the predicted probabilities, a nearest
neighbor matching algorithm matched males with females
based on similar probabilities with respect to age and GPA
scores in math (optimal 1:1 matching method was used). In
our final sample of an equal number of males (n = 85) and
females (n = 85), the covariates (age and GPA scores in
math) were “balanced,” which means that there were no
statistically significant gender differences in the means of
these covariates. Since prior research findings suggest that
motivational considerations involved in math and science
fields substantially differ according to gender [64,65], we
conducted separate MANCOVA analyses for males and
females.

VI. RESULTS

The GPA in math was significantly (p < 0.01) and
positively related to self-concept in math for both males
and females. The GPA in physics was significantly
(p < 0.01) and positively related to self-concept in physics
for males but not for females. Despite nonsignificant
gender differences in math GPA, males reported signifi-
cantly higher self-concepts in both math and physics than
the females (F = 19.90,p < 0.01, partial 7> = 0.110 and
F = 35.86, p < 0.01, partial > = 0.176, respectively) (see
Table I). Based on Cohen’s guidelines [66], the effect size
was moderate.

We examined the combined effects of our measures
of gender identity and math-gender stereotypes on self-
concepts in math and physics using median-split

methodology to classify students into high-to-low gender
typicality (median = 2.67, SD = 0.56), high-to-low gender
contentedness (median = 2.33,SD = 0.61) and high-to-
low math-gender stereotypes (median = 1.00,SD = 1.64)
groupings. The median split resulted in the classification of
a relatively higher proportion of males than females into
high gender typicality (males =49 and females = 35),
high gender contentedness (males=71 and females=21),
and high math-gender stereotypes group (males = 56 and
females = 54). Table II presents mean and standard
deviation values for math and physics self-concept as a
function of levels of felt gender compatibility and the
endorsement of stereotypes.

Separate MANCOVA analyses were conducted for males
and females to assess if there were differences between
groups based on levels of gender typicality, gender con-
tentedness, and math-gender stereotype on a linear combi-
nation of math and physics self-concepts. The assumptions
of independence of observations and homogeneity of
variance or covariance were checked and met. Bivariate
scatterplots were checked for multivariate normality. Box’s
test of equality of covariance matrices and Levene’s test of
equality of error variances were nonsignificant for both
males and females.

After controlling for the effects of age and prior GPA
scores in math and physics, the MANCOVA analysis
revealed a positive main effect of gender contentedness
on math self-concept for the males only, F(1,84) = 4.77,
p < 0.05, partial > = 0.061. There were significant three-
way interactions between gender typicality, gender con-
tentedness, and stereotypes on self-concept for the females
but not for males (Table III). Using the commonly used
guidelines proposed by Cohen [66] (0.01 = small,
0.06 = moderate, and 0.14 = large effect), the results
suggest moderate effect size for three-way interactions
between gender typicality, gender contentedness, and math-
gender stereotypes on self-concept in math and physics for
females (see Table III and Fig. 2). Among females who
endorsed low levels of math-gender stereotypes or affirmed

TABLE I. Means, standard deviations (SD), and correlations between study variables (n = 170).
Males (n = 85) Females (n = 85) Intercorrelations

Variable Mean SD Mean SD 1 2 3 4 5 6 7 8
1. Age (1419 years) 16.54 1.05 16.45 0.97 -+ 0.02 —0.35: 0.01 —-0.09 0.12 —0.21** —0.17
2. Math GPA (1-4) 341  0.82 343 0.65 —-0.09 --- 0.72 0.01 0.11 0.15 0.52; —0.12
3. Physics GPA (1-4) 2.56  0.99 2.09 0.64 —0.07 0.50" .- 004 0.2  0.10 0.52"" 0.02
4. Gender typicality (1-4) 2.83  0.54 2.65 0.48 0.17 020 022" e 032" 0.10 0.06 0.09
5. Gender contentedness (1-4) 2.84  0.53 1.93 0.54 0.06 0.10* 0.10 0.35* —-0.11  0.17 023"
6. Gender stereotypes (0-6) 246 234 1.44 1.49 —0.01 0.25** 0.10 0.22°  0.01 X 0.03 —0.08
7. Math self-concept (1-7) 489 1.23 4.12 1.00 —0.14 047 0.16 —-0.07 0.14 0.28 019
8. Physics self-concept (1-7) 424 132 3.15 1.04 —-0.08 0.01 0307 013 008 028 025 -

“p < 0.05.

“p <0.01.

Correlations above the diagonal are for females. Correlations below the diagonal are for males.
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TABLE II.
gender stereotypes.

Math and physics self-concepts as a function of felt gender typicality and contentedness and level of endorsement of math-

Math self-concept

Physics self-concept

Males Females Males Females

Mean SD Mean SD Mean SD Mean SD
Gender typicality
Low 5.15 1.10 4.11 1.11 4.15 1.44 3.02 1.06
High 4.70 1.29 4.15 0.85 4.31 1.24 3.33 1.01
Gender contentedness
Low 4.01 1.12 4.00 1.03 3.90 1.27 2.98 0.91
High 5.06 1.18 4.36 0.93 4.31 1.33 3.46 1.21
Gender stereotypes
Low 4.52 1.06 4.15 1.09 3.87 1.28 3.26 1.28
High 5.08 1.27 4.11 0.96 443 1.32 3.08 0.88

what we refer to as egalitarian attitudes toward math, a
combination of high gender typicality and high gender
contentedness had positive associations with self-concept
in math and physics. Among females who highly endorsed
math-gender stereotypes or affirmed what we refer to as
traditional stereotypical attitudes toward math, a combina-
tion of high gender typicality and high gender contented-
ness was negatively associated with self-concept in math
and physics (Fig. 2). Table III presents the results of

MANCOVA analyses and Fig. 2 presents three-way inter-
actions for females. The results of MANCOVA analyses
allowed us to compute estimated marginal mean values on
math and physics self-concepts for the male and female
groups, which were found to vary with different combi-
nations of high and low scores on gender typicality, gender
contentedness, and math-gender stereotypes (see Table IV).
The gender differentials in estimated means values on math
and physics self-concepts were low among students with

TABLE III. MANCOVA analyses: Univariate effects of gender compatibility and math-gender stereotypes on math and physics self-
concepts (age and math and physics GPA scores are covariates) (n = 170).
Males Females
Source Dependent variable df F p 7> F p 7
Age Math self-concept 1 032  0.577 0.004 185 0.178 0.024
Physics self-concept 1 020 0.658 0.003 048 0492 0.006
Math GPA Math self-concept 1 1440 00007 0.163 898 0.004"  0.108
Physics self-concept 1 563 0.020° 0.071 1.01 0.319 0.013
Physics GPA Math self-concept 1 0.17  0.686 0.002 134 0251 0.018
Physics self-concept 1 1244  0.001  0.144 0.16 0.693  0.002
Typicality Math self-concept 1 262 0.110 0.034 1.13  0.292 0.015
Physics self-concept 1 0.04 0.842 0.001  0.01 0941 0.000
Contentedness Math self-concept 1 477 0.032° 0.061 2.16  0.146 0.028
Physics self-concept 1 211  0.151 0.028 3.55 0.064 0.046
Stereotypes Math self-concept 1 030  0.589 0.004 0.05 0.831 0.001
Physics self-concept 1 3.66  0.060 0.047 0.16  0.690 0.002
Typicality x contentedness Math self-concept 1 0.00  0.961 0.000 023  0.637 0.003
Physics self-concept 1 0.17  0.685 0.002 044  0.508 0.006
Typicality x stereotypes Math self-concept 1 0.60  0.442 0.008 095 0.334 0.013
Physics self-concept 1 0.18  0.671 0.002 0.05 0.826 0.001
Contentedness x stereotypes Math self-concept 1 036  0.548 0.005 240  0.125 0.031
Physics self-concept 1 030 0.586 0.004 029  0.593 0.004
Typicality x contentedness x stereotypes  Math self-concept 1 1.83  0.180 0.024 7.22 0.009% 0.089
Physics self-concept 1 0.06  0.809 0.001 8.56  0.005  0.104

“p < 0.05.
“p <001.

Note. For males, adjusted R?> = 0.319 for math self-concept and 0.100 for physics self-concept. For females, adjusted R*> = 0.366 for

math self-concept and 0.098 for physics self-concept.
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FIG. 2. Three-way interactions between felt gender typicality, gender contentedness, and math-gender stereotypes on math self-
concept (a,b) and on physics self-concept (c,d) for females (age and GPA scores in math and physics are control variables).

TABLE IV. Gender differentials in math and physics self-concepts based on MANCOVA analyses.

Math self-concept: Physics self-concept:
Estimated mean values Estimated mean values

Level of endorsement Gender Gender Gender Gender
of math-gender stereotypes  typicality  contentedness  Males  Females  differentials Males Females  differentials

Low Low Low 4.13 4.21 0.08 3.09 2.35 —-0.74

High 5.19 4.37 —0.82 3.71 2.99 —-0.72

High Low 4.29 3.36 —0.93 2.89 3.29 0.40

High 4.41 4.41 0.00 4.11 3.89 —-0.22

High Low Low 4.89 3.83 —1.06 4.32 2.74 —1.58

High 5.42 4.44 —0.98 4.67 3.63 —1.04

High Low 3.50 4.45 0.95 3.96 3.37 —-0.59

High 5.04 3.79 —1.25 4.46 3.14 —1.32
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high levels of felt gender compatibility and egalitarian
attitudes toward math (0.00 on math self-concept and
—0.22 on physics self-concept), and high among students
with high levels of felt gender compatibility and traditional
attitudes toward math (—1.25 on math self-concept and
—1.32 on physics self-concept).

VII. DISCUSSION

Our study discovered and highlights a complex relation-
ship between gender-identity-cum-stereotype patterns and
self-concepts in math and physics. Based on prior research
[17,50], we know this relationship is likely to have strong
impacts on gender differentials in students’ identification
with math and physics. Our study validates math self-
concept and physics self-concept as distinct measures of
academic self-concept and that they may be used to explain
gender differences in ability beliefs.

A. Gender identity-cum-stereotype patterns
and self-concept

In accordance with the tendency for cognitive balance, it
would be expected that males with strong gender identity
would be more likely to internalize math-gender stereo-
types, which in turn would influence their level of iden-
tification with math and physics or, alternatively, males
with strong gender identity and a given level of self-
identification with math and physics are more likely to
generalize or project their personal identifications with
math on to others of their own gender (math-gender
stereotypes). We found that males in our study affirmed
stronger gender identity than the females (Table I).
Furthermore, males’ gender identity played a prominent
role in advancing the males’ stereotypical attitudes toward
math and in self-regulation of their positive self-concept.
We found that gender contentedness associated positively
and significantly with males’ self-concept in math and
males’ endorsement of math-gender stereotypes associated
positively and significantly with their self-concept in
physics. These main effects of gender typicality, gender
contentedness, and endorsement of math-gender stereo-
types on math and physics self-concepts were not signifi-
cant for the females. This may be explained by research on
socialization process that has consistently found that effects
of stereotypes differ for males versus females [57].
Accordingly, it has been found that males typically expect
to be more successful than females in domains perceived to
be suitable for males (math, physics, computer technology,
sports) [57,67]. Our findings support the hypothesized
positive relationship between felt gender compatibility
for males and their self-concept in male-typed domains.

When we examined the combined influence of gender
identity and stereotypical attitudes on self-concepts in math
and physics, we found that sex parity in self-concept was
good among those with high gender typicality and high

gender contentedness and low endorsement of math-gender
stereotypes. Sex parity in self-concept was low among
those with high gender typicality and high gender con-
tentedness and high endorsement of math-gender stereo-
types. Our findings suggest that high endorsement of
stereotypical attitudes triggers a self-limiting pressure from
a need to conform to gender expectations, which has a
negative impact on females’ evaluation of self in math and
physics. This is especially true when high gender typicality
and stereotypical beliefs are combined with low gender
contentedness (see Tables III and IV and Fig. 2).

We found that identification as gender typical and
satisfaction with gender assignment did not associate
negatively with females’ self-concept in math or physics.
In fact, females with high gender contentedness reported
slightly higher self-concept in math and significantly higher
self-concept in physics than females with lower gender
contentedness (for math self-concept, mean values were
4.36 and 4.00, respectively, p > 0.05, and for physics self-
concept, mean values were 3.46 and 2.98, respectively,
F =424, p <0.05) (see Table II). Egan and Perry [18]
note that in contexts with greater social pressure for
children to conform to gender-role norms, gender content-
edness is even more important in sustaining self-esteem and
perceived social competence. They suggest that children
who are not content with their gender assignment and
perceive a lot of pressure to conform to gender stereotypes
experience lower self-esteem. Our findings clearly indicate
the value of positive gender identity in relation to math
and physics identities and suggest that femininity is not
necessarily harmful to females when associated with male-
typed knowledge domains.

B. Implications for science education

Self-concept in the quantitative domains is considered to
be a strong predictor of STEM related educational and
occupational choices and retention of students in STEM
fields [28,68]. Enhancement of self-concept in the quanti-
tative domains is the widespread goal of math and science
education reform efforts aimed at reducing gender
inequities in STEM fields. Results of our confirmatory
factor analysis indicated that math self-concept and physics
self-concept are distinct constructs. This distinction is
important because most discussions of academic self-
concept have focused on the contrast between quantitative
domains (often “math self-concept”) versus verbal domains
(often “language self-concept”) or between general aca-
demic self-concept versus subject-specific (math, science,
or language) self-concept [26,62,68,69].

Hazari et al. [49] examined the physics identities in a
sample of college students in the United States by inves-
tigating its relationship with academic background, inter-
est, and past school science experiences. The researchers
found that there was no effect on the physics identities
of the students through instructional interventions such as
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female science role models, collaborated group work, and
discussions of the lives of female scientists. The researchers
concluded that explicit discussion of under-representation
of women in science was the only instructional strategy that
had a uniquely strong positive impact on female students’
physics identity but had no impact for male students. Their
study was not designed to investigate why explicit dis-
cussion of underrepresentation issues and gender biases
influence changes in females’ self-perceptions with respect
to physics. Our findings on the interactions between
females’ gender identity and stereotypical attitudes on
math and physics self-concept suggest that the reduction
of gender biases and stereotype threat will enhance math
and physics identities for females. Teacher interventions
related to that goal might include the promotion of “growth
mindset” rather than “fixed mindset” [70] and explicit
discussions in the classroom regarding stereotypical beliefs
and their effects [71].

Our study has a number of limitations. First, the survey
design relies on a self-report method of data collection, and
descriptive, not explanatory, methodology. The findings,
therefore, do not establish cause-and-effect relationships
between felt gender compatibility, math-gender stereotypes,
and self-concepts in math and physics. Second, the study
assessed only explicitly endorsed math-gender stereotypes,
whereas recent research in the U.S. on social identity threat
suggests that a stereotype need not be explicitly endorsed to
influence individual behavior, and a lack of explicit endorse-
ment does not imply a lack of influence [72,73]. This study
was not designed to capture the effects of what have been
called “implicit stereotypes” [72]. Third, survey methodol-
ogy is vulnerable to measurement bias. Asking respondents if
they are a “good example” of their assigned gender group or if
they feel they are “satisfied” and “happy” with their gender
assignment is a cognitive evaluation of the importance of
gender in an individual’s conceptions of self. The importance

assigned to gender does not necessarily mean its salience, the
probability that gender will influence behavior in math and
science classrooms. Our findings also didn’t take into
consideration the potential influence of national culture.
For example, is it possible that gender typicality is more
likely to be associated with negative outcomes in cultures
with more rigid norms? As noted by Patterson [74],
more research is needed to assess the cross-cultural
aspects of self-concept but caution should be exercised in
extending findings from one cultural context to the
other (p. 423).

VIII. CONCLUSION

Self-concept is an important educational outcome
[62,63,68]. The relationship between gender identity
and self-concept in the quantitative domains has been
a consistent topic of interest for science educators
[3,11,20,22,49]. This study in Thailand found that the
relationships between felt gender compatibility and
self-concepts in math and physics is moderated by sex
and level of endorsement of stereotypical attitudes. Various
combinations of stereotypical beliefs about math and felt
gender compatibility were associated with high or low
gender differentials in math and physics self-concepts,
which clarify that personal identity-cum-stereotypes
patterns play an important role in the way students,
especially females, perceive their abilities and develop
math and physics identities in accordance with those
perceptions.
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