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The self-concept of ability in math in elementary school is an early predictor for future

math-related choices and careers. Unfortunately, already at this early age girls report

lower ability self-concepts in math than boys—despite their comparable performances

in objective math competence tests. In the present study we focus on teachers’

beliefs as factors explaining these gender differences. Women’s underrepresentation in

math and science in academia has recently been explained by the belief held by the

environment that success in these domains requires an innate ability that cannot be

taught (“brilliance”). In addition, teachers’ beliefs regarding their students’ mathematical

aptitude have also been found to influence students’ self-concepts of ability. Here, we

study if teachers’ beliefs regarding their students’ mathematical aptitude and brilliance

beliefs may account for gender differences in elementary school students’ self-concept

of ability in math and thus potentially contribute to entering the gendered path into

math and science professions. In a sample of 830 fourth graders (M = 9.14 years old,

49% female) and 56 elementary school teachers from Germany, we assessed teachers’

beliefs regarding their students’ mathematical aptitude and their belief that children need

brilliance to succeed in math as well as children’s mathematical ability self-concept

and competencies. In line with prior research, boys reported a statistically significantly

more positive math ability self-concept (d = 0.50), although boys and girls reached

similar scores in a standardized math competence test (d = 0.07). However, multilevel

regression analyses revealed that teachers’ math brilliance beliefs were not related to

the gender gap in students’ ability self-concept in expense of girls whereas the gender

gap was mediated by teachers’ beliefs about their students’ mathematical aptitude.

These findings suggest that math brilliance beliefs held by important socializers such as

teachers might not play a role in explaining gender differences in math-related motivation

in elementary school whereas teachers’ beliefs about students’ math aptitude do. Results

are discussed against the background of teacher expectancy effects, developmental

changes in elementary school, and cultural differences.
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INTRODUCTION

“You need to be a math person to be good at math.” Such
beliefs are widespread inWestern industrialized societies (Rattan
et al., 2012; Chestnut et al., 2018). In the context of higher
education, research has already shown their potentially damaging
implications for the diversity of the learners. Believing in
an innate ability required for success in math—that is, math
brilliance, which you either have or have not—seems to be
particularly detrimental for women and people of color, two
social groups that are stereotyped as lacking an innate ability
for math (Storage et al., 2016; Chestnut et al., 2018). Thus,
believing in brilliance required for success in a particular
domain has been identified as one factor contributing to the
underrepresentation of women in domains such as science,
technology, engineering, and math (i.e., STEM domains, Wang
and Degol, 2016).

Gender differences regarding math, however, do not just
emerge when it comes to math course selection in high school
or college but much earlier in students’ educational careers.
Therefore, it is important to understand the school experiences
and motivational processes that lay the groundwork for (not)
pursuing math-related careers (Wang and Degol, 2013, p. 323,
324). In this study, we focus on students in their last year of
elementary school, i.e., fourth grade, and their teachers. We
test if teachers’ belief that math requires innate ability and the
ascription of math aptitude to boys also account for gender
differences in these students’ motivation in math and thus
potentially contribute to entering the gendered path into math
and science professions.

In what follows, we shortly summarize empirical evidence on
gender differences in students’ math achievement andmotivation
in elementary school, two important predictors of students’
math-related choices (e.g., Eccles et al., 1983; Wang and Degol,
2013). Subsequently, we synthesize (a) research on the general
role of teachers’ beliefs for gender differences in school with
(b) research on the belief that math requires brilliance, which
seems to be widespread in academia and to be a barrier for
women’s success and participation in STEM fields (Leslie et al.,
2015; Rattan et al., 2018). This results in our research question
whether teachers’ beliefs about (a) students’ math aptitude and
(b) brilliance in general explain gender differences in children’s
math ability self-concept in expense of girls already at the end of
elementary school.

Gender Differences in Math Achievement
and Motivation in Elementary School
Many people believe that an averagemale person possesses higher
math skills and talent than an average female person (e.g., Nosek
et al., 2002; Steffens et al., 2010; Ertl et al., 2017). However,
contrary to this stereotype, actual mean gender differences in
math competence tests are generally small and often negligible
(for meta-analyses see e.g., Else-Quest et al., 2010; Reilly et al.,
2015). This has also been found for elementary school students.
In the recent Trends in Math and Science Study (TIMSS 2015),
for instance, no significant differences between male and female
fourth graders were found across all participating countries

(Mullis et al., 2016). In countries where boys outperformed girls,
differences were mostly small. Other studies with elementary
school samples yielded similar results (Herbert and Stipek,
2005; Cvencek et al., 2015). However, while mean differences
in boys’ and girls’ math performance in early years tend to be
small or non-existent, larger gender differences are found at
the highest ability level (Brunner et al., 2008). Both in earlier
and more recent cohorts of early childhood studies, the gender
gap developed early at the top of the achievement distribution
and spread throughout the distribution during the first few
years of elementary school (Cimpian et al., 2016). For example,
when considering the combined PIRLS and TIMSS test results
the gender ratio in the highest performance level was four
girls to five boys (Bergold et al., 2017).Gender differences in
math also become larger in older samples concerning both the
average performance and the gender gap among top performers
(Hyde, 2005; Reilly, 2012). In older students, i.e., PISA 2009
participants, twice as many male (2.5%) than female (1.2%)
students reached the highest ability levels in math (Reilly, 2012).
However, most researchers agree that gender differences in math
ability are not the primary explanation for why female students
end up working and majoring less often than male students
in math-intensive fields (see also Riegle-Crumb et al., 2012;
Wang and Degol, 2013, p. 308).

The seminal Eccles et al. expectancy-value model (e.g., Eccles
et al., 1983; Eccles, 2011) provides a popular theoretical model
of the processes that lead to gender differences in academic
achievement and choices. According to Eccles et al., the two
most proximal precursors of academic choices are students’ belief
about how well they will do on upcoming tasks in the respective
domain (i.e., their expectation of success in math) and how
much they like, value, and enjoy the respective domain (i.e., their
math values), with both constructs being influenced by the child’s
ability self-concept. The child’s ability self-concept is defined
as the child’s beliefs about its competence in the respective
domain (here, math) and is assumed to be directly influenced
by socializer’s beliefs and stable child characteristics such as
child’s gender or aptitude (Eccles and Wigfield, 2002, p. 119). As
math ability self-concept is an empirically established, powerful
predictor of students’ math-related career choices (Wang and
Degol, 2013; Musu-Gillette et al., 2015) we concentrate on ability
self-concepts in the present study. And already in elementary
school, boys report a more positive ability self-concept than girls
(e.g., Tiedemann, 2000b; Fredricks and Eccles, 2002; Herbert
and Stipek, 2005). Importantly, these gender differences in math
ability self-concept in expense of female students are larger than
those found in test performance, and thus, cannot be traced
back on actual competence differences. Moreover, gender gaps
in ability self-concepts (or confidence) seem to be larger than
in intrinsic motivation (or interest) or the perceived usefulness
and importance of math (Wigfield et al., 1997; Ganley and
Lubienski, 2016) suggesting that children’s competence beliefs
are more likely to be affected by prior learning experiences and
socializers’ beliefs in a gender-specific way than children’s valuing
of the respective domain. In addition, these findings indicate
that a domain that is stereotyped as male will still be highly
valued by girls and women irrespective of their perceptions
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of their own abilities, possibly reflecting the high status of
those fields or occupations perceived as male or masculine in
our society.

The Role of Socializers’ Beliefs
Socializers such as teachers or parents are considered as powerful
influences on gender gaps in academic motivation, choices,
and achievement during school (see e.g., Gunderson et al.,
2012). According to the expectancy-value model (e.g., Eccles
et al., 1983) socializers’ beliefs directly affect students’ beliefs
such as their stereotypes and ability self-concepts. As teachers’
beliefs are thought to influence parents’ beliefs concerning their
child competencies more profoundly than vice versa (Simpkins
et al., 2015), we concentrate on teachers’ beliefs. In general, the
important role of teachers’ beliefs concerning children’s ability
self-concept formation has been underlined by many empirical
studies (e.g., Keller, 2001; Herbert and Stipek, 2005; Wolter
et al., 2015; for related research on the role of parents, see
e.g., Tiedemann, 2000b; Tomasetto et al., 2015). For instance,
teachers’ belief that girls have superior reading skills than boys
predicted a decline in boys’ reading self-concept whereas girls’
reading self-concept was unrelated (Retelsdorf et al., 2015).
Regarding math, there is evidence that also elementary school
teachers share math-male gender stereotypes (for a review see Li,
1999), that is, they ascribed greater talent and more importance
of math to male than female persons (e.g., Fennema et al.,
1990; Tiedemann, 2000a,b, 2002; McKown and Weinstein, 2002;
Hand et al., 2017). Furthermore, they even revealed a shift
in evaluation standards when rating the math performance of
a girl compared to a boy’s math performance (Holder and
Kessels, 2017). Elementary teachers underrated the skills of girls
throughout the achievement distribution as early as in Grade 1,
when past and current math achievement and behavioral ratings
where controlled for (Cimpian et al., 2016). In contrast, only a
few studies found no gender differences in teachers’ ratings of
their students’ abilities (e.g., Bennett et al., 1993; Dickhäuser and
Stiensmeier-Pelster, 2003) and did not reveal any gender-biased
expectations regarding math (Lorenz et al., 2016).

Moreover, teachers (like parents, see e.g., Frome and Eccles,
1998; Herbert and Stipek, 2005; Lazarides and Watt, 2017) seem
to transmit stereotyped beliefs (Keller, 2001) to their students
supporting or maintaining students’ stereotyped belief that math
is a “male” domain (e.g., Steffens et al., 2010). The “math-
male stereotype” has been consistently found in students in
various countries when assessing the stereotyping of domains
using implicit measures (like the IAT; Greenwald et al., 1998).
Interestingly, the implicit math-male stereotype was evident in
children as young as four years old (Cvencek et al., 2011), in
elementary school children (Passolunghi et al., 2014), secondary
school students (Steffens et al., 2010), and college students (Nosek
et al., 2002; Smeding, 2012). However, children at elementary
school age did not yet consistently stereotype math as a male
domain when expressing their views using explicit measures
(e.g., Ambady et al., 2001; Passolunghi et al., 2014). Only later,
at adolescence, most students endorsed clear-cut math-male
stereotypes and ascribed more talent, ability, and interest in
math to boys than to girls (Chatard et al., 2007; Steffens et al.,

2010; Steffens and Jelenec, 2011; however compare Passolunghi
et al., 2014). The perceived fit between one’s own gender and
the perceived maleness or femaleness of a domain constitutes
a crucial factor for students’ willingness to get involved in
that domain (Kessels et al., 2014). Accordingly, domain gender
stereotypes have been proven important predictors of many
domain-related emotions, cognitions, and behaviors. The more
female students perceived of math as a male domain, the
lower their math achievements, math liking and intentions to
follow a respective career were (e.g., Nosek and Smyth, 2011;
Steffens and Jelenec, 2011; Lane et al., 2012). According to the
expectancy-value model (e.g., Eccles et al., 1983) this view is
influenced and shaped by, for example, teachers’ beliefs and
stereotypes increasing gender gaps in STEM-related ability self-
concepts, e.g., mathematical ability self-concepts (e.g., Hand
et al., 2017). Indeed, studies with German elementary school
samples (Tiedemann, 2000a,b, 2002) showed that the more
teachers endorsed gender stereotypes concerning math the
greater was their gender-stereotyped view on their students’ math
abilities. Since teachers’ ratings of students’ math aptitude predict
students’ ability self-concepts (e.g., Herbert and Stipek, 2005),
this study aims to test whether teachers’ gender-stereotyped
perception of girls’ and boys’ math aptitude might explain gender
differences in math ability self-concepts.

Brilliance Beliefs and Women’s
Underrepresentation in STEM
Above and beyond the “traditional” math-male gender
stereotype, a different belief has recently gained an increasing
amount of interest in research aiming at explaining STEM-
related gender differences in the context of academia and
higher education in the United States. Originally, it was coined
domain-specific ability belief and encompasses the extent to
which important agents in the learning environment perceive
success in a given domain as requiring an innate ability that
cannot be taught (“brilliance”) (Leslie et al., 2015). That is, such
beliefs can be interpreted as essentially a domain-specific version
of what has been called entity theory of intelligence or fixed
mindset before, i.e., the belief that intelligence is fixed (Dweck,
2006, 2007; Gunderson et al., 2017). If the beliefs of important
learning agents instead of student’s field-specific ability beliefs
are in focus, the construct is also closely related to the so-called
meta-lay theories of a domain-specific aptitude (Rattan et al.,
2018). In what follows, we use the term “brilliance belief”
to describe the extent to which success in a given domain is
perceived as requiring innate ability.

A larger misfit between female students’ self and STEM
subjects has been attributed in the past to the clashing perceptions
that while learning in STEM depends mainly on high ability and
less on effort, female academic success is seen as mainly due to
effort and hard work (Kessels, 2015). Research in the context of
academia has shown that the stronger success in a given domain
was perceived as requiring innate ability, the lower the portion
of women in this field (Leslie et al., 2015; Meyer et al., 2015).
In higher education, STEM subjects were among those domains
strongly requiring innate ability as well as being dominated by
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male persons. In more detail, different disciplines within the
STEM field differ in the degree that innate ability is seen as
required, and while on average Social Science/Humanities are
regarded as requiring less brilliance than STEM, some of those are
seen as requiring more or less of innate ability and thus resulting
in smaller or larger proportion of female PhDs (Leslie et al.,
2015). Also experimental research suggests that presenting job
opportunities as requiring innate ability reduces women’s interest
and belonging but increases their anxiety (Bian et al., 2018).
Similarly, perceiving STEM faculty as believing in a special STEM
aptitude (which only some students have and others do not)
predicted less sense of belonging among female PhD candidates
in STEM.Male PhD candidates’ sense of belonging, however, was
unrelated to their meta-lay theories (Rattan et al., 2018). These
findings with adults raise the question whether similar beliefs and
processes are already present in earlier stages ofmath careers, that
is, in elementary school, where gender differences in math ability
self-concept seem to emerge (Herbert and Stipek, 2005).

Given the alienating consequences of statements that
innate ability is required for a domain or task on female
students’ engagement, teachers’ brilliance beliefs seem crucial
for understanding the underrepresentation of female students
in STEM. As school students have the full range of domains
as school subjects, the relative importance ascribed to innate
ability in the different school subjects should signal students
which subjects to avoid and to approach instead, according
to their gender. First studies showed that U.S. American
teachers held more fixed views of intelligence for math and
science performance compared to performance in languages
(Patterson et al., 2016). The construct of brilliance beliefs has
so far been studied only once outside the United States, that
is in an elementary school teacher sample from Germany
(Heyder et al., 2019). It was found that also this group
of socializers held stronger brilliance beliefs for math than
language arts although their mean level was lower than in
prior US studies with academics or lay persons from the
general public (see Meyer et al., 2015).The finding that in both
countries, that is, Germany and the US, there are domain
differences in brilliance beliefs is in line with the fact that
both countries are considered Western industrialized countries
that with—at least in parts—shared beliefs and stereotypes
(Wilde and Diekman, 2005).

As there is also experimental evidence suggesting that in
the United States girls from the age of six on view themselves
as less smart than boys and refrain from tasks that require to
be smart (Bian et al., 2017), an environment that believes that
math requires to be smart might discourage girls from math
not just at later stages of their career but already at the very
beginning. More precisely, such beliefs if held by the teacher
might increase the detrimental effects of the math-male gender
stereotype on girls, and thus lead to a larger gender gap in
math ability self-concept than if teachers held less pronounced
math brilliance beliefs. In a German sample, the present study
thus aims to explore whether already in elementary school math
brilliance beliefs held by the teacher relate to girls’ lower ability
self-concept in math, despite boys and girls showing similar
math competence.

STUDY OVERVIEW

Brilliance beliefs are powerful predictors of women’s
underrepresentation in certain fields in academia such as
STEM domains (e.g., Leslie et al., 2015; Storage et al., 2016).
A recent study showed that also German elementary school
teachers believed that success in math requires more innate
ability than success in language (Heyder et al., 2019). Further,
elementary school girls have been found to report a less
positive ability self-concept than boys despite their comparable
competences (e.g., Herbert and Stipek, 2005; Ganley and
Lubienski, 2016) and also teachers perceive boys as more talented
in math than girls (e.g., Li, 1999; Tiedemann, 2000a). In this
study, we bring these strands of research together. First, we want
to explore whether teachers’ belief that math requires innate
ability predicts a less positive ability self-concept in girls than
boys in elementary school. Second, we want to test whether
teachers’ perceptions of students’ math aptitude mediate the
gender gap in students’ ability self-concept. With teachers’ math
brilliance beliefs, we thus test a novel facet of students’ learning
environment in elementary school as an additional factor that
might contribute to the beginning of the leaky STEM pipeline
for girls and women. More precisely, we test the following
hypotheses: (1) Independent from the actual performance girls
report lower self-concept of ability in math than boys. (2)
Independent from the actual performance teachers perceive
girls as less talented in math than boys. (3) Teachers’ math
brilliance beliefs moderate the effect of gender on teachers’
ratings of their students’ mathematical aptitude and students’
ability self-concept in the expense of girls. That is, we expect
larger gender differences in teachers’ math aptitude ratings and
students’ ability self-concept if teachers hold strong brilliance
beliefs than if they hold weak brilliance beliefs. (4) Teachers’
ratings of their students’ mathematical aptitude mediate the
effect of gender on students’ ability self-concept.

METHODS

Sample
For this study, we re-analyzed the elementary school data set
from the FA(IR)BULOUS Study, a German research project on
social inequality in school transitions (Steinmayr et al., 2017).
The FA(IR)BULOUS data set had already been analyzed in a prior
study on the role of teachers’ math-specific ability beliefs for low-
achieving students’ intrinsic motivation in math (Heyder et al.,
2019). This study exceeds the former study by focusing on gender
differences in ability self-concept in math and how they are related
to teachers’ math-specific ability beliefs.

The FA(IR)BULOUS elementary school sample was collected
in 2016 and consisted of 837 fourth graders nested in 56 classes.
Seven refugee children were excluded from the full sample
because they could not fill out the questionnaire due to a lack
of German language skills. The remaining 830 student were on
average 9.14 years old (SD = 0.54), 409 of them were female
(49.4%, two students did not indicate their gender), and 667
of them reported German to be their first language (80.4%).
More than half of the students reported to have 100 books at
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home or less (59.6%) which serves as an indicator for students’
resources for learning at home or their cultural capital. These
descriptive characteristics of the sample suggest that the sample
can be considered as similar to the representative German PIRLS
2016 elementary school sample with regard to language spoken
at home (83.4% always or nearly always German) and number of
books (53.5% 100 books or less at home; Hußmann et al., 2017).

In German elementary schools, each class has one (main)
teacher. The 56 teachers of the FA(IR)BULOUS elementary
school sample were mostly women (94.6%) and 44.56 years old
on average (SD = 11.48). The teacher sample corresponds to the
total population of primary school teachers in the federal state
of Germany in which the study was conducted in terms of gender
composition and age (Ministerium für Schule undWeiterbildung
des Landes Nordrhein-Westfalen, 2016).

Measures
Students’ Math Ability Self-Concept
Students’ ability self-concept in math was assessed with a four-
item short version of the validated German Scales for the
Assessment of School-Related Competence Beliefs (SESSKO;
Schöne et al., 2002). Each item was rated on a 5-point scale
from 1 = totally disagree to 5 = totally agree. An example item
is “In math I know a lot.” The reliability of the scale was high
(Cronbach’s alpha= 0.90).

Students’ Math Competencies
Students’ math competencies were assessed using the arithmetic
subscale of the DEMAT 3+ (Deutscher Mathematiktest für
dritte Klassen; Roick et al., 2004), a standardized German
math competence test for third graders. The test consists of 15
arithmetic math tasks and had a good reliability (Cronbach’s
alpha = 0.82). In the following analyses, we used the raw sum
score of the test. In addition, we provide the corresponding T-
score, i.e., the score on a standardized scale with a M = 50 and
SD= 10.

Teachers’ Math Aptitude Ratings
Teachers indicated for each student how talented in math the
student is compared with the total student population. Response
options were 1 = far below average (ca. 2% of all students), 2 =

below average (ca. 14% of all students), 3 = slightly below average
(ca. 15.5% of all students), 4 = average (ca. 37% of all students),
5 = slightly above average (ca. 15.5% of all students), 6 = above
average (ca. 14% of all students), and 7 = far above average (ca.
2% of all students).

Teachers’ Math Brilliance Beliefs
For assessing teachers’ math brilliance beliefs, we translated
the four items of Leslie et al. (2015) from English to German
and adopted them with regard to math and elementary school
students. That means, that teachers were asked to indicate to
which degree they believe that children need an innate ability to
be successful in math. An example item is “If you want to succeed
in math, hard work alone just won’t cut it; for that, children need
to have an innate gift or talent”. Teachers rated each item on a

scale from 1 = strongly disagree to 7 = strongly agree. Cronbach’s
alpha was 0.76.

Procedure
This study was carried out in accordance with the
recommendations of the German Research Foundation. In
compliance with the guidelines established by the institutional
ethic committee, participation was voluntary and parents’ written
informed consent was given before participation in accordance
with the Declaration of Helsinki. Teachers were informed about
the study during a staff meeting and declared their informed
consent verbally. A formal ethics approval was not required by
the TU Dortmund guidelines or German regulations. Data was
collected during regular class hours by trained research assistants
at the beginning of fourth grade. All self-report items were read
aloud to make sure that all students understood the items and
worked at the same speed.

Analytic Approach
We applied multilevel regression analyses in Mplus 8 (Muthén
and Muthén, 1998-2017) with standard errors corrected for non-
normality of variables (MLR). All continuous variables were
grand-mean centered. Students’ gender was coded 0 = female,
1 = male. Students’ first language was coded 0 = German, 1 =

other language.
In order to explore, whether teachers’ math brilliance beliefs

moderate the size of the gender gap in students’ and teachers’
aptitude ratings, we specified two cross-level interaction models
with gender, teachers’ math brilliance beliefs and their interaction
terms as predictors of students’ ability self-concept or teachers’
aptitude rating, respectively. In a second step, we added students’
math competencies, mother tongue and number of books as
control variables to the model which all have been found to be
related with students’ motivation in prior research (e.g., Evans
et al., 2010; Stanat et al., 2010; Ganley and Lubienski, 2016).
Hypothesis 4 was tested in a lower level mediation model with
teachers’ aptitude ratings as a mediator of the effect of gender on
students’ ability self-concept.

The percentage of missing data was low. Information on
gender was missing for 0.2%, number of books for 0.4%, math
test scores for 3.4%, and teachers’ aptitude ratings for 2.8% of
the student sample. The data on class membership, students’
ability self-concept, students’ mother tongue, and teachers’ math
brilliance beliefs were complete. Little’s MCAR test with all target
variables included suggested missing completely at random, X²=
11.47, df = 9, p = 0.245. Thus, the full information maximum
likelihood algorithm (FIML) was applied to handle cases with
missing values.

RESULTS

Descriptive Statistics
On average, students earned M = 8.36 (SD = 3.48) out of 15
points in the math competence test. This is equivalent to an
average T-score of T = 47.81 (SD = 10.48) suggesting that, on
average, students performed at the expected level. They further
reported a positive ability self-concept, M = 3.64, SD = 0.84.
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TABLE 1 | Means, standard deviations, and bivariate correlations.

M (SD) 2) 3) 4) 5) 6)

1) Math competencea 8.36 (3.48) 0.42*** 0.56*** 0.03 0.19*** −0.05

2) Ability self-concept in

math

3.64 (0.84) 0.54*** 0.24*** 0.23*** 0.00

3) Teachers’ math

aptitude ratings

4.25 (1.39) 0.23*** 0.25*** −0.05

4) Maleb 0.51 (0.50) 0.04 −0.01

5) Number of books in

homec
3.30 (1.18) −0.21***

6) Nonnative speakerb 0.20 (0.40)

aTest scores ranged from 0 to 15.
bMean values here represent the portions of nonnative speakers and male students,

respectively, in the sample.
cNumber of books in home ranges from 1 = 0-10 books to 5 = more than 200 books.

***p < 0.001.

Teachers’ aptitude ratings had a mean of M = 4.25 (SD =

1.39). Bivariate correlations between the variables were medium
to high. All means, standard deviations, and correlations are
presented in Table 1.

Gender Differences in Math
As in prior studies (e.g., Herbert and Stipek, 2005), only negligible
and statistically not significant differences between girls’ and
boys’ scores on the math competence test were found; Girls: M
= 8.26, SD = 3.42, boys: M = 8.47, SD = 3.53, t(798) = −0.85,
p = 0.398, Cohen’s d = 0.06. Nonetheless, moderate gender
differences in students’ ability self-concept and teachers’ aptitude
ratings were found. Boys reported a more positive ability self-
concept than girls, corroborating Hypothesis 1; Girls M = 3.44,
SD = 0.83, boysM = 3.84, SD = 0.80, t(826) = −7.15, p < 0.001,
d = 0.50. Furthermore, also teachers rated boys as having more
math talent than girls, supporting Hypothesis 2; Girls M = 3.03,
SD = 1.39, boysM = 4.56, SD = 1.33, t(803) = −6.55, p < 0.001,
d = 0.46.

Moderation by Teachers’ Math Brilliance
Beliefs
As reported in a previous study (Heyder et al., 2019), teachers
on average perceived success in math as requiring a moderate
amount of innate ability,M= 4.17, SD= 1.12. In order to explore
whether this belief relates to the gender gap in students’ ability
self-concept and teachers’ aptitude ratings, we ran two series
of cross-level interaction models including different control
variables (see Tables 2, 3).

As presented in Table 2, girls reported a less positive
ability self-concept than boys. Teachers’ math brilliance beliefs,
however, did not predict students’ ability self-concept or the
gender gap in students’ ability self-concept. Furthermore, there
was no significant variation in the relation between gender
and students’ ability self-concept between classes. Students’
math competencies and number of books at home predicted
higher scores in students’ ability self-concept. Controlling for
these variables as well as students’ mother tongue only slightly

TABLE 2 | Regression of students’ ability self-concept in math on students’

gender and teachers’ math brilliance beliefs.

1 2 3

Intercept 3.43 (0.04)*** 3.45 (0.04)*** 3.43 (0.05)***

Predictors

Male (L1) 0.41 (0.05)*** 0.38 (0.05)*** 0.37 (0.05)***

Teachers’ beliefs (L2) 0.04 (0.03) 0.04 (0.03) 0.04 (0.03)

Teachers’ beliefs (L2) x male (L1) −0.04 (0.05) −0.04 (0.05) −0.03 (0.04)

Math competence (L1) 0.11 (0.01)*** 0.10 (0.01)***

Number of books (L1) 0.12 (0.02)***

Nonnative speaker (L1) 0.13 (0.07) #

Variance components

Residual variance L1 0.64 (0.04)*** 0.51 (0.03)*** 0.49 (0.03)***

Residual variance slope male 0.01 (0.05) 0.01 (0.03) 0.01 (0.03)

Residual variance L2 0.02 (0.03) 0.02 (0.02) 0.02 (0.02)

Covariance intercept-slope L2 < 0.01 (0.03) 0.01 (0.02) 0.01 (0.02)

Cross-level interaction models. Unstandardized regression coefficients with standard

errors in parentheses. Students’ math competence test scores, number of books, and

teachers’ math brilliance beliefs were grand-mean-centered.

# p < 0.10 ***p < 0.001.

TABLE 3 | Regression of teachers’ aptitude ratings on students’ gender and

teachers’ math brilliance beliefs.

1 2 3

Intercept 3.93 (0.07)*** 3.97 (0.07)*** 3.96 (0.07)***

Predictors

Male (L1) 0.63 (0.07)*** 0.54 (0.08)*** 0.54 (0.08)***

Teachers’ beliefs (L2) 0.08 (0.05) 0.07 (0.05) 0.08 (0.06)

Teachers’ beliefs (L2) x male (L1) −0.07 (0.05) −0.07 (0.05) −0.08 (0.05)

Math competence (L1) 0.24 (0.01)*** 0.23 (0.01)***

Number of books (L1) 0.18 (0.04)***

Non-native speaker (L1) 0.12 (0.10)

Variance components

Residual variance L1 1.74 (0.11)*** 1.07 (0.07)*** 1.04 (0.07)***

Residual variance slope male 0.02 (0.05) 0.03 (0.08) 0.03 (0.07)

Residual variance L2 0.07 (0.06) 0.12 (0.06)* 0.12 (0.06)*

Covariance intercept-slope L2 0.03 (0.03) 0.05 (0.05) 0.05 (0.05)

Cross-level interaction models. Unstandardized regression coefficients with standard

errors in parentheses. Students’ math competence test scores, number of books, and

teachers’ math brilliance beliefs were grand-mean-centered.

*p < 0.05 ***p < 0.001.

reduced the gender gap in students’ ability self-concept. The non-
significance of the cross-level interaction remained unaffected.

Table 3 shows the results for the regression analysis of
teachers’ aptitude ratings. Here again, being male predicted
higher scores than being female. However, this gender difference
in teachers’ aptitude ratings was not related to teachers’ belief
whether math requires innate ability. That is, the cross-level
interaction did not reach statistical significance. Moreover, there
was no significant variation in the relation between gender and
teachers’ math aptitude ratings between classes. With regard to
the control variables, students with highermath competences and

Frontiers in Education | www.frontiersin.org 6 May 2019 | Volume 4 | Article 34

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


Heyder et al. Teachers’ Math Brilliance Beliefs

students who reported a higher number of books at home were
rated by the teachers as having higher math aptitude than other
students. Controlling for students’ math competence, number of
books at home and mother tongue did not substantially change
the results. Hypothesis 3 was thus not supported by the data.

Mediation by Teachers’ Math Aptitude
Ratings
The lack of significant variation in the relations between gender
and (a) teachers’ aptitude ratings, and (b) students’ ability self-
concept at Level 2 as well as the non-significant cross-level
interaction effects suggested that teachers’ brilliance beliefs do
not moderate the relations in focus. Striving for a parsimonious
model in order to ensure model convergence, we thus tested
Hypothesis 4 in a lower level mediation model assuming
all effects to be fixed. We did not control for actual math
performance as we did not find any significant gender differences
in the mathematical competency test. As presented in Table 4,
all relations specified at Level 1 were statistically significant.
Teachers rated boys’ math aptitude as higher than girls, and
teachers’ aptitude ratings in turn predicted students’ ability self-
concept.

In support of our hypothesis, teachers’ aptitude ratings
mediated the effect of gender on students’ ability self-concept
within classes (indirect effect within= 0.20, SE= 0.03, p< 0.001).
The results indicate that approximately half of the gender gap
in students’ ability self-concepts was statistically explained by
teachers’ aptitude ratings. No significant indirect effect was found
at Level 2 (indirect effect between=−0.07, SE= 0.55, p= 0.905).

TABLE 4 | Mediation of the effect of gender on students’ math ability self-concept

via teachers’ aptitude ratings.

Coefficient

(standard error)

Intercepts

Teachers’ Ratings −0.65 (7.14)

Students’ Ability Self-Concept 4.67 (2.94)

Level 1

Male:Teachers’ Ratings 0.62 (0.08)***

Teachers’ Ratings:Students’ Ability Self-Concept 0.33 (0.02)***

Male:Students’ Ability Self-Concept 0.21 (0.05)***

Residual variance Teachers’ Ratings 1.75 (0.11)***

Residual variance Students’ Ability Self-Concept 0.46 (0.03)***

Level 2

Male:Teachers’ Ratings 1.28 (14.11)

Teachers’ Ratings:Students’ Ability Self-Concept −0.05 (0.22)

Male:Students’ Ability Self-Concept −2.03 (5.77)

Residual variance Teachers’ Ratings 0.10 (0.04)*

Residual variance Students’ Ability Self-Concept 0.02 (0.02)

Lower level mediation model with fixed slopes. Unstandardized regression coefficients

with standard errors in parentheses. Teachers’ aptitude ratings were grand-mean-

centered.

*p < 0.05 ***p < 0.001.

DISCUSSION

Why do women end up pursuing less math-intensive careers
than men? In this study, we aimed to explain gender differences
in a powerful and early predictor of math-related achievement
and career choices, that is elementary school students’ ability
self-concept (e.g., Eccles, 2011; Musu-Gillette et al., 2015).
We focused on the role that teachers’ beliefs play in gender
differences in math ability self-concepts. More precisely, we
were interested in exploring whether teachers’ ascription of
higher math talent to boys compared to girls might contribute
to girls’ lower ability self-concept in math. In addition, we
tested whether teachers’ belief that success in math requires an
innate ability might be detrimental for girls’ but not boys’ self-
concept of ability. Our analyses were based on an elementary
school sample of teachers and fourth graders from Germany.
In line with prior meta-analyses (e.g., Else-Quest et al., 2010;
Reilly et al., 2015), only negligible gender differences in a
standardized math competence test were found. Nonetheless,
boys already reported a more positive ability self-concept in
math than girls, supporting Hypothesis 1. This finding is in
line with findings from earlier studies with elementary students
(Tiedemann, 2000b; Fredricks and Eccles, 2002; Herbert and
Stipek, 2005; Ganley and Lubienski, 2016; Gentrup and Rjosk,
2018). While male and female students did not differ in their
standardized test performance, teachers described their male
students as more talented in math than their female students,
corroborating Hypothesis 2 and validating earlier studies on
teachers’ gender-bias in math (e.g., Li, 1999; Cimpian et al.,
2016; Hand et al., 2017; Holder and Kessels, 2017; Gentrup
and Rjosk, 2018). As expected in Hypotheses 4, these gender-
biased aptitude ratings of the teachers proved to account for
half of the gender gap in math ability self-concepts. Students
at the end of elementary school seem to have internalized
their teachers’ gender bias in talent ascription in math, with
the result that girls perceive their talent for math to be
lower than boys. This is an alarming finding, given the
importance of math ability self-concepts for future achievement
and choices in STEM subjects (e.g., Wang and Degol, 2013;
Musu-Gillette et al., 2015).

Based on the literature suggesting detrimental effects of
brilliance beliefs for female students’ aspirations in STEM (e.g.,
Leslie et al., 2015; Rattan et al., 2018), we further tested if
teachers’ brilliance beliefs had a more negative relation with
girls’ self-concept of ability in math than with boys’. However,
our analysis found both boys’ and girls’ math ability self-
concept to be unrelated to their teachers’ brilliance beliefs,
thus contradicting Hypothesis 3. Whereas such socially shared
brilliance beliefs have been found to be related to female students’
underrepresentation in STEM careers in higher education
(e.g., Leslie et al., 2015; Rattan et al., 2018), our results
suggest that teachers’ brilliance beliefs may not play a role
in explaining the gender gap in math ability self-concept in
elementary school.

Several reasons might account for this. First, it is possible that
teachers did not transfer their beliefs to the children, so students
were not aware of these beliefs, which in turn could not influence
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their motivation. For instance, teachers might not communicate
their beliefs to their students or students might not be able to
decipher any messages conveying the respective beliefs (directly
or via teaching practices). However, our finding that the students’
math ability self-concept was related to the teacher’s aptitude
rating supports the validity of the expectancy-value model (e.g.,
Eccles et al., 1983). Moreover, research on teacher expectations
has shownmany times (e.g., Jussim et al., 2009) that such positive
or negative assumptions of a student’s (mathematical) abilities
can be conveyed in the classroom by the actions of the teacher.
In contrast, any deterrent effect of a teacher’s brilliance belief
on a specific student’s ability self-concept seems to be more
complicated or subtle and has to be conveyed via several, more
abstract intermediate steps than the message “I think you are
(not) good at math.”

Another possible explanation for the lacking interaction
effect could be found in the understanding of the construct
“math.” More precisely, elementary teachers seem to assume that
innate ability is needed for children to succeed in “math” (in
general), but they might not apply this belief to basic math in
elementary school, considering basic math still as relatively easy
and accessible not only to exceptional children. An earlier study
with teachers from a variety of grade levels did ask separately
about domain-specific beliefs toward advanced and basic math,
but combined these two in their analyses (Patterson et al., 2016).
Our study raises the question to be studied in future research
if advanced math might elicit stronger brilliance beliefs than
basic math.

Generally, the young age of the students in our study might
be another factor explaining the independency of their math
ability self-concept from their teachers’ brilliance beliefs. Most
importantly, younger children do not consistently differentiate
the concepts of ability and of effort (Nicholls, 1990), what
implies that messages of required innate ability might not
result in the conclusion that effort would not help in order to
succeed. Accordingly, at earlier ages, teachers’ brilliance beliefs
might not execute their full range of negative implications
for girls compared to later ages. In addition, earlier research
showed that even though first and second graders believed
that success in an adult job requires more fixed ability in
math than reading and writing, the children did not think
that their own grades in math were depending more on
fixed ability than their reading and writing grades (Gunderson
et al., 2017), thus not yet applying the stereotypes on their
own achievements.

And while in the U.S., children as young as six were
found to endorse the stereotype that brilliant children are
male (Bian et al., 2017), evidence from European countries
is scarce. Most European studies with school students on the
stereotyping of genius and “effortless achievement” as something
male and masculine (Jackson, 2003; Jackson and Dempster,
2009; Heyder and Kessels, 2017) have so far concentrated on
adolescents. State of research regarding the gender stereotyping
of math in younger children is inconclusive, as some studies
found implicit gender stereotyping at an early age (Cvencek
et al., 2011), but others, using explicit measures, could not
find these (Ambady et al., 2001). Research on the perception

of adult stereotypes further indicates that Italian elementary
school children thought that teachers viewed boys and girls
similarly in math (Muzzatti and Agnoli, 2007) and that French
fourth graders of each gender reported that people view their
own gender as better in math (Martinot and Désert, 2007).
A study from the U.S. however found that male, but not
female, fourth graders perceived that adults believed that boys
are better at math and science than girls (Kurtz-Costes et al.,
2008). Taken together, the existing research on elementary
school students and teachers seems to find more and stronger
math brilliance beliefs and math-male stereotypes in the U.S.
than in Europe. Thus, the role not only of students’ age
but also of the cultural background on math-related beliefs
should be studied more explicitly in comparative studies in
the future.

In this vein, this study is limited as it focused only on
a German sample. Another limitation is its cross-sectional
nature. Even if earlier research has shown that socializers’ ability
beliefs longitudinally predict children’s self-concept of ability
(Frome and Eccles, 1998; Lazarides and Watt, 2017), we cannot
rule out that other mechanisms are behind the relationship
between teachers’ aptitude perceptions and children’s ability
self-concept found in our data. For instance, it is possible
that a more positive ability self-concept signals to the teacher
that this student is talented, while a negative ability self-
concept might be interpreted by the teacher as a lack of
talent. Thus, any implications for practice should be drawn
and interpreted very cautiously. This study’s finding that the
gender gap in teachers’ aptitude ratings was larger than in
students’ actual math competencies corroborates once more
the prevalence of math-male stereotypes in teachers (see also
e.g., Li, 1999; Tiedemann, 2002; Hand et al., 2017). Increasing
teachers’ awareness of their own math-male stereotypes and
confronting them with the fact that average gender differences
in math competencies are actually very small could be one
approach to reduce teachers’ math-male stereotypes leading to
more accurate perceptions of boys’ and girls’ math aptitude.
This could happen both during teacher education in universities
as well as in professional development courses for in-service
teachers. Reducing a potential gender bias in elementary school
teachers’ aptitude perceptions seems also a fruitful means for
increasing girls’ participation in STEM particularly in Germany
because in Germany teachers give tracking recommendations
at the end of elementary school, and these have also
been found to be predicted by teachers’ gender stereotypes
(Nürnberger et al., 2016).

Above and beyond testing the research questions derived
above from this study’s results, future research should study in
more detail—and longitudinally—how domain specific brilliance
beliefs develop in children. It would be interesting to understand
how the emergence of brilliance beliefs in children relates to
their ability self-concept as well as to both the emergence of a
compensatory concept of effort and ability and to the emergence
of a general view on intelligence as fixed. Teachers’ entity theories
can be both comforting and demotivating for their students
(Rattan et al., 2012), and from early adolescence on, girls report
lower incremental views on intelligence than boys (Diseth et al.,
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2014). As the belief that success in a given domain requires
innate ability goes along with an underrepresentation of female
persons, it is most crucial to understand from what age on
children actually infer from their socializers’ brilliance beliefs
that their own striving for success in math may be useless,
and if girls might gain this understanding even earlier than
boys might.
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