
Female students report higher levels of mathematics anx-
iety than do male students, as documented in meta-anal-
yses of studies with secondary-school students from 
around the globe (Hyde, Fennema, Ryan, Frost, & Hopp, 
1990; see also Else-Quest, Hyde, & Linn, 2010, for data 
from the Programme for International Student Assessment, 
PISA; Organisation for Economic Co-operation and 
Development, 2004). These findings are discouraging, 
given the negative effects of anxiety on psychological 
health, learning behaviors, self-regulation, and academic 
achievement (Diener, 2000; Pekrun, Goetz, Titz, & Perry, 
2002; Zeidner, 1998). Research has further shown that 
math anxiety negatively predicts course enrollment, 
career choices, and lifelong learning in mathematics-
related fields, thus contributing to the underrepresenta-
tion of females in many domains of science, technology, 
engineering, and mathematics (STEM; Eccles, 2012; 
Halpern et al., 2007; National Academy of Sciences, 2006; 
Wigfield, Battle, Keller, & Eccles, 2002; Wirtz, Kruger, 
Napa Scollon, & Diener, 2003). This gender gap in math 
anxiety stands in marked contrast to the fact that female 
students typically obtain similar, or only slightly lower, 

levels of achievement in mathematics relative to their 
male counterparts (Else-Quest et al., 2010; Hyde, 
Lindberg, Linn, Ellis, & Williams, 2008).

However, existing research on mathematics anxiety is 
almost exclusively based on self-reports of traitlike 
(habitual) anxiety, as opposed to state (momentary) anxi-
ety assessed during real-life experiences. Given that trait 
and state self-report assessments can lead to very differ-
ent results (e.g., Porter et al., 2000), this notable omission 
of state-based measures raises the issue of whether dif-
ferences in math anxiety actually exist between male and 
female students in everyday life. By evaluating both trait- 
and state-based measures of math anxiety in students of 
various ages, we aimed in the present study to directly 
address this intriguing question.
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The Gender Gap in Math Anxiety: The 
Issue of Perceived Competence

There is considerable empirical support for the idea that 
self-report measures of trait anxiety are significantly 
impacted by subjective beliefs (Robinson & Clore, 2002). 
In contrast, such beliefs are much less likely to bias real-
time reports of anxiety experienced in a given situation 
(state anxiety). This assumption is in line with the acces-
sibility model of emotional self-reports (Robinson & 
Clore, 2002), in which state measures are assumed to 
evaluate emotions, whereas trait measures better reflect 
beliefs about emotions.

Subjective beliefs involving personal competence 
(hereafter referred to as competence beliefs) represent a 
critical antecedent of anxiety and play a central role in 
self-reports of trait emotions more generally (Pekrun, 
2006). Research has shown that, compared with boys, 
girls typically report significantly lower levels of per-
ceived competence on measures of math-related self-effi-
cacy and perceived ability (Goetz, Frenzel, Hall, & 
Pekrun, 2008; Hyde et al., 1990). Given the relative lack 
of differences between boys and girls in mathematics 
achievement, findings further suggest that gender stereo-
types about mathematics may be largely responsible for 
girls’ lower levels of perceived competence in this 
domain, as evidenced by statements like “Girls and math-
ematics are a bad fit” or “Mathematics is clearly a male 
domain” (Keller, 2002; Steele & Aronson, 1995; see also 
mathematics-related stereotypes within the internal/
external frame-of-reference model; Marsh, 1986).

Given these findings, we propose that the gender gap 
in trait mathematics anxiety may be due to the use of trait 
self-report methods that allow personal-competence 
beliefs to bias reports of anxiety. Moreover, we propose 
that measures of anxiety completed by students while they 
are actually learning about math or being tested on math 
content should be less impacted by the students’ personal 
beliefs and show weaker gender differences than trait 
measures. Although girls may report more trait math anxi-
ety than boys because of lower levels of perceived compe-
tence, such gender differences should be less pronounced 
on self-report measures of state math anxiety. This asser-
tion is consistent with results from a few prior studies 
showing gender differences on trait, but not state, self-
report measures of related variables (e.g., coping strate-
gies: Porter et al., 2000). However, to the best of our 
knowledge, no empirical studies have yet explored this 
research question with respect to math anxiety.

The Present Research

In the present research, we evaluated the assertion that 
girls report higher levels of anxiety in mathematics on 

trait-oriented self-report measures than do boys, but that 
this gender difference is less pronounced in state self-
reports. By implication, we expected girls to show a 
greater discrepancy than boys in their levels of trait and 
state math anxiety (Hypothesis 1). We further expected 
that the greater discrepancy in reported trait and state 
math anxiety for girls could be explained by girls’ lower 
competence beliefs, given the importance of such 
appraisals as antecedents of self-reported trait emotions 
(Hypothesis 2). Although not the primary focus of the 
present study, it was further anticipated that our findings 
would replicate previous research showing girls and boys 
to have similar grades in mathematics.

Two studies were conducted, each of which evaluated 
both trait and state self-report measures of anxiety, self-
reports of perceived competence, and math achievement. 
To evaluate the generalizability of the study findings, we 
assessed both test-related and class-related math anxiety 
and included students of various age groups in the study 
samples. In Study 1 (5th to 10th graders), test anxiety in 
mathematics was assessed using both trait and state mea-
sures, with the latter completed during a math test. In 
Study 2 (8th and 11th graders), class-related mathematics 
anxiety was assessed using trait and state measures, with 
the latter administered during regular math classes. In 
both studies, the state measures of anxiety involved expe-
rience-sampling methods (Csikszentmihalyi & Larson, 
1987; Hektner, Schmidt, & Csikszentmihalyi, 2007).

Method

Samples and procedure

The samples consisted of students from multiple grade 
levels in the top track of the education system in Germany 
(i.e., Gymnasium; approximately one third of the total 
student cohort). The Study 1 sample consisted of 584 
students (from 24 classes at six schools) from Grades 5 
through 10 (45% female, 55% male; mean age = 13.67 
years, SD = 1.84). This study was part of the Project for 
the Analysis of Learning and Achievement in Mathematics 
(Pekrun et al., 2007). The Study 2 sample consisted of 
111 students (2 to 4 students randomly selected from 
each of 41 classrooms across seven schools) from Grades 
8 and 11 (53% female, 47% male; mean age = 15.96 years, 
SD = 1.71).

In both studies, trait and demographic data were 
assessed using a standardized questionnaire at the begin-
ning of the study, after which state self-report measures 
were administered. In Study 1, state mathematics test 
anxiety was assessed immediately prior to a mathematics 
test and twice during the test (after approximately one 
third and two thirds of the test had been completed). The 
self-report questions were integrated into the answer 
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sheet for the test. In Study 2, state class-related mathe-
matics anxiety was assessed via a digital questionnaire 
presented on a personal digital assistant (PDA) following 
a randomized audible signal. The signal sounded once 
during each math class over a 2-week period. Students 
activated the PDA at the start of each class, and the signal 
sounded at randomized times over the next 40 min (five 
assessments per student on average).

Study measures

Anxiety. In Study 1, trait mathematics test anxiety was 
assessed using the Achievement Emotions Questionnaire-
Mathematics (see Pekrun, Goetz, Frenzel, Barchfeld, & 
Perry, 2011). Participants were instructed to rate how 
they typically felt when taking tests in mathematics (four 
items, e.g., “When taking the math test, I am tense and 
nervous”;  = .83). State mathematics test anxiety was 
assessed with the item “I am anxious” (see Goetz, Preckel, 
Pekrun, & Hall, 2007). The answer format for the trait 
and state measures was a 5-point Likert scale ranging 
from 1, strongly disagree, to 5, strongly agree. In Study 2, 
trait and state mathematics anxiety were assessed with 
the following items: “How much anxiety do you gener-
ally experience during mathematics classes?” (trait anxi-
ety) and “How much anxiety are you experiencing during 
this class?” (state anxiety). Responses for both items were 
made using 5-point Likert-type scales from 1, not at all, 
to 5, very strongly.

Perceived competence. Subjective perceptions of com-
petence were operationalized as self-efficacy and self-
concept beliefs (cf. Skinner, 1996) and assessed using 
established scales. In Study 1, trait mathematics self-effi-
cacy was measured with a four-item scale used in PISA 
assessments (Organisation for Economic Co-operation 
and Development, 2003, 2004; sample item: “I am confi-
dent that I can understand even the most difficult content 
in mathematics”;  = .89). Responses were made using 
5-point Likert-type scales from 1, almost never, to 5, 
almost always. In Study 2, academic self-concept was 
assessed using three items of the Self-Description Ques-
tionnaire (Marsh, 1990; German version, Kunter et al., 
2002; sample item: “Mathematics is one of my best sub-
jects”;  = .89). Responses were made using 5-point Lik-
ert scales ranging from 1, strongly disagree, to 5, strongly 
agree.

Achievement. In both studies, academic performance 
was operationalized as students’ midterm grades in math-
ematics, which, in the German school system, are typi-
cally based on scores for a single written exam combined 
with scores for course-specific oral exams. Grades range 

from 1, very good, to 6, insufficient, with higher numbers 
representing poorer performance. To interpret achieve-
ment values more intuitively, we inverted grade values so 
that higher numbers indicated better performance.

Data analysis

To evaluate the main study hypotheses, we adopted a 
multilevel, intraindividual modeling approach to account 
for the nested structure of the data in both studies. For 
each of the two studies, Hierarchical Linear Modeling 
software (Version 6.08; Raudenbush, Bryk, & Congdon, 
2007) was used to conduct multilevel analyses compris-
ing three levels (measures nested within students, and 
students nested within classrooms).

Level 1 (measures within students). Students’ anxi-
ety scores served as the outcome variable and included 
two types of measures within each person—namely, one 
trait measure (Study 1: trait-anxiety score divided by the 
number of items; Study 2: the score on the single trait-
anxiety item) and multiple state measures (Study 1: three 
ratings—one before and two during the test; Study 2: 
experience-sampling assessments during class—four rat-
ings per participant, on average). The trait/state variable 
(uncentered) differentiated between the type of measure 
used (0 = state, 1 = trait). Because of the coding of this 
variable, the intercept evaluated as 

000
 describes overall 

mean state anxiety when other linear terms’ coding val-
ues also are 0 (e.g., mean state anxiety for males, mean 
state anxiety for students with average levels of self-rated 
competence). This variable’s effect (

100
) can be inter-

preted as the difference between trait and state anxiety 
scores, with positive values indicating that trait scores 
were higher than state scores.

Level 2 (student level). Two Level 2 variables and their 
interaction term were included in our models, namely 
gender (0 = male, 1 = female; 

010
, uncentered), compe-

tence (Study 1: self-efficacy; Study 2: self-concept; 
020

, z 
scores standardized across persons), and Gender × Com-
petence (

030
, multiplicative term).

Level 3 (class level). The classes in which students 
were nested constituted the third level. The class level 
was included to take into account the clustering of stu-
dents within classes when estimating standard errors.

Cross-level interactions Level 1–Level 2. Three cross-
level multiplicative interaction terms were included in our 
models, namely Trait/State × Gender (

110
), Trait/State × 

Competence (
120

), and Trait/State × Gender × Compe-
tence (

130
). These interaction terms represented the effects 
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of gender, competence, and the Gender × Competence 
interaction on the difference between trait- and state-anxi-
ety scores.

A number of different models were calculated to test 
the study hypotheses, each of which was constructed as 
a slopes-as-outcome model (Raudenbush & Bryk, 2002).1 
Model 1 examined the effect of the Trait/State × Gender 
interaction (

110
), thus testing if gender was a predictor of 

the effect of the trait/state variable. As such, Model 1 
assessed whether the discrepancy between trait- and 
state-anxiety scores differed between boys and girls 
(Hypothesis 1). Model 2 examined the effect of the Trait/
State × Competence interaction (

120
), thus testing if com-

petence was a predictor of the discrepancy between trait- 
and state-anxiety scores. In Model 3, both gender and 
competence were included as predictors of the trait-state 
discrepancy (

110
, 

120
). As such, Model 3 tested if gender 

effects on the trait-state discrepancy were reduced when 
competence was included, and thus examined compe-
tence as a mediator of gender effects. Model 4 addition-
ally included the three-way interaction of the trait/state 
variable, gender, and competence (

130
), thus testing if 

the effects of competence differed by gender. In all of the 
models, the corresponding main effects were also 
included (

010
, 

020
, 

030
). Constructing our models in this 

manner allowed us to infer whether gender differences in 
the discrepancy between trait and state math anxiety can 
be explained by gender-linked differences in compe-
tence beliefs (Hypothesis 2).

Results

Preliminary analyses

Table 1 provides the results of t tests for boys and girls on 
the key study variables, as well as corresponding effect 
sizes (Cohen’s ds; Cohen, 1988), for both studies (also see 
Fig. 1). The pattern of results was as anticipated: In both 
studies, girls reported significantly higher trait anxiety and 
lower competence beliefs than did boys. The size of these 
effects was medium to large. However, girls and boys did 
not significantly differ with respect to mathematics achieve-
ment or state anxiety (concerning math tests in Study 1 
and math class in Study 2).2 In Study 1, separate analyses 
for each of the three single state-test-anxiety items also 
revealed no significant gender differences.

Main analyses

The results of the main analyses are outlined in Table 2.

Model 1. The main effect of the type of measure (trait/
state variable; 

100
) on the anxiety scores was significant 

for Study 1 but not for Study 2.3 The main effect of gen-
der on the anxiety scores (

010
) was not significant in 

either study. By contrast, the effect of the Trait/State × 
Gender interaction (

110
) was significant in both studies 

(Study 1: .47; Study 2: .77). This finding strongly supports 
Hypothesis 1 in showing that gender predicted differ-
ences between self-reported trait and state math anxiety, 

Table 1. Descriptive Statistics, Mean-Level Differences, and Related Effect Sizes for Key Study 
Variables

Measure and study

Boys Girls

t Cohen’s dM SD M SD

Trait Anxiety
Study 1 2.63 1.02 3.11 1.12 t(572) = 5.40*** –0.32
Study 2 1.62 1.05 2.39 1.35 t(109) = 3.39*** –0.45

State Anxiety
Study 1 1.35 0.58 1.34 0.53 t(570) = 0.27 0.01
Study 2 1.55 0.80 1.48 0.61 t(109) = 0.50 0.07

Competence
Study 1 2.95 0.73 2.48 0.82 t(552) = 7.04*** 0.43
Study 2 3.29 1.19 2.53 1.10 t(109) = 3.52** 0.47

Achievement
Study 1 4.22 0.94 4.14 1.01 t(571) = 1.03 0.06
Study 2 3.98 1.09 3.76 0.97 t(108) = 1.11 0.15

Note: Positive t values reflect higher scores for boys than for girls. For multi-item measures, scale values 
were divided by the number of items. Subjects in Study 1 were 316 boys and 268 girls; subjects in Study 
2 were 52 boys and 59 girls.
**p < .01. ***p < .001.
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The present finding that trait-oriented self-reports of 
anxiety are impacted by competence beliefs is in line 
with the accessibility model of emotional self-reports 
(Robinson & Clore, 2002), in which state measures are 
understood to evaluate individuals’ emotions (i.e., actual 
experiences), whereas trait measures are understood to 
reflect individuals’ beliefs about emotions. Competence 
judgments represent perhaps the most critical cognitive 
appraisal with respect to students’ emotions, as reflected 
by their observed power (37.9% and 54.6% in Studies 1 
and 2, respectively) for explaining the discrepancy in lev-
els of trait versus state math anxiety. However, other 
mathematics-related cognitions also warrant investigation 
in this regard (e.g., perceived value, content difficulty, 
achievement expectations; Pekrun, 2006) to further eluci-
date the specific cognitive processes responsible for gen-
der differences on self-reports of trait anxiety. Moreover, 
research on the role of gender stereotypes about mathe-
matics as potential antecedents of the gender bias in 
these anxiety-arousing cognitions would also be an 
intriguing area for future investigation (cf. Keller, 2002; 
Wheeler & Petty, 2001).

In a comparison of trait and state self-reports (Study 2 
allows for such a comparison because of the use of paral-
lel item wordings), our findings suggest that girls do 
indeed tend to overestimate their habitual mathematics 
anxiety, whereas boys do not. Our results also confirm that 
competence beliefs play an important role in girls’ overes-
timation of trait math anxiety (cf. research on the intensity 
bias in trait vs. state measures; Buehler & McFarland, 
2001). The assertion that reflective cognitive processes 
may be responsible for gender differences in self-reported 
trait math anxiety is further supported by the lack of gen-
der differences in math achievement, which suggests that 
psychological constructs, over and above performance, 
merit attention as antecedent variables.

From a practical perspective, the fact that the effect of 
gender on self-reported perceived trait math anxiety may 
largely be due to stereotyped cognitions (as opposed to 
ability) is troubling, considering the negative impact of 
perceived trait anxiety on subjective well-being, motiva-
tion, and learning behavior. Given that self-reports of trait 
mathematics anxiety have also been empirically linked to 
decision-making processes (cf. Wirtz et al., 2003), it is 
possible that girls’ unfounded beliefs about their math 
anxiety contribute to the underrepresentation of females 
in math-intensive domains such as the physical sciences, 
technology, and engineering.

To reiterate, our findings suggest that whereas girls 
report greater habitual anxiety in mathematics than do 
boys, they do not, in fact, experience greater anxiety than 
boys when learning about or being tested on math con-
tent. Our study samples consisted of students from the 
highest track of the German school system, a large 

proportion of whom are high achievers and are expected 
to assume positions of leadership in society. Thus, even 
among these high achievers, a sizeable number of female 
students can be expected to not pursue further study or 
employment in math-intensive domains (Eccles, 2012) 
simply because of lower subjective evaluations of their 
math abilities and, consequently, higher levels of per-
ceived habitual math anxiety relative to boys.

Although these findings depict a troubling scenario in 
which girls may opt out of entire occupational domains 
because of unjustified biases and perceived anxiety lev-
els, they are also encouraging in suggesting that this situ-
ation can be improved by directly addressing girls’ 
self-defeating cognitions and emotions in mathematics. 
Educators could help girls improve their well-being and 
engagement in math-related domains by explicitly 
informing them that their achievement and anxiety in 
actual math classes do not significantly differ from those 
of the boys, despite persistent beliefs to the contrary. 
Similarly, cognitive interventions (e.g., Hall et al., 2007) 
could be used to reduce the gender gap in trait math 
anxiety. Such measures can be expected to have far-
reaching economic implications by potentially increasing 
returns on societal investments in STEM education and 
redressing the present international shortage of experts 
in math-intensive fields (e.g., engineers, scientists). By 
encouraging girls to not shortchange their potential for 
success in these domains, the gender gap in perceptions 
of math anxiety, and the detrimental consequences of 
girls’ beliefs that they experience more anxiety than they 
actually do, may be substantially reduced.

Author Contributions

All authors contributed to the study design. All authors approved 
the final version of the manuscript for submission.

Declaration of Conflicting Interests

The authors declared that they had no conflicts of interest with 
respect to their authorship or the publication of this article.

Funding

This research was supported by grants from the German 
Research Foundation to R. Pekrun (Project for the Analysis of 
Learning and Achievement in Mathematics Grants PE 320/11-1, 
PE 320/11-2, PE 320/11-3, and PE 320/11-4).

Supplemental Material 

Additional supporting information may be found at http://pss 
.sagepub.com/content/by/supplemental-data

Notes

1. The mixed equation for Model 4 was as follows: Anxiety
ijk

 =  

000
 + 

010
 × Gender + 

020
 × Competence + 

030
 × Gender ×
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Competence + 
100

 × Trait/State + 
110

 × Trait/State × Gender + 

120
 × Trait/State × Competence + 

130
 × Trait/State × Gender ×

Competence + r
0jk

 + r
1jk

 × Trait/State + u
00k

 + e
ijk

. The indices i, 
j, and k refer to measures, persons, and classrooms, respectively.
2. Pearson product-moment correlations were used to evalu-
ate the relations among math anxiety, perceived competence, 
and math achievement. Trait math anxiety correlated negatively 
with math achievement in Study 1 (boys: r = .35, p < .01; girls: 
r = .42, p < .01) and Study 2 (boys: r = .15, n.s.; girls: r = .27, 
p < .05). Trait math anxiety also correlated negatively with com-
petence beliefs in Study 1 (boys: r = .46, p < .01; girls: r = .51, 
p < .01) and Study 2 (boys: r = .12, n.s.; girls: r = .44, p < .01). 
Correlations between state math anxiety and math achievement 
were not significant. Finally, there was a significant positive cor-
relation between competence beliefs and math achievement in 
Study 1 (boys: r = .43, p < .01; girls; r = .50, p < .01) and Study 
2 (boys: r = .78, p < .01; girls: .78, p < .01). These links between 
trait math anxiety and math achievement and between compe-
tence beliefs and math achievement are in line with findings 
from numerous previous studies (e.g., Goetz, Frenzel, Pekrun, 
Hall, & Lüdtke, 2007; Ma, 1999; Valentine, DuBois, & Cooper, 
2004), supporting the validity of our study measures.
3. Scores for trait and state anxiety could be directly compared 
in Study 2 because of parallel item wordings. They could not 
be directly compared in Study 1 because of the use of differ-
ent measures in the trait and state assessments (multiitem scale 
vs. single item). In other words, in Study 1, the main effect for 
the trait/state variable confounds the trait-versus-state framing 
with item wording. However, this confound does not inherently 
imperil this variable’s interactions (e.g., with gender), which are 
more central to the study’s aims.
4. In supplementary analyses, we included academic achieve-
ment and grade level (Study 1: Grades 5, 6, and 7 vs. Grades 8, 
9, and 10; Study 2: Grade 8 vs. Grade 11) as additional predic-
tors in all four models. Controlling for achievement and grade 
level in this way led to a pattern of results that was equivalent 
to the findings of the main analyses and left the conclusions of 
the studies unaffected. Results of these analyses are available 
online in the Supplemental Material.
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