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Vorwort

Liebe Leser/innen,

es freut uns sehr, lhnen diesmal einen
besonders interessanten Beitrag présentieren
zu kénnen. Herr Professor Dr. Thomas Gotz
und seine Mitautor/inn/en haben uns
gestattet, einen Artikel, der bereits in der
renommierten psychologischen
Fachzeitschrift ,Psychological Science”
veroffentlicht wurde, in unserer Schriftenreihe
nachzudrucken. Auf diese Weise wird dieser
Artikel einer breiteren und nicht nur
wissenschaftlich Interessierten Offentlichkeit
zuganglich gemacht.

Thomas Gotz ist Inhaber des Lehrstuhls ftir
Empirische Bildungsforschung an der
Universitdt Konstanz und an der
Padagogischen Hochschule Thurgau
(Schweiz). An der Universitat Konstanz leitet
er auch das Zentrum fir Lehrerausbildung.
Seit 2011 ist er Adjunct Professor an der
McGill University in Montreal.

Seine aktuellen zentralen
Forschungsschwerpunkte beziehen sich auf
die Wirkung von Emotionen im Lern- und
Leistungskontext, auf das Problem der
Langeweile in der Schule und auf die
Forderung selbstregulierten Lernens.

In dem hier abgedruckten Artikel geht es um
die Frage der Mathematikangst von Mé&dchen.
Die Tatsache, dass Frauen in
,mathematikintensiven” (MINT) Berufsfeldern
unterreprasentiert sind, wird vielfach auch
darauf zurtickgefthrt, dass Schilerinnen im
Fach Mathematik dngstlicher und gehemmter

sind als Schiler. In den bisher vorliegenden
Studien zu dieser Thematik wurden
Schlerinnen und Schiler auRerhalb des
eigentlichen Unterrichts nach der generellen
Einschatzung ihrer Mathematikangst befragt,
aber ihre Angst wurde nicht wahrend eines
Mathematiktests oder wahrend des
Unterrichts erhoben. Die Studien klammerten
somit das tatsdchliche Befinden bei
Prifungen und im Mathematikunterricht aus.

Um dieses Problem zu umgehen, erforschte
Herr Professor Gotz mit seinen
Mitautoren/inn/en das Befinden von ungeféhr
700 Schilerinnen und Schalern in der
tatsdchlichen Unterrichtssituation. Wie in den
erwahnten Studien schétzten sich die Madchen
in Bezug auf Mathematik dngstlicher und
weniger selbstsicher als die Jungen ein, in der
konkreten Unterrichtssituation zeigte sich dies
aber nicht.

Da Sie als Leserinnen und Leser unserer
Schriftenreihe an der im Artikel behandelten
Thematik sicher interessiert sind, wollten wir
lhnen diesen tberraschenden Befund nicht
vorenthalten und wiinschen lhnen viel Spal}
beim Lesen.

Die Herausgeberinnen

Claudia Quaiser-Pohl, Elisabeth Sander, Martina Endepohls-Ulpe

OKTOBER 2014
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Abstract

Two studies were conducted to examine gender differences in trait (habitual) versus state
(momentary) mathematics anxiety in a sample of students (Study 1: N =584; Study 2: N=111).
For trait math anxiety, the findings of both studies replicated previous research showing that female
students report higher levels of anxiety than do male students. However, no gender differences
were observed for state anxiety, as assessed using experience-sampling methods while students
took a math test (Study 1) and attended math classes (Study 2). The discrepant findings for trait
versus state math anxiety were partly accounted for by students' beliefs about their competence in
mathematics, with female students reporting lower perceived competence than male students
despite having the same average grades in math. Implications for educational practices and the

assessment of anxiety are discussed.

Keywords
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Female students report higher levels of
mathematics anxiety than do male students,
as documented in meta-analyses 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
mathematicsrelated fields, thus contributing
to the underrepresentation 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) anxiety
assessed during real-life experiences. Given
that trait and state self-report assessments
can lead to very different results (e.g., Porter
et al,, 2000), this notable omission of state-
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based measures raises the issue of whether
differences 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.

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 realtime reports of anxiety
experienced in a given situation (state
anxiety). This assumption is in line with the
accessibility 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
perceived competence on measures of
math-related self-efficacy 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 stereotypes about
mathematics may be largely responsible for
girls" lower levels of perceived competence in
this domain, as evidenced by statements like
"Girls and mathematics are a bad fit" or
“Mathematics is clearly a male domain”
(Keller, 2002; Steele & Aronson, 1995; see
also mathematics-related stereotypes within
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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 anxiety than boys because of
lower levels of perceived competence, such
gender differences should be less
pronounced on self-report measures of state
math anxiety. This assertion is consistent with
results from a few prior studies showing
gender differences on trait, but not state,
selfreport measures of related variables (e.g.,
coping strategies: 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
selfreports. 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, selfreports 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 measures, 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 experience- 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 beginning

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 sheet for the test.
In Study 2, state class-related mathematics
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, | am tense and nervous”; a =
.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 generally
experience during mathematics classes?”
(trait anxiety) 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.
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Perceived competence. Subjective
perceptions of competence were
operationalized as self-efficacy and
selfconcept beliefs (cf. Skinner, 1996) and
assessed using established scales. In Study 1,
trait mathematics self-efficacy was measured
with a four-item scale used in PISA
assessments (Organisation for Economic Co-
operation and Development, 2003, 2004;
sample item: “I am confident that | can
understand even the most difficult content in
mathematics”; a =.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
Questionnaire (Marsh, 1990; German
version, Kunter et al., 2002; sample item:
“Mathematics is one of my best subjects”; a
=.89). Responses were made using 5-point
Likert scales ranging from 1, strongly
disagree, to 5, strongly agree.

Achievement. In both studies, academic
performance was operationalized as students’
midterm grades in mathematics, which, in
the German school system, are typically
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
achievement 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 comprising three levels
(measures nested within students, and
students nested within classrooms).
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Level 1 (measures within students).
Students’ anxiety 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 traitanxiety item) and
multiple state measures (Study 1: three
ratings—one before and two during the test;
Study 2: experience-sampling assessments
during class—four ratings 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 y 000 describes
overall mean state anxiety when other linear
terms’ coding values also are O (e.g,, mean
state anxiety for males, mean state anxiety for
students with average levels of self-rated
competence). This variable’s effect (y 100 )
can be interpreted 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; y 010, uncentered),
competence (Study 1: self-efficacy; Study 2:
self-concept; y 020 , z scores standardized
across persons), and Gender x Competence
(y 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 students within
classes when estimating standard errors.

Cross-level interactions Level 1-Level 2.
Three crosslevel multiplicative interaction
terms were included in our models, namely
Trait/State x Gender (y 110), Trait/State x
Competence (y 120 ), and Trait/State x
Gender x Competence (y 130 ). These
interaction terms represented the effects of



gender, competence, and the Gender x
Competence interaction on the difference
between trait- and state-anxiety 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 x
Gender interaction (y 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 x Competence interaction (y 120 ),
thus testing if competence was a predictor of
the discrepancy between traitand state-
anxiety scores. In Model 3, both gender and
competence were included as predictors of
the trait-state discrepancy (y 110,y 120).
As such, Model 3 tested if gender effects on
the trait-state discrepancy were reduced
when competence was included, and thus
examined competence as a mediator of
gender effects. Model 4 additionally included
the three-way interaction of the trait/state
variable, gender, and competence (y 130 ),
thus testing if the effects of competence
differed by gender. In all of the models, the
corresponding main effects were also
included (y 010,y 020,y 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 competence
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 achievement 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; y 100 ) on the
anxiety scores was significant for Study 1 but
not for Study 2.3 The main effect of gender
on the anxiety scores (y 010 ) was not
significant in either study. By contrast, the
effect of the Trait/State x Gender interaction
(y 110 ) was significant in both studies
(Study 1:.47; Study 2:.77). This finding
strongly supports Hypothesis 1 in showing
that gender predicted differences between
self-reported trait and state math anxiety,
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Table 1. Descriptive Statistics, Mean-Level Differences, and Related Effect Sizes for Key Study
Variables

Boys Girls

Measure and study M SD M SD t Cohen’s d
Trait Anxiety

Study 1 2.63 1.02 311 1.12 H(572) = —5.40%* —0.32

Study 2 1.62 1.05 2.39 1.35 H109) = —3.39% —0.45
State Anxiety

Study 1 1.35 0.58 1.34 0.53 {(570) = 0.27 0.01

Study 2 155 0.80 1.48 0.61 (109) = 0,50 0.07
Competence

Study 1 2.95 0.73 2.48 0.82 {(552) = 7.04% (.43

Study 2 3.29 1.19 2.53 1.10 H(109) = 3.52% 0.47
Achievement

Study 1 4.22 0.94 4.14 1.01 1(571) = 1.03 0.06

Study 2 398 1.09 3.76 0.97 t108) =1.11 0.15

Note: Positive ¢ 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 39 girls.

“p < 01, =2p < 001.
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Fig. 1. Besults of Studies 1 and 2. The graph on the left shows mean levels of test anxiety in mathematics as a function of trail/stite
anxiety and gender (Study 1). The graph on the right shows mean levels of dass-refated anxiety in mathematics as a function of trait/
state anxiety and gender (Study 2).
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with the discrepancy being significantly
greater for girls than for boys.

Model 2. The effect of the Trait/State x
Competence interaction (y 120 ) was
significantly negative in both studies (Study
1: —55; Study 2: —37). This effect showed
that higher competence beliefs corresponded
with notably weaker trait-state differences in
anxiety.

Model 3. The effect of the Trait/State x
Competence interaction (y 120 ) continued
to be significant in both studies. The effect of
the Trait/State x Gender interaction (y 110)
was significant in Study 2 but no longer
significant in Study 1. As compared with the
effect revealed by Model 1, this effect of
gender on the trait-state discrepancy was
reduced in both studies because of the
inclusion of the Trait/State x Competence
interaction term (Study 1:.47-.18; Study 2:
77-61).

Model 4. Findings revealed that the effects
of gender on the trait-state discrepancy (y
110 ) and competence on the trait-state
discrepancy (y 120 ) were additive, as y 130
did not reach statistical significance in either
study. In Models 1 through 4, the effect of
gender on the trait-state discrepancy (y 110
) can be interpreted as a moderator effect:
Gender played a significant role in predicting
how large the differences between trait and
state anxiety were. The findings further
suggest that this moderating effect of gender
(y 110 ) was partly mediated by perceived
competence, given the reduction seen for
the Trait/State x Gender coefficient (y 110)
when the Trait/ State x Competence
interaction was added (y 120 ). The pattern
here is of mediated moderation (Preacher,
Rucker, & Hayes, 2007). Thus, the results
support Hypothesis 2 by showing that girls'
trait-state discrepancies were associated with

their lower levels of perceived competence
relative to boys' levels.4

Discussion and Conclusion

The present findings are consistent with
findings from previous research documenting
the well-known gender gap in self-reported
trait mathematics anxiety, but they expand
upon previous results in showing that girls
reported higher levels of anxiety than boys on
trait self-reports but not on state-based
measures. Put simply, these findings suggest
that girls do not, in fact, experience more
anxiety than boys do during mathematics
instruction and testing situations, despite
reporting higher levels of habitual math
anxiety. Moreover, the study findings indicate
that girls" competence beliefs, which were
lower than those of boys despite girls" and
boys' similar achievement outcomes, may be
partly responsible for girls’ higher levels of
reported habitual mathematics anxiety.

ada-lovelace.com 10



Table 2. Results of Models Predicting Mathematics Anxiety in Studies 1 and 2

Study 1 Study 2
Level and predictor Model 1 Model 2 Mexdel 3 Maodel 4 Model 1 Maexdel 2 Model 3 Maodel 4
Level 1
Intercept {Tmﬂj L34%* (0.05) 135" (0.04) 134" (0.05) L.34% (0.05) L.53"* (0,100 Ls2= (0.06)  L59*(0.10) 1.56"* (0.11)
Trait/State E‘f]m] 120w (0.08) 1.50"*(0.05) 1.42% (0.07) L41** (0.07) .10 (0.15) (L51%* (0.11) 0.18 (D.16) 012 (0.17)
Level 2
Gender (‘E’Dm}' 0.02 (0.05) S 0.02 (0.05) 0.02 (0.05) =002 (011 — 01200120 010 (0120
Competence (¥, ) — —0.02 (0.02) —.02 (D03} —0.02 (0.03) — —0.10 (.06 013 (006)  —0.13" (0.06)
Gender x Competence (y,, ) — — -— 0.02 (0.03) — — — —0.07 (D.06E)
Cross-level interactions {Level
I-Lewvel 2}
Trait/State x Gender *_"r'”ﬂ'.! O.47+ (0110 =2 0.18 (.09 .18 C0.09) Q77 (025 = 0.61* ':'.[.].23:1 0.61* (0.22)
Trait/State * Competence (Tusj — —(L55 (004 053" (D04)  —0.529 (0.04) —= (AT (0100 0207 (0060 028 (0.06)
Trait/State * Gender ® — — -— —i3.04 (0.04) — — — —0.18 (0,100
Competence (1,
Variance components
Within-student (L1} variance (o5 0.307 0.307 0.307 0.307 1.037 1.050 1.039 1.035
Intercept (L2} variance ﬁmj 0181 0,180 3.150 017 0050 0.031 0044 035
Slope (12} variance (1) 0.737 0.491 .483 0.483% 0151 134 .00 0.060
Intercept-slope (L2) covariance (1 -0.047 -0.055 —1.055 0055 0.024 00064 0061 f.048
Intercept (L3} variance 0.014 0.014 03.015 0.015 0.054 0.045 0040 0.041
Explanatory power 0.068 0379 0. 385 0,389 0485 0540 0.695 0797

Mote: Trait/state was coded 0 for state anxiety and 1 for trait anxiety. Gender was coded 0 for male and 1 for female. In Stody 1, N = 2,336 at Level 1 (L1, VN = 584 a1 Level 2 (12), and
N=Zial Level 3 (L33, In Stuchy 2, N= 543 at L1, = 111a1 L2 and ¥ = 41 at 13 Explanatory power refers (o the proportion of slope varance explained by the [2 predictors. The slope
variance of the model in which no cross-level interactions are incheded was T, =073 for Study 1 and T, =0295 for Study 2.

*pc 05 ™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 levels 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
elucidate the specific cognitive processes
responsible for gender differences on self-
reports of trait anxiety. Moreover, research on
the role of gender stereotypes about
mathematics 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
parallel 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" overestimation 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 gender 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, motivation, 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
content. 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 perceived
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 levels, they are
also encouraging in suggesting that this
situation 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
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(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
farreaching 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.
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Notes

1. The mixed equation for Model 4 was as
follows: Anxiety ijk =y 000 +y 010 x
Gender +y 020 x Competence + y 030 x
Gender x
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Competence + y 100 x Trait/State + vy
110 x Trait/State x Gender + v 120 x
Trait/State x Competence + y 130 x
Trait/State x Gender x Competence + r Qjk
+ r 1jk x Trait/State + u 00k + e jjk . The
indices J, j, and k refer to measures, persons,
and classrooms, respectively. 2. Pearson
product-moment correlations were used to
evaluate 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;gils:r=-42,p<
.01) and Study 2 (boys: r=-.15, n.s.; girls: r
=—27,p <.05). Trait math anxiety also
correlated negatively with competence 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 correlation
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
competence beliefs and math achievement
are in line with findings from numerous
previous studies (e.g., Goetz, Frenzel, Pekrun,
Hall, & Lidtke, 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
different 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 achievement
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 predictors 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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