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Gender differences have been widely reported for mathematical performance tests such as basic arithmetic tests
and more complex tests such as the cognitive reflection test. The current study examined which factors could
explain these gender differences. Young adults (N = 189; 18-35 years) performed an arithmetic test and
cognitive reflection test. Subsequently, it was examined to which extent gender differences on these tests could
be explained by verbal and visuo-spatial working memory, explicit and implicit gender-related stereotypes and

math anxiety. Results showed that women scored significantly lower than men on the arithmetic and cognitive
reflection tests. A mediation analysis demonstrated that the relation between gender and arithmetic performance
was partially mediated by math anxiety and explicit gender-related stereotypes. Furthermore, results showed
that math anxiety fully mediated the relation between gender and cognitive reflection. These results demonstrate
that math anxiety plays a key role in the relation between gender and mathematical performance.

1. Introduction

Nowadays, women are still underrepresented in science, technology,
engineering and mathematics (STEM) education and careers. World-
wide, women comprise 35 % of students enrolled in higher-education
STEM degrees (UNESCO, 2017). The underrepresentation of women in
the STEM field has raised the discussion of whether the gender imbal-
ance in STEM education is due to differences in mathematical abilities
(Hyde et al., 2008; Wang & Degol, 2016). In general, previous findings
have shown that gender differences in mathematical performance are
not present in childhood (Bakker et al., 2019; Hutchison et al., 2019;
Lachance & Mazzocco, 2006), but that differences favoring men emerge
in high school and persist in adulthood (see Else-Quest et al., 2010;
Lindberg et al., 2010 for meta-analyses). As mathematical ability com-
prises a wide variety of skills, gender differences in mathematical per-
formance might be dependent on the test that is used (Hyde et al., 1990;
Lindberg et al., 2010). For example, mathematical ability comprises

arithmetic fluency, which refers to the usage of operations in an
appropriate, efficient and flexible manner. In a meta-analysis, Lynn and
Irwing (2008) examined gender differences in children and adults for
the arithmetic subtest of the Wechsler Intelligence Scale. Results
revealed that men performed better on mental arithmetic and that these
gender differences emerged in late childhood and early adolescence.
Since arithmetic fluency is the foundation for developing higher-order
mathematical skills (Price et al., 2013), it might be no surprise that
gender differences have also been found for more complex mathematical
tests. Among one of these more complex mathematical tests are word
problems which can be defined as verbal problem descriptions raising
questions that can be answered by applying operations (Verschaffel
et al., 2020). Whereas word problems are considered as complex
mathematical tests, these problems are often solved by a shallow
approach as one might select a suitable way to solve the problem on the
basis of textual cues (Hickendorff, 2021). However, this shallow
approach might not be applied to word problems that require reflection
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on the problem structure and strategy. An example of such a test that
requires reflection is the cognitive reflection test (CRT; Frederick, 2005).
The CRT presents participants with mathematical word problems that
bring an intuitive but incorrect answer to mind, while the correct answer
requires further reflection. For example, one of the questions of the CRT
is: ‘A bat and a ball cost $1.10 in total. The bat costs $1.00 more than the
ball. How much does the ball cost?’. An intuitive answer to this question
is 10 cents, while the correct answer is 5 cents. On the one hand, the CRT
taps into a System 1, which is executed automatically and is driven by
emotions. On the other hand, the CRT taps into a System 2 which re-
quires conscious thought and effort. This is probably one of the reasons
that the performance on the CRT is related to decision-making in real life
situations (Juanchich et al., 2016: Toplak et al., 2017), since real-life
situations also require to inhibit intuitive responses and further reflec-
tion to come to a correct answer. Studies have consistently reported that
men perform better than women on the CRT and that this in turn affects
differences in real-life outcomes (Cueva et al., 2016; Frederick, 2005;
Primi et al., 2018). In sum, most mathematical tasks primarily assess the
ability to understand and solve the problem, but the CRT also assesses
the ability to suppress emotions. Therefore, the CRT is a highly relevant
task to take into account when examining gender and negative attitudes
towards mathematics.

Previous research has shown that several factors might play a role in
the relation between gender and mathematical performance such as
working, math anxiety and stereotypes (see Barroso et al., 2021; Peng
et al., 2016, for meta-analyses). However, most studies often focus on
one specific predictor or only include one specific mathematical test.
Consequently, it remains unclear to which extent working memory,
math anxiety and gender-related stereotypes combined, are related to
mathematical performance. Furthermore, it remains also uncertain
whether the contribution of working memory, math anxiety and gender-
related stereotypes is different for basic and complex mathematical tests.
Here, we take into account a basic task measuring arithmetic fluency
and a complex mathematical task requiring the ability to suppress
intuitive responses and further reflection on the problem. In the
remainder of this introduction, we will outline previous research on
working memory, math anxiety and gender-related stereotypes in rela-
tion to mathematical performance. In order to address the gaps in the
literature, the current study aims to specify to which extent gender
differences in arithmetic fluency and cognitive reflection are mediated
by working memory, math anxiety and gender-related stereotypes.

1.1. Working memory

Working memory is commonly related to mathematical performance
(DeStefano & Lefevre, 2004; Peng et al., 2016; Raghubar et al., 2010).
Working memory is a system where verbal and spatial information can
be stored and manipulated for a short period of time (Baddeley & Hitch,
1974; Engle, 2002; Miyake et al., 2000). The most well-known model of
working memory is the multi-component model of Baddeley and Hitch
(1974). This model assumes that working memory consists of a super-
visory core system called the central executive (CE), which coordinates
activities and information within the slave systems, namely the
phonological loop and visuo-spatial sketchpad (Baddeley, 1996). The
phonological loop (PL) is responsible for the temporary storage and
rehearsal of auditory information (Baddeley et al., 1998), while the
visuo-spatial sketchpad (VSSP) is responsible for the storage and rehearsal
of visual and spatial information (Barton et al., 1995). Working memory
is often studied by span tests requiring to keep in mind a series of items
in a certain order. Forward recall tests, which require rehearsing infor-
mation in the same order, measure the capacity of the PL or VSSP.
Backward recall tests, which require recalling information in the
reversed direction, measure the ability to recall and manipulate infor-
mation. They are a measure of the interaction between the CE and the PL
or VSSP.

Since working memory plays an important role in mathematical
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performance, this raises the question whether individual differences in
working memory can explain gender differences in mathematical per-
formance. Previous studies have investigated gender differences in
working memory. For example, Lynn and Irwing (2008) found that the
male advantage in mental arithmetic could not be explained by better
performance on the Digit Span Test — a verbal working memory test
where participants have to recall a sequence of words in the same or the
reversed order. Similarly, Piccardi et al. (2019) found no gender dif-
ferences with regard to the performance on a Digit Span Test, but it was
found that males outperform females on a Corsi Block Test. In this visuo-
spatial working memory test, participants see blocks being tapped and
they subsequently have to tap the blocks in the same order. In line with
these findings, several other studies have reported that men outperform
women on visuo-spatial working memory tests, but not on verbal
working memory tests (Kaufman, 2007; Pauls et al., 2013; Robert &
Savoie, 2006). By contrast, Zilles et al. (2016) found that men performed
better in both working memory domains. In conclusion, working
memory plays a prominent role in mathematical performance. However,
the results of previous studies examining gender differences in working
memory have yielded mixed results and it is not clear to which extent
working memory affects the relation between gender and mathematical
performance.

1.2. Math anxiety

Numerous studies have consistently shown that math anxiety is
strongly related to mathematical performance (Barroso et al., 2021;
Beilock & Maloney, 2015; Caviola et al., 2022). Math anxiety refers to
the fear, tension, and apprehension individuals experience when facing
mathematics (Ramirez et al., 2018). Math anxiety is widespread and
affects both children and adults. For instance, results of the Program for
International Student Assessment (Organization for Economic Cooper-
ation and Development, 2016) indicated that 33 % of the students
experience helplessness while doing mathematics. Interestingly, about
14 % of the variation in mathematical performance can be explained by
variations in math anxiety. It is often assumed that individuals with high
levels of math anxiety are attending to both performing mathematics
and their worries and, in turn, this negatively affects their mathematical
performance (Ashcraft & Kirk, 2001; Eysenck et al., 2007). Conse-
quently, individuals with high levels of math anxiety show worse per-
formance on math achievement tests than the performance predicted
solely by their mathematical abilities.

Several studies examining gender differences in math anxiety have
found that women report higher levels of math anxiety than men (Hart &
Ganley, 2020; Luttenberger et al., 2018; Suarez-Pellicioni et al., 2016;
see Else-Quest et al., 2010 for a meta-analysis). This gender difference
seems to increase with age (Hill et al., 2016). Likely, gender differences
in math anxiety lead eventually to avoidance of math-related activities.
For example, Jansen et al. (2016), conducted a Dutch nationwide study
among adults and found that only for women, math anxiety was a sig-
nificant mediator in the relation between math skills and the use of math
in everyday life. These results suggest that math anxiety and the use of
math in everyday life mutually influence each other, and gender plays a
role in this relationship.

1.3. Gender-related Stereotypes

The view that men are better in mathematics is widely held and these
stereotypes could affect females' mathematical performance (Ertl et al.,
2017; Luttenberger et al., 2018). Women might experience stereotype
threat resulting in impaired mathematical performance. For example,
Beilock et al. (2007) tested two groups of women: a stereotype threat
group, and a control group. In the former case, the participants were told
that the study examined why women perform worse in mathematics. In
the latter case, the participants were told that the study examined
problem-solving. Results showed that the stereotype threat group
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performed worse than the control group, indicating the negative effects
of stereotype threat on the women's cognitive performance. However, a
meta-analysis of Flore and Wicherts (2015) showed that stereotype
threat has only a small effect on females' math, science, and spatial skills.

Gender-related stereotypes can be measured both explicitly and
implicitly (Gawronski & De Houwer, 2014). Examples of explicit mea-
sures are self-report questionnaires, where participants indicate whether
they consider particular abilities as more masculine or feminine (Liben
et al., 2002). Answers on explicit measures are the result of conscious
thoughts about stereotypes. In contrast, implicit measures assess the
unconscious thoughts about stereotypes (Greenwald & Banaji, 1995). An
example of such an indirect measure is the Implicit Association Test
(IAT, Greenwald et al., 1998), a test in which participants have to
categorize words from different concepts (e.g., masculine and feminine
words and words related to academic disciplines). Here, a distinction is
made between stereotype-congruent (e.g., brother, mathematics) and
stereotype-incongruent conditions (e.g., sister, mathematics). It is
assumed that participants with stronger implicit gender-related stereo-
types will respond more accurately and faster to a stereotype-congruent
condition compared to a stereotype-incongruent condition. In a large-
scale study, nation-level stereotypes about mathematics measured by
the IAT were found to be strongly related to gender gaps in science and
math achievement within countries (Nosek et al., 2009). Nosek and
colleagues (2009) showed a relationship of implicit and explicit ste-
reotypes with mathematics performance, but these relationships were
opposing for men and women. Stronger associations between mathe-
matics and males corresponded with more positive attitudes towards
mathematics for men but with more negative attitudes towards mathe-
matics for women. Since the stereotype that math is for males has been
confirmed with both explicit and implicit stereotype measures, both
implicit and explicit measures are important when examining gender-
related stereotypes (Cvencek et al., 2011; Steffens & Jelenec, 2011;
Vuletich et al., 2020).

1.4. The current study

As mentioned above, gender differences in mathematical perfor-
mance have been widely reported. On the one hand, gender differences
have been observed for basic computational tests such as arithmetic
fluency (Lynn & Irwing, 2008). On the other hand, gender differences
have been observed for higher order mathematical tests which measure
reflection on the problem structure and strategy such as the cognitive
reflection test (Cueva et al., 2016; Frederick, 2005; Primi et al., 2018).
Furthermore, previous research has shown gender differences in work-
ing memory, math anxiety and gender-related stereotypes indicating
that these factors might play a role in the relation between gender and
mathematical performance. Previous research about the relation be-
tween working memory, math anxiety, gender-related stereotypes and
mathematical performance has yielded mixed results (Caviola et al.,
2022; Finell et al., 2022; Namkung et al., 2019). While a meta-analysis
of Finell et al. (2022) showed a mediating role of working memory,
other meta-analyses showed that the indirect effect of math anxiety on
mathematical performance mediated by working memory was negli-
gible (Caviola et al., 2022; Namkung et al., 2019). Nevertheless,
research has consistently shown that women show more negative feel-
ings towards math and that this in turn affects mathematical perfor-
mance (Barroso et al., 2021; Else-Quest et al., 2010; Nosek et al., 2009).
The relation between math anxiety, gender-related stereotypes and
mathematics might be dependent on the type of math task. A meta-
analysis has shown a stronger relation for advanced math domains
compared to more foundational mathematics domains (Namkung et al.,
2019).

In the current study, we examined which factors could explain
gender differences in mathematical performance. First, we examined
whether working memory, math anxiety and gender-related stereotypes
explain unique variance in mathematical performance as measured by
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an arithmetic fluency test and cognitive reflection test. Second, we
investigated whether the predictors that did explain unique variance
could explain the relation between gender and mathematical perfor-
mance. Based on previous findings, it was hypothesized that math
anxiety and gender-related stereotypes mediate the relation between
gender and mathematical performance. While this is probably the case
for both arithmetic and cognitive reflection (Frederick, 2005; Lynn &
Irwing, 2008), it might be especially the case for more complex prob-
lems such as cognitive reflection and to lesser extent for automatized
problems such as arithmetic fluency.

2. Method
2.1. Participants

In total, 189 participants of Dutch nationality (90 men, 99 women,
Mage = 22.86; SD = 3.01) participated in this study. The distribution of
the participant's highest educational level completed was: 1.6 % VMBO
(preparatory secondary vocational education), 15.7 % HAVO (senior
general secondary education), 28.3 % VWO (university preparatory
education), 9.4 % MBO (senior secondary vocational education), 19.4 %
(higher professional education), 12 % University Bachelor's degree,
12.6 % University Master's degree. An independent samples t-test indi-
cated that men and women did not differ significantly in terms of age, t
(187) =1.45, p = .149. A chi-square test showed that men and women
did not differ significantly in terms of educational level, y(6) =1.73,p =
.943. Because there were no differences between men and women, age
and educational level were not included in the analyses reported below.
When age and educational level were considered as covariates in the
analyses, results showed that age and educational level did not relate to
the outcome variables. Furthermore, when age and educational level
were included in the mediation analyses, the results did not change. The
results of these mediation analyses can be found on the Open Science
Framework: https://osf.io/8vwe7

As pre-registered, participants were excluded from the analyses
when their accuracy score for a test deviated more than three standard
deviations from the group mean. This resulted in the removal of the
scores of 16 participants on one of the tests (we excluded seven partic-
ipants for the Number Series Completion test, three participants for the
Digit Span Forward test, two participants for the Digit Span Backward
test, four participants for the Matrices Span Forward test, and three
participants for the Implicit Association Test measuring implicit gender-
related stereotypes). Table 1 displays the number of participants taken
into account in the analyses for each test.

2.2. Procedure

The current study was pre-registered on AsPredicted. The pre-
registered protocol is available at https://aspredicted.org/WMS_INO.
The study was approved by the local ethics committee. Participants
received a link to participate online. Beforehand, participants received
information about the procedure followed by the instruction to read and
sign the informed consent. Participants were asked to fill in de-
mographic information about their gender, age, nationality and educa-
tional level. Subsequently, the presentation of the tests took place in the
following order: Tempo Test Arithmetic, Digit Span Forward Test,
Cognitive Reflection Test, Digit Span Backward Test, Matrices Span
Forward Test, Number Series Completion Test, Matrices Span Backward
Test, Abbreviated Math Anxiety Scale, Activity Questionnaire of the
Occupations, Activity and Traits Questionnaire and Implicit Association
Test.

2.3. Measures

2.3.1. Arithmetic test
An online version of the Tempo Test Arithmetic was administered
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Table 1

Mean scores and the corresponding standard deviations for the measures.

Men Women Total
t df p Cohen’s d N M SD N M SD N M SD

Arithmetic 4.51 187 <0.001 0.66 920 135.91 25.27 29 119.44 24.84 189 127.29 26.31
Cognitive reflection 2.44 187 0.015 0.35 920 2.10 1.02 29 1.72 1.13 189 1.90 1.09
Number series completion 2.31 184 0.022 0.34 88 12.19 2.20 94 11.40 2.41 182 11.79 2.33
PL —0.12 184 0.907 0.02 89 9.93 2.20 97 9.97 2.03 186 9.95 2.11
PL * CE —0.96 185 0.337 0.14 89 10.99 2.53 98 11.33 2.26 187 11.17 2.39
VSSp 1.65 183 0.101 0.24 89 7.01 2.38 96 6.49 1.91 185 6.74 2.16
VSSP * CE 1.00 187 0.316 0.25 90 7.92 3.49 99 7.42 3.33 189 7.66 3.40
Math anxiety —4.70 176.21 <0.001 .68 920 7.66 5.39 29 12.15 7.66 189 10.01 7.03
Explicit stereotypes (masculine) 2.52 187 0.013 0.36 90 5.74 4.96 99 4.09 4.05 189 4.88 4.57
Explicit stereotypes (feminine) 1.69 185 0.093 0.25 90 5.13 4.01 99 4.16 3.88 189 4.62 3.96
Implicit gender stereotypes 0.11 184 0.909 0.03 89 2.94 5.23 99 2.38 5.04 188 2.65 5.12

Note. PL = phonological loop, VSSP = visuo-spatial sketchpad, CE = central executive.

Males were coded as 0, Females as 1.

@ Men reported less math anxiety than women, #(176.21) = —4.70, p < .001, d = 0.68 and this was the case for both Learning Math Anxiety (t(168.85) = 3.89, p <
.001, d = 0.56 with M = 2.07, SD = 2.67 for men and M = 4.01, SD = 4.11 for women) and Math Evaluation Anxiety (¢(186.10) = —4.71,p < .001, d = 0.68 with M =

5.59, SD = 3.41 for men and M = 8.14, SD = 4.03 for women).

(TTR; De Vos, 1992). The test consists of five columns: addition, sub-
traction, multiplication, division, and one with mixed operations con-
sisting of forty items presented in increasing difficulty (De Vos, 1992).
Participants had one minute to solve as many problems as possible in a
column. Before the start of the test, instructions were displayed. When
participants clicked a button to start the test, the timer started, and the
addition column appeared on the screen for one minute. Participants
had to type the answers with their keyboard. After one minute, a screen
appeared informing participants that one minute had passed, and par-
ticipants had to click a button to proceed with the subtraction column.
This continued until the participants completed the column with mixed
operations, after which the test was terminated. The raw score of the
number of correct responses (ranging from 0 to 200) was used as an
index of arithmetic performance. Cronbach's alpha reliability of the test
was 0.98.

2.3.2. Cognitive Reflection Test

The Cognitive Reflection Test (CRT) measures the ability to override
intuitively appealing but incorrect answers to arithmetic problems
(Frederick, 2005). Three open-ended questions were displayed on the
screen. Participants were informed that several problems were displayed
varying in difficulty, and they received the instruction to answer as
many problems as possible. The raw score of the number of correct re-
sponses (ranging from 0 to 3) was used as an index of cognitive reflec-
tion. Cronbach's alpha reliability for this translation of the CRT was
0.62.

2.3.3. Number Series Completion Test

The Number Series Completion Test measures the ability to detect
the relations among items in a sequence. In the Number Series
Completion Test, 14 sequences were presented consisting of several
digits (minimum 4, maximum 6) and one question mark. The 14 se-
quences were displayed on the screen. Participants were informed that
several sequences were displayed varying in difficulty and that their task
was to type the number that would fit at the place of the question mark.
The raw score of the number of correct responses (ranging from 0 to 14)
was used as an index of Number Series Completion. Cronbach's alpha
reliability for the test was 0.95.

2.3.4. Digit Span Forward Test

The Digit Span Forward Test (Wechsler, 2012) measures the
phonological loop capacity. Before starting the test, instructions were
displayed informing participants that a series of digits would be pre-
sented sequentially and that their task was to recall the sequence by
typing the sequence with their keyboard. The test started with a practice
trial, after which feedback was provided by giving the correct answer.

Subsequently, the experimental blocks started. No feedback was pro-
vided during the experimental blocks. The test consisted of 8 blocks of 2
trials at each list length. The number of digits in the initial block was two
and increased by one in each successive block up to a maximum of nine.
Each digit was displayed for 1 s. The number of correctly recalled se-
quences (ranging from 0 to 16) was used as an index of working mem-
ory's phonological loop component (PL). Cronbach's alpha reliability of
the test was 0.70.

2.3.5. Digit Span Backward Test

The Digit Span Backward Test (Wechsler, 2012) measures the
interaction between the phonological loop and the central executive.
Instructions informed participants that a series of digits would be pre-
sented sequentially. Their task was to recall the sequence in reverse
order by typing the sequence with their keyboard. The test started with a
practice trial, after which the correct answer was given. Subsequently,
the experimental blocks started. No feedback was provided during the
experimental blocks. The number of digits in the initial block was two
and was increased by one in each successive block up to a maximum of
eight. The number of correctly recalled sequences (ranging from 0 to 16)
was used as an index of the interaction between the phonological loop
component and the central executive (PL*CE). Cronbach's alpha reli-
ability for the test was 0.73.

2.3.6. Matrices Span Forward Test

The Matrices Span Forward Test measures the visuo-spatial sketch-
pad capacity. The matrices presented were 3 x 3 grids with nine squares,
of which one square was colored black. Before the start of the test, in-
structions were displayed informing participants that a series of matrices
would be presented sequentially. Their task was to recall the sequence
by indicating in which order the matrices were presented. The test
started with a practice trial after which feedback was provided by giving
the correct answer. Subsequently, the experimental blocks started. No
feedback was provided during the experimental blocks. The test con-
sisted of eight blocks of two trials at each list length. The number of
matrices in the initial block was two and increased by one in each suc-
cessive block up to a maximum of nine. The number of correctly recalled
sequences (ranging from O to 16) was used as an index of the visuo-
spatial sketchpad component (VSSP) of working memory. Cronbach's
alpha reliability for the test was 0.67.

2.3.7. Matrices Span Backward Test

The Matrices Span Backward Test measures the interaction between
the visuo-spatial sketchpad and the central executive. Again, 3 x 3 grids
were presented with nine squares in which one square was colored
black. Instructions informed participants that a series of matrices would



H. Vos et al.

be presented sequentially and that their task was to recall the sequence
in reverse order. The test started with a practice trial after which the
correct answer was given. Subsequently, the experimental blocks star-
ted. No feedback was provided during the experimental blocks. The
number of matrices in the initial block was two and increased by one in
each successive block up to a maximum of eight. The number of
correctly recalled sequences (ranging from 0 to 16) was used as an index
of the interaction between the visuo-spatial sketchpad and the central
executive (VSSP*CE). Cronbach's alpha reliability for the test was 0.84.

2.3.8. Abbreviated Math Anxiety Scale

A translation of the Abbreviated Math Anxiety Scale (AMAS; Hopko
etal., 2003) was administered. The AMAS (Hopko et al., 2003) measures
math anxiety and contains nine items describing situations of encoun-
tering mathematics. Participants were asked to indicate how anxious
they would feel in each situation on a 5-point Likert scale ranging from
low anxiety to high anxiety. The questionnaire differentiates Learning
Math Anxiety (5 items) and Math Evaluation Anxiety (4 items). The sum
score of all the items was used as an index of math anxiety, with the total
score representing the sum of the nine items (ranging from 0 to 36).
Cronbach's alpha reliability for this translation of the AMAS was 0.90,
with 0.80 for math learning anxiety and 0.87 for math evaluation
anxiety.

2.3.9. Activity questionnaire

Explicit gender-related stereotypes were measured by the Activity
Scale of the OAT-M (Liben et al., 2002). The scale consists of 25 items
describing various daily activities (e.g., go to the beach). Participants
were asked to indicate for each activity whether they considered the
activity as an activity for men or women on a 5-point Likert ranging from
“only men” to “only women”. Liben et al. (2002) showed that 10 of these
items are typically considered masculine (e.g., fly a model plane), 10
items are typically considered feminine (e.g., knit a sweater), and five
items are considered neutral (e.g., go to the beach). The sum score of
responses to the masculine items was used as an index of explicit gender-
related stereotypes about men. The total score represented the sum of
the ten items. The sum score of responses to the feminine items was used
as an index of explicit gender-related stereotypes about women with the
total score representing the sum of the ten items. Cronbach's alpha
reliability was 0.92 for the masculine items and 0.87 for the feminine
items.

2.3.10. Implicit Association Test

Implicit gender-related stereotypes were measured with an Implicit
Association Test. The implicit association test presented here was a
categorization test consisting of eight blocks in which participants have
10 s to categorize eight words in two frames. In line with Nosek et al.
(2009), both male/female words (e.g., brother/sister) and science/lib-
eral arts words (mathematics/history) were presented. In four congruent
blocks, male and science words needed to be categorized in a frame,
while female and liberal arts words needed to be categorized in another
frame. In four incongruent blocks, female and science words needed to
be categorized in a frame while male and liberal arts words needed to be
categorized in another frame. The difference score between the accuracy
scores of the congruent and incongruent blocks was used as an index of
implicit gender-related stereotypes. Cronbach's alpha reliability for the
test was 0.89.

2.4. Data-analysis

Table 1 presents the mean scores for the measures and t-tests
examining whether gender differences were present. To examine
whether working memory, math anxiety and gender-related stereotypes
could account for gender differences in mathematical performance,
several analyses were conducted. First, we conducted exploratory
regression analyses to investigate whether working memory, math
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anxiety and gender-related stereotypes explain unique variance in
mathematical performance as measured by the Tempo Test Arithmetic
and Cognitive Reflection Test. Subsequently, the pre-registered main
analyses were conducted. To examine which factors could account for
the relation between gender and mathematical performance, mediation
analyses were performed. Factors were entered as possible mediators
when the regression analysis showed that there was a unique contri-
bution to the mathematical performance test, and when the t-tests
indicated that gender differences were present. A (bootstrapped)
mediation analysis shows whether there is a significant indirect effect
(quantified as the product of the unstandardized path coefficients, ab) of
the mediator(s) that account for some portion of the total effect (spec-
ified as c¢) between the predictor and outcome variable. The remaining
(unmediated) direct effect of the predictor on the outcome variable is
specified as c¢’. Here, the model is restricted by the assumption that ¢ =
ab + c¢’. Contrary to a standard multiple regression analysis, this analysis
explicitly tests to which extent the mediating variable can explain the
relation between gender and mathematical performance. There is a full
mediation, if ab is significant but ¢ is not, while there is a partial
mediation when both ab and c are significant (Preacher & Hayes, 2008).
The conclusions about statistical validity are based on the confidence
intervals: in case the confidence intervals do not contain zero, the effect
is significant. In addition to these pre-registered main analyses, we also
pre-registered a hierarchical regression analysis to examine which
cognitive factors contribute to arithmetic performance and cognitive
reflection which can be found on the Open Science Framework:
https://osf.io/8vwe7

3. Results
3.1. Relations with mathematical performance

Firstly, it was examined whether working memory, math anxiety and
gender-related stereotypes explain unique variance in mathematical
performance as measured by an arithmetic fluency test and cognitive
reflection test. Table 2 displays the bivariate correlations between the
measures. A first regression analyses with the TTR as outcome measure
and working memory, math anxiety and gender-related stereotypes as
predictors showed that arithmetic fluency was predicted by performance
on the Digit Span Forward task, Math Anxiety and Gender-related ste-
reotypes about masculine items (see Table 4). A second regression an-
alyses with the CRT as outcome measure and working memory, math
anxiety and gender-related stereotypes as predictors revealed that that
only Math Anxiety was a significant predictor (see Table 5).

3.2. Accounting for the relation between gender differences and
mathematical performance

To examine which factors could account for the relation between
gender and mathematical performance, mediation analyses were con-
ducted. Factors were entered as possible mediators when the regression
analyses showed that there was a unique contribution to the mathe-
matical performance tests and when t-test revealed gender differences.
Bootstrapped mediation analyses were conducted with the Preacher and
Hayes (2008) SPSS MEDIATE’ macro. In these mediation analyses,
gender was the predictor variable and mathematical performance as
measured by the two tests the outcome variable.

Fig. 1 presents the mediation analysis results with gender as pre-
dictor and arithmetic as outcome variable. Math anxiety and explicit
gender-related stereotypes were entered as mediators because of the
unique contribution to arithmetic and because gender differences were
present for these factors (see Table 3). Results revealed that the relation
between gender and arithmetic was partially mediated by math anxiety,
ab = —5.087, SE = 1.812, CI = —9.153 to —2.072 and explicit gender-
related stereotypes for masculine items, ab = —2.266, SE = 1.157 CI
= —4.917 to —0.406.
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Table 2
Bivariate correlations between the measures.
1 2 3 4 5 6 7 8 9 10 11

1 Gender

2 Arithmetic

3 Cognitive reflection

4 Number series completion 0.27%*

5 PL 0.13

6 PL * CE 0.14 0.55**

7 VSSP 0.12 0.18* 0.32%*

8 VSSP * CE 0.16* 0.04 0.29%* 0.59**

9 Math anxiety —0.22%* —0.23%* -0.17 —0.06 —0.18* —0.19%*

10 Explicit stereotypes (masculine) —0.06 0.13 0.06 0.11 0.10 0.11 —0.09

11 Explicit stereotypes (feminine) —0.07 0.10 0.06 0.05 0.05 0.08 —0.05 0.87**

12 Implicit stereotypes —0.01 0.04 0.02 0.09 0.13 0.08 0.06 0.16* 0.17*
Note. PL = phonological loop, VSSP = visuo-spatial sketchpad, CE = central executive.

" p<.05.

" p<.0L

Explicit stereotypes
Masculine
a2 =1.606

az=-1.654

SE =.764, p = .037
(SE =.656, p =.013) ( P )

Math anxiety

by =-1.174
(SE =.254, p <.001)

a1=4.496
(SE=.972, p <.001)
c=-16.467
(SE = 3.648, p < .001) ) )
(95% ClI =-23.663 to -9.270) Arithmetic score

Gender

| ¢’ =-8.921
(SE=3.613, p=.015)
6 Cl =-16. to-1.
(95% Cl = -16.049 1.792)

Fig. 1. Mediation model with arithmetic score as outcome variable, gender as predictor and explicit stereotypes and math anxiety as mediators.

Table 3
Bivariate correlations between the measures disaggregated by gender.
1 2 3 4 5 6 7 8 9 10 11

1 Arithmetic - 0.29* 0.32%* 0.27+* 0.27%* 0.31%* 0.13 —0.43"* 0.21* —0.20* 0.16
2 Cognitive reflection 0.24** - 0.40%* 0.12 0.14 0.10 0.13 —0.22* -0.17 —0.14 0.09
3 Number series completion 0.35%* 0.07 - 0.12 0.02 0.22* 0.30%* —0.22* 0.07 0.10 —0.09
4 PL 0.35"* 0.15 0.23* - 0.58** 0.04 —-0.17 —-0.21* —0.08 —0.08 0.06
5 PL * CE 0.32%* 0.17 0.30%* 0.52* - 0.18 0.13 —0.08 0.11 0.07 —0.01
6 VSSP 0.32%* 0.10 0.26* 0.307* - 0.48"* —-0.21 0.10 0.10 —0.06
7 VSSP * CE 0.34"* 0.16 0.35"* 0.24* * 0.68 - —-0.25 0.16 0.18 —0.05
8 Math anxiety -0.17 -0.11 -0.14 —-0.15 —0.10%* —-0.09 —-0.08 - —0.04 —0.06 0.02
9 Explicit stereotypes (masculine) 0.28* —0.02 0.13 0.17 0.13 0.07 0.05 —0.03 - 0.89%* 0.06
10 Explicit stereotypes (feminine) 0.19 —0.05 0.06 0.20 0.05 —0.03 —0.05 0.05 0.86"* - 0.07
11 Implicit stereotypes —-0.06 -0.13 0.05 0.19 0.12 0.26* 0.21% —-0.05 0.18 0.17 -

Note. The results for the female sample are shown above the diagonal. The results for the male sample are shown below the diagonal.
" p < .05.

" p<.0L
When conducting an exploratory reversed mediation with arithmetic = 1.413, SE = 0.496, CI = 0.605 to 2.494 suggesting a mutual influence
as mediator and math anxiety as dependent variable, results showed that between math anxiety and arithmetic performance. These results can be
arithmetic mediated the relation between gender and math anxiety, ab found on the Open Science Framework: https://osf.io/8vwe7
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Table 4
Linear regression with arithmetic as dependent variable.
Independent variables Standardized t p R?
p
PL 0.17 2.27 0.024* 0.33%*
PL * CE 0.05 0.66 0.513
VSSP 0.13 1.70 0.090
VSSP * CE 0.11 1.44 0.151
Math anxiety -0.31 —4.79  <0.001
Gender-related stereotypes 0.26 2.06 0.041
masculine
Gender-related stereotypes —0.04 —0.33 0.743
feminine
* p<.05.
" p<.01.
Table 5
Linear regression with cognitive reflection as dependent variable.
Independent variables Standardized f  t P R?
PL 0.05 0.53 0.600* 0.30%*
PL * CE 0.09 0.93 0.355
VSSP —0.06 —0.63 0.530
VSSP * CE 0.15 1.59 0.113
Math anxiety —0.22 —2.85 0.005
Gender-related stereotypes —0.07 -0.48 0.632
masculine
Gender-related stereotypes —0.02 —-0.33  0.922
feminine
" p<.05.
" p<.01.

Fig. 2 presents the mediation analysis results with gender as pre-
dictor, cognitive reflection as outcome variable, and math anxiety as
mediator. Math anxiety was entered as a mediator because this factor
differed between men and women and because it was significantly
correlated with cognitive reflection (see Table 2). Results showed that
math anxiety was a significant mediator of the relation between gender
and cognitive reflection. More specifically, results demonstrated a sig-
nificant total effect and a significant effect of the mediator variable math
anxiety, ab = —0.428, SE = 0.266, CI = 0.032 to 1.059. This concerned a
full mediation since the direct effect of gender on cognitive reflection
was no longer significant, indicating that math anxiety fully accounted
for the relationship between gender and cognitive reflection.

An exploratory reversed mediation with cognitive reflection as
mediator and math anxiety as dependent variable, revealed that
cognitive reflection mediated the relation between gender and math
anxiety, ab = 0.428, SE = 0.266, CI = 0.032 to 1.059. However, the
direct path was still significant. These results suggest a mutual influence,
but also demonstrate that math anxiety influences cognitive reflection
more than vice versa. These results can be found on the Open Science
Framework: https://osf.io/8vwe7
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In conclusion, the mediation analyses showed that the relation be-
tween gender and arithmetic performance was partially mediated by
math anxiety and explicit gender-related stereotypes for masculine
items. In addition, gender differences in cognitive reflection were fully
mediated by math anxiety. When interpreting these results, it is
important to note that the relation between gender and arithmetic was
stronger than the relation between gender and cognitive reflection. As a
consequence, when taking math anxiety into account as mediator, the
relation between gender and arithmetic was reduced to a larger extent
than the relation between gender and cognitive reflection.

4. Discussion

In a world where women are still underrepresented in the STEM field
(UNESCO, 2017), it can be questioned whether there are gender dif-
ferences in mathematical performance and if so, which factors
contribute to this. While previous studies have examined gender dif-
ferences in mathematical performance, these studies have often focused
on one specific mathematical test and on one specific factor that could
possibly underlie gender differences in mathematical performance. The
current study attempted to fill these gaps in the literature by examining
whether working memory, math anxiety and gender-related stereotypes
could account for gender differences in mathematical performance on a
basic and complex mathematical test.

Results showed gender differences for the arithmetic fluency test and
cognitive reflection test. These findings reveal that men and women
differ in mathematical performance for both basic and complex math-
ematical tests, a finding which has also been consistently demonstrated
in previous research (Cueva et al., 2016; Else-Quest et al., 2010; Lind-
berg et al., 2010; Lynn & Irwing, 2008; Miller & Bichsel, 2004; Primi
et al., 2018). Subsequently, results revealed that arithmetic fluency was
predicted by performance on the Digit Span Forward task, math anxiety
and explicit gender-related stereotypes about masculine items and that
gender differences were present for math anxiety and explicit gender-
related stereotypes. No relation was observed between arithmetic and
implicit gender-related stereotypes. However, it should be acknowl-
edged that the questionnaire measuring explicit gender stereotypes used
in the current study included many general items (e.g., ride a motor-
cycle). The questionnaire did not assess explicit gender-related stereo-
types that were directly related to math. Nevertheless, results revealed a
relation with arithmetic performance and therefore it was further
examined whether math anxiety and explicit gender-related stereotypes
could account for the observed gender differences in arithmetic
performance.

In order to test the hypothesis that math anxiety and gender-related
stereotypes mediate the relation between gender and mathematical
performance, mediation analyses were performed. Results showed that
the relation between gender and arithmetic performance was partially
mediated by math anxiety and explicit gender-related stereotypes. This
finding is line with the results of Rossi et al. (2021), also revealing a

a:=4.496
(SE =.927, p < .001)

Math anxiety

b1 =-.029
(SE=.012, p=.013)

Gender

(SE=.157, p = .015)
(95% CI = -.692 to -.074)

-.382

Cognitive reflection

¢ =-.254

(SE=.163, p=.123)
(95% Cl =-.574 to .069)

Fig. 2. Mediation model with cognitive reflection as outcome variable, gender as predictor and math anxiety as mediator.
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relationship between gender-related stereotypes, math anxiety and
arithmetic performance indicating that the endorsement of mathematics
gender stereotypes can lead to increased math anxiety, which affects
arithmetic performance. In addition, the relation between gender and
cognitive reflection was fully mediated by math anxiety. A similar
finding has been observed by Primi et al. (2018), indicating an indirect
effect of gender on the CRT through math anxiety.

When interpreting the results of the cognitive reflection test, a few
issues need to be taken into account. A first issue is that while some
researchers assume that the cognitive reflection test merely measures
mathematical skills (Sinayev & Peters, 2015), others have suggested that
the CRT also measures reasoning skills (Pennycook & Ross, 2016).
Therefore, it could be argued that the gender differences in cognitive
reflection reflect gender differences in reasoning skills. However, pre-
vious studies suggest that gender differences observed on the CRT can
probably be attributed to the numerical nature of the task as no gender
differences have been found for a verbal CRT (Sirota et al., 2021) or
when numerical skills and math anxiety were taken into account (Primi
et al., 2018). Therefore, it is likely that the gender differences in
cognitive reflection in the current study are a result of gender differences
in mathematical skills and not a result of gender differences in reasoning
skills. In the current study, we focused on the CRT because it not only
involves mathematical word problems but also taps into the ability to
reflect on the problem structure and strategy. By using the CRT, we
aimed to avoid that participants could solve the problem with a shallow
approach based on textual cues. Nevertheless, research has also shown
gender differences for other forms of mathematical word problems. For
example, Reinhold et al. (2020) observed gender differences in adults
for mathematical word problems. Interestingly, these gender differences
could not be fully explained by spatial ability, verbal ability, numerical
ability and general reasoning. On the basis of these results, Reinhold
et al. (2020) suggested that gender-specific attitudes, beliefs and emo-
tions probably underlie gender differences in mathematical word
problems.

A second issue is that the reliability of the CRT in the current study
was relatively low, although this is in line with previous research
showing a range between 0.60 and 0.74 (Liberali et al., 2012 Weller
et al., 2013; for a review, see Campitelli & Gerrans, 2014). This low
internal consistency is mainly due to the small number of items.
Therefore, it might be helpful for future studies to use cognitive reflec-
tion tests with more items and a higher internal consistency such as the
7-item cognitive reflection test (Ring et al., 2016). Despite the low in-
ternal consistency of the CRT, it is important to note that performance
on the cognitive reflection test is stable over time (Stagnaro et al., 2018)
and that the CRT correlates with other measures of cognitive ability
(Otero et al., 2022) indicating that the test has a sufficient reliability and
validity.

By including both an arithmetic fluency test and cognitive reflection
test, we could examine the contribution of working memory, math
anxiety and gender-related stereotypes for gender differences in basic
and complex mathematical tests. Arithmetic performance was related to
both gender-related stereotypes and math anxiety. Cognitive reflection
was only related to math anxiety. It can be questioned why explicit
gender-related stereotypes about masculine items are associated with
arithmetic performance but not with cognitive reflection. Possibly,
arithmetic tasks more obviously tap into numerical skills than cognitive
reflection. As a consequence, arithmetic is perceived as a task on which
men perform better and might therefore correlate more strongly with
explicit gender related stereotypes about men than cognitive reflection.
For both tests, gender differences were observed and these gender dif-
ferences were largely explained by math anxiety. Math anxiety only
partially mediated the relation between gender and arithmetic fluency
while math anxiety fully mediated the relation between gender and
cognitive reflection. The finding that math anxiety was a full mediator in
the relation between gender and arithmetic but only a partial mediator
in the relation between gender and cognitive reflection is in line with
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our expectations. However, this finding can be explained by the stronger
relation between gender and arithmetic compared to the relation be-
tween gender and cognitive reflection. Consequently, the relation be-
tween gender and arithmetic was reduced to a larger extent than the
relation between gender and cognitive reflection when math anxiety
was taken into account as mediator.

Altogether, the current study's findings show that gender differences
in mathematical performance is strongly related to math anxiety. Since
math anxiety is a mediator in the relation between gender and mathe-
matical performance, this raises the question of what drives gender
differences in math anxiety and, consequently the differences in math-
ematical performance. To answer this question, we contemplate the
theories about the relation between math anxiety and mathematics. The
most widely held theory explaining the relation between anxiety and
cognitive tasks states that when confronted with a cognitive task (such
as math), negative thoughts and ruminations compete with the ongoing
cognitive task for working memory resources. A consequence of this
competition is lower cognitive efficiency, resulting in increased reaction
time or decreased accuracy on the cognitive task. This theory, first
introduced by Eysenck and Calvo (1992) as the processing efficiency
theory, was later extended by Ashcraft and Kirk (2001) to math anxiety.
In line with this theory, a large body of research has consistently shown
that high math anxious individuals must exert greater cognitive effort to
achieve the same level of performance attained by low math anxious
individuals (Ashcraft & Kirk, 2001). In sum, the processing efficiency
theory states that individual differences in math anxiety affect perfor-
mance in mathematics because of a disruption of working memory.

While we did not directly assess the occupation of working memory
during the mathematical tests, the current study was introduced as a
study examining mathematical skills, and mathematical tests were
alternated with working memory tests. Based on the processing effi-
ciency theory and previous findings showing lower working memory
performance among high-math anxious individuals (Ashcraft & Kirk,
2001), one would expect that since women reported more math anxiety,
they would also perform worse on the working memory tests. However,
we did not observe gender differences in working memory. Thus, the
processing efficiency theory could not explain gender differences in
math anxiety and mathematical ability in the current study.

Rather, our findings can be integrated within the interpretation
framework of Ramirez et al. (2018). According to this framework, math
anxiety is dependent on how individuals interpret their math-related
experiences. The interpretation framework further assumes that math
anxiety is largely determined by how individuals appraise previous
math experiences rather than the outcomes themselves. Thus, the beliefs
about math (rather than actual working memory capacity) may explain
the observed gender differences in math anxiety and mathematical
performance. Unfortunately, the current study's design does not allow to
test women's beliefs about math directly, since the AMAS considers only
very few aspects of math anxiety, namely learning math anxiety and
math evaluation anxiety (Cipora et al., 2019). The AMAS does not test
everyday math anxiety or general attitudes towards mathematics.
However, in line with the interpretation framework, we found that men
and women differ concerning both learning math anxiety and math
evaluation anxiety. Thus, women are not only more anxious to be
evaluated for math, but they are also more anxious to engage in math-
related activities, indicating that they appraise mathematics differ-
ently. It is important to acknowledge that the hypothesis that appraisal
processes underlie gender differences in math anxiety and mathematical
performance could not be explicitly tested in the current cross-sectional
study. Besides the significant mediation of math anxiety in the relation
between gender and mathematical performance, reversed mediation
models showed that mathematical performance was also a significant
mediator in the relation between gender and math anxiety. Previous
studies obtained similar results, suggesting a bidirectional relationship
between math anxiety and mathematical performance (Carey et al.,
2016). Longitudinal research should identify the direction of the relation
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and factors that underlie gender differences in reported math anxiety. In
future research, it could also be informative to conduct a path analysis
which includes all the variables in one model. The sample size of the
current study was too small to infer reliable results from a path analysis
(Wang & Rhemtulla, 2021: Wolf et al., 2013). However, future studies
with a larger sample size could examine multiple potential mediators
within one model to see how the variables interact.

Altogether, the current study showed that there are gender differ-
ences among adults in arithmetic and cognitive reflection. Math anxiety
appeared to be a significant mediator in the relation between gender and
mathematical performance. Probably this is because math anxiety pri-
marily reflects how individuals appraise previous math experiences
rather than cognitive differences and as a consequence, the appraisal of
previous math experiences affects mathematical performance.
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