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Background: Many studies have indicated that mathemat-
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Funding information between worry and emotionality components, and between
Economic and Social Research Council trait and state anxiety. Much research shows a reciprocal re-
lationship between mathematics anxiety and performance
adding to the importance of gaining a greater understand-
ing of the factors involved in mathematics anxiety.

Aims: This paper aims to review some studies of factors
that have often been found to be associated with mathemat-
ics anxiety: age, gender, and culture, and to consider the
evidence for these associations and the further research that
should be done.

Materials and Methods: The study involved reviewing
a range of papers on the selected topics. In particular, the
search terms ‘Age differences and mathematics anxiety’,
‘Gender and mathematics anxiety” and ‘Culture and math-
ematics anxiety” were put into Web of Science; and citations
of relevant papers that emerged were also investigated.
Results: Most studies suggest that mathematics anxi-
ety increases with age, and that the relationship between
mathematics performance and at least some aspects of
mathematics anxiety increase with age. Most, though not all,
studies, indicate that females experience more mathematics
anxiety than males, and some suggest that there are gender
differences in the relationship between mathematics anxiety
and performance. Most studies show cultural differences in
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2 DOWKER

mathematics anxiety, while also suggesting that the relation-
ship between mathematics anxiety and performance is fairly
uniform across cultures.

Discussion: Cross-cultural studies in this area are.
However, somewhat limited by the fact that culture is usu-
ally confounded with nationality. Moreover, there are stud-
ies of all these factors that give somewhat conflicting results.
Conclusion: More research needs to be done in order to
gain clearer answers, especially regarding the ways in which
the effect of age, gender and culture interact with one an-
other. The findings so far about the influences of age, gen-
der and culture on mathematics anxiety have already had
significant practical implications, but these need much fur-
ther development.

KEYWORDS

affective processes, attitudes, cross-cultural research, demographic
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Mathematical learning and performance are not only influenced by cognitive factors—both domain-
specific and domain-general—but by attitudes and emotions. Such attitudes are multidimensional and
include both positive and negative attitudes, with different researchers emphasising somewhat differ-
ent attitudes. For example, Alken (1974) considered it important to assess both mathematics anxiety
and two positive attitudes: enjoyment of mathematics and value placed on mathematics. Fennema and
Sherman (1976) developed scales to measure several different attitudes to mathematics: attitudes toward
success in mathematics; perceiving mathematics as a male domain; mothet's and fathet's support in
mathematics; teachers' support in mathematics; confidence; mathematics anxiety; effectance motivation
(seeking vs. avoiding challenge) and perceived usefulness of mathematics. Levine and Pantoja (2021) fo-
cussed on four attitudes: math anxiety, math self-concept, mindset (growth vs. fixed) and math-gender
stereotype. Across different research groups, time periods and categorisation systems, mathematics
anxiety is one of the most frequently and consistently mentioned.

There are several reasons why mathematics anxiety should be at the forefront of research on attitudes
to mathematics. It tends to correlate positively with other negative attitudes to mathematics; negatively
with positive attitudes; and, as will be discussed, negatively with mathematical performance. It is pain-
ful and distressing, especially if experienced frequently and/or to a matrked degtee. And high levels of
mathematics anxiety are quite frequent in the population (Ashcraft, 2002; Dowker et al., 2016; Maloney
& Beilock, 2012).

Mathematics anxiety is defined as “a feeling of tension and anxiety that interferes with the manipu-
lation of numbers and the solving of mathematical problems in...ordinary life and academic situations”
(Richardson & Suinn, 1972, p. 551). People have been expressing mathematics anxiety for centuries.
A verse dating back at least to the 16th century states that: “Multiplication is vexation...And practice
drives me mad.” It is a sufficiently serious problem for many people that a Maths Anxiety Trust was
recently set up in the UK (https://mathsanxietytrust.com). Studies differ as to the exact frequency of
mathematics anxiety, presumably depending on the exact nature of the sample and the exact criteria
used for diagnosing mathematics anxiety; but most suggest a worryingly high proportion. For example,
Richardson and Suinn (1972) estimated that 11% of university students show high enough levels of
mathematics anxiety to be in need of counselling. Ashcraft and Moore (2009) estimated that 17% of
the population have high levels of mathematics anxiety. Johnston-Wilder et al. (2014) also found that
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about 30% of a group of apprentices showed high mathematics anxiety, with a further 18% affected to
a lesser degree.

Mathematics anxiety is not only common in the population post-school, but importantly, among
school pupils, who are in the process of learning mathematics. Though Chinn (2009) found high math-
ematics anxiety in a relatively low — though still significant — proportion (2—6%) of secondary pupils,
many studies have found a higher proportion. For example, Carey et al. (2019) found that 11% of a large
sample of secondary school students in south east England exhibited high mathematics anxiety. While
many researchers find lower mathematics anxiety in primary school children, Krinzinger et al. (2009)
found that 32.8% of a group of German second-and third-grade pupils reported high or very high
mathematics anxiety.

From a research perspective, the construct has been an important topic of study at least since the con-
cept of ‘number anxiety’ was introduced by Dreger and Aiken (1957). It has received increasing attention
in recent years, in conjunction with the generally increased focus in many countries on mathematical
performance. It is often discussed in relation to other attitudes to mathematics, such as enjoyment,
self-efficacy, evaluation of mathematics as useful, etc. There is some debate as to whether mathematics
anxiety should be classified as an attitude at all, as anxiety is predominantly emotional rather than eval-
uative. We here, however, follow some previous researchers, such as Ma and Kishor (1997) in treating
mathematics anxiety as an attitude, especially as some attitude theories, such as Brecklet's (1984) ABC
theory, consider that attitudes have both cognitive and affective components.

HOW IS MATHEMATICS ANXIETY MEASURED, AND WHAT
DO WE MEASURE?

Most commonly, mathematics anxiety is measured through self-report, usually in questionnaires, where
participants are asked to rate their own level of anxiety in a variety of mathematics-related situations.
Such self-report measures usually show good reliability (Cipora et al., 2019), though studies also suggest
that internal consistency can never be perfect, as mathematics anxiety is not a unitary construct. Anxiety
may differ between different types of mathematics-related situations, e.g. learning mathematics, tak-
ing mathematics tests, doing mathematics in everyday practical situations, and simply being exposed
to numerical stimuli. It is also likely that individuals may experience different forms and degrees of
anxiety for different types of mathematical content: whole number arithmetic; fractions and decimals;
word problems; algebra; geometry; etc. There has been less research on differences in anxiety for dif-
ferent forms of mathematical content than on differences in anxiety for different mathematics-related
situations. However, several studies indicate that mathematics anxiety as typically defined and statistics
anxiety can dissociate.

One key issue in the study and measurement of mathematics anxiety is the distinction between state
and trait anxiety, first formulated by Spielberger (1972). The former refers to a person's current emo-
tional state; the latter to a long-term disposition to experience that emotional state. While a person with
high mathematics anxiety as a trait is likely to experience state mathematics anxiety frequently, it is not
an inevitable consequence, as some people with high trait mathematics anxiety may avoid state anxi-
ety by successfully avoiding mathematics-related activities altogether. On the other hand, people with
relatively low trait mathematics anxiety may still experience episodes of high state anxiety. This may
relate to the situation and content effects discussed above, and, for example, a person who is not usually
anxious about mathematics may become so when taking a high-stakes examination in the subject. More
random-seeming variations in mood or in the details of how mathematics anxiety is assessed may also
be influential. In order to investigate whether an individual's self-reported mathematics anxiety on a
given occasion represents a trait or a short-term state, it would be ideal to test them repeatedly.

While, if the componential nature of mathematics anxiety is taken into account, self-report mea-
sures are generally seen to be reliable, are they also valid? They do seem to have significant criterion
validity in important ways: most studies, as indicated above, show a significant relationship between
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4 | DOWKER

mathematics anxiety and mathematics performance, and mathematics anxiety is negatively associ-
ated with choice to study mathematics beyond compulsory age, or to pursue STEM-related careers
(Brown et al., 2010; Chipman et al., 1992; Ferdinand et al., 2024; Levy et al., 2021). One caveat is that
we cannot be sure to what extent individuals are explicitly aware of their own levels of mathematics
anxiety and this may be particularly problematic in studies involving young children. Moreover,
responses may be influenced by social desirability biases. Participants may emphasise or exaggerate
their levels of mathematics anxiety, because they think that it will appear boastful to express too
much confidence in their mathematical skills, or because they think that it is ‘normal’ to fear and dis-
like mathematics. Alternatively, they may underestimate their levels of mathematics anxiety because
they think that admitting such anxiety reflects on their mathematical competence, or because they
think that expressing anxiety is weak. The issue of social desirability biases is potentially particu-
larly important when comparing different genders or cultural groups, who may differ in what they
consider socially desirable.

The main alternative to self-report measures is physiological measures of anxiety, such as heart
rate, cortisol levels, skin conductance and brain imaging in response to numerical stimuli and math-
ematical tasks. These could be seen as having greater objectivity and less risk of bias than self-report
measures. However, they are more expensive and practically challenging to apply, and therefore are
less used and may result in smaller samples even when they are used. Moreover, it is not entirely
clear that what they are measuring is mathematics anxiety as a trait. Heart rate and skin conductance
have not been consistently found to correlate strongly with questionnaire measures of mathematics
anxiety (Hopko et al., 2005; but see Hunt et al., 2017 for some positive findings about correlations
with heart rate and blood pressure). This could reflect a problem with the questionnaire measures,
but could also indicate that these physiological measures as used thus far are too crude to give reli-
able results, or that they are measuring something else, such as arousal, rather than anxiety. Salivary
cortisol levels tend to show greater correlation with questionnaire measures (e.g. Mattarella-Micke
et al.,, 2011; Pletzer et al., 2010) but the correlation is not perfect. Both ERP and fMRI methods of
brain imaging suggest some correlation between mathematics anxiety and activation related to cog-
nitive control and emotional regulation (Avancini & Szucs, 2019), but the complexity of activation
patterns and number of brain areas involved make interpretation complicated. With regard to all
physiological measures, individual differences in physiological reactivity may play a role and much
more research is needed on the topic.

Moreover, physiological measures in general could be seen as measures of state anxiety (level of
mathematics anxiety at a specific time) rather than trait anxiety (general disposition toward mathemat-
ics anxiety). The difficulty in drawing conclusions about trait mathematics anxiety from physiological
measures is increased by the fact that they are more difficult than self-report measures to repeat on
multiple occasions to check for consistency.

THE MULTIDIMENSIONAL NATURE OF MATHEMATICS
ANXIETY

Mathematics anxiety is multidimensional. Anxiety scales often include different dimensions: e.g. anxi-
ety about numbers as such, anxiety about learning and studying mathematics, anxiety about mathemat-
ics tests. In particular, a number of studies (e.g. Sorvo et al., 2017; Wigfield & Meece, 1988) suggest a
distinction between a ‘worry component of mathematics anxiety (mainly involving performance anxi-
ety) and an ‘emotionality’ component (involving a fearful reaction to mathematical stimuli).

It is also important to note the distinction between trait mathematics anxiety and state mathematics
anxiety (Lievore et al., 2024; Mammarella et al., 2023). Trait mathematics anxiety refers to a consistent
tendency toward anxiety about some or all aspects of mathematics, while state mathematics anxiety re-
fers to anxiety at a specific time. Trait anxiety is likely to incorporate multiple instances of state anxiety,
but state anxiety might be specific to an isolated occasion, e.g. just before an important examination.
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MATHEMATICS ANXIETY 5

IS MATHEMATICS ANXIETY A SEPARATE SPECIFIC
ENTITY?

All of this gives rise to the question of how specific mathematics anxiety is. Should it indeed be seen as
a specific entity, or is it just one aspect of general anxiety ot academic test/examination anxiety?

Mathematics anxiety has indeed been found to correlate significantly with measures of general anx-
iety. Hembree (1990) found a mean correlation of .35 between the Mathematics Rating Scale (MARS)
and a measure of general anxiety. Wang et al. (2014) obtained evidence that genetically based differences
in general anxiety contribute to genetic differences in mathematics anxiety.

It correlates even more with test anxiety. Several studies suggest that mathematics anxiety is
more closely related to test anxiety than to measures of academic ability and performance (Ashcraft
et al., 1998; Hembree, 1990). Such studies typically show correlations from .3 to .5 between measures of
mathematics anxiety and test anxiety. However, mathematics anxiety cannot be reduced to either test
anxiety or general anxiety. Mathematics anxiety does exist as a specific entity. This is shown by the fact
that different measures of mathematics anxiety correlate more highly with one another (.5—.8) than with
test anxiety or general anxiety (Ashcraft & Ridley, 2005; Dew et al., 1984; Hembree, 1990).

RELATIONSHIPS BETWEEN MATHEMATICS ANXIETY
AND PERFORMANCE

One of the most consistent findings about mathematics anxiety is that it is negatively associated with
mathematics performance (Abin et al., 2020; Barroso et al., 2021; Carey et al., 2016; Caviola et al., 2022;
Hembree, 1990; Ma & Xu, 2004; Namkung et al., 2019). This link is found in virtually all countries,
where it has been studied (Foley et al., 2017).

The negative correlation between mathematics anxiety and mathematics performance has sometimes
been explained purely on the grounds that anxiety impedes performance. This is sometimes termed the
Deleterious Anxiety theory. Certainly, anxiety is likely to have a deleterious effect on performance. One
reason is that anxiety is likely to deter people from engaging with and practicing mathematics beyond
what is strictly compulsory and therefore will restrict their learning opportunities. Another is that,
when a person performs mathematical tasks, mathematics anxiety is likely to add to the load on working
memory, and thus to reduce the cognitive resources available for solving the mathematical problems.
Several studies do indicate that mathematics anxiety interferes with mathematical problem solving by
disrupting working memory resources (Krinzinger et al., 2009; Skagerlund et al., 2019). Cargnelutti
et al. (2017) studied children longitudinally from second to third grade and found that mathematics
anxiety predicted future mathematical attainment much more than attainment predicted future mathe-
matics anxiety. Moreover, performance tends to improve if mathematics state anxiety is reduced (Park
et al,, 2014), and there is less of an association between anxiety and performance if mathematics tasks
are carried out without time pressure (Faust et al., 1996).

Alternatively, it is sometimes suggested that the direction of causation is the reverse: that mathemat-
ical weaknesses lead to anxiety. This is often known as the Deficit Theory and argues that mathemat-
ical deficits will result in negative experiences of failure and confusion in mathematical tasks, which
will lead to anxiety. For example, Maloney et al. (2011) have suggested that mathematics anxiety may
originate from deficits in basic numerical processing, which lead to mathematical difficulties, which
lead to anxiety Support for this theory comes from some longitudinal studies (Ma & Xu, 2004; Wang
et al.,, 2020), which have shown that mathematics scores predict subsequent levels of mathematics anx-
iety, However, it is quite possible to have mathematics anxiety despite average or above-average math-
ematical attainment, and to have low attainment or even dyscalculia; without mathematics anxiety.
(Devine et al., 2018). Mathematics anxiety cannot be solely blamed on mathematical deficits.

At present, the Reciprocal Theory seems to be most justified by the evidence. This is the theory
that there are links in both directions. Several longitudinal studies of pupils in various age groups and
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6 | DOWKER

various countries have indicated that mathematics anxiety predicts subsequent mathematical attainment
and that mathematical attainment predicts subsequent mathematics anxiety (Aldrup et al., 2020; Du
et al., 2021; Gunderson et al., 2018; Luo et al., 2014; Pekrun et al., 2017). Szczygiel et al. (2024) found
such a reciprocal relationship as early as first and second grade. Mathematics anxiety impairs perfor-
mance, and poor performance increases anxiety. This can easily become a vicious circle (Jameson, 2014).

In studying group differences (e.g. age-group, gender or national difference) mathematics anxiety, it
is important to consider two possible types of difference: differences in levels of mathematics anxiety
itself and differences in the relationship between mathematics anxiety and performance. These will be
discussed separately in each of the sections on possible group differences.

When considering differences between studies regarding relationships between mathematical per-
formance, mathematics anxiety and other factors, it is important to remember that methodological
differences between studies can contribute to the differences. Statistical methods are not the focus of
the present paper, but it should be noted that, for example, results may differ according to whether a
correlational analysis or a regression model is used. Correlations often change strength or even cease to
be significant when several variables are included in the same regression model.

For example, some studies suggest that factors such as self-concept and engagement may partially
or completely mediate the relationship between anxiety and performance, at least in some groups. Van
der Beek et al. (2017) studied pupils in eight secondary schools in the Netherlands and found that re-
lationships between mathematics performance and both mathematics anxiety and mathematics enjoy-
ment ceased to be significant after controlling for mathematics self-concept. Pei et al. (2025), in a study
involving pupils in three Chinese secondary schools found that the relationship between mathematics
anxiety and performance disappeared after controlling for mathematical engagement and suggested
that mathematical engagement may mediate the mathematics anxiety-performance relationship.

GROUP DIFFERENCES IN MATHEMATICS ANXIETY

As indicated above, a lot of research has been done on relationships between mathematics anxiety and
individual characteristics such as mathematics attainment and general and test anxiety. There has also
been significant focus on potentially important group differences that may affect mathematics anxiety.
In particular, factors that are often proposed to be associated with mathematics anxiety include age,
gender and national/cultural differences. Studying such factors is of interest both in its own right, and
because it may indicate which groups are likely to be particularly vulnerable to the condition and should
be a focus for strategies to prevent or ameliorate it. These factors will now be discussed in turn.

AGE DIFFERENCES IN MATHEMATICS ANXIETY

Most studies of mathematics anxiety have been carried out with adolescents and adults, though research
on mathematics anxiety in younger children has increased recently (Cargnelutti et al., 2017; Dowker
et al,, 2019; Gattas, 2024; Jameson, 2014; Petronzi et al., 2019; Szczygiel, 2020a, 2020b; Szczygiel &
Pieronkiewicz, 2021; Vukovic et al., 2013).

Most studies that include younger children suggest that primary school children's attitudes to math-
ematics tend to be positive. Most studies also suggest that mathematics anxiety and other negative
attitudes and emotions regarding mathematics increase with age, during the primary school years and
especially during the secondary school years (e.g., Batchelor et al., 2019; Gierl & Bisanz, 1995; Ma &
Kishor, 1997; Sumpter & Sollerman, 2023; Wigfield & Meece, 1988).

These findings are important both practically and for their implications for the concept of math-
ematics anxiety. They are of practical importance because they indicate a serious problem for mathe-
matics education: the frequent deterioration of attitudes to mathematics with age and educational stage.
They are of theoretical importance because of the mostly not fully answered questions that they bring
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MATHEMATICS ANXIETY | 7

about the nature and causes of mathematics anxiety. Why does mathematics anxiety appear to increase
with age? Is it something to do with developmental changes as such, perhaps reflecting greater capacity
for self-evaluation and self-criticism? Or is it due to greater experience of failure and frustration in the
school context? Or is it due, not to age changes as such, but to changes in the type of mathematics to
which children are exposed as they progress through school? For example, secondary school pupils may
have to deal with more abstract types of mathematics than primary school children, and more abstract
mathematics may elicit more anxiety.

However, the fact that mathematics anxiety is usually found to be greater in older children does not
mean that younger children are immune to it. Studies do show that mathematics anxiety can be seen
in some children in the early years of primary school (Jameson, 2014; Krinzinger et al., 2009; Ma &
Kishor, 1997; Ramirez et al., 2013; Szczygiel, 2020a, 2020b; Vukovic et al., 2013). Petronzi et al. (2019)
found significant mathematics anxiety in children as young as five. While most studies show increased
anxiety with age, Sorvo et al. (2017) found that Finnish children in Year 2 showed greater anxiety in
Year 2 than children in later elementary grades. The fact that different studies give somewhat different
results as regards the frequency of mathematics anxiety in younger children may be due to differences in
sampling and the levels of academic pressure and testing to which the children have been subjected and/
or to differences in the measures used to assess mathematics anxiety. These issues will be discussed in
more detail with regard to conflicting results about the relationship between anxiety and performance
in young children, where findings differ more strikingly.

At the other end of the age scale, most studies of mathematics anxiety have looked at people within
the education system: schoolchildren; university students; occasionally apprentices. This means that the
influence of test/course anxiety is likely to be prevalent and may affect responses to measures of other
forms of anxiety. It also means that samples are likely to be relatively young. One of relatively few stud-
ies to involve adults not currently in education was that of Hart and Ganley (2019), who studied 1000
adults, who were not currently undergoing formal education. Mathematics anxiety was approximately
normally distributed, Findings about its correlates were similar to those obtained in studies of younger
participants. Mathematics anxiety correlated positively with general anxiety and test anxiety and nega-
tively correlated with measures or mathematical anxiety and knowledge. It tended to be lower in people
with higher levels of education, and in people who were pursuing STEM-related careers.

AGE DIFFERENCES IN RELATIONSHIPS BETWEEN
MATHEMATICS ANXIETY AND PERFORMANCE

Most studies suggest levels of mathematics anxiety change, and usually increase, with age. Does the
relationship between mathematics anxiety and performance also change with age, or does this remain
constant?

Some studies do suggest that relationships between attitudes and performance can change with age.
A meta-analysis by Ma and Kishor (1997) indicated that the relationship between mathematics anxiety
and performance increases with age. However, the evidence is somewhat conflicting, for reasons that
will be discussed in the next section.

Dowker et al. (2012) obtained results which suggest that performance in primary school children is
not related to mathematics anxiety in the ways commonly found in studies of older participant. This
study suggested that it is instead related to self-rating in mathematics. Self-rating refers to individuals'
assessment of their own mathematical competence. There are several related constructs, notably identi-
fication of oneself with mathematics and mathematical self-efficacy (confidence in one's ability to take
steps to solve new problems, learn new material and improve future mathematical performance). In
this case, self-rating refers more specifically to assessment of one's current level of ability in aspects of
mathematics.

Dowker et al. (2012) looked at the relationships between primary school children's attitudes to math-
ematics and their actual performance. In this study, 44 Year 3 children (7—8years old) and 45 Year 5
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8 | DOWKER

children (9—10years old) from English primary schools were given the British Abilities Scales Basic
Number Skills subtest. They were also given the Mathematics Attitude and Anxiety Questionnaire
(Thomas & Dowker, 2000).

They rated seven school mathematical activities (e.g., written sums; mental maths; understanding the
teacher) on four 5-point pictorial scales:

How much they liked the activity:

How good they thought they were at the activity;
How unhappy they would be if they couldn't do it;
How anxious they would feel if they couldn't do it

Nl

Children's self-rating of competence appeared quite high, with a mean score of 27.66 out of a possible
35. Their enjoyment of mathematics was lower, but also positive (mean 24.76). Anxiety and unhappiness
at failure were somewhat lower and were significantly correlated, though not identical.

Self-rating correlated significantly with (lack of) anxiety and (lack of) unhappiness. Actual mathe-
matics score correlated significantly with self-rating, but not with any other attitude measure. Regression
analyses showed that in Year 5, self-rating was the only attitude that independently predicted mathe-
matics score, while in Year 3, no attitude was an independent predictor. Some other studies have given
similar results for primary school children suggesting that among young children, performance is not
significantly related to anxiety (Cain-Caston, 1993; Krinzinger et al., 2009; Wood et al., 2012) but is
more related to self-rating of mathematical ability.

Looking at still younger children, Dowker et al. (2019) studied 67 English and 49 Chinese children at
the end of their first year of school. The participants were given the same tests as in the study by Dowker
et al. (2012): the Mathematics Attitude Questionnaire and the British Abilities Scales Basic Number
Skills test. Attitudes were similar to those for the older primary school children in the previous study.
The Chinese children performed better in the arithmetic test and also rated themselves higher than the
English children but did not differ in other attitudes. There were few gender differences.

Mathematics anxiety was not associated with performance in either group. The only relationship
that was found between attitudes and performance was that self-rating in mathematics was correlated
with better performance in the English group. A regression analysis showed that both self-rating and
unhappiness at failure (but not anxiety) were independent predictors of performance in the English
group. There were no significant relationships between attitudes and performance in the Chinese group.

Dowker et al's (2012, 2019) conclusion was that younger children's mathematical performance
correlates mainly with their self-rating of their mathematical ability, and that the negative correlation
between mathematical ability and performance only becomes evident at a somewhat later age. A subse-
quent study (Dowker et al., 2022, 2023) puts this conclusion somewhat into question.

The latter study investigated children's and adolescents' attitudes to mathematics, with a partic-
ular focus on whether and how these are affected by age and gender. 216 pupils from Years 2 (6-to
7-year-olds), 6 (10-to 11-year-olds), 9 (13-to 14-year-olds) and 12 (16-to 17-year-olds) participated in the
study. They were equally divided as to year group, and each year group was approximately equally di-
vided by gender. The same measures of attitudes and performance were used as in the earlier studies by
Dowker et al. (2012) and Dowker et al. (2019).

As predicted, mathematics anxiety increased with age, with a marked difference between primary
and secondary age pupils. Other attitudes also declined with age. The study supported the hypothesis
that attitudes to mathematics decline with age. Older groups liked mathematics less, and rated them-
selves significantly lower than younger groups. Unhappiness at failure increased with age, with a marked
difference between Year 2 and older groups. All these age differences remained significant after con-
trolling for Basic Number Skills (BNS) standard score.

Correlation analyses indicated that none of the attitude variables correlated with BNS score in Year
2, but that self-rating and liking for maths did so in Year 6 and all did so in Years 9 and 12, However,
most of these relationships ceased to be significant when all variables were included together in multiple
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MATHEMATICS ANXIETY | 9

regressions. However, most of these relationships ceased to be significant when all variables were in-
cluded together in multiple regressions. Multiple regressions were carried out for each gender and each
year group separately, and for the group as a whole, with BNS standard score as the dependent variable,
and the attitude scores as predictors. For the whole group, the four predictors explained 34% of the
variance in BNS standard score. Self-rating was a significant predictor, but no other predictor was sig-
nificant. Results were similar for each year group separately, and for each gender separately: self-rating
was the only significant independent predictor of performance. The exception was Year 2: no attitude
variable was a significant predictor of performance for these youngest children. Thus, in this study, self-
rating rather than anxiety was the main independent predictor of performance, among older as well as
younger participants.

By contrast, some studies have shown that mathematics anxiety correlated with performance not
only in older children, but even in the eatly years of elementary school (Dossey et al., 1988; Newstead,
1998; Ramirez et al., 2013; Vukovic et al., 2013; Wu et al., 2012). Svraka et al. (2024) found such a rela-
tionship between general anxiety and mathematics performance even in a group of Hungarian kinder-
garten children, with a stronger relationship for girls than for boys. The authors suggested that high
general anxiety might be an early precursor to high mathematics anxiety, though mathematics anxiety
and attitudes were not tested in this study.

AGE DIFFERENCES: SOME REASONS FOR CONFLICTING RESULTS

Why do we have these conflicting results? There seem to be three major possibilities: (1) cultural and
other sampling differences; (2) the type of mathematics anxiety being tested; and (3) the role of working
memory.

1. Samples have been somewhat different in different studies: involving children from different
national backgrounds. The studies cited above, that. showed a relationship between mathematics
anxiety and performance even in young children, were mostly carried in the USA, with the
exception of Svraka et al's study, which involved Hungarian children. It is therefore possible
that there are cultural and/or educational factors, which lead to an eatlier development of
the anxiety-performance relationship in the USA than in the UK and some other countries.
However, we do not know at present what these factors might be. The likelihood of this
explanation is, moreover, somewhat called into question by the fact that the curriculum in
the USA is decided predominantly at school district level, so that educational practices are not
uniform across the nation.

2. Differences between studies may reflect the type of mathematics anxiety being investigated: in par-
ticular, the distinction between ‘worry’ (performance anxiety) and ‘emotionality’ (fear and anxiety
elicited by the very presence of mathematical stimuli). Wigfield and Meece (1988) found that emo-
tionality had the stronger negative correlation to performance, and the correlation was found even in
elementary school children, whereas worry only showed a relationship to performance when children
reached adolescence. Some studies have mainly assessed the emotionality component of mathematics
anxiety, for example, those that used measutes based on Richardson and Suinn's (1972) Mathematics
Rating Scale (MARS) or MARS-Elementary (Suinn et al., 1988). Such studies have tended to find such
a relationship even in elementary school children (Vukovic et al., 2013; Wu et al., 2012). Studies that
used measures that emphasised performance anxiety, such as the Mathematics Attitude and Anxiety
Questionnaire (MAQ) developed by Thomas and Dowker (2000) have tended not to show such a
relationship in younger children (Dowker et al., 2012; Krinzinger et al., 2009; Wood et al., 2012). The
few studies that have studied both forms of mathematics anxiety in young children have suggested
that younger children do show a relationship between mathematics performance and emotionality,
but not between mathematics performance and worry/petformance anxiety (Harari et al., 2013; Sotvo
etal., 2017).
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10 | DOWKER

3. Another possible reasons for changes in the relationships between mathematics anxiety and per-
formance may involve relationships between working memory, anxiety and mathematics achieve-
ment. Vukovic et al. (2013) followed 113 children, from second to third grade. Mathematics anxiety
showed a negative relationship with mathematical progress from second to third grade for children
with higher levels of working memory than for those with lower levels of working memory. This may
seem counter-intuitive in view of the evidence that mathematics anxiety affects arithmetical perfor-
mance by overloading working memory. It might initially have been predicted that this effect might
have been most damaging in children, who already had lower levels of working memory to start with.
However, we may here be talking about children who are at an educational stage of moving from
predominantly counting-based strategies to strategies based more on mental calculation, which place
greater demands on working memory. Children with higher levels of working memory may make
greater use of the latter type of strategy, and their performance may therefore be more disrupted by the
effects of mathematics anxiety on working memory. By contrast, Johnson and Gronlund (2009) found
the reverse relationship in a group of adult undergraduates. The relationship between mathematics
anxiety and mathematics performance was stronger in participants with lower working memory levels
than those with higher working memory levels. This may be due to all participants relying on mental
calculation strategies, which may have been more easily disrupted by the load placed by anxiety on
working memory in individuals, who already had working memory limitations.

So far, we have been looking at age differences in the relationship between mathematics anxiety
and performance mainly in terms of how anxiety might affect performance at different ages. However,
in view of the reciprocal relationship between anxiety and performance, there may also be age differ-
ences in how performance affects anxiety. As pupils have increasing exposure to success and failure
in mathematics tasks in the classroom and in examinations, low performance levels may be associated
with increased anxiety by causing repeated experiences of failure, while high performance levels may be
associated with reduced anxiety by causing repeated experiences of success.

It is also important to take into account possible interactions between mathematics anxiety and other
attitudes to mathematics. Mathematics anxiety is not invariably associated with low motivation toward
mathematics, and there is some evidence that mathematics anxiety is not as strongly associated with
reduced performance in individuals who have high mathematics motivation (Wang et al., 2015, 2018).

Taken together, studies suggest that mathematics anxiety increases with age during the school years.
This may be due to greater self-criticism, more exposure to academic pressure, experiences of failure,
changes in the content of the mathematics curriculum, or any combination of these. Some studies also
suggest that the relationship between mathematics anxiety and mathematical performance increases
with age, though the evidence here is a little more conflicting for reasons that have been discussed
above.

There are a number of limitations in current research. Most studies have not compared different
age groups systematically on a wide variety of anxiety measures. They have not included in their age
comparisons measures of other cognitive abilities that may be associated with mathematics (working
memory, executive functions, language, spatial ability) or with anxiety (general anxiety, test anxiety).
And they have very rarely attempted to distinguish between the effects of age differences as such and
the effects of differences in the mathematical topics being taught at different ages. Clearly, there is much
more research to be done in this area.

GENDER DIFFERENCES IN MATHEMATICS ANXIETY

Another factor that is often found to influence mathematics anxiety is gender. For example, the PISA
international comparisons have consistently found greater mathematic anxiety in girls than boys in
most countries (OECD, 2014, 2023). This is not the result of gender differences in actual mathemati-
cal performance. Most studies nowadays indicate that, where girls and boys have similar educational
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MATHEMATICS ANXIETY | 1

opportunities in mathematics, they perform similarly in mathematics, though males are more likely
to choose to take post-compulsory courses in education and to pursue STEM careers (Levine &
Pantoja, 2021). This was already found in the early 21st century (Spelke, 2005) and is generally sup-
ported by the data from recent international assessments. An analysis by Thomson et al. (2020) of the
data from the TIMSS 2019 international comparisons showed that in Year 4, girls and boys performed
equally well in 47% of the countries tested, while boys performed better in 47% of the countries, and
girls performed better in just under 7%. By contrast, in Year 8, girls and boys performed equally well
in 67% of the countries tested and the rest were almost equally divided between those where boys did
better and those where girls did better.

Most studies have suggested that any gender differences in mathematics attainment only begin in
the secondary years and are not found among primary school children (e.g. Hyde et al., 2008; Kersey
et al., 2018, 2019; Spelke, 2005). Therefore, any gender differences in attitudes and emotions regarding
mathematics cannot be attributed to differences in performance or attainment. However, it is generally
found that females have more negative attitudes to mathematics, rate themselves lower in mathematics,
and are more anxious about mathematics (Callan, 2015; Devine et al., 2012; Else-Quest et al., 2010;
Hembree, 1990; Kyttala & Bjorn, 2010; Wigfield & Meece, 1988; Williams et al., 2024).

Before investigating the reasons for gender differences in mathematics anxiety, it must be pointed
out that not all studies do show such gender differences. The Mathematics Anxiety Trust (2018) carried
out a survey of 2000 British secondary school students and found little or no difference between males
and females in mathematics anxiety. Dowker, Cheriton and Horton's study (Dowker et al., 2022, 2023),
described above with regard to age differences in attitudes to mathematics, also looked at gender differ-
ences. It partially supported the hypothesis that boys would have more positive attitudes to mathematics
than girls but did not show gender differences in mathematics anxiety. Boys and girls scored similarly on
actual mathematics performance, but boys liked mathematics significantly more and rated themselves
significantly higher in mathematics than girls. For self-rating, there was a significant interaction be-
tween Year Group and Gender. In Year 2, girls rated themselves slightly higher than boys did; but their
self-rating declined more rapidly thereafter. There were, however, no gender differences in mathematics
anxiety or in unhappiness at failure.

However, the majority of studies do show females to be more maths anxious, though the differences
are often not very large, and effect sizes tend to be quite small. There are several factors that may con-
tribute to the differences that are found:

POSSIBLE REASONS FOR GENDER DIFFERENCES IN
MATHEMATICS ANXIE

1. Females tend to be more anxious about many things. Most studies indicate that females score
higher on general anxiety measures and on the closely related personality trait of Neuroticism
than males (e.g, Chapman et al, 2007; Costa et al., 2001; Feingold, 1994) and show higher
prevalence of clinical anxiety disorders (McLean et al.,, 2011). Similarly, test anxiety is higher
in females than males (e.g., Devine et al,, 2012; Putwain & Daly, 2014) and, as stated above,
correlates significantly with mathematics anxiety. However, these factors cannot fully explain
gender differences in mathematics anxiety, as the latter are generally found to persist even
after controlling for general anxiety and test anxiety (e.g.Devine et al., 2012; Rossi et al., 2023).

However, it is possible that the extent to which general anxiety mediates the relationship between
gender and mathematics anxiety depends on age. Szczygiel (2020a) found that general anxiety com-
pletely mediated the relation between gender and maths anxiety in first and second grade children, in
contrast with the findings with regard to older children (Devine et al., 2012; Rossi et al., 2023). Thus, it
may be that gender differences in mathematics anxiety are initially a function of general anxiety. Gender
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12 | DOWKER

differences in specific mathematics anxiety only emerge as a result of later experiences of test and eval-
uation pressures, criticism from teachers and peers, confusion in mathematical tasks and negative self-
evaluation and negative cultural attitudes to mathematics, to all of which girls may be more vulnerable
as a result of their greater general anxiety. However, more research is needed before we can draw firm
conclusions as to whether specific gender differences in mathematics anxiety are consistent across the
age range, or only develop as children get older.

2. Parents and teachers may experience mathematics anxiety themselves, and may transmit greater
anxiety to girls than to boys. Beilock et al. (2010) found that mathematics anxiety in female
elementary school teachers was associated with increased mathematics anxiety in their female,
but not their male, pupils. It would be interesting to investigate whether there is a similar
specific transmission of mathematics anxiety from male elementary school teachers to boys,
but this would be difficult to study due to the relatively small number of male elementary
school teachers.

If parental mathematics anxiety does influence their children's mathematics anxiety, this might pro-
vide some explanation of why mathematics anxiety tends to be greater in girls, as mothers are likely to
have more mathematics anxiety than fathers and might be more likely to transmit it to children of the
same gender. This is somewhat speculative, however, especially as studies of effects of parental mathe-
matics anxiety often focus mainly on mothers and do not compare the effects of fathers' and mothers'
mathematics anxiety. Vanbinst et al. (2020) found that children's mathematics anxiety was correlated
with their mothers' but not their fathers' mathematics anxiety, but this did not differ for boys and gitls.
However, the effect was not very strong even for mothers' mathematics anxiety. On the other hand,
Szczygiel (2020b) found that mathematics anxiety in fathers, but not mothers or teachers, was associated
with math anxiety in first-grade children of both sexes and third-grade girls.

3. One factor that may contribute to gender differences in mathematics anxiety is the existence
of gender stereotypes. Gender stereotypes are preconceived, generalise and usually pervasive
ideas about traits associated with different genders: in this case, concerning alleged gender
differences in mathematical ability Traditionally, males have been regarded as better than females
at mathematics. Beilock et al. (2010) found that the endorsement of this gender stereotype had
some effect on children's susceptibility to intergenerational teacher-pupil transmission of math-
ematics anxiety. They found that students' gender stereotype beliefs about mathematics mediated
the relationship between female teachers' mathematics anxiety and female students' mathematics
achievement Some research suggests that gender stereotypes may negatively affect females'
mathematics performance specifically through stereotype threat. If females (but not males) are
reminded of the stereotype that males are better than females at mathematics, they tend to
perform worse in a mathematics test than if they are given the same test with no such re-
minder (Beilock et al., 2007; Flore & Wicherts, 2015; Spencer et al., 1999). Some studies
suggest this to be the case even for primary school children (Ambady et al, 2001; Galdi
et al., 2014; Huguet & Régner, 2009). However, the effects of stereotype threat on performance
are usually not found to be very large (Flore & Wicherts, 2015); not all researchers have found
them at all; and most studies have not looked at mediating effects of mathematics state or
trait anxiety. Thus, the effects of stereotype threat have been studied much more from the
point of view of performance than anxiety, and, while the assumption tends to be that anxiety
plays a mediating role, this has rarely been studied directly.

However, some recent studies have indicated that gender stereotypes do affect mathematics anx-
iety; that they have different effects on mathematics anxiety in men and women, and, more surpris-
ingly, that this is not purely a matter of their affecting women negatively and men positively. Rossi
et al. (2022) found that men who endorsed mathematics gender stereotypes reported a somewhat higher

a ‘0 ‘6287702

woyy

I01IPUOD PUe SWB | 841 38S *[9202/T0/60] U0 Akeiqi] sul|uO A3]1M ‘S0US|ROXT 812D PUe eaH Jojainiisul euoiieN ‘FOIN Aq 26002 dela/TTTT 0T/10p/wioo Ao im A

oM

35UB0 17 SUOLUWIOD 3AIEa1D 3|qealfdde au Aq pauenoh ae sa e YO ‘38N Jo Sajni 1o Aiqi] auluo A1 uo (¢



MATHEMATICS ANXIETY | 13

mathematical self-concept than those who did not, but also reported somewhat higher numerical anx-
iety (but not test anxiety). However, in the case of men, effects of test and numerical anxiety on per-
formance were entirely mediated by self-concept; there was no additional independent influence of
anxiety on performance. In the case of women, the effects of gender stereotype endorsement were more
unambiguously negative: analysis indicated that it was associated with both increased test anxiety and
increased numerical anxiety which seemed to lead to reduced self-concept which was in turn associated
with reduced performance. There also appeared to be a direct negative effect of numerical anxiety on
women's performance, separately from its effect on self-concept

4. Tt must be remembered that females reporting greater mathematics anxiety does not necessarily
mean objectively greater mathematics anxiety (Flessati & Jamieson, 1991). It might be more
socially acceptable for females than males to express mathematics anxiety, either due to the
effects of gender stereotypes about mathematics; or because it is seen as more acceptable for
females than males to express anxiety in general. The view that females reporting greater
mathematics anxiety might be mainly due to social desirability bias is called into question by
the fact that females are also less likely than males to take post-compulsory mathematics
courses and to choose STEM-trelated careers. Nevertheless, it would be desirable to have more
studies where males and females are compared with regard to objective. physiological measures
of anxiety, such as heart rate and skin conductance, in response to numerical stimuli and
mathematical tasks.

GENDER DIFFERENCES: ARE THERE GENDER
DIFFERENCES IN THE RELATIONSHIP BETWEEN
MATHEMATICS ANXIETY AND PERFORMANCE?

There may be gender differences in the relationship between attitudes and performance. There are,
however, some conflicting results as to exactly how these might differ. Devine et al. (2012) gave 433
British 11-to-15-year-olds mental mathematics tests and also questionnaires measuring mathematics
anxiety and test anxiety. Girls and boys did not differ in mathematics performance, but girls showed
higher mathematics anxiety and higher test anxiety than boys. Both boys and girls showed a negative
correlation between mathematics anxiety and mathematics performance. However, once the researchers
controlled for test anxiety, this relationship disappeared for boys, in contrast with some previous find-
ings that suggested a specific relationship between mathematics anxiety and mathematics performance
in both genders. Only girls continued to show an independent relationship between mathematics anxi-
ety and mathematics performance after controlling for test anxiety.

Some other studies have also shown a greater link between mathematics anxiety and performance
in gitls than in boys, usually even without controlling for test anxiety (Erturan & Jansen, 2015; Geary
et al., 2019, 2023; Van Mier et al., 2018; Yu et al., 2023). Koponen et al. (2024) found that response to
an arithmetic fluency intervention correlated more (negatively) with mathematics anxiety in girls than
in boys and more (positively) with domain-general cognitive skills in boys than in girls. However, some
studies have found no gender differences in the relationship between mathematics anxiety and math-
ematics achievement, and meta-analyses by Barroso et al. (2021) and Zhang et al. (2019) did not find
an overall significant effect. Hembree (1990) and Ma and Xu (2004) obtained results suggesting that
mathematics anxiety is more negatively related to achievement in males than in females. Most of the
above studies did not, however, control for test anxiety. Also, most studies have not looked at whether
there could be gender differences in the relationships between mathematics anxiety and performance
on different aspects of mathematics. Miller and Bichsel (2004) did look at this issue in adults and found
that mathematics anxiety was more related to basic mathematics scores in males but to applied mathe-
matics scores in females.
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14 | DOWKER

It is important to consider whether the general relationship between mathematics anxiety and
performance is influenced by gender dynamics. As most studies show a reciprocal bidirectional
relationship between mathematics anxiety and mathematics performance, it is possible that gender
differences in the relationship between mathematics performance and mathematics anxiety could
reflect differences in the extent to which experiences of failure and success affect anxiety, as well as
differences in the extent to which anxiety affects performance. For example, might girls, given their
greater susceptibility to test anxiety, be more susceptible to the negative effects of failure? Studies
in the area have been somewhat conflicting and inconclusive. There are several studies that have
found no gender differences in the relationship between mathematics anxiety and performance
(Ma, 1999; Meece et al., 1990; Wu et al., 2012). Wang et al. (2020) found gender differences in the re-
lationship between mathematics anxiety and mathematics self-rating in the opposite direction from
what might be predicted: secondary school boys, but not girls, showed a bidirectional longitudinal
relationship between mathematics anxiety and self-rating.

Parental mathematics anxiety may influence their children's mathematics anxiety and/or their petfor-
mance, and this may be particularly the case for girls. Some studies have suggested that parental math-
ematics anxiety negatively predicts children's performance (Becker et al., 2022; Simmons et al., 2024),
though this may only be the case if parents are highly involved in their children's homework (Maloney
et al.,, 2015) and especially if they experience and express negative emotions while doing so (DiStefano
et al., 2020). Other studies have suggested that parental mathematics anxiety predicts their children's
mathematics anxiety, but not their actual performance (Casad et al.'s, 2015; Szczygiel, 2020a; Vanbinst
et al., 2020), though Simmons et al. (2024) found the reverse. Clearly, much more research is needed in
the area.

Gender stereotypes may be communicated to children (Bleeker & Jacobs, 2004; Jacobs, 1991;
Tomasetto et al., 2015). Jacobs (1991) found that if fathers had gender stereotypes about mathematics,
their sons tended to perform better and their daughters worse at mathematics, as though this created
a self-fulfilling prophecy. If mothers had gender stereotypes about mathematics, both their sons and
daughters tended to perform worse at mathematics, perhaps because such mothers are more likely to
experience and express mathematics anxiety and negative attitudes toward mathematics.

Thus, most studies suggest that females experience greater mathematics anxiety than males, and
that this can be only partially explained by females tending to have greater general anxiety and greater
test anxiety than males. It also cannot be explained by actual gender differences in performance, as
nowadays there are no such gender differences in most countries. It is likely that exposure to gender ste-
reotypes contributes to the gender differences in mathematics anxiety, though there may also be other,
possibly as yet undiscovered, factors involved.

CULTURAL AND NATIONAL DIFFERENCES IN
MATHEMATICS ANXIETY

There is a significant amount of research on national and cultural differences in mathematics anxiety,
though there is often a lack of precision about how ‘culture’ should be defined. In practice, most relevant
studies involve international comparisons. It must be borne in mind when considering such compari-
sons that (a) nations are not cultural monoliths, and there may be many cultural differences within a
country and (b) the cultural differences that may result in international differences are multifactorial,
including socioeconomic factors, cultural attitudes to mathematics, often mediated by parents, teachers
and/or peers; educational practices; and actual levels of mathematical achievement.

Levine and Pantoja (2021) have suggested that ‘key socialisers—parents and teachers—hold: general
(math-gender stereotypes and mindsets), self-relevant (math anxiety) and child-specific (expectations
and value of math for their child or student)’ and cite evidence that these do affect children's anxiety,
attitudes and performance. Although most studies of the subject have dealt with the effects of parents’
and teachers’ attitudes within a single culture, it is likely that parents’ and teachers’ attitudes may be
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a key factor in cultural differences and may contribute to the intergenerational transmission and thus
persistence of these cultural differences.

There are two main international surveys which investigate and compare mathematics achievement
in different countries. One of these is PISA (Programme for International Student Assessment) and
the other is TIMSS (Trends in International Mathematics and Science Study). These surveys are both
carried out at intervals. While achievement is always assessed, mathematics anxiety has been assessed in
some years but not others. Where it has been studied, mathematics anxiety is generally found to differ
significantly between different countries.

Fan et al. (2019) looked at mathematics anxiety in Finnish, Korean and American 15-year-old pupils,
as assessed in the PISA international comparison of 2012. The American pupils reported the highest
levels of mathematics anxiety, and the Finnish pupils the lowest. As regards performance, the Korean
pupils did best of the three groups and the American pupils least well.

One study that involved a particularly fine-grained analysis of international differences in math-
ematics anxiety, and the factors that may influence it, was carried out by Yuan et al. (2023). They
investigated mathematics anxiety as measured by the Student Questionnaire in the 2012 PISA tests in
five Asian-Pacific countries: China (Shanghai), Singapore, South Korea, Malaysia and Indonesia. The
first three countries were among the highest scoring in the international comparisons of actual perfor-
mance, while the two latter scored below the international median. The Shanghai pupils showed the
lowest mathematics anxiety, followed by those of Singapore and South Korea, and those of Indonesia
and Malaysia showed the highest. In all countries, mathematics anxiety was negatively associated with
actual performance and with the level of interest in mathematics. Girls showed higher mathematics
anxiety than boys, with the gender differences being large in Shanghai, Singapore and South Korea and
small in Malaysia and Indonesia. Socio-economic status was negatively associated with mathematics
anxiety, with the association being strong in Shanghai and Singapore and weaker in the other places.
In Shanghai, Singapore and South Korea, mathematics anxiety was negatively associated with a higher
evaluation of one's own ability to solve problems, high ratings of the importance of mathematics, and
self-attribution for mathematics performance, but these associations were not found in Malaysian or
Indonesian pupils. Parental attitudes and friends' performance wete associated with increased mathe-
matics anxiety in Malaysia, Indonesia and South Korea, but had no relation to mathematics anxiety in
Shanghai or Singapore.

Lau et al. (2022) investigated data from the TIMSS 2015 Grade 4 and Grade 8 surveys (Martin
etal., 2016) and the PISA 2012 survey (OECD, 2014). They found that girls reported more mathematics
anxiety than boys and that mathematics anxiety was negatively correlated with pupil ratings of their
mathematics teachers' competence and with the amount of homework given. It was also negatively
correlated with the teachers' own confidence in teaching mathematics, which may be due to teachers
transmitting their own mathematics anxiety to their students, or to their confidence being an accurate
reflection of their competence in teaching the subject, and competent teaching leading to reduced
mathematics anxiety.

Wei et al. (2024) looked at mathematics performance, mathematics anxiety and executive functions
in Italian and Chinese third and fourth graders: a younger group than those usually included in such
studies. The Chinese children did better at both exact calculation and arithmetical estimation, and
showed lower mathematics anxiety than the Italian children. They also performed better at the exec-
utive function of shifting, but the Italian children performed better at visuospatial updating. Notably,
although the two groups differed in both mathematics anxiety and arithmetical performance, the nega-
tive relationship between the two was very similar in both groups.

Most studies of international differences in mathematics anxiety and their correlates have focussed
on relatively high-income countries, with less attention given to mathematics anxiety in developing
countries (Hunt et al., 2021). Those studies that have been carried out in middle- and low-income
countries indicate that mathematics anxiety is a significant problem in these countries and is affected by
many of the same factors as in better-off countries. Parental mathematics anxiety is perhaps more con-
sistently found to be related to that of their children. Soni and Kumari (2017) studied almost 600 10- to
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15-year-olds in India and found that their mathematics anxiety and attitudes were correlated with, and
probably influenced by, those of their parents. Similar results were obtained in Bangladesh (Haque &
Farhana, 2017) and in Turkey (Kesici, 2018; Sart & Hunt, 2020). These findings can be in part explained
by parental mathematics anxiety usually correlating negatively with parental level of education, and pa-
rental education level being likely to vary more in developing than developed countries.

CULTURAL/NATIONAL DIFFERENCES: DO
INTERNATIONAL DIFFERENCES IN MATHEMATICS
ANXIETY CORRESPOND TO INTERNATIONAL
DIFFERENCES IN PERFORMANCE?

International comparisons consistently reveal international differences in mathematics performance: in
particular, East Asian pupils usually perform better in mathematics than Europaean and American
pupils (Mullis, Martin, Foy, & Hooper, 2016; Mullis, Martin, & Loveless, 2016). Is this reflected in
mathematics anxiety and other attitudes?

Mathematics anxiety could be related to a country's level of achievement in more ways than one.
Children in higher-achieving countries could have positive attitudes to mathematics because they are
doing well (and/ot may do well because they have positive attitudes). On the other hand, they could
be more anxious about mathematics and rate themselves lower because high-achieving countries often
attach high importance to mathematics and to academic achievement in general, and this may increase
academic pressures on children and lead to greater fear of failure. Moreover, such children might rate
themselves lower in mathematics because they are comparing themselves with their own peers, who are
likely to be high-achieving,.

In fact, studies comparing mathematics anxiety in different countries (Askew et al., 2010; Foley
et al,, 2017; Lee, 2009) have found inconsistent relationships between a country's overall mathematics
achievement level and the average level of mathematics anxiety among children in that country. Overall,
there does seem to be some negative relationship between countries' position in international league
tables of mathematical performance and their position in tables of mathematics anxiety (OECD, 2023).
However, children in high-achieving East Asian countries, such as Korea and Japan, tend to demon-
strate high mathematics anxiety, while those in high-achieving Western Europaean countries, such as
Finland, the Netherlands, Liechtenstein and Switzerland, tend to demonstrate low mathematics anxiety.
It is, of course, difficult to tell to what extent responses might be influenced by cultural differences
in the perceived social desirability of expressing confidence versus anxiety with regard to academic
subjects, and, as in the case of gender, it would be desirable to have more studies using physiological
measures of anxiety rather than just self-report.

CULTURAL/NATIONAL DIFFERENCES: ARE

THERE INTERNATIONAL DIFFERENCES IN THE
RELATIONSHIP BETWEEN MATHEMATICS ANXIETY AND
PERFORMANCE?

Despite the inconsistency in the relationships between national mathematics achievement and national
mathematics anxiety levels, a negative relationship between anxiety and performance has consistently
been found within any given country (Foley et al., 2017; Lee, 2009; Ma & Kishor, 1997). There is no
evidence that the national level of mathematics achievement, or indeed any other national or cultural
factor, has a significant influence on the relationship between anxiety and performance.

Lau et al. (2022) found that there was a negative relationship between mathematics anxiety and
achievement in almost all countries (Albania was the one country where no such relationship was found).
In about half of the countries, the average level of mathematics anxiety reported by pupils within the
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MATHEMATICS ANXIETY 17

same school or classroom was related to each individual pupil's mathematics achievement, even after
controlling for the individual's level of mathematics anxiety. It is not known why this is the case, or why
it was found in some but not all countries. It may reflect peer group influences on the individual pupils,
or it may be due to some aspects of the teaching environment influencing anxiety and achievement at
both the individual and group levels in some countries.

It would be of interest to have more comparative studies of the relationships between mathematics
anxiety, performance and other factors in different countries, in relation to the countries' positions in
international comparisons of mathematics achievement. Some studies in China suggest that some of the
relationships may not differ greatly from those in other, mostly lower-scoring countries.

Ching (2017) found that mathematics anxiety in second grade was a significant longitudinal predic-
tor of Chinese children's mathematical performance in third grade, even after controlling for nonverbal
1Q, number skills, general anxiety and test anxiety. This was especially true of mathematical tasks that
required a lot of cognitive processing and, as in some studies of English-speaking Western participants,
for children with high levels of working memory. This suggests that, as found in some Western studies,
mathematics anxiety impairs performance at least in part by disrupting working memory. The greater
impact on children with better working memory probably reflects the fact that in this age group, chil-
dren with better working memory skills are more likely to use strategies, such as mental calculation,
which emphasise working memory than children with poorer working memory skills and are therefore
more likely to be negatively affected by mathematics anxiety.

Some studies have looked at possible interactions between the effects of culture and of gender.
Gender differences in self-reported mathematics anxiety and other negative attitudes are found to occur
in many countries (Sarfo et al., 2020), and do not seem to be related to actual gender differences in per-
formance in the different countries. Ismail and Awang (2008) studied Malaysian eighth-grade students
at a time when Malaysian girls had recently performed significantly better than boys in the TIMSS
assessment. They were not asked about mathematics anxiety directly, but they were asked to rate their
own ability in mathematics. Boys rated themselves significantly higher than girls did.

Thus, there are definite cultural differences in mathematics anxiety, but we do not as yet have a clear
understanding of what causes them. One problem is that most cross-cultural studies have focussed
on differences between different countries, and culture is not identical to nationality. Most studies of
cultural differences in mathematics within a country or indeed between countries have not focussed on
mathematics anxiety. There is much more research that needs to be done in this area.

FURTHER QUESTIONS

Despite the large amount of research that has been carried out on mathematics anxiety, much more
research still needs to be done. Many important questions are yet to be adequately answered and are
appearing particularly important, especially given the increasing evidence that mathematics anxiety
cannot be seen in simple terms, but depends on multiple factors (e.g. see Szucs and Mammarella's (2024)
biopsychological—social model). For example, it is important to investigate effects of context on math-
ematics anxiety; to investigate the influences of environmental factors on age differences; and to inves-
tigate the combined effects of age, gender and culture in the same studies.

Context

1. To what extent do people exhibit mathematics anxiety outside academic contexts? Cipora
et al. (2022) point out that, with a few exceptions (e.g, Hart & Ganley, 2019) few studies
have focussed on mathematics anxiety outside academic contexts. Yet this is very important to
study, as mathematics anxiety is likely to be detrimental in many practical, occupational and
financial situations.
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2. More specifically, to what extent does mathematics anxiety differ for similar mathematical activities in
different contexts? Marked differences in strategies and performance have been found, for example,
in Brazilian child street traders working out similar arithmetic problems in a school context and a
street market context (Carraher et al., 1985) and in Californian housewives working out similar pro-
portional reasoning problems in a formal context and when choosing good bargains when shopping
(Lave, 1988). Banerjee et al. (2025) studied child market traders in India and obtained similar results
to Carraher et al. (1985), finding that the children performed much better on market problems than
on arithmetically similar problems presented in the more abstract form typical of school mathematics.
The reverse was the case for schoolchildren who did not work in markets: they performed much bet-
ter on school-type mathematics problems than on market problems. Would such differences between
contexts be reflected in levels of mathematics anxiety? Would people show less anxiety in informal
than formal contexts, because the former are less associated with school performance evaluations and
examinations? Or would people be less anxious in contexts that are familiar to them, whether these
are formal or informal?

Age

3. Moving from context to age, given that mathematical ability consists of multiple components
(Dowker, 2015, 2023), to what extent does mathematics anxiety differ between different com-
ponents? In this connection, to what extent is the often-observed increase in mathematics
anxiety with age during the school years caused by changes in the contents of the mathematics
curriculum as pupils get older? One ambiguity that arises in most studies of age differences is
that age is inextricably linked to stage of schooling, so that apparent age increases in mathe-
matics anxiety could really be the result of increased anxiety as the content of the mathematics
curriculum becomes more abstract or more demanding of working memory.

4. To what extent are age differences, and perhaps also gender, and cultural differences in mathematics
anxiety, due to effects of (a) parental anxiety; (b) teachers' anxiety; (¢) attitudes and anxiety in the wider
culture; (d) experience of tests and examinations?

Combining age, gender and culture

5. To what extent, and in what ways, do the effects of age, gender and culture interact in in-
fluencing mathematics anxiety and in explaining its causes and its relationships to performance?
There are few studies that combine investigations of all three, and such studies would be an
important step to further understanding/.

CONCLUSIONS

Mathematics anxiety is a significant problem for many individuals. There is somewhat conflicting evi-
dence regarding exactly how frequent it is, but even the lower estimates suggest that it affects a very large
number of people. There is a bidirectional relationship between mathematics anxiety and performance,
which highlights the importance of the issue. Most studies suggest that mathematics anxiety increases
with age during childhood, and most, though not all, suggest that the relationship between mathematics
anxiety and performance increases with age. Most studies also indicate that females experience greater
mathematics anxiety than males, which seems at least in part to be due to exposure to gender stereo-
types in society, though other factors may also contribute. There also seem to be cultural and national
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differences in levels of mathematics anxiety, which do not completely correspond to national differences
in mathematics performance. Much more research is needed if we are to fully understand and explain
what factors influence mathematics anxiety, and thus how it might be prevented or ameliorated.

IMPLICATIONS FOR PRACTICE

Most studies indicate that mathematics anxiety is relatively common; that it often makes mathematics
learning a stressful experience; and that it correlates negatively with performance, both in order to im-
prove people's mathematics achievement, and in order to reduce their negative emotional experiences,
it is desirable to reduce mathematics anxiety as much as possible.

There are a number of interventions that have been found to be helpful for students with mathemat-
ics anxiety. Supekar et al. (2015) found that am intensive individualised 8-week, tutoring programme
in addition and subtraction reduced mathematics anxiety, in a sample of 7-to 9-year-old children. They
explained their findings mainly in terms of desensitisation. An alternative explanation could be that
the intervention improved mathematical performance, and thus worked on the performance-to-anxiety
pathway of the reciprocal relationship between anxiety and performance.

It also appears that writing out one's worries before doing a task or test may reduce state anxiety
and certainly reduces the negative impact of anxiety on performance. This was found by Ramirez and
Beilock (2011) for test anxiety in general, and by Park et al. (2014) specifically for mathematics anxiety. It
is likely that expressive writing disrupts the negative emotional cognitions and ruminations, and this re-
duces their negative impact on the working memory resources needed for problem solving. This method
is not, of course, suitable for very young children with limited writing skills, but appears promising for
older children and adults.

There are also some newer treatments that are being tried: for example, application of transcranial
direct current stimulation (tDCS) to the dorsolateral prefrontal cortex (Sarkar et al., 2014). In Sarkar
et al's (2014) study, participants were given tDCS via a battery-driven stimulator using rubber elec-
trodes. The stimulation appeared to have a positive effect, compared with sham stimulation, on people
with high mathematics anxiety, who showed faster reaction times in simple arithmetic decisions and
reduced concentrations of the stress hormone cortisol. However, it had the reverse effect on people who
started with low mathematics anxiety, who showed slower reaction times in simple arithmetic decisions
and less decrease in cortisol concentration than those who received sham stimulation. There needs to
be more research in the area before we can draw firm conclusions about the effectiveness of this form
of treatment.

For comprehensive discussion of currently available interventions, see Codding et al. (2023); Kirkland
and Hunt (2025) and Sidney et al. (2024), Here, we will focus specifically on the implications for practice
of the findings about the effects of the factors of age, gender and culture?

1. With regard to age, we know that mathematics anxiety can be found in young children but
that it increases with age, This means both that it is desirable to watch for signs of math-
ematics anxiety even in the early years, and that it is desirable to intervene to prevent or
ameliorate mathematics anxiety as early as possible, before it intensifies with age, and before
the reciprocal anxiety-performance links have led to a vicious circle of increasing anxiety and
worsening relative perf

2. With regard to gender, studies suggest that stereotyping — both explicit (“Maths is hard for girls”) and
implicit (e.g. lack of reference in children's books and TV programmes to girls and women doing
mathematics) - should be avoided. Building up mathematical confidence in mothers and female teach-
ers may help to reduce intergenerational transmission of mathematic anxiety, Moreover, measures that
reduce test anxiety in general- reducing the dependence of secondary and university qualifications on
high-stakes timed tests- are likely to be particularly beneficial to gitls, who are subject to both test
anxiety and mathematics anxiety.
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3. With regard to culture/ nationality, we ate hampered in our knowledge both by the fact that interna-
tional mathematics anxiety studies often do not distinguish clearly between the influences of culture,
nation and region, and by the fact that there has been less research regarding some countries (espe-
cially developing countries) than others. However, clear conclusions include the fact that mathematics
anxiety is negatively related to performance almost everywhere: i.e. this reciprocal relationship is not
culture-dependent. This provides further evidence for the importance of early interventions with both
mathematics anxiety and mathematical difficulties, to reduce the chance of a vicious circle developing. It
is important to find ways of developing relatively non-intensive interventions, which are feasible in low-
and middle-income countries and in under-resourced areas in higher-income countries. Reducing math-
ematics anxiety may not only be desirable for individuals, but may lead to desirable cultural change by
reducing mathematics anxiety in future generations, given that intergenerational transmission of math-
ematics anxiety is a significant factor (Hunt et al., 2021), perhaps especially in lower-income countries.
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