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1. Mathematical competencies at the 
completion of secondary school influence 
later educational and occupational 
opportunities, including entry into 
mathematics-intensive Science, 
Technology, Engineering, and Mathematics 
(STEM) careers. There are about three 
times more men than women in these 
STEM fields. The reasons for these 
differences remain vigorously debated, but 
would appear not to be determined fully by 
sex per se, as many think.

2. The differences in STEM abilities increase 
with age. For the typical student population 
and especially during the primary or 
elementary school years, the average sex 
difference in mathematics performance is 
small and of minimal practical significance. 
Research also has found there are no 
discernable overall sex differences across 
some mathematical domains, such as 
arithmetic and algebra, although there are 
differences in some specific areas (e.g., 
word problems, number line).

3. Boys and men are more variable in their 
mathematics performance which results 
in more of them at the low and high ends 
of performance. The ratio of boys to girls 
or men to women at the high-end ranges 
from 2 to 1 in the general population to 
more than 4 to 1 in highly select groups, 
such as mathematically gifted adolescents. 
Although not a select population, the 
numeracy results for general students from 
Australia reveal more boys than girls at the 
high end of numeracy performance from 
Year 3 to Year 9.

4. Sex differences in academic strengths 
(i.e., best academic subject) are largest 
among the most academically able 
students and have implications for 
understanding sex differences in career 
choices. Throughout the world, more boys 
than girls have mathematics as their best 
academic area and more girls than boys 
have reading as their best academic area. 

5. A relation between some spatial abilities 
and performance in some mathematics 
domains is well established, as is boys’ and 
men’s advantages for most spatial skills. 
The combination provides boys and men 
with advantages in mathematics areas 

Executive Summary

that involve a spatial component and for 
mathematics problems, such as word 
problems, that can be solved with a spatial 
strategy (e.g., diagramming relations 
depicted in the problem). However, girls 
with strong spatial abilities do as well on 
spatial-influenced mathematics measures 
as boys with the same level of spatial 
abilities, indicating that spatial abilities are 
the key factor rather than sex.

6. Mathematics self-efficacy and utility 
beliefs represent students’ assessment 
of their competence in mathematics and 
the future usefulness of mathematics, 
respectively. Sex differences in self-efficacy 
and utility beliefs often favour boys, but 
are generally small. Moreover, the extent 
to which these are influenced by prior 
mathematics achievement, and influence 
later achievement, is not fully understood. 
Utility beliefs is one area in which 
important sex differences might emerge, 
whereby boys focus on the usefulness of 
mathematics as related to a future career 
and girls in terms of preparation for later 
mathematics courses. These differences, 
however, need further study.

7. Higher levels of mathematics anxiety are 
related to lower mathematics achievement 
and avoidance of mathematics course 
taking. Cause-and-effect are not fully 
understood, but the relation between 
mathematics achievement and anxiety are 
likely reciprocal. These relations are found 
in both sexes, but the long-term effects 
might be more severe for girls and women 
because they experience higher levels of 
mathematics anxiety than do boys and 
men. Boys with high mathematics anxiety 
are likely to be as negatively affected 
as girls with the same level of anxiety, 
indicating that anxiety is the key factor and 
not sex.

8. In-class attentive behaviour is 
consistently related to academic 
achievement, including mathematics. 
Girls are more attentive in classroom 
settings, and this might contribute to 
their advantages in learning and using 
school-taught algorithms for mathematical 
problem-solving. Boys’ advantage in spatial 
skills appears to compensate for their 
disadvantage in in-class attentive behaviour.

https://www.acara.edu.au/reporting/national-report-on-schooling-in-australia/naplan-national-results
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9. There are promising interventions that 
could help reduce differences in some STEM 
abilities between males and females. These 
involve improving spatial skills and spatial-
related mathematics competencies, as well 
as reducing mathematics anxiety. These 
might help reduce girls’ disadvantages 
in some mathematics domains, but this 
remains to be determined. There are 
classroom management interventions that 
will likely be helpful for some students 
(more boys than girls). For instance, 
explicitly teaching students, especially 
girls, how to represent mathematical 
information in a visuospatial format, as well 
as adopting classroom practices to keep 
boys more attentive in class.

10. Misunderstanding of the reasons for 
sex differences in maths — the specific 
types, size and their extent — needs to 
be understood if there is to be worthwhile 
policy outcomes. There are some that 
think the solution to reducing any maths 
sex gap comes from sociology rather 
than science. This has led to a misguided 
belief that lifting girls’ maths outcomes 
can be achieved only through overcoming 
gendered societal norms and stereotypes, 
or demands for STEM gender equity. 

11. For instance, proponents of stereotype 
threat in STEM fields believe there are 

pervasive negative stereotypes about 
women’s abilities in these fields that in 
turn undermines their performance, even 
when there is no factual basis for the 
stereotype. The main problem with this 
argument is that the effects of stereotype 
threat on girls’ and women’s mathematics 
performance do not replicate, and even 
when effects are found, they are too small 
to be of practical significance. The same is 
true for related concepts including implicit 
bias and microaggressions. 

12. Improvement in national STEM capacity 
in mathematics-intensive fields will require 
identifying students who excel on traits 
that predict long-term success in these 
fields, including strong mathematics and 
spatial competencies. In contrast, the trend 
in many countries, including in Australia, 
is to focus on increasing diversity in STEM 
fields and not on selecting students with 
the highest potential for success. Tracking 
individuals into STEM programs and fields 
who are not strong on the long-term 
predictors of success in these fields will 
result in a diminution of the nations’ STEM 
capacities. One unfortunate consequence 
is that focus on predictive traits will likely 
result in a STEM demographic that includes 
more men than women in mathematics-
intensive fields, rather than reflect the 
demographics of the general population. 

Introduction 

Academic competencies at the end of 
secondary school have a life-long influence 
on later educational and occupational 
opportunities and influence the ease of 
navigating the many complexities of life 
in the modern world.1 Sex differences in 
reading are well established and are found 
in every country in which they have been 
systematically assessed, but differences 
in mathematics are more variable and 
often the focus of intensive debate.2 As a 
result, a number of misconceptions have 
arisen about the nature and causes of sex 
differences in mathematics that will be 
discussed later in the paper. 

Large-scale studies and meta-analyses 
that summarise results across studies 

reveal that, on average, sex differences in 
mathematics performance typically show 
a small advantage for boys,3 but more 
pronounced differences are found at the 
lower and, particularly, the higher ends of 
the distribution.4 The latter contributes to 
sex differences in entry into mathematics-
intensive STEM (Science, Technology, 
Engineering, and Mathematics) careers 
and attendant debates regarding the 
proportion of women (about 25%) and 
men in these fields.5 Sex differences in 
academic strengths (i.e., best academic 
subject) are not often considered in these 
debates, but are important, nonetheless. 
Students whose academic strength is 
mathematics (or science) are more likely to 
pursue a STEM-based education and career, 
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whereas students whose academic strength 
is reading are more likely to pursue a 
humanities-based education and career, 
even if they have strong mathematics 
competencies.6 

Sex differences in mean performance, 
at the high end, and as an individual 
strength are summarised in the first 
section below. The second is focused on the 
sex differences in spatial skills and their 

potential contribution to sex differences 
in some mathematical domains. The third 
section is focused on the relation between 
non-cognitive factors, such as mathematics 
anxiety, and sex differences in mathematics 
outcomes, whereas the fourth is focused on 
in-class attentive behaviour. Implications 
for mathematics interventions, which can 
help reduce sex differences, as well as 
STEM policies for the future, are covered in 
the final sections.

Sex Differences in Mathematics Outcomes 

As noted, mean sex differences in 
mathematics are typically small and 
can vary from one topic or one nation 
to the next.7 This is borne out by major 
international studies. In a multi-year 
and multi-national study of the academic 
outcomes of about 1.5 million adolescents 
on the Programme for International Student 
Assessment (PISA), Stoet and Geary found 
a small advantage for boys (d = .10 or a 
.10 standard deviation difference) across 
most, but not all, nations.8 A difference 
of this magnitude means that there is a 
54% chance of a randomly selected boy 
outperforming the average girl. 

For another large-scale international 
assessment, Trends in International 
Mathematics and Science Study (TIMSS), 
Else-Quest and colleagues found no 
sex differences for 8th graders (Year 8 
in Australia). Similarly, across multiple 
measures of the National Assessment for 
Educational Progress (NAEP, United States), 
Reilly and colleagues found that boys had 
a very small advantage in early grades 
and an advantage in 12th grade (Year 12) 
that was consistent with Stoet and Geary’s 
findings for the PISA (i.e., d = .10).9 

On the basis of these patterns, it might be 
concluded that there are no substantive 
sex differences in mathematics that merit 
discussion. However, boys are more 
variable in mathematics outcomes which 
results in a larger proportion of them at the 
high end of performance. In an assessment 
of sex differences across various 
mathematics measures and grade or year 
levels, Hedges and Nowell found between 

5% and 20% more variability in boys’ than 
girls’ performance.10 They also found that 
there were about two boys for every girl in 
the top 5% of performance. 

Reilly et al found a similar 2 to 1 ratio for 
12th graders (Year 12) at the high end of 
the US National Assessment for Educational 
Progress (NEAP) performance, as did Stoet 
and Geary for the PISA.11 A recent analysis 
of TIMMS data for Australia also revealed 
more boys than girls at the highest 
performance categories in Year 4 (10% of 
girls, 17% of boys) and Year 8 (9% of girls, 
13% of boys).12 

These types of measures, however, have a 
ceiling effect, that is, they are not difficult 
enough to discriminate among the truly 
mathematically gifted. One approach to 
addressing ceiling effects is to have younger 
students take exams that were designed 
for older students. Using this approach, 
Wai and colleagues found about a 4 to 1 
ratio of adolescent (7th grade, Year 8) boys 
to girls among exceptional performers in 
mathematics (top .01 per cent).13 

A student’s absolute level of academic 
achievement will influence tertiary and 
occupational choices, but so will academic 
strengths. For instance, a student who 
scores 20% higher than average on a 
mathematics achievement test is clearly 
doing well in mathematics, but if this 
same student scores 30% higher than 
average on a reading achievement test, 
then this student's academic strength is 
reading. As mentioned, a consideration of 
academic strengths is important because 
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they represent the student's comparative 
advantage that in theory and in practice will 
influence educational and career choices.14 

A set of studies across multiple waves of 
PISA performance for mathematics, science 
literacy, and reading comprehension, 
revealed that boys are more likely to have 
mathematics or science as an academic 
strength and girls to have reading as an 
academic strength.15 There were more girls 
than boys with reading as an academic 
strength in every assessed country, 
and more boys than girls with either 
mathematics or science as an academic 
strength in almost all countries. 

Across nations and for general student 
populations, 52% of girls and 20% of boys 
had reading as an academic strength as 
compared to 25% and 42% of girls and 
boys, respectively, with mathematics 
as an academic strength; science was 
the academic strength of the remaining 
students.14 The sex difference in academic 
strengths is larger for more select 
populations. Wai and colleagues explored 
this in a series of analyses of mathematics 
and verbal abilities in large samples of 
gifted adolescents. One analysis focused 
on the verbal and mathematics sections of 
the SAT used for college admissions in the 
United States. For students in the top 5% 
of academic abilities, girls’ verbal scores 
were about 10 points (d = .10) higher than 
their maths scores, but boys’ maths scores 
were about 18 points higher than their 
verbal scores. Among the extremely gifted 
(1 out of 10,000 students), girls’ math 
scores were about 30 points higher than 
their verbal scores, but boys’ maths scores 
were nearly 100 points (about 1 standard 
deviation) higher than their verbal scores.16 

The sex differences in best academic 
subject have real-world consequences. 
A longitudinal study of 167,776 Swedish 
adolescents found that about 2 out of 
3 girls had better reading-related than 
mathematics-related abilities, whereas 
2 out of 3 boys had better mathematics-
related than reading-related abilities.17 

Sixteen years later, students who 
had mathematics as a strength were 
disproportionately employed in occupations 
that had a mathematics-technology focus 
and those who had reading as a strength 
were disproportionately employed in 
verbally-demanding occupations. These 

effects were found for both sexes, but men 
with relatively stronger mathematics- than 
verbal-related abilities were more likely to 
enter mathematics-technology fields than 
women with a similar profile. The latter 
suggests factors other than academic 
strengths were influencing some women’s 
entry into mathematics-technology fields. 

All these effects are based on overall 
performance on mathematics achievement 
measures, but these conceal sex 
differences in more specific domains. 
In an early meta-analysis, Hyde and 
colleagues concluded that girls had a 
small, but unimportant overall advantage 
in mathematics (d = -.05).18 Overall, they 
found no sex differences for arithmetic or 
algebra, but modest advantages for boys in 
geometry (d = .13) and calculus (d = .20). 
Girls had a small (d about -.05) advantage 
in the general school population, especially 
during elementary school, but boys had 
advantages (d = .41 to .54) in more select 
populations (e.g., in gifted or talent search 
programs), in keeping with more boys 
than girls at the high end of mathematics 
performance. 

A more recent meta-analysis based 
on more than 15 million participants 
(mean age = 13 years) revealed a small 
advantage for boys (d = .08) of about the 
same magnitude found by Stoet and Geary 
for the PISA and Reilly et al for 12th graders 
(year 12) on the NAEP.19 Sex differences 
were small during the elementary school 
years, but generally increased across 
grades. By the end of secondary school 
and into adulthood, boys and men had 
noticeable advantages in geometry (d = 
0.54), computations (d = 0.21), and for 
performance on broad mathematics tests 
(d = 0.26). For geometry, about 70% 
of boys and men scored higher than the 
average girl or woman. 

In summary, for the typical student 
population and especially during the 
elementary or primary school years, the 
average sex difference in mathematics 
performance is small and of minimal 
practical significance. However, the greater 
variation in boys’ and men’s mathematics 
performance results in more of them at the 
high end of the achievement distribution. 
The ratio of boys to girls or men to 
women at the high-end ranges from 2 to 
1 to more than 4 to 1, with the largest 
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differences in the most select groups 
(e.g., mathematically gifted adolescents). 
Absolute performance on mathematics 
tests is important, but so is mathematics 
as a best academic subject. Students 
who excel in mathematics relative to 
language-based domains, such as reading/
humanities, are more likely to enter STEM 

fields. Throughout the world, more boys 
than girls have mathematics as their 
best academic area and more girls than 
boys have reading as their best academic 
area. These sex differences in academic 
strengths are largest among the most 
academically able students and have 
implications for career choices. 

Spatial Competencies and Sex Differences in 
Mathematics 

A relation between spatial competencies or 
skills and mathematics development and 
achievement is well established, although 
the ways in which these skills influence 
mathematics learning and performance 
are not yet fully understood.20 The general 
relation between spatial competencies and 
mathematics outcomes emerges during 
the preschool years and continues into 
adulthood.21 Spatial competencies also 
contribute to accomplishment in certain 
STEM fields.22 

These relations are important, because sex 
differences favouring boys and men are 
well documented for multiple components 
of spatial competence that are correlated 
with mathematics outcomes including 
visuospatial working memory, visuospatial 
attention, mental rotation, and various 
indices of navigational skills23 — girls and 
women have advantages in some spatial 
domains, such as object location memory 
but the relation between performance 
on these measures and mathematics 
outcomes has not been systematically 
explored.24 

 Many of these differences are evident 
during the preschool years, and become 
larger through adolescence.25 These sex 
differences are important, because spatial 
competencies can facilitate the learning of 
some types of mathematical content and 
can result in sex differences in problem-
solving approaches.26 

Mathematical word problems provide a 
useful example. These are good measures 
of skill at using mathematical knowledge 
in a problem-solving context and are 

common on high-stakes mathematics tests. 
Gallagher and De Lisi found that adolescent 
girls had advantages over boys on word 
problems if the problems could be directly 
translated into an equation and solved with 
school-taught algorithms, where almost 85 
percent of girls outperformed the average 
boys on these problems.27 However, 3 out of 
4 boys scored higher than the average girl 
on problems that could be solved through 
reasoning that is facilitated by spatially 
diagramming the problem situation.28 These 
types of problems are common on the SAT-
Mathematics test (college entrance exam 
in the USA) and boys’ advantage here is 
related in large part to their advantage in 
spatial competencies.29 A similar relation 
is found for younger students' solving of 
multi-step word problems.30 

The relation between spatial competencies 
and mathematics performance is not 
restricted to word problems. Vasilyeva 
and colleagues found that boys have an 
advantage on measurement problems 
(e.g., determining the volume of a cube) 
that could be solved using a visuospatial 
representation of problem features (d = 
.41) and were about three times more 
likely than girls to use sketches to solve 
these problems.31 Girls in contrast had 
an advantage on problems that could be 
solved with use of memorised formulas 
(d = .44). Boys and men also have small 
advantages in more basic areas that can be 
facilitated by spatial competencies, such as 
visualising the mathematical number line.32 

Geary and colleagues showed that the 
relation between spatial competencies 
and sex differences in algebra domains is 
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very specific.33 There was no significant 
sex difference on a standard algebra test 
that involved solving the types of problems 
found in textbooks or taught in classrooms 
or for evaluating expressions (e.g., 7 + 
x, x = 5), but there were sex differences 
in algebra domains that had a spatial 
component to them. Seventy per cent of 
boys scored higher than the average girl on 
an algebraic word problem measure, and 
60% of boys were better than the average 
girl at recognising how a simple equation, 

such as y = x2 –2 (Figure below), would 
map onto coordinate space. A mediation 
analysis showed that boys’ advantage 
on word problems was related to their 
better spatial competencies and that girls’ 
higher mathematics anxiety might have 
contributed to their lower performance 
(see section Non-Cognitive Contributors 
to Sex Differences in Mathematics) — the 
contribution of spatial competencies to the 
sex difference was seven times larger than 
the contribution of mathematics anxiety. 

A mapping of the equation y = x2 –2 onto coordinate space

A related study showed that it is spatial 
competencies and not whether the student 
is a boy or a girl that contributes to these 
types of sex differences. Mental rotation 
is a commonly used measure of spatial 
abilities, and higher scores are associated 
with higher standardised mathematics 
achievement (Numerical Operations Test). 

As the figure below shows, the relation 
is the same for boys and girls (shown by 
parallel lines). In other words, girls with 
strong spatial competencies do as well on 
spatial-influenced mathematics measures 
as boys with the same level of spatial 
competencies.34 
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The open circles are individual children (boys are blue and girls are red), and lines 
represent the overall relation between spatial competencies represented by the mental 
rotation test and performance on the standardised (Mean = 100) Numerical Operations 
Test for 7th and 8th grade (year 8). From Geary et al. (2021, Journal of Experimental Child 
Psychology, 211, p. 12)

Non-Cognitive Contributors to Sex Differences in 
Mathematics

Higher Spatial Abilities (Mental Rotation Test) Predict Higher Mathematics 
Achievement (Numerical Operations) for Boys and Girls.

Several non-cognitive contributors to 
sex differences in mathematics have 
been proposed, including stereotype 
threat, implicit bias, microaggressions, 
mathematics self-efficacy and utility beliefs, 
and mathematics anxiety. Stereotype 
threat occurs when one is confronted with 
tasks or situations that trigger negative 
stereotypes (e.g., that ‘women are not as 
proficient at maths as men’) that in turn 
results in a preoccupation about performing 

in a way that confirms the stereotype.35 
Critically, the preoccupation is said to 
undermine actual performance, even when 
there is no factual basis to the stereotype. 
Proponents of stereotype threat argue 
that some significant proportion of the 
sex differences in mathematics-intensive 
STEM fields is caused by pervasive negative 
stereotypes about women’s abilities in 
these fields that in turn undermines their 
performance.36 The main problem with this 
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argument is that the effects of stereotype 
threat on girls’ and women’s mathematics 
performance does not replicate and even 
when effects are found they are too small 
to be of much practical significance.37 

The same is true for implicit bias which 
involves an unconscious association 
between group membership (e.g., sex) and 
stereotypical positive or negative attributes 
that can, in theory, result in prejudicial 
behaviour toward individuals within 
that group.38 The prejudicial behaviour 
can include microaggressions which are 
regarded as subtle behaviours (e.g., facial 
expressions) or statements that are not 
explicitly hostile but are nevertheless 
interpreted by the receiver as conveying 
contempt, stereotypical attitudes, or other 
negative beliefs. 

Implicit bias is typically assessed using 
the implicit associations test, whereby 
the strength of people’s associations 
between sex and certain attributes, such 
as work or science, is assessed by a series 
of categorisation tasks. The difference 
between the speed of categorising certain 
attributes (e.g., scientist, engineer) to 
one sex or the other is taken as an index 
of implicit bias. Nosek and colleagues 
found that people are generally quicker to 
associate men with science and women 
with literature, which could be interpreted 
as an implicit bias against women in 
science, although they concede that 
the pattern may simply reflect people’s 
knowledge of actual occupational sex 
differences.39 Even if it reflects some type 
of bias, performance on these implicit bias 
measures is not consistently related to 
actual prejudicial behaviour.40 There are 
also serious issues with the measurement 
and interpretation of microaggressions that 
lead to doubts about their importance in 
most contexts.41 

Moreover, a recent adversarial review of 
bias in STEM fields concluded that women 
and men in various science domains are 
treated equally in terms of hiring, grant 
awards, and in publishing their research, 
although women receive on average 
lower teaching evaluations. If anything, 
women are slightly favoured for hiring into 
mathematics-intensive STEM positions.42 

Mathematics self-efficacy represents 
positive self-appraisals about one’s 

mathematical competencies and utility 
beliefs represent an assessment of the 
long-term usefulness of mathematics. 
Higher self-efficacy and utility beliefs 
correlate with higher mathematics 
achievement and predict future enrolment 
in mathematics courses in secondary 
school and higher education.43 

It appears that the relation between utility 
beliefs and mathematics achievement is 
reciprocal, that is, higher achievement 
leads to higher utility beliefs, and the latter 
leads to more mathematics course taking. 
However, prior achievement is often a 
stronger predictor of later utility than utility 
is of later achievement for boys and girls, 
indicating that cause-effect relations are 
not fully understood.44 In any case, initial 
studies suggested that boys had stronger 
utility beliefs than girls, but recent studies 
indicate more nuance.45 Mean differences 
are smaller than they once were, but boys’ 
utility beliefs may be more strongly driven 
by future job aspirations and girls’ beliefs 
by mathematics courses they expect to 
take in the future.46 Across grades, utility 
beliefs generally decline for both sexes, 
but higher achieving boys might be more 
buffered from these declines than similarly 
achieving girls, possibly because boys who 
excel in mathematics see this as an area of 
competitive advantage.47 

At the same time, boys typically have 
modestly higher mathematics self-
efficacy — 57% of boys have higher self-
efficacy than the average girl.48 Sheu and 
colleagues’ meta-analysis revealed that 
mathematics self-efficacy is related in part 
to prior experiences with mathematics, 
but cause-effect relations could not be 
determined from their analysis.49 One 
meta-analysis of longitudinal studies 
indicated a modest relation between 
students’ academic self-efficacy and 
their later grades or achievement in the 
same domain, but prior self-efficacy and 
achievement levels were not controlled 
in most of the studies included in this 
analysis.50 Studies that controlled for these 
prior relations suggest reciprocal effects for 
adults, that is, mathematics achievement 
contributes to self-efficacy and the latter 
contributes to further engagement with 
mathematics and through this higher 
achievement.51 However, for elementary 
(primary) and older students, prior 
achievement seems to be more strongly 
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related to later self-efficacy than self-
efficacy is to later achievement. 

The overall results suggest that 
mathematics achievement has a stronger 
influence on mathematics utility beliefs 
and self-efficacy than the reverse, and 
that these relations are similar for girls 
and boys, although the extent to which 
these relations might differ for boys and 
girls has not been systematically studied. 
As students move through schooling, a 
reciprocal relation may emerge between 
mathematics achievement and associated 
utility beliefs and self-efficacy. Utility beliefs 
along with self-efficacy are important 
because they can influence future course 
taking and consideration of mathematics-
intensive fields as a potential career option, 
but the extent to which these contribute to 
sex differences in STEM fields is not fully 
understood.

Sex differences in mathematics anxiety are 
more firmly established, as is a negative 
relation between mathematics anxiety and 
mathematics achievement and avoidance 
of mathematics.52 These relations are 
found in both sexes, but the long-term 
effects might be more severe for girls and 

women because they experience higher 
levels of mathematics anxiety than do boys 
and men.53 As with spatial competencies 
and mathematics, boys with higher 
mathematics anxiety are just as likely 
to suffer negative consequences as girls 
with higher mathematics anxiety. The sex 
difference effect emerges because girls 
are more likely to develop anxiety and 
avoidance of mathematics with exposure to 
stressful events, such as exams.54 

Cause-and-effect relations are uncertain, 
but it appears that prior mathematics 
achievement is more strongly related 
to later anxiety than prior mathematics 
anxiety is to later achievement, although 
reciprocal effects sometimes emerge.55 
Across grades, mathematics anxiety 
increases as content becomes more difficult, 
but like utility beliefs, high achieving boys 
might be more buffered from these declines 
than high achieving girls.56 At this point, no 
definitive conclusions can be drawn about 
sex differences in the patterns of relations 
between mathematics achievement and 
anxiety, but if anything the effects are 
likely to compromise girls’ mathematics 
development more strongly than that 
of boys. 

In-Class Attentive Behaviour and Sex Differences in 
Mathematics

Behavioural observations and teacher 
reports of in-class attentive behaviour 
reveal a consistent relation to academic 
achievement, including mathematics.57 
In one observational study, Stigler and 
colleagues found that students (USA) with 
frequent inattentive behaviours (e.g., out of 
seat) had consistently lower mathematics 
achievement (r = -47), while their more 
attentive peers (e.g., looking at teacher) 
had higher achievement (r = .37).58 
Geary and colleagues found that teacher 
reports of in-class attentive behaviour 
during the elementary or primary school 
years predicted mathematics outcomes 
in adolescence, controlling numerous 
confounds (e.g., working memory, prior 
mathematics achievement), and the 

same is found for school-entry attentive 
behaviour and later mathematics and 
reading achievement.59 Attentive behaviour 
is related to executive functions (e.g., 
task switching) but is not analogous with 
them.60 This is because the ability to 
maintain attentional focus in classroom 
settings is related to, but not fully captured 
by, standard tests of cognitive abilities.61 

These relations should result in a sex 
difference in mathematics achievement, 
favouring girls, given the well-documented 
sex differences in attentive behaviour, 
including more boys than girls diagnosed 
with attention deficit hyperactivity disorder 
(ADHD).62 Sex differences (ds = -.35 
to -.38) are also found for children and 
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adolescents without ADHD, with inattention 
(not hyperactivity) being the best indicator 
of achievement in school-age children and 
adolescents.63 

Teacher ratings of attentive behaviour 
are equally predictive of girls’ and boys’ 
academic achievement, indicating the 
ratings are not biased against boys, 
and show similar variability, heritability 
estimates (> 70%), and longitudinal 
stability in boys and girls.64 An example 
of sex differences in in-class attentive 
behaviour is shown in the figure below, 
where teachers rated the behaviour of 
the student relative to other students of 
the same age on a 1 (far below) to 7 (far 
above) scale (e.g., “Gives close attention 
to detail and avoids careless mistakes”).65 
As can be seen in the next figure, there 
are more boys than girls with below 
average scores and more girls than boys 
with above average scores. 

These differences likely contribute to girls’ 
advantages in learning school-taught 
algorithms and their advantages on 
problems that can be solved with them.66 On 
the basis of these patterns, cumulative and 
widening achievement gaps, favouring girls, 
might be expected. It is the case that girls 
and women typically earn higher grades in 
mathematics courses, but they do not have 
advantages on mathematics achievement 
measures.67 A potential reason for this was 
found in a 6th-to-9th-grade (Year 7 to 9) 
longitudinal study.68 The main findings were 
that general cognitive abilities (e.g., working 
memory) were equally important for girls 
and boys but in-class attentive behaviour 
contributed more to girls’ than boys’ 
mathematical development whereas spatial 
competencies contributed more to boys’ 
than girls’ mathematical development. In 
other words, boys’ difficulties with in-class 
attentive behaviour were compensated by 
their advantages in spatial competencies. 

Histogram of Sex Differences in Teacher-Reported Attentive Behaviour

Lower scores mean more difficulties attending in the classroom. From Geary et al. 
(2021, Journal of Experimental Child Psychology, 211, p. 10)
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Sex differences in mathematics 
achievement receive considerable media 
and political attention despite mean 
differences being smaller than those 
(favouring girls and women) found for 
reading and writing.69 The disproportionate 
attention in STEM subjects in the US is 
largely driven by political interests (see 
https://www.aauw.org/issues/education/
stem/) whereby blame is attributed to 
gender bias and discrimination in schools. 
This, in turn, is driven by more men than 
women entering mathematics-intensive 
STEM fields, such as engineering. Common 
explanations for the sex difference in these 
fields include stereotype threat, implicit 
bias, and microaggressions, but there are 
serious doubts about the relevancy of these 
issues and a recent review suggests little 
to no bias (or an advantage for women in 
some fields) for STEM hiring, grant awards, 
or research publications.70 

In Australia, the 2024 Australian 
government report by the Department 
of Industry on the state of STEM gender 
equity (see https://www.industry.gov.au/
news/state-stem-gender-equity-2024) 
shows the number of women enrolling in 
university STEM courses and working in 
STEM jobs has increased. However, only 
37% of university STEM enrolments are 
from women, and women represent 15% 
of all people working in STEM jobs. Yet 
governments continue to persist with 
policies pushing for more gender equity in 
STEM education and careers despite many 
women choosing not to enter these fields.

A more likely contributor to sex differences 
in mathematics-intensive fields is that 
there are 2 to 4 times as many men 
as women at the very high end of 
mathematics performance, and more 
boys and men than girls and women with 
mathematics as an academic strength. 
Both absolute levels of mathematics 
competencies and having mathematics as a 
strength contribute to pursuit and success 
in mathematics-intensive STEM fields and 
thus it is not surprising that more men 
than women enter and excel in these 
fields. More men than women pursuing 
occupations in these fields is also related 
to sex differences in occupations related to 
things (higher in men) and people (higher 

in women), but this is beyond the scope of 
the current document. 71

Even though sex differences in mean 
mathematics scores are small, there are 
larger differences in specific domains. 
Areas in which boys and men have 
advantages appear to be in large part 
related to the sex differences in spatial 
competencies. These competencies can 
be improved with experience and training 
(example below), but the extent to which 
these improvements result in gains in 
mathematics has not been extensively 
explored. A recent meta-analysis of 
the studies that have been conducted 
suggests that spatial training, under 
some conditions, can lead to gains in 
mathematics outcomes, but boys and 
girls benefit equally and thus these types 
of interventions might not reduce the 
mathematics achievement gap.72 

The overall effect indicated that about 
60% of students who received spatial 
training performed better on one or 
more mathematics outcomes than 
comparable students who did not receive 
the training.72 The effects were larger 
for adolescents than children and larger 
with the use of concrete materials and in 
mathematics domains that had a direct 
spatial component. As an example, an 
origami-based intervention, where students 
engaged in systematic paperfolding to 
create shapes and figures (see figure 
below), revealed gains in spatial-related 
mathematics vocabulary, reductions 
in mathematics anxiety, and gains in 
geometry but not arithmetic.73 These 
types of results are promising and could 
reduce the sex difference in spatial-related 
mathematics domains, but the extent to 
which any such gains fade over time is not 
yet known. 

Implications and Interventions

https://www.aauw.org/issues/education/stem/
https://www.aauw.org/issues/education/stem/
https://www.industry.gov.au/news/state-stem-gender-equity-2024
https://www.industry.gov.au/news/state-stem-gender-equity-2024
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The top (a) shows different ways to fold 
paper to form a basic origami unit. The 
second (b) shows some examples. From Li 
et al. (2023), p. 9.73

Although cause-effect relations are not fully 
understood, it is plausible that reductions 
in mathematics anxiety will result in more 
mathematics course taking in secondary 
school and higher education, as well as 
better exam performance in high-anxious 
students, which includes more girls than 
boys. Mathematics is an evolutionary novel 
domain and thus anxiety associated with 
it must have a learned component to it, 
called a conditioned fear response. If so, 
then repeated success with mathematics 
should contribute to fear extinction or a 
reduction in mathematics anxiety over 
time. Indeed, success with mathematics 

in middle (Year 7) and secondary school 
reduced the rise in mathematics anxiety 
common in these grades, but the effect 
was larger in boys than girls.74 

A recent meta-analysis indicated that 
interventions focused on cognitive 
support (e.g., teaching problem solving 
strategies to improve maths problem 
solving) and emotion regulation (e.g., 
use of relaxation techniques), but not 
interventions focused on motivation, show 
promise in reducing mathematics anxiety 
and through this improving mathematics 
performance.75 About 70 percent of 
students in cognitive support and emotion 
regulation interventions showed greater 
reduction in mathematics anxiety than 
did comparable students in control (no 
intervention) conditions. Reductions in 
mathematics anxiety were associated with 
gains in mathematics performance, but the 
effects were largest for cognitive support, 
suggesting that improving mathematics 
competencies or problem-solving 
approaches is the most effective route to 
reducing anxiety. 

Interventions focused on enhancing spatial 
competencies and reducing mathematics 
anxiety will likely benefit most students, 
but potentially more girls than boys 
given the sex differences in these areas. 
Classroom management interventions, 
such as seating students where they 
can be monitored, keeping a consistent 
classroom structure and routine, will 
likely improve mathematics outcomes 
for students with poor in-class attentive 
behaviour, but in this case potentially 
benefitting more boys than girls.76 These 
interventions also include contingency- or 
consequence-based strategies that can be 
implemented in classroom settings (e.g., 
praise for appropriate behaviour, costs for 
inappropriate behaviour) are often effective 
in improving attentive behaviour, with more 
modest effects on academic outcomes. 
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The cognitive and non-cognitive traits 
that influence interest and success in 
mathematics-intensive STEM fields have 
been well documented. These include strong 
mathematics and spatial competencies, 
mathematics or science as an academic 
strength, as well as occupational interests. 
For these fields an interest in things, such 
as how machines work, is important.77 
National goals to increase the number of 
high-potential individuals who are prepared 
for and that enter and excel in these fields 
should focus on these traits. 

Unfortunately, the trend in many countries, 
including in Australia, is to focus on 

STEM Policies for the Future

increasing diversity in STEM fields and 
not on selecting the highest potential 
students.78 Tracking individuals into STEM 
educational programs and fields who are 
not strong on the long-term predictors 
of success in these fields (e.g., maths as 
a best academic subject) will result in a 
diminution of the nations’ STEM capacities, 
despite claims to the contrary. A focus on 
these traits does not mean that there will 
not be diversity in STEM fields. However, a 
focus on predictive traits will likely result 
in a STEM demographic that includes more 
men than women in mathematics-intensive 
fields (e.g., engineering), rather than the 
demographics of the general population. 
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