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SOLVING THE EQUATION:
Helping girls and boys learn mathematics

Foreword
Once more we confirm that we are in a learning
crisis: more than half of the world’s 10-year-olds are
unable to read a simple text, and a growing body
of evidence suggests prolonged school closures
due to COVID-19 will further deepen this crisis. The
crisis we face, however, transcends these poor
learning outcomes in reading skills. The situation is
similarly dire when it comes to mathematics, the
other knowledge domain singled out, alongside
reading, for global monitoring by the Sustainable
Development Goals.
In addition to the overall level of mathematical
skills, girls worldwide are lagging behind boys in
mathematics, with sexism and gender stereotypes
among the root causes. This report features new
data analyses covering more than 100 countries and
territories. It finds that boys have up to 1.3 times
the odds of obtaining mathematics skills compared
to girls. Gender stereotypes regarding girls’ innate
inability to understand mathematics held by
teachers, parents and peers are contributing to the
disparity. Negative stereotypes and gender norms
also play out in girls’ self-confidence, setting them
up for failure.
An analysis of pre-pandemic data from 34 low- and
middle-income countries featured in the report
shows that while girls lag behind boys, three
quarters of schoolchildren in Grade 4 fail to obtain
foundational numeracy skills. Pre-pandemic data
from 79 middle- and high-income countries show
more than a third of 15-year-old schoolchildren have
yet to grasp minimum proficiency in mathematics.
In addition to gender, there are other determining
factors: schoolchildren from the richest households
have 1.8 times the odds of obtaining numeracy skills

by the time they reach fourth grade than children
from the poorest households. Schoolchildren
who attend early childhood education and care
programmes have up to 2.8 times the odds of
achieving minimum proficiency in mathematics at
15 years old.
While this data is concerning, the state of children’s
education today is likely far worse, particularly
among girls, given the length and impact of
disruption to learning caused by the COVID-19
pandemic. Moreover, these analyses focus on boys
and girls who are currently in school. In countries
where girls are more likely to be out of school
than boys, the overall disparities in mathematics
proficiency will be even wider. When assessing
reading comprehension, globally, girls are more
likely to attain reading skills than boys, according to
pre-pandemic data.
As schools reopen around the world, UNICEF
is calling for all countries to urgently implement
the RAPID actions needed to recover learning:
Reach every child and keep them in school;
Assess learning levels regularly; Prioritize teaching
the fundamentals; Increase the efficiency of
instruction; and Develop psychosocial health and
wellbeing. We must act now to ensure all boys and
girls catch up on missed learning and are supported
in building the foundational literacy and numeracy
skills they need to thrive in school, work, and life.

Robert Jenkins,
Director of Education and Adolescent Development
UNICEF
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Arshad Ali (12) solves
the math sums on the
blackboard during his class
at one of the UNICEFsupported schools in the
Jalozai camp, Khyber
Pakhtunkhwa, Pakistan.
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Basic literacy and numeracy, as well as socioemotional skills, are building blocks for lifelong
learning. Basic reading skills are a gateway to
learning; without them, children fail to learn other
subjects. Numeracy skills are equally important,
laying the groundwork for problem solving, logical
reasoning and critical thinking – in school and
everyday life. While reading proficiency is a proxy
for foundational learning in other subjects due to
strong correlations at the school and country levels,1
it is also important to measure and understand
the factors contributing to the development of
numeracy skills. Early numeracy skills matter for
school readiness and success: compared to reading
and attention skills, they are a stronger predictor of
later mathematics and reading achievement.2
A complementary focus on numeracy reveals
other learning disparities, such as gender gaps in
skills and confidence. In reading, boys are often at
a disadvantage.3 However, as will be seen here, girls
often face a disadvantage in mathematics.4 Moreover,
3

even when achievement differences between
genders are not significant, lower self-confidence in
mathematics skills persists among girls, potentially
affecting their future education and career choices.5
This report examines some factors associated
with mathematical skills, with a focus on
gender. It draws on data from various surveys
that include an assessment of mathematics
or numeracy skills across various age groups.
It aims to not only uncover gender disparities,
but also explore other factors, including beliefs
and attitudes towards learning, that may affect
mathematics achievement. The data used here
reflect the pre-COVID status, likely worsened
by school closures and disruptions in protective
services that schools provide. We learn more
every day about how COVID-19 negatively affected
learning outcomes, especially among the most
vulnerable, who were already lagging before the
pandemic.6 COVID-19 also exacerbated already
existing gender inequalities in education.
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How do we go from recovery to transformation?
With schools now open in many countries, it is critical
to commit investments towards learning recovery
and the continuous development of literacy and
numeracy skills for all children. Initiatives launched
by UNICEF include the FLN Hub, a resource website
providing guidance on strengthening education
systems’ capacity to improve foundational literacy and
numeracy. UNICEF has also made a strategic shift
towards enhancing the use of social and behavioral
science to advance learning outcomes and address
social and gender-related barriers in and through
education. And in partnership with the UN Girls’
Education Initiative (UNGEI) and others, it promotes
work on gender-transformative education, seeking
to use all parts of an education system to transform
stereotypes, attitudes, norms and practices.

Data and analytical approach
Our primary sources of data were the sixth round of
the Multiple Indicator Cluster Surveys (MICS6), the
Programme for International Student Assessment
(PISA) 2018, and the Trends in International
Mathematics and Science Survey (TIMSS) 2019. Here,
the analysis of MICS Foundational Learning Skills data

(which cover children aged 7 to 14 years) and TIMSS
data (which cover Grades 4 and 8) – was limited to 4th
graders.7 PISA targets students aged 15 years.
These analyses cover a wide range of countries:
most countries in TIMSS and PISA are high- and
upper-middle-income countries while most countries
in MICS are low- and lower-middle-income countries
(see Figure 1). Therefore, any findings common
to all three assessments would be quite robust.
At the same time, direct comparisons across the
assessments, because of differences in participating
countries as well as in assessment designs, should
be interpreted with caution. While we use similar
variables in each analysis, some are not available or
identical across datasets (e.g., differences in wording
of questionnaires). Moreover, these analyses show
associations, not necessarily causes.

Development of mathematics skills
Across the three datasets, sizable proportions of
students lack the expected mathematics skills. For
MICS6, in 26 of the 34 low- and middle-income
countries analyzed, most Grade 4 students have
not achieved foundational numeracy skills, with 25

FIGURE 1. Map of country participation in MICS6, TIMSS 2019 and PISA 2018

MICS6
(Grade 4)

PISA
2018

TIMSS
2019
(Grade 4)

Note: For the following countries, survey participation was confined to specific areas: MICS6 – Pakistan (Punjab, Sindh); TIMSS 2019 – Belgium (Flemish), China (Hong Kong,
Taiwan Province); PISA 2018 – Azerbaijan (Baku), China (Beijing, Shanghai, Jiangsu and Zhejiang provinces, Hong Kong, Macao). This map does not include benchmarking
entities participating in TIMSS 2019. This map is stylized and not to scale. It does not reflect a position by UNICEF on the legal status of any country or territory or the
delimitation of any frontiers.
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FIGURE 2. Few Grade 4 students have foundational numeracy skills (MICS6, 2017–2021)
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81%

80%
60%
40%

37%

51%

54% 55%

64%

67%

Source: Multiple Indicator Cluster Surveys Round 6 (2017–2021). Note: Countries with fewer than 50 observations have been dropped. All references to Kosovo in this
report should be understood to be in the context of United Nations Security Council Resolution 1244 (1999).

per cent as the median value of students that have
acquired these skills (see Figure 2).8 In TIMSS Grade
4, which covers middle- and high-income countries,
the median value for the share of students attaining
minimum mathematics proficiency was higher, at
71 per cent, ranging from a low of 6 per cent in the
Philippines to a high of 96 per cent in Singapore,
Hong Kong, China, and Taiwan Province of China.
In PISA, the median value for the share of children
attaining minimum mathematics proficiency was 70
per cent. However, there is wide variation across
countries: the share of 15-year-old students with
minimum mathematics proficiency ranges from a
low of 9 per cent in the Dominican Republic to a
high of 98 per cent in the Beijing, Shanghai, Jiangsu
and Zhejiang provinces/municipalities of China.
These results reveal that across various age groups
and sets of countries, large shares of children have
not yet achieved mathematics proficiency. This
conclusion is supported by findings from regional
assessments, including the Southeast Asia Primary
Learning Metrics (SEA-PLM) 9: on average across
six participating countries, about a third of students
in Grade 5 – the end of primary education in some
countries – still had not acquired the mathematics
skills that should have been attained at Grades 2 or 3.
5

Gender differences in
mathematics achievement
While girls tend to outperform boys in reading,
boys tended to outperform girls in mathematics
achievement in the assessments analyzed here.
10
After controlling for student, home, and school
characteristics, MICS6 results (combining 34
countries) show that in Grade 4, boys had higher
odds (1.2 times the odds) of having foundational
numeracy skills, compared to girls. Similarly, in
both TIMSS Grade 4 (58 countries) and PISA (79
countries), boys had 1.3 times the odds of achieving
minimum mathematics proficiency. It is important
to note that these analyses focus on boys and girls
who are currently in school. In countries where girls
are more likely to be out of school than boys, the
overall disparities in mathematics proficiency will be
even wider.
Why do boys tend to outperform girls in
mathematics? Research on biological factors,
including brain development, shows that there
are no intrinsic, gender-based differences in
mathematical abilities – rather, gender disparities in
achievement stem from sociocultural influences.11
These include gender stereotypes surrounding
mathematics and learning, as well as social and
gender norms, behaviors, attitudes and beliefs
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held by teachers,12 parents, caregivers, and peers13
regarding gender and innate abilities.
Gender norms and stereotypes can shape girls’ selfconfidence in their mathematical abilities. In TIMSS,
students were asked how well they believed they
could do mathematics. On average across countries,
students who expressed being very confident in their
mathematical abilities scored nearly one standard
deviation (equivalent to 100 scale score points)
higher than those reporting being not confident. Boys
reported higher confidence in their mathematical
abilities than did girls in most participating countries,
including those where girls performed equal to or
better than boys (see Figure 3).
Girls’ lack of self-confidence can affect their
future education and career paths. A study using
TIMSS 2019 Grade 8 data found that girls and
boys confident in their mathematical abilities were
more likely to report interest in careers involving
mathematics; however, boys were significantly
more likely to do this than girls of the same
achievement level.14 Much talent could be lost in
science, technology, engineering and mathematics
(STEM) fields: fewer high-achieving girls may
pursue further education and careers in STEM, even
when they show great potential to succeed.
That girls tend to have lower self-confidence in their
mathematical abilities highlight the need to break

FIGURE 3. Girls report lower levels of self-confidence

in mathematical abilities than boys
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Source: Authors’ calculations using data from IEA TIMSS 2019 database.

gender norms and stereotypes that may contribute
to learning inequalities in mathematics. However,
this does not mean that boys do not need support
with the development of their skills – as earlier
discussed, overall mathematics achievement is
poor, and more must be done to improve learning
for all children. In the next section, we discuss
student, home and school factors associated with
the attainment of mathematics skills that provide
insight into potential policy actions.

Students in the classroom
of Yixing School of Zhong
County in Chongqing, China.
© UNICEF/UNI336256/MA
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Factors associated with the
development of mathematics skills

Sevane Aliyeva,10 [left] and
Anakhanim Abdullayeva 10 in
class in the UNICEF supported
primary school in Baliqchilar
settlement, Azerbaijan.

In MICS6
Previous analysis with MICS6 data found wealth
as a major determinant of attaining foundational
numeracy skills among Grade 3 students.15 In the
current analysis, which focuses on students in Grade
4, wealth continues to have a considerable effect
on the attainment of foundational numeracy skills
(see Figure 4). Compared to a child in the poorest
wealth quintile, a child in the wealthiest quintile has
1.8 times the odds of having these skills. Consistent
with the results for Grade 3 students, parental
involvement in school (such as attending school
meetings and helping with homework), having books
at home and mothers’ education remained important
predictors for having foundational numeracy skills for
students in Grade 4.
However, two differences emerged between the
Grade 3 and Grade 4 results. While disability was a
significant predictor in Grade 3, it was not significant
in Grade 4.16 Additionally, child labor emerged as
a significant predictor of foundational numeracy
skills among Grade 4 students, while it was not
significant in Grade 3.17 There is a clear and urgent
need to address child labor: due to COVID-related

© UNICEF/UN045107/PIROZZI

economic shocks and school closures, as many as
9 million more children are predicted to fall into child
labor at the end of 2022.18

In TIMSS Grade 4
The TIMSS analysis also highlights the importance
of the home environment, including student health
and nutrition, books, and other learning resources at

FIGURE 4. Odds ratios of having foundational reading skills, MICS6 (Grade 4 students)
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Source: Multiple Indicator Cluster Surveys Round 6 (2017–2021). Note: Only statistically significant results are presented.
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FIGURE 5. Odds ratios of attaining minimum mathematics proficiency in TIMSS Grade
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Source: Authors’ calculations using data from IEA TIMSS 2019 database. Note: Only statistically significant results are presented.

home (see Figure 5). School readiness is a significant
predictor, as students whose parents reported they
could perform early numeracy tasks very well when
they began primary school (i.e., amongst the top
tercile of the TIMSS early numeracy tasks scale in
their respective countries) had 1.8 times the odds
of meeting minimum mathematics proficiency,
compared to those whose parents reported they
could not do these tasks well (i.e., amongst the
bottom tercile). Additionally, results suggest the
importance of a match between home and test
language: compared to those who never speak the
language of test at home, students who always
speak the language of test at home had 3 times the
odds of achieving minimum mathematics proficiency.
8

School factors, including classroom disciplinary
climate, were also important predictors of
mathematics proficiency: compared to those who
reported disorderly behaviors occurred in most
mathematics lessons, students who reported
disorderly behaviors occurred in few or no lessons
had 1.6 times the odds of attaining minimum
mathematics proficiency.

In PISA
In PISA, home characteristics such as the number
of books and other learning resources, parents’
support for educational efforts and achievement,
and language spoken at home were significant
predictors of minimum mathematics proficiency
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FIGURE 6. Odds ratio of attaining minimum mathematics proficiency in PISA
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Source: Source: Authors’ calculations using data from OECD PISA 2018 database. Note: Only statistically significant results are presented.

attainment (see Figure 6). Early childhood
development emerged as an important factor: the
odds of meeting minimum mathematics proficiency
at 15 years old increased with the duration of
participation in early childhood education and care
programmes. Student absenteeism also significantly
predicted mathematics achievement: compared to
those who skipped school three or more times in
the last two weeks prior to the PISA test, students
who never skipped school had 2.2 times the odds
of attaining minimum math proficiency. Additionally,
the results highlight the importance of positive
attitudes towards learning, including fostering a
growth mindset (i.e., the belief that intelligence can
be developed) and student motivation.
9

Results from PISA also underscore the critical role
of a conducive school and classroom environment.
Compared to their peers reporting the least positive
classroom disciplinary climate (i.e., amongst the
bottom tercile of the PISA classroom disciplinary
climate scale in their respective countries), students
with highly positive classroom disciplinary climates
(i.e., amongst the top tercile) had 1.3 times the odds
of meeting minimum proficiency in mathematics.
Safety and inclusion in school also mattered:
compared to those who were frequently bullied (i.e.,
amongst the top quartile of the PISA exposure to
bullying scale in their respective countries), students
who were not frequently bullied had 1.2 times the
odds of achieving mathematics proficiency.
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Conclusions

Assess learning levels regularly

The literature shows that girls perform better in
mathematics in more gender-equal societies.
A gender-transformative approach allows us to
tackle gender inequalities not only in the education
systems but beyond.

As schools reopen, understanding students’ current
learning levels should guide their learning recovery
process. At the system level, baseline measures
of learning can help mobilize resources to where
they are most needed. In the classroom, formative
assessments (e.g., those showcased in the FLN Hub
and the RAPID resource guide) can help educators
and other education system personnel adapt their
approaches to better support students’ learning levels.

Results from the MICS6, TIMSS and PISA reveal
important considerations for the design of policies
and interventions to support the development of
mathematics skills, especially given the urgent need
to mitigate learning losses following COVID-related
education disruptions. To this end, the RAPID
framework for learning recovery and acceleration
outlines five key actions to recover education for all
children (see Figure 7).19

Reach every child and keep them in school
As schools reopen, education systems should
ensure no child is left behind in returning to school.
Reaching every child and keeping them in school is
critical to building their numeracy skills: MICS data
show out-of-school children and youth are far less
likely to develop these skills.20
In this report, results suggest a negative relationship
between student absenteeism and academic
performance. To encourage students to return to
and stay in school, education systems will need to
develop early-warning systems to identify the factors
that may influence absenteeism and to what degree.
Such factors may be within school contexts (e.g.,
exposure to student bullying, negative disciplinary
climates) or beyond the classroom (e.g., involvement
in child labor, health-related reasons, gender and
social barriers, discrimination, or negative attitudes
around disability). Understanding the drivers of
these barriers using social and behavioral evidencegeneration should be prioritized to help inform the
design and implementation of effective policies and
programmes towards reducing absenteeism and
ensuring every child returns to and stays in school.

During school closures, children may have
depended more on parental guidance with
schoolwork, which could result in larger learning
losses among those whose parents have low
educational attainment. As highlighted in this report,
parental involvement and support, as well as the
availability of home learning resources, can boost
student learning. At the school level, educators can
focus on strengthening family-school partnerships
to support learning both in the classroom and at
home. Additionally, low learning levels may be due
to issues related to a mismatch in the language
of instruction and students’ home language21; in
such cases, there may be a need to review policies
surrounding the language of instruction.

Prioritize teaching the fundamentals
Learning recovery efforts should focus on essential
missed content and prioritize the most important
skills and knowledge required at each grade,
including foundational numeracy. To prevent
exacerbating learning losses, education systems can
review, adjust, and consolidate curricula within and
across subjects. Teachers will also need support
in improving their teaching of foundational skills
to diverse groups of learners, including becoming
aware of their own potential biases stemming from
stereotypes and social and gender norms in their
environment, which could also impact their teaching.
This can be done by training teachers on learnercentered, inclusive, gender-responsive pedagogy.

FIGURE 7. The RAPID Learning Recovery Framework
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Prioritizing teaching the fundamentals will be critical
for learning recovery, especially given the large
shares of children and youth unable to acquire basic
numeracy skills. Findings in this report suggest that
students who attended early childhood education
and demonstrated school readiness tended to have
better academic performance. Ensuring access to
quality early childhood services is important for all
children, but may be especially beneficial to those
belonging to disadvantaged contexts where families
lack home learning resources and children are at
greater risk of falling behind.

Increase the efficiency of instruction,
including through catch-up learning

As students return to classrooms, education
systems will need to adopt effective teaching
practices and learner-focused strategies.
Evidence-based approaches for recovering and
accelerating learning include targeted instruction,
structured pedagogy, tutoring, self-guided
learning programmes, gender-transformative
approaches, and expanded learning time, as well
as an understanding of the social and behavioral
environment in the classroom.

BOX 1. How teaching at the right level can help all learners go from applying procedures

to solving problems

Teaching at the right level
can play an important role
here. Figure 8, described
here from the bottom up,
illustrates the importance of
a solid numeracy foundation,
anchored in basic concepts
and the application of simple
procedures, in order to be
able to solve problems.
Learners must Remember
conventional representations
of mathematical concepts, for
instance, when they recognize
the written representation of
numbers (e.g., ‘7’). MICS’s
Number reading task is one
such example. Learners
must Understand simple
mathematical relationships,
like greater than, or >, which
allows them to compare two
numbers; e.g., in MICS’s
Number discrimination task.
Learners must be able to
Apply procedures that
include, for instance, basic
arithmetic operations
like addition, subtraction,
multiplication, and division.
An example is MICS’s
Addition task. As familiarity
with basic concepts and
simple procedures increases,
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learners must also become
able to Analyze a situation
by ‘Breaking material into
its constituent parts and
detecting how the parts
relate to one another and
to an overall structure or
purpose’.22 One example is
MICS’s Missing number task,
where learners recognize a
pattern and then complete
it by producing the missing
number.23 While the examples

mentioned above come from
MICS, a household survey,
teachers can implement
approaches in their own
classrooms to ensure that
all children can make this
transition from applying
procedures to solving
problems, by relying on
provenly effective Teaching at
the Right Level approaches,
for instance, as featured in
the FLN hub.

FIGURE 8. Numeracy development: from applying

procedures to solving problems

Illustrative numeracy tasks from the Multiple Indicator
Cluster Surveys Foundational Learning Skills Module:
CREATE

EVALUATE
ANALYZE
APPLY

UNDERSTAND
REMEMBER
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Missing number:
3, 7, 11, _
Addition: 6 + 57 = _
Compare:
Number discrimination: 34 43
Recognize:
Number reading: 734

Teachers will need to be supported with
professional development and a conducive working
environment. In some countries, teachers will need
substantial support to enhance their subject matter
and pedagogical knowledge. For instance, the
Programme for the Analysis of Education Systems
(PASEC) 2019 report shows that one out of three
teachers in participating countries have procedural
knowledge of numbers and geometry, but their
ability to solve problems is just emerging. From
a gender perspective, male teachers outperform
female teachers in mathematics subject matter
knowledge in all but two PASEC countries. PASEC
data also show the need for support in mathematics
teaching, i.e., pedagogical skills.24
Teachers may also need practical training and
guidance, for instance, on maintaining positive
classroom disciplinary climates, which has been
found to be positively associated with students’
academic performance. Targeted professional
development can include classroom management
skills to help teachers maintain order, communicate
and implement classroom rules, and prevent and
address disruptive behaviors. Additionally, to
support the efficiency of instruction, education
systems and policymakers should also ensure
potential barriers to maintaining positive classroom
disciplinary climates, such as high pupil-teacher
ratios, social and gender norms that endorse
disciplinary measures, lack of self-efficacy among
teachers, and shortages of educational materials,
are addressed.

Given the highlighted gaps in numeracy
development for girls and children with disabilities,
it is crucial to support teachers in improving their
pedagogy not only for learning, but also for equity.
Gender-responsive and inclusive pedagogy enables
teachers to do this.25 In addition, in creating teaching
and learning materials for mathematics, we should
avoid reproducing harmful gender stereotypes.

Develop psychosocial health and well-being
As the COVID-19 pandemic has affected children’s
mental health and psychosocial well-being,
it is critical that schools support whole-child
development through comprehensive, tailored
services that are accessible to all. Education
systems must ensure children are safe, protected
and able to access basic services, including those
related to nutrition, mental health and psychosocial
support, water, sanitation, and hygiene.
Children learn best when they are healthy and
well-nourished: findings in this report show that the
odds of reaching minimum mathematics proficiency
increase when students do not arrive at school
feeling hungry or tired. Supporting children’s learning
and overall well-being requires collaboration across
sectors, including education, health, nutrition, and
child protection. School practices and interventions
can also target social and emotional skills to help
students form positive attitudes and habits, fostering
safe and inclusive classrooms climates, and dispelling
gender-based stereotypes and social and gender
norms that drive inequality in learning.

A young girl is solving a math
problem on a wooden black
board, while other students
watch her in a village in
Punjab Province, Pakistan.
© UNICEF/UNI60312/LAMA
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