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Leaving boys behind: The impact of gendered repetition patterns on South Africa’s TIMSS
mathematics results
Heleen Hofmeyr
Abstract:
This paper analyses gender differences in South Africa’s TIMSS Grade 9 mathematics achievement, with
particular emphasis on the role of gendered grade repetition and dropout patterns in contributing to an
apparent pro-girl gap in mathematics achievement. I make use of Oaxaca-Blinder decomposition analysis
to decompose the observed pro-girl gap into its explained and unexplained components, separately by
school socio-economic quintile. I present new evidence that there are important selection effects at play
that influence the observed pro-girl gap in TIMSS mathematics achievement. In particular, comparing
the size and age distributions of males and females in the Grade 9 TIMSS sample shows that boys are
more likely to have dropped out of school and twice as likely as girls to have repeated a grade by Grade
9. Multivariate regression analysis suggests that males are more likely to be “weeded” out of their cohort
as they progress through school, even when they are similar to females along a number of dimensions,
including academic achievement.
1. Introduction
For the first time since South Africa’s 20-year participation in the Trends in Mathematics and Science
Study (TIMSS) at the Grade 8/9 level, girls outperformed boys in mathematics by a statistically significant
margin in the 2019 round of the assessment (Mullis et al., 2020). Given evidence that I present elsewhere
(Hofmeyr, forthcoming) that part of South Africa’s pro-girl gaps in the Progress in International Reading
Literacy Study (PIRLS) and TIMSS Grade 5 is due to girls progressing through school faster than boys,
the main focus of the analysis in this paper is investigating the extent to which the country’s pro-girl gap
in Grade 9 mathematics achievement is due to the same phenomenon. The main econometric strategy
employed is Oaxaca-Blinder decomposition analysis, where I split the observed pro-girl gap into its
explained and unexplained components, with particular emphasis on the contribution of prior grade
repetition to the gender gap. Given evidence of differences in both the magnitude of the pro-girl gap and
the extent of grade repetition across socio-economic status (SES), I also investigate SES differences in the
contribution of prior grade repetition to the pro-girl achievement gap.
Contributing more evidence of South Africa’s pro-girl advantage in schooling outcomes, I find that girls
have a distinct advantage in terms of being retained in the system. Not only are there more girls in the
TIMSS Grade 9 sample (making up 52% of the sample), but girls are also much less likely to be overage
for their grade, indicating that they are less likely to have repeated a grade by the time they reach Grade
9. Regression analysis of the factors associated with grade repetition shows that boys are much more likely
to have repeated, even when controlling for TIMSS mathematics achievement. This suggests that mastery
of the curriculum is not the only factor that determines whether a student is promoted to the next grade,
and moreover that boys may be unfairly discriminated against in grade promotion decisions.
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2. Literature review
2.1. Gender gaps in international education assessments
While it used to be the case that boys tended to achieve better educational outcomes in low- and middleincome countries (LMICs) on average, a number of these countries exhibit pro-girl gaps in recent rounds
of large-scale educational assessments such as the PIRLS (Mullis et al., 2017), TIMSS (Mullis et al., 2016),
and PISA for Development (PISA-D) (OECD, 2018). In the 2019 round of TIMSS, 13 out of 39
participating countries exhibited statistically significant gender gaps in mathematics achievement at the
Grade 8/9 level (shown in Figure 1). Of the seven countries with gender gaps favouring girls, four were
LMICs (Jordan, Malaysia, Romania, and South Africa). This evidence from large-scale educational
assessments points to changing gender differences in learning outcomes internationally. In particular, the
evidence strongly indicates that it is no longer the case that schooling outcomes are skewed in favour of
boys in LMICs, a trend that has been documented by a number of authors (see for example Grant and
Behrman (2010); Zuze and Reddy (2014); Spaull and Makaluza (2019); and Buhl-Wiggers, Jones and
Thornton (2021)).
Figure 1: Gender gaps in TIMSS 2019 mathematics achievement
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Notes: Only statistically significant gender gaps are plotted. Negative values indicate a pro-boy gap. Source: TIMSS 2019.

While these country-level gender gaps are in themselves noteworthy, they mask differences in the
magnitude and direction of gender gaps across socio-economic groupings in South Africa. Evidence of
such differences are presented by Zuze and Beku (2019), who show that gender gaps in TIMSS 2015
Grade 9 mathematics achievement differ by school type, with the widest gaps being observed in no-fee
(Quintile 1-31) schools. These schools exhibited pro-girl gaps in mathematics achievement, while private
schools (serving the wealthiest households) exhibited pro-boy gaps in mathematics achievement.

Schools are assigned quintiles by the Department of Basic Education (DBE), based on the socio-economic status of the
surrounding area. Quintile 1 schools are in the most disadvantaged areas, while Quintile 5 schools are in the wealthiest areas.
Quintile 1-3 schools are typically no-fee schools, while Quintile 4 and 5 schools typically charge fees.
1
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The reasons for these pro-girl gaps in large-scale education assessments are not well understood. One
feature of education systems in LMICs which could influence gender gaps in achievement in international
assessments, and which has received little attention in the literature, is differences in the rates at which
boys and girls progress through school. Grade repetition tends to be common in LMICs (Crouch et al.,
2020), and gender differences in repetition rates are likely to influence achievement differentials in
assessments such as TIMSS, which tests students in a particular grade. If boys and girls progress through
school at different rates, a given Grade 8 or 9 class participating in TIMSS, for example, will consist of
different proportions of boys and girls who have repeated a grade. If boys progress through school slower
than girls, boys in a participating Grade 9 class will already be ‘selected’ to be weaker performing (since
repeaters are generally weaker students). I present evidence of such effects in explaining South Africa’s
pro-girl gap in Grade 4 literacy and Grade 5 mathematics achievement (Hofmeyr, forthcoming). The aim
of this paper is to extend that work by investigating the role of gender differences in prior grade repetition
in contributing to South Africa’s pro-girl gap in TIMSS mathematics achievement at the Grade 9 level2.

2.2. Grade repetition in South Africa
Like many LMICs, South Africa’s education system is characterised by persistent problems in internal
efficiency, with grade repetition being extremely common in all grades, including the early grades (Van
der Berg, Van Wyk, et al., 2019). Holding back learners who do not meet the requirements of the
curriculum is meant to function as a remedial strategy, whereby learners are given another opportunity to
develop the skills that form the necessary foundation for further learning. Unfortunately, the existing
evidence suggests that retaining learners in a grade rarely achieves these aims in resource-constrained
contexts (Batista Gomez-Neto and Hanushek, 1994). Many educationalists contend that repetition is only
effective if there is specialised support for the child who repeats (Van der Berg, Wills, et al., 2019), which
is seldom available in resource-constrained contexts like South Africa.
South Africa’s grade repetition policy stipulates that students may not be held back more than once in a
three-year school phase (Department of Basic Education, 2013). For example, if a student is held back in
Grade 7 (the beginning of the Senior Phase), they must be automatically promoted to Grade 10 (the
beginning of the Further Education and Training (FET) phase) over the next three years, even if they do
not meet the curriculum requirements. Together, widespread grade repetition without additional
remedial support combined with automatic grade progression of students who have not met the basic
curriculum requirements contributes to large within-class heterogeneity in learner abilities. I present
evidence of such within-class heterogeneity at the primary school level in earlier work (Hofmeyr, 2019):
In an attempt to identify positive outliers in PIRLS 2016 results, I find that there are students who
achieved Grade 4 reading comprehension scores 1.5 standard deviations higher than the median reading
score in their class in the majority (71%) of participating schools. Using Evans and Yuan's (2019) metric
to calculate equivalent years of schooling, this means the majority of primary schools in South Africa
contain students who are between three and four years ahead of the median student in their class.
Both Fleisch and Shindler (2009) and Van der Berg et al. (2019) present evidence of a strong gender
dimension to these progression patterns and resultant within-class heterogeneity, with boys being more
likely to repeat almost all grades. Based on data from the 2016 Community Survey, Van der Berg et al.
(2019) find that by age 11, 24% of boys are already one grade behind the appropriate age-for-grade,
compared to 17% of girls. They also present evidence of a widening gender gap in repetition rates across

Although TIMSS typically tests Grade 8 students, countries can choose to participate at the Grade 9 level if they suspect that
the assessment will be too difficult for their Grade 8 learners. South Africa went with this option in 2003, 2011, 2015, and 2019.
2
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grades, with 45% of males being older than the appropriate age-for-grade by age 15, compared with 30%
of females.
3. Methodology
3.1. Hypotheses
The hypothesis that I aim to test in this study is whether these gender differences in grade progression
patterns explain South Africa’s pro-girl achievement gap in TIMSS. Broadly, I aim to test the hypothesis
that the observed pro-girl gap in TIMSS mathematics achievement reflects a pro-girl advantage that is
already present at the start of formal schooling, and in the absence of effective remedial support for boys,
accumulates as learners progress through school. In this sense, I aim to test whether boys in a given Grade
9 class are selected to be weaker-performing than girls. My earlier work (Hofmeyr, forthcoming) showed
that there is already evidence of this effect at the Grade 4 and 5 level, with the pro-girl advantage in grade
progression explaining around 10% and 20% of the country’s pro-girl achievement gaps in PIRLS Literacy
and TIMSS Numeracy, respectively. I therefore expect the pro-girl advantage in grade repetition to play
an even larger role in explaining South Africa’s pro-girl gap in Grade 9 mathematics achievement.
3.2. The decomposition approach
Decomposition analysis has long been used by labour economists to identify the relative importance of
various factors that contribute to gender, race or other gaps in labour market outcomes (Cobb-Clark and
Moschion, 2017). More recently, a number of economists of education have used this approach to
examine disparities in learning outcomes by, for example, urban-rural status (Burger, 2011), as well as
gender (Kingdon, 2002; Cobb-Clark and Moschion (2017). In essence, this approach allows one to
separate gender gaps into two components: (i) The component that can be explained due to differences
in observable characteristics of males and females; and (ii) The unexplained component. My aim is to
decompose the pro-girl gap in TIMSS mathematics achievement into these two components. Formally,
assuming a linear model of achievement, boys’ and girls’ test scores can be expressed as
𝑗
𝑗
𝑇̅𝐺 = 𝑋̅𝐺 𝛽̂𝐺 + 𝜀̅𝐺 ,

𝜀̅𝐺 = 0; 𝐺 ∈ (𝑀, 𝐹)

(1)

𝑗
where 𝑇̅𝐺 denotes the mean test score of students of gender 𝐺 (male (𝑀) or female (𝐹)) in subject 𝑗, 𝑋̅𝐺
𝑗
denotes the mean endowments (observable characteristics) of students of that gender, 𝛽̂ denotes the
𝐺

mean returns to those endowments in terms of mathematics scores (that is, how those endowments are
translated into TIMSS test scores) for each gender, and 𝜀̅𝐺 denotes the error term, which we assume to
be zero. The gender gap in test scores can therefore be expressed as
𝑗
𝑗
𝑗
𝑗
𝑇̅𝑀 − 𝑇̅𝐹 = 𝑋̅𝑀 𝛽̂𝑀 − 𝑋̅𝐹 𝛽̂𝐹

(2)

I adopt Cobb-Clark and Moschion's (2017) approach of introducing a gender neutral coefficient vector
𝑗
(𝛽̂ ) to determine the contribution of the gender differences in endowments such that
𝑃

𝑗
𝑗
𝑗
𝑗
𝑗
𝑗
𝑗
𝑋̅𝑀 𝛽̂𝑀 − 𝑋̅𝐹 𝛽̂𝐹 = (𝑋̅𝑀 − 𝑋̅𝐹 ) 𝛽̂𝑃 + {𝑋̅𝑀 (𝛽̂𝑀 − 𝛽̂𝑃 ) + 𝑋̅𝐹 (𝛽̂𝑃 − 𝛽̂𝐹 )}

(3)

𝑗
where 𝛽̂𝑃 is the coefficient from a pooled ordinary least squares regression of test scores on the full set of
𝑗
𝑗
covariates over both males and females, and 𝛽̂ and 𝛽̂ are coefficients from separate regressions for
𝑀

𝐹

males and females, respectively (Jann, 2008). Thus the first term on the right-hand side of equation (3) is
the explained component of the gender gap in test scores, that is, the difference in boys’ and girls’ test
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scores that arises because boys and girls have different endowments of the characteristics that matter for
achievement (the ‘endowment effect’). These characteristics are evaluated (i.e. weighted) using the vector
𝑗
of gender-neutral responses (𝛽̂ ) (Jann, 2008). The second term on the right-hand side of equation (3) is
𝑃

the unexplained component of the gender gap (the ‘response effect’). This term can be interpreted as the
part of the gender gap that arises because boys’ and girls’ endowments are not translated into test scores
in a gender-neutral way (Cobb-Clark and Moschion, 2017). However, given that this interpretation
requires the strong assumption that all factors that matter for achievement are included in the model
(Jann, 2008), I focus instead on the results relating to the explained component of the pro-girl gap.
4. Data
4.1. Estimation sample
TIMSS is an international large-scale mathematics and science assessment conducted by the International
Association of the Evaluation of Educational Achievement (IEA). TIMSS 2019 was administered in South
Africa by the Human Science Resources Council (HSRC). Students were sampled according to a twostage stratified cluster sampling design, where schools were sampled at the first stage according to province
and the quintile ranking (a measure of socio-economic status (SES)) of the school (Reddy et al., 2020).
Within the sampled schools, classes were randomly selected for participation. Sampled classes thus
constitute the second-stage sampling units. All Grade 9 students in sampled classes who were present on
the day of the assessment wrote the test. Two of the higher-achieving provinces, Gauteng and the Western
Cape, were oversampled since they sought more precise provincial achievement estimates. As a result,
150 schools were sampled in each of these provinces, while the sample size in the remaining seven
provinces remained at 30 schools each (Reddy et al., 2020). Results presented in this paper are weighted
according to this sampling design so that the oversampling of schools in Gauteng and the Western Cape
is accounted for. In 2019 the realised TIMSS sample consisted of 20,829 students from 519 schools.
Girls made up 51.9% of the realised sample.
3.2. Description of measures

Educational achievement measure
TIMSS is designed to align broadly with the mathematics and science curricula of participating countries
(Reddy et al., 2020). One of the major goals of TIMSS is to provide valid comparisons of achievement
across student populations, based on broad coverage of the achievement domain (von Davier, 2020). This
translates into several hundred achievement domains, only a fraction of which can be assessed in the
available testing time. As a result, TIMSS makes use of an assessment design whereby achievement items
are arranged in blocks that are then assembled into student booklets. Each booklet therefore contains
different but systematically overlapping sets of item blocks – in other words, no student sees and answers
all the achievement tasks. Item response theory is used to link the different student booklets together so
that student proficiency can be reported as imputed estimates commonly known as plausible values.
Although five plausible values are estimated for each student, I make use of only the first of these in this
paper3.

Grade repetition measure
Unfortunately, the TIMSS data does not include direct measures of whether a student has repeated a
Unfortunately, it is not possible to conduct decomposition analysis using Stata’s pv module, or using the IDB Analyser. The
results using the first plausible value were checked against results obtained from using the other four plausible values, and are
robust to the use of different plausible values.
3
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grade. Because of this, I use students’ age as a proxy for grade repetition. I code this as a dummy variable
which takes a value of 1 if a student is one or more years older than they would be if they were “on-track”
in terms of age-for-grade. I also create an ordinal variable of the number of years that a student is overage
(1, 2, and 3 or more years) to investigate how the likely number of times that a student has repeated
impacts on the main results.

School SES measure
Given evidence presented elsewhere of SES differences in the nature of South Africa’s gender gap in
educational outcomes (Zuze and Reddy, 2014), I investigate whether the pro-girl gap in TIMSS Grade 9
mathematics achievement differs by school SES. I make use of the DBE’s quintile ranking system to
classify schools according to SES, with Quintile 1 schools being the most socio-economically
disadvantaged, and Quintile 5 schools being the wealthiest. Quintile 1 to 3 schools serve roughly 75% of
South African learners, Quintile 4 and 5 schools serve about 20% of learners, and private schools serve
the remaining 5% of learners in South Africa (Branson, Hofmeyr and Lam, 2015). Given the small size
of the private school sector in South Africa, a decision was made to limit the analysis to public schools
only.

Covariates
In addition to student age, I include a number of measures to capture individual characteristics and
behaviours of students that have been shown to contribute to gender gaps in achievement elsewhere in
the literature. These include student attitudes toward mathematics and school in general (based on items
in the student background questionnaire), the frequency with which they experience bullying, whether
they wrote the assessment in their home language, the frequency with which they did homework (selfreported), and student SES. Student SES is included to investigate whether there are gender differences
in how home wealth is translated into academic achievement, as has been shown by for example Entwisle,
Alexander and Olson (2007) and Bertrand and Pan (2011). Student SES is measured as scores on an
asset index created using principal components analysis (PCA) on nine home possessions that students
indicated having in their homes. The asset index has an alpha reliability coefficient of 0.67. The
multivariate analysis also includes controls for the number of books students indicated having in their
homes, as an additional measure of home resources. A number of school-level covariates are also
controlled for, given existing evidence of gender differences in how school characteristics are translated
into achievement (see for example Autor et al. (2016)), namely teacher sex, whether their school has a
library, and whether their school has computers.
5. Descriptive statistics
4.1. Gender differences in mathematics achievement by school and province
Figure 2 shows boys’ and girls’ scores in the TIMSS mathematics assessment, separately by school
quintile. The dotted line represents the size of the gender gap in mathematics scores. The unshaded bars
for Quintile 4 and 5 schools indicates that the gender gaps in mathematics achievement in these schools
are not statistically significant. The fact that the size of the gender gap decreases by school quintile is
immediately apparent from the figure – so much so that the pro-girl gap is negative in Quintile 4 and 5
schools (that is, there is a pro-boy gap), however these gaps are not statistically significant. The figure
therefore shows that the national pro-girl gap in TIMSS mathematics achievement is driven by statistically
significant pro-girl gaps in Quintiles 1-3.
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Figure 2: Gender differences in mathematics scores by school quintile
500

10

450

8

6

350
300

4

250
2

200
150

0

Size of the gender gap

TIMSS Mathematics scores

400

100
-2

50
0

-4
Q1

Q2

Q3

Q4

Q5

School quintile
Boys

Girls

Gap

4.2. Descriptive differences between boys and girls
Descriptive differences between boys and girls are reported in Table 1, both nationally and by school
quintile. The results in the table indicate that boys are roughly twice as likely as girls to be overage (that
is, to have repeated at least once): While 20% of girls are overage nationally, this proportion is 39% for
boys. 21% of boys are one year overage, and the remaining 18% are two or more years overage. This
implies that almost one in five Grade 9 boys have repeated two or more grades. The proportion of girls
who have repeated twice is less than half of this (7%). If being overage is indeed associated with weaker
performance, these results already provide some support for the hypothesis that Grade 9 boys are selected
to be weaker-performing than girls, which could contribute to the pro-girl gap in South Africa’s TIMSS
mathematics results. The association between being overage and achievement on the TIMSS mathematics
assessment is explored further below.
The results in Table 1 further point to statistically significant differences between boys and girls both in
terms of their attitudes towards learning mathematics, and their sense of safety and belonging at school.
Interestingly, boys report having more positive attitudes toward learning mathematics in almost all school
quintiles (barring Quintile 5), despite their inferior performance in the TIMSS mathematics assessment.
Boys also report experiencing bullying less often than girls. Conversely, boys report having less of a sense
of belonging at school on average. In terms of differences across school quintiles, it is interesting to note
that students in Quintile 5 schools report much worse attitudes toward learning mathematics, less of a
sense of belonging at school, and much more frequent bullying than their counterparts in Quintile 1-4
schools, on average.
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Table 1: Descriptive differences between boys and girls
National
Boys
Girls

Quintile 1
Boys
Girls

Quintile 2
Boys
Girls

Quintile 3
Boys
Girls

Quintile 4
Boys
Girls

Quintile 5
Boys
Girls
77%
16%
6%
1%

91%***
7%***
1%***
0%

Student age
On-track
61%
1 year overage
21%
2 years overage
12%
3 or more years overage
6%
Student attitudes toward learning mathematics

80%***
13%***
5%***
2%***

54%
24%
13%
9%

76%***
14%***
7%***
3%***

57%
22%
13%
8%

77%***
15%***
5%***
3%***

56%
23%
15%
5%

76%***
16%***
6%***
2%***

64%
22%
10%
4%

Confidence in mathematics

0.06

-0.06***

0.09

0.02***

0.09

0.02***

0.04

-0.01*

0.02

Like learning mathematics

0.04

-0.03***

0.14

0.09

0.19

0.15

0.14

0.12

0.02

0.03

-0.03***

0.14

0.09

0.18

0.15

0.14

0.12

0.02

Sense of school belonging

-0.05

0.05***

-0.01

0.15***

0.08

0.18***

0.08

0.18***

Frequency of experiencing bullying

-0.02

0.02***

-0.27

0.21**

-0.18

-0.14

-0.11

10,025

10,804

1,582

1,821

1,784

1,937

2,513

Instructional clarity in mathematics
lessons
School belonging and safety

Observations

0.03***
2,753

81%***
12%***
5%***
1%***
0.19***
0.14***
0.14***

0.07

0.07***

-0.35

0.40

-0.35

0.40

-0.11

0.02***

-0.34

0.18***

0.08

0.06

0.37

0.39

1,821

2,112

1,664

1,902

Notes: Student attitude and school safety measures are standardised versions of the scales provided in the TIMSS data. Statistically significant gender differences are indicated by asterisks such that
*** p <0.01; ** p <0.05; and * p<0.10.

9

4.3. Descriptive differences between overage and on-track students
Given the gender differences in the proportions of students that are overage presented above, it is
instructive to consider whether there are differences in the TIMSS mathematics scores between students
who are on-track in terms of age-for-grade versus those who are overage. Figure 3 shows the distributions
of TIMSS mathematics scores by gender and overage. Mathematics scores are expressed as z-scores,
where a score of zero is equal to the mean mathematics score of the total South African TIMSS sample
of public schools. Overage students are represented by the dotted lines and on-track students are
represented by the solid lines. Boys’ mathematics scores are plotted in black and girls’ in grey. The fact
that the distributions of mathematics scores for overage students (both boys and girls) clearly lie to the left
of the distributions of mathematics scores for on-track students indicates that being overage is indeed
associated with weaker academic performance. In fact, there appears to be very little difference between
the distributions of mathematics scores of boys and girls when considering overage and on-track students
separately – the distributions of mathematics scores for boys and girls (the solid lines in the figure) are
almost identical. Given that a much larger number of boys are overage (3,818 compared with 2,160 girls),
the lower mathematics scores of overage boys could be driving the overall pro-girl gap in TIMSS
mathematics achievement.
Figure 3: Mathematics scores by gender and overage

Notes: Mathematics scores are expressed as z-scores. Kernel density estimation used to plot the distributions of mathematics
scores (bandwidth: 0.7). Source: TIMSS 2019.

Figure 4 shows the same information as above, this time by school quintile. Mathematics scores are again
expressed as z-scores, and the sample mean is indicated by the vertical red lines in each graph. The figure
shows that overage students, regardless of gender, had lower mathematics scores than on-track students
in all school quintiles.
The figure also shows that in Quintiles 1-3, the distributions of mathematics scores of on-track boys and
girls are nearly identical, as in Figure 3 above. That is, when splitting the sample into overage and on-track
students, it appears that the pro-girl advantage in mathematics scores disappears. Standard t-tests reveal
that the mathematics scores of on-track boys and girls in Quintile 1-3 schools are not statistically
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significantly different from each other, indicating that indeed the pro-girl gap in mathematics scores
disappears when considering only students who are on-track in terms of age-for-grade.
In Quintiles 4 and 5, the distributions of boys’ mathematics scores lie slightly to the right of girls’ (both
for overage and on-track students). This is suggestive of a pro-boy gap in TIMSS mathematics
achievement in Quintile 4 and 5 schools, once the effect of being overage has been accounted for. T-tests
confirm that on-track boys in Quintile 4 and 5 schools did in fact outperform on-track girls by statistically
significant margins.
The results from both Figure 3 and Figure 4 also indicate that South Africa’s overall pro-girl gap in TIMSS
mathematics performance is driven entirely by the disproportionate number of boys in Grade 9 that are
overage for their grade, that is, those who have repeated one or more grades. Considering only on-track
students brings up the average mathematics scores of boys across all school quintiles so that in Quintiles
1-3 the pro-girl gap that exists when considering all Grade 9 students disappears, and in Quintiles 4 and
5, where there is no statistically significant pro-girl gap when considering all Grade 9 students, a pro-boy
advantage appears when considering only on-track students. This evidence provides strong support in
favour of the hypothesis that the country’s pro-girl gap in TIMSS mathematics is due to a pro-girl
advantage in prior grade progression. This result is explored further in the decomposition analysis that
follows.
Figure 4: Mathematics scores by gender and overage, separately by school quintile

Notes: The red reference lines indicate the mean mathematics score for the South African TIMSS sample (expressed as zscores). Kernel density estimation used to plot the distributions of z-scores (bandwidth: 0.7). Source: TIMSS 2019.
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6. Results from the decomposition analysis
Given the evidence of both differences in the nature of the gender gap in mathematics scores by school
quintile presented in the previous section, I conduct decomposition analyses separately by school quintile.
The results from the decompositions are presented in
Table 2. The table shows boys’ and girls’ average standardised TIMSS scores and the magnitude of the
gender gap in test scores, by school quintile. Negative values indicate a pro-girl advantage. The results in
the table confirm those from the descriptive statistics in terms of differences in the pro-girl advantage
across school quintiles, with only Quintile 1-3 schools exhibiting statistically significant pro-girl gaps in
mathematics scores.
The share of the gender gap in test scores attributable to differences in boys’ and girls’ characteristics (the
‘endowment effect’) is reported in the “Explained” row. Differences between boys and girls in how
endowments are translated into achievement (the ‘response effect’) are reported in the “Unexplained”
row. Dividing the explained component by the total gender gap provides an estimate of the proportion of
the observed gender gap that can be explained due to differences in boys’ and girls’ observable
characteristics. Put differently, this proportion indicates by how much boys’ mathematics scores would
increase if they had the same characteristics as girls. For example, the explained component for students
in Quintile 1 schools is 0.102. Dividing this by the size of the total gender gap (1.08 standard deviations)
gives a value of 94%, indicating that 94% of the total gender gap in mathematics scores in these schools is
due to observable differences between boys and girls. This means that if boys had the same characteristics
as girls, their mathematics scores would increase by 94% (0.102 points).
The coefficients on the different covariates in the second panel of
Table 2 indicate the proportion of the total gender gap that can be explained due to gender differences
in boys’ and girls’ endowments of that characteristic. For example, the coefficient on 0.08 on ‘average’
among students in Quintile 1 schools indicates that 74% of the pro-girl gap in mathematics achievement
(0.08 divided by the overall gender gap of 0.108) is due to boys being more likely to be overage for their
grade. Put differently, if the same proportions of boys were overage as girls in these schools, boys’
mathematics scores would increase by 74%. The fact that this proportion is greater than one in Quintile
2 and 3 schools (with ratios of 1.12 and 1.41, respectively) indicates that if the same proportions of boys
were overage as girls in these schools, boys would perform better than girls in mathematics. These results
are presented graphically in Figure 5, which plots the overall pro-girl gap, the size of the explained
component, and the coefficients on ‘overage’, for each school quintile. The figure makes clear that for
both Quintile 2 and 3 schools, the coefficient on ‘overage’ is larger than the gender gap in TIMSS
mathematics scores itself, indicating that if boys were equally likely as girls to be overage, their TIMSS
scores would increase such that they achieved better results than girls.
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Figure 5: Magnitudes of the gender gaps, explained components, and coefficients on 'overage', by school
quintile
0,14
0,12

Size

0,1
0,08
0,06
0,04
0,02
0
Quintile 1

Quintile 2
Gender gap

Quintile 3
Explained

Quintile 4

Quintile 5

Overage

Notes: Unshaded bars plotted for Quintile 4 and 5 schools since there are no statistically significant gender gaps in mathematics
performance in these two quintiles. Source: TIMSS 2019.

The only other covariate that consistently contributes significantly to the pro-girl achievement gap across
school quintiles is the frequency with which students indicated doing mathematics homework. The fact
that girls reported doing mathematics homework more often than boys accounts for between 16% and
24% of the overall gender gap in Quintile 1-3 schools. Students’ self-reported confidence in mathematics
contributes significantly to the observed gender gap in Quintile 1 and 2 schools. The fact that the
coefficients on this variable are positive indicates that boys’ higher confidence in mathematics adds to the
pro-girl gap (by around 15%). In other words, if boys had the same levels of confidence in mathematics
as girls, their TIMSS scores would decrease by about 15%.
Table 2: Results from the decomposition analysis by school quintile

Gender gap
Boys’ average
Girls’ average
Explained
Unexplained
Overage
Homework
First language
Confidence in maths (z-scores)

Quintile 1

Quintile 2

Quintile 3

Quintile 4

Quintile 5

-0.108***
(0.031)
-0.464***
(0.040)
-0.356***
(0.040)
-0.102***
(0.017)
-0.007
(0.027)
-0.080***
(0.009)
-0.017***
(0.004)
-0.009**
(0.004)
0.016***
(0.006)

-0.078***
(0.030)
-0.418***
(0.040)
-0.339***
(0.040)
-0.101***
(0.016)
0.023
(0.026)
-0.092***
(0.009)
-0.015***
(0.004)
-0.004
(0.002)
0.017***
(0.005)

-0.068***
(0.025)
-0.310***
(0.033)
-0.242***
(0.036)
-0.125***
(0.015)
0.058***
(0.020)
-0.096***
(0.010)
-0.016***
(0.003)
-0.001
(0.002)
0.009
(0.005)

0.021
(0.032)
0.027
(0.044)
0.006
(0.044)
-0.051***
(0.019)
0.072**
(0.028)
-0.092***
(0.011)
-0.011***
(0.003)
-0.003
(0.002)
0.043***
(0.009)

0.043
(0.056)
0.965***
(0.076)
0.921***
(0.074)
-0.013
(0.046)
0.056
(0.032)
-0.068***
(0.011)
-0.008
(0.005)
-0.002
(0.003)
0.049***
(0.016)

13

Like maths (z-scores)
Instructional clarity (z-scores)
Sense of belonging (z-scores)
Bullying (z-scores)
Asset index (z-scores)
No. of books at home
Female maths teacher
School has a library
School has computers
Constant
N

-0.068
(0.075)
0.069
(0.078)
-0.000
(0.003)
-0.008
(0.004)
0.003
(0.003)
-0.000
(0.001)
0.000
(0.001)
-0.006
(0.004)
-0.002
(0.004)
-0.125
(0.091)

-0.048
(0.048)
0.047
(0.051)
0.002
(0.002)
-0.002
(0.002)
0.001
(0.002)
-0.000
(0.001)
-0.003
(0.003)
-0.002
(0.003)
0.001
(0.002)
-0.110
(0.079)

-0.028
(0.047)
0.027
(0.048)
0.001
(0.001)
-0.006**
(0.002)
-0.003
(0.002)
-0.001
(0.001)
0.000
(0.000)
-0.006
(0.004)
0.001
(0.002)
0.052
(0.088)

-0.291***
(0.086)
0.296***
(0.087)
0.007**
(0.003)
0.001
(0.003)
0.003
(0.002)
-0.000
(0.001)
-0.001
(0.002)
0.000
(0.001)
-0.001
(0.002)
0.028
(0.123)

-0.130
(0.127)
0.126
(0.124)
0.004
(0.003)
-0.001
(0.001)
0.010
(0.006)
-0.003
(0.008)
-0.002
(0.002)
-0.000
(0.001)
0.006
(0.007)
-0.029
(0.128)

3,403

3,721

5,266

3,933

3,566

Notes: Only coefficients of the explained component of the pro-girl gap are reported, given that not all factors that matter for
mathematics achievement are available in the TIMSS data. All models include provincial controls. Standard errors are
calculated at the school level and reported in parentheses. Statistical significance is indicated by asterisks such that *** p < 0.01;
** p < 0.05; * p < 0.1.

7. Robustness checks
The results presented thus far suggest that when considering gender gaps within school quintile groupings
in South Africa, there are no statistically significant pro-girl gaps in TIMSS Grade 9 mathematics
achievement among students who are in the correct age-for-grade. In fact, there is a pro-boy gap in TIMSS
Grade 9 mathematics scores among on-track students in Quintile 4 and 5 schools. These findings are
noteworthy when considered against existing evidence of a pro-girl gap in TIMSS mathematics
achievement among on-track students at the Grade 5 level (Hofmeyr, forthcoming). The fact that this progirl gap among on-track students within school quintiles disappears by Grade 9 suggests there may be
some catch-up happening among boys who manage to progress to Grade 9 without repeating or dropping
out. It is worth investigating further the extent to which there is evidence of such catch-up, since existing
evidence suggests that early learning deficits (especially in mathematics) only become more pronounced
over time (see for example Spaull and Kotze (2015)). Whether there is evidence of catch-up among boys
is also relevant for policy purposes: If the pro-girl gap in Grade 5 mathematics does indeed disappear by
Grade 9, we might attribute less research and policy importance to the observed pro-girl gap in the primary
school grades.
Importantly, there may be selection effects at play which could account for these results. These need to
be investigated to bolster the results presented thus far. There are two possible sources of selection bias
that need to be investigated, namely gender bias in (1) repetition, and (2) dropout. This section examines
the extent to which each of these potential selection effects may be contributing to the relative
performance of boys and girls in the TIMSS sample, and attempts to correct for this bias in order to
investigate further whether there is evidence of true catch-up among boys in TIMSS mathematics
achievement between Grade 5 and Grade 9.
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6.1. Evidence of selection bias

Gender bias in grade repetition
The presentation and discussion of results thus far has assumed that boys are more likely to have repeated
a grade by the time they reach Grade 9 because they did not meet the curriculum requirements for being
promoted to the next grade, and by implication that girls who are on-track in terms of age-for-grade did
meet these curriculum requirements. There is existing evidence from the local literature on grade
repetition that deserves to be considered here, however, namely that there is an element of randomness
to grade repetition in South Africa, especially in low-quality schools (Lam, Ardington and Leibbrandt,
2011), and that teachers take into account student characteristics other than mastery of the curriculum
when deciding whether to hold learners back (Walton, 2018). For example, Walton (2018) presents
evidence, based on interviews with teachers in Johannesburg, that many teachers use learner ‘maturity’ as
a metric that informs their grade promotion decisions. While neither of these studies consider potential
gender differences in teachers’ decisions to hold learners back, their results point to the important
conclusion that boys’ relative lack of mastery of the curriculum may not be the only factor that causes
them to be more likely to repeat than girls. That is, it may be that boys are more likely to be held back,
even if they exhibit the same mastery of the curriculum as girls.
Given this evidence, it is instructive to investigate whether boys are more likely than girls to have repeated
a grade, all other things being equal. To do this, I run ordinary least squares logistic regressions where the
outcome of interest is the dummy variable indicating whether students are one or more years overage for
their grade in the TIMSS sample, separately by school quintile. I control for all the same factors that are
included in the decomposition models above, including TIMSS mathematics scores. The coefficients on
being male are all statistically significant at p<0.01 and are presented graphically in Figure 6. The figure
shows that in all school quintiles, boys are at least twice as likely to have repeated a grade than girls, all
other things being equal (including mathematics achievement in Grade 9). This is a noteworthy result,
since it suggests that boys who have the same characteristics as girls in Grade 9 are more likely to have
repeated by the time they reach this grade. Of course, there may be a temporal element to these results,
since being overage is an indication of having repeated at some point in the past, while the characteristics
controlled for here are measured at a later point in time. It is therefore at least conceivable that students’
achievement levels may have changed since repeating a grade. It is nonetheless interesting to note the
large coefficients on being male across all school quintiles in regressions of the probability of being overage
that control for a host of factors at the individual, home, and school level, including TIMSS Grade 9
mathematics achievement. These results are at the very least suggestive of a pro-girl bias in grade
progression, whereby girls are more likely to be promoted to the next grade, all else being equal.
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Figure 6: Size of the coefficients on being male from logistic regressions of the probability of being
overage

These results also suggest that there may be weaker-performing girls in the TIMSS Grade 9 sample who
would have been held back if they had been boys. Given the results presented above that boys are at least
twice as likely to have repeated as girls (even when controlling for TIMSS mathematics scores), it may be
that weaker girls are more likely to have progressed to Grade 9 without interruption than boys who
achieved similar results. It is important to investigate this possibility since it would mean that the
disappearance of the pro-girl gap among students who are on-track in terms of age-for-grade in TIMSS
mathematics achievement between Grade 5 and Grade 9 is due to weaker boys being held back while
equally weak girls were not. This, in turn, would mean that the disappearance of the pro-girl gap is not
due to boys catching up to girls, but rather that weaker boys were less likely to make it into the Grade 9
TIMSS sample than equally weak girls. The holding back of weaker boys when equally weak girls were
promoted to the next grade could therefore contribute to the disappearance of the pro-girl gap in TIMSS
mathematics achievement between Grade 5 and Grade 9.

Gender bias in dropout
Given evidence presented elsewhere that South African boys are more likely to drop out of school during
secondary school (other things being equal) (Branson, Hofmeyr and Lam, 2014; De Wet and Mkwananzi,
2014), the weakest boys may have already dropped out of school before reaching Grade 9, while the
weakest girls may still be in school and captured in the Grade 9 TIMSS sample. This would result in a
selection effect that would pull down the average TIMSS maths scores of girls. A comparison of the
proportions of boys and girls in the TIMSS Grade 5 versus Grade 9 data provides evidence in support of
this hypothesis: Even though there are virtually equal numbers of males and females at birth, the TIMSS
2019 Grade 9 sample consisted of 9,404 males and 10,586 females. That is, there were 12.6% more
females than males. If we assume (as a number of other authors do, such as for example Spaull and
Makaluza (2019) and Van der Berg et al. (2019)) that the weakest boys were the ones who dropped out,
this would mean that the realised TIMSS Grade 9 sample contains low-achieving girls who would have
dropped out, had they been boys. As is the case with gender bias in grade repetition, this selection effect
would pull down the average TIMSS achievement of girls.
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6.2. Correcting for selection bias
To account for this selection bias, I adopt Spaull and Makaluza's (2019) strategy of creating a comparable
sample of equal numbers of boys and girls writing the TIMSS assessment by dropping the weakest 10%
of females from the TIMSS sample. This results in a balanced sample where girls make up exactly 50%
of observations.
I next run the same set of decompositions (separately by school quintile) presented in Section 5 on the
restricted TIMSS sample to investigate whether there is still evidence that the pro-girl gap in Mathematics
achievement disappears by Grade 9. The results are presented in Table 3 below. The models include the
same controls as those in Section 5, but are not reported here4. Notably, restricting the sample to account
for the potential selection effects discussed above results in pro-girl gaps in mathematics achievement in
Quintile 1-3 schools that are comparable in magnitude with those observable in the TIMSS Grade 5 data
for South Africa, with girls performing between around 10% and 20% of a standard deviation better than
boys, depending on the school quintile ranking (Hofmeyr, forthcoming). These results therefore suggest
that the disappearance of the pro-girl gap in TIMSS mathematics achievement between Grade 5 and
Grade 9 among students who are on-track in terms of age-for-grade is not due to boys catching up to girls.
Rather, the results presented here suggest this is due to weaker boys being more likely to be held back
and to drop out of school entirely, while equally low-performing girls progress through the schooling
system without interruption.
Table 3: Decomposition results, restricted TIMSS sample, on-track students only
Quintile 1

Quintile 2

Quintile 3

Quintile 4

Quintile 5

Gender gap

-0.198***
-0.128***
-0.104***
0.044
0.139**
(0.035)
(0.037)
(0.030)
(0.039)
(0.056)
Boys’ average
-0.264***
-0.178***
-0.085**
0.259***
1.186***
(0.046)
(0.047)
(0.039)
(0.050)
(0.073)
Girls’ average
-0.067
-0.050
0.019
0.215***
1.047***
(0.034)
(0.031)
(0.033)
(0.042)
(0.069)
Explained
-0.022
-0.002
-0.021
0.047***
0.100**
(0.017)
(0.017)
(0.013)
(0.017)
(0.044)
Unexplained
-0.176***
-0.126***
-0.083***
-0.003
0.039
(0.033)
(0.031)
(0.026)
(0.037)
(0.035)
Constant
-0.400***
-0.315***
-0.286**
0.018
-0.072
(0.111)
(0.104)
(0.119)
(0.167)
(0.139)
N
2,091
2,289
3,359
2,643
3,025
Notes: Samples are restricted to exclude the weakest-performing 10% of girls. Models include all the same controls as those in
Table 2, but are not reported here. Standard errors are calculated at the school level and reported in parentheses. Statistical
significance is indicated by asterisks such that *** p < 0.01; ** p < 0.05; * p < 0.1.
.

8. Discussion
7.1. Summary of main results
The results presented in this paper contribute to our understanding of gender differences in mathematics
achievement in South Africa. Importantly, the analysis shows that gender gaps in international educational
assessments such as TIMSS should not be taken at face value. In particular, the results point to various
selection effects that arise from gender differences in grade progression and dropout that should be taken

4

The full set of results are presented in Table A2 of the Appendix.
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into account when considering gender gaps in international assessments.
One major source of selection bias in South African TIMSS data is the higher proportion of boys that
are overage for their grade, indicating that boys are much more likely to have repeated a grade than girls.
The analysis in this paper shows that, as one might expect, this bias is much more pronounced at the
Grade 9 level than the Grade 5 level. Interestingly, when correcting for this bias by considering only
students who are on-track in terms of age-for-grade, the observed pro-girl gap in TIMSS mathematics
achievement disappears completely, across all school quintiles. Since a pro-girl gap in mathematics
achievement is observable at the Grade 5 level, even when considering only learners who are on-track in
terms of age-for-grade (Hofmeyr, forthcoming), this result is suggestive of catch-up among boys between
Grade 5 and Grade 9. This is a surprising result when considered against existing evidence that early
learning deficits, especially in mathematics, are difficult to surmount without proper remedial efforts.
Analysis of the relative numbers of males and females in the TIMSS Grade 9 sample and the relative
probabilities of having repeated a grade for boys and girls suggests, however, that boys are more likely to
be held back and to drop out of school, all else being equal. This would result in weaker boys not making
it into the TIMSS Grade 9 sample, while equally weak girls do. Put differently, the evidence presented in
this paper suggests that the realised TIMSS Grade 9 sample consists of weaker-performing girls who
would not have been in the sample, had they been boys. This selection effect pulls down the average
mathematics marks of girls, resulting in the lack of a pro-girl gap in Grade 9 mathematics achievement,
and suggesting that boys manage to catch up to girls in mathematics between Grade 5 and Grade 9.
Accounting for this selection effect by removing the worst-performing 10% of girls from the sample shows,
however, that significant pro-girl gaps are observable in the bottom three school quintiles. This, in turn,
suggests that the initial evidence of catch-up among boys is the result of a pro-girl advantage in grade
promotion, and that the pro-girl gap in TIMSS mathematics achievement observed in Grade 5 is still
evident in Grade 9. In other words, the evidence presented here suggests that South Africa’s pro-girl gap
in mathematics achievement in primary school extends to high school, once selection effects are
accounted for.
7.2.

Limitations

While the results of this paper highlight the importance of gendered repetition and dropout patterns in
contributing to South Africa’s observed pro-girl achievement gap in Grade 9 mathematics achievement,
this result only shifts the question of the sources of the pro-girl advantage to the earlier grades. That is,
the results presented here do not bring us any closer to understanding why boys are underachieving
relative to girls in the grades leading up to Grade 9. My earlier finding that the effect of gendered repetition
patterns already contributes to a pro-girl advantage in Grade 4 and 5 suggest that girls’ academic advantage
is already present in the Foundation Phase (Grades R-3). This may indicate that girls already have an
advantage at the start of formal schooling, however more research is required that explicitly investigates
whether this is the case.
A more minor limitation of the results present here is that the TIMSS assessment is conducted at the
grade level, and not by age (unlike, for example, the Programme for International Student Assessment
(PISA), which tests all 15-year-olds regardless of what grade they are in). As a result, the TIMSS data does
not allow for analysis of all members of the same cohort. Limiting the sample to students who are ontrack in terms of age-for-grade allows one to get closer to the ‘true’ cohort that started school together in
Grade 1. However, the sample of students remains a pseudo cohort, since it includes students from a
previous cohort (students who started school early and repeated a grade), and excludes students from the
true cohort (students who started school late and never repeated). This limitation points to the need for
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international educational assessments to include items in the student background questionnaire that
would provide a more detailed picture of students’ past educational trajectories, such as asking students
whether they have ever repeated a grade.
6.3. Concluding remarks
While it is important to understand the reasons behind gendered learning outcomes, the results presented
here (in combination with my earlier results regarding the reasons for the country’s pro-girl gap at the
primary school level) point to a more general feature of South Africa’s schooling system, namely that the
system seems to offer few opportunities for remediation of initial learning deficits. Weaker students fall
behind in the early grades, and their disadvantage seems to accumulate over the course of their schooling
careers. This result is supported by the findings of Spaull and Kotze (2015) and Van der Berg (2015),
who show that South African students acquire learning deficits early on in their schooling careers and, in
the absence of proper remediation, these early deficits are translated into underperformance in later years.
The results presented here add to these findings by showing that there is a strong gender dimension to
this underperformance at the Grade 9 level, which can be traced back to gender differences in grade
progression patterns in the years leading up to Grade 9. Together, these results point to the importance
of improving opportunities for remediation in the country’s schooling system, particularly in the
Foundation Phase.
9. Conclusion
This paper contributes to the literature documenting South Africa’s pro-girl advantage in educational
outcomes. The analysis focussed on the role of gender differences in prior grade progression in explaining
the country’s pro-girl gap in Grade 9 mathematics achievement in the 2019 round of TIMSS. The analysis
showed that South Africa’s Grade 9 TIMSS sample is unbalanced in terms of gender, which the results
suggest is at least in part due to boys being more likely to be held back than girls, all else being equal. That
is, weaker boys are held back and even drop out of the system entirely, while weaker girls move through
the system without interruption. When accounting for these gender differences in grade repetition and
dropout, a pro-girl gap in mathematics achievement is observable in the bottom three school quintiles,
suggesting that girls’ advantage in mathematics observable in the primary school grades extends to
secondary school. Thus there is little evidence of true catch-up among boys in mathematics achievement
between Grade 5 and Grade 9. This points to a more general feature of the South African education
system, whereby early learning deficits are not remediated effectively, and thus extend to higher grades.
We need to do more to understand why boys fall behind and why they are more likely to be held back,
with research that focusses on gender gaps in the early grades likely constituting a particularly fruitful
avenue for future research.
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