~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Zhang, Huafeng; Holden, Stein Terje

Working Paper
Numeracy skills learning of children in Africa: Are disabled
children lagging behind?

Centre for Land Tenure Studies Working Paper, No. 10/22

Provided in Cooperation with:
Centre for Land Tenure Studies (CLTS), Norwegian University of Life Sciences (NMBU)

Suggested Citation: Zhang, Huafeng; Holden, Stein Terje (2022) : Numeracy skills learning of children
in Africa: Are disabled children lagging behind?, Centre for Land Tenure Studies Working Paper,
No. 10/22, ISBN 978-82-7490-307-4, Norwegian University of Life Sciences (NMBU), Centre for Land
Tenure Studies (CLTS), As

This Version is available at:
https://hdl.handle.net/10419/298433

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/298433
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Numeracy skills learning of children in Africa: - Are disabled
children lagging behind?

Huafeng Zhang and Stein T. Holden

—G Norwegian University of Life Sciences

M Centre for Land Tenure Studies

N

Centre for Land Tenure Studies Working Paper 10/22
ISBN: 978-82-7490-307-4



Numeracy skills learning of children in Africa: - Are disabled
children lagging behind?

Huafeng Zhang'2" and Stein T. Holden!

! School of Economics and Business, Norwegian University of Life Sciences, P.O. Box 5003, 1432 As, Norway
2 Fafo Institute for Labour and Social Research, Borggata 2B, Postboks 2947, Teyen. 0608 Oslo, Norway

* Corresponding author
Email: zhu@fafo.no

Abstract

Significant progress has been achieved in universal basic education in African countries
since the late 1990s. This study provides empirical evidence on the within- and across-country
variation in numeracy skills performance among children based on nationally representative
data from eight African countries (DR Congo, The Gambia, Ghana, Lesotho, Sierra Leone,
Togo, Tunisia, and Zimbabwe). We assess whether and to what extent children with disabilities
lag in numeracy skills and how much it depends on their type of disabilities. More specifically,
we explore whether disabled children benefit equally from better school system quality.

The assessment is analysed as a natural experiment using the performance of non-
disabled children as a benchmark and considering the different types of disabilities as random
treatments. We first evaluate the variation in average numeracy skills in the eight African
countries. They can roughly be divided into low- and high-numeracy countries. We apply
Instrumental Variable (IV) methods to control the endogeneity of completed school years when
assessing subjects’ school performance and heterogeneous disability effects. Children with
vision and hearing disabilities are not especially challenged in numeracy skills performance.
The low numeracy skills among physically and intellectually disabled children are mainly
attributable to their limited school attendance. Children with multiple disabilities are

constrained both by low school attendance and by poor numeracy skills return to schooling.



The average differences in school performance across the high- versus low-numeracy skill
country groups are larger than the within-group average differences for disabled versus non-
disabled kids. This indicates that school enrolment and quality are crucial for children’s learning
of numeracy skills, and that disabled children benefit equally from better school quality across

these African countries.
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1. Introduction

The Sustainable Development Goal (SDG) 4 aims at inclusive and equal access to
education for all children (UN, 2015). Significant progress has been achieved in the rapid
expansion of basic education in African countries (Lewin, 2009) when several development
frameworks were adopted globally, such as Education for all (UNESCO, 2016a) and the
Millennium Development Goals (UN, 2000). Data from UNESCO Institute for Statistics
suggests that since the late 1990s and early 2000s, most African countries have increased the
gross enrolment in primary schools from about 75% to almost 100% (UNESCO, 2021). Even
countries with low school enrolment historically, such as Niger, also witnessed their primary
school gross enrolment grow from 30% in the late 1990s to about 60-70% in recent years
(UNESCO, 2021).

Although universal basic education has achieved great success, recent studies are
concerned about poor school performance among children across African countries (Bashir et
al., 2018). Many children did not gain basic skills in reading and mathematics even after many
years of schooling (Bashir et al., 2018; UNESCO, 2016b; Johnson, 2008). Furthermore, the
achievement gained in school enrolment has masked problems related to unequal distribution
and disparity in school performance, as well as the marginalisation of the most disadvantaged
and vulnerable groups of children (Spaull and Taylor, 2012; Unterhalter, 2013; Bonal, 2016;
Ansong et al., 2015). Children with disabilities are possibly among those exposed to such
limitations and risks (Adugna et al., 2022; Gregorius, 2016)

There is a growing research interest in timely and reliable empirical evidence on school
enrolment and learning performance for children with disabilities in developing countries to
measure the across-region variation (UNESCO, 2018; Stromquist, 2017). The currently
available evidence is primarily associated with their overall school access, attendance and

enrolment (Filmer, 2008; Mizunoya et al., 2018; UNESCO, 2018; WHO, 2011). There exists



little quantitative evidence on the inequities in learning outcomes across countries and various
disability types (Nkrumah & Sinha, 2020; Bakhshi, Babulal and Trani, 2018; Singal et al., 2018).
This paper aims to investigate the learning outcome of numeracy skills for children with
and without disabilities in eight African countries, using the average performance of children
without disabilities as a benchmark. Based on the sixth round of Multiple Indicator Cluster
Surveys (MICS), we aim to answer the following research questions: 1) To what extent do the
average numeracy skills vary across African countries? 2) To what extent does the average
performance differ between children with and without disabilities? 3) To what extent is the
numeracy skills return to schooling dependent on children’s disability status and types of
disabilities? 4) Are disabled children able to benefit from better school system quality to the
same extent as non-disabled children? To answer these questions, we first evaluate the variation
in the numeracy skills across the eight African countries in our study and estimate the disability
effects on numeracy skills returns to schooling by using non-disabled children as the
counterfactual. Afterwards, we assess the relative performance between disabled and non-
disabled children in countries with low- and high-numeracy skills. The country-level school
quality is measured by the mean numeracy score of non-disabled children in these countries.
Earlier studies based on Western experiences with standard school performance tests
have presented specific learning challenges for disabled children since they are often limited in
cognitive, behavioural, motor, and emotional abilities (Tolar et al., 2016; Pieters et al., 2015).
Two African regional programs can be used as assessment tools for comparison to evaluate
children’s learning outcomes in the African context: SACMEQ (The Southern and Eastern
Africa Consortium for Monitoring Educational Quality) and PASEC (Programme for the
Analysis of Education Systems) (Madaki, 2021). They provide rich data on evaluating
children’s numeracy skills in participating African countries (Fehrler et al., 2009). However,

there are two limitations to these programs. First, for many African countries that did not join



these programs, even if some have their own national assessments, comparisons across
countries are not available. Second, children’s disability status is often not registered in these
programs for evaluating school performance. Therefore, they are limited in understanding the
learning outcome of disabled children.

The MICS survey is the first large-scale international household survey program to
include the Washington Group Child Functional Module (WG-CFM) and a standard learning
assessment test for children aged 7 and 14 (UNICEF, 2017). The nationally representative
samples in the MICS surveys allow us to compare the numeracy skills learning outcome in eight
African countries, among which four countries have never participated in SACMEQ or PASEC
program (Sierra Leone, The Gambia, Ghana, and Tunisia), two countries have taken SACMEQ
(Lesotho and Zimbabwe), and two countries have done PASEC (DRCongo and Togo). This
study provides new evidence on learning outcome comparisons in these countries.

The evidence in the developing context is limited and primarily gained by evaluating
disabled children’s basic reading, writing, and math skills based on simple tests embedded in
surveys. For example, studies in India (Takeda and Lamichhane, 2018) and Pakistan (Malik et
al., 2020; Singal et al., 2018) suggest a significant disability gap in numeracy skills. At the same
time, they report lower school enrolment and completion among disabled children. These
studies do not indicate whether the low numeracy skills among disabled children have been
merely correlated with their low school attendance. Takeda and Lamichhane (2018) notice that
when the interaction between disability status and school status is included in the model, the
disability dummy becomes insignificant. Therefore, they conclude that once disabled children
access education, they become less likely to fall behind in school performance. However, none
of these studies considers the potential endogeneity of selection into disabled children’s school

status.



Due to the challenges in sample size for disabled children, many studies in the
developing context used the catch-all category for disability. There are a few exceptions. Singal
et al. (2018) evaluated Pakistani children’s basic numeracy skills among those with three types
of disabilities and varying severity: sensory (walking, seeing and hearing); self-caring
(difficulty in dressing and washing all over); and cognitive. They reported the highest disability
gap in learning outcomes among those with moderate or severe sensory disabilities and no
difference among those with mild disabilities, no matter the disability type.

Another study that also differentiates disability types is Bakhshi, Babulal and Trani
(2018), who predicted school access and literacy' in Western Darfur in Sudan for children with
four types of disabilities: sensory (physical, seeing and hearing), mental and cognitive,
behavioural and mood, and multiple disabilities. They found no difference in skills performance
either with the catch-all disability category or with different disability types. However, the
authors further argue that in the conflict setting in Darfur, where all children are exposed to a
high risk of being excluded and not taught in school, the differences in school performance
might have disappeared. It might imply that disabled children experience more challenges when
the school quality and children’s skill learning environment improve in the developing context.
More evidence based on proper numeracy tests is needed to understand the heterogeneous effect
of disability types and the potential correlation between disability effect and school quality.

To the best of our knowledge, our study is the first comprehensive study evaluating
disabled children’s achievement in numeracy skills based on standardised WG-CFM and
numeracy tests in African countries. WG-CFM defines children with disabilities, and the
numeracy test measures their numeracy skills. Our analysis uses the natural experiment

framework by using the sample of non-disabled children as a benchmark (counterfactual). It is

L Children are asked to report and demonstrate their ability to read, write and count with simple assessment.



based on the assumption that disabled children are randomly distributed in the general
populations our samples are drawn from (Card, 1999; Acemoglu & Angrist, 2000). Disability
status may directly affect the likelihood of children being in school, and such selection needs
to be considered when measuring the numeracy skills returns to schooling.

The remainder of this paper is organised as follows: The second section presents our
conceptual framework. The third section presents data, methods, and estimation strategy,
followed by the results from descriptive analysis and various models presented in section four.

Finally, section five discusses, and section six concludes.

2. Conceptual framework

This paper explores whether children with disabilities lag in numeracy skills compared
to non-disabled children and to what extent such a lag varies with their disability status, school
enrolment and country-level numeracy performance. Our study assumes that children’s
numeracy skills are achieved mainly through school education. Children with disabilities might
lag in numeracy skills if they do not attend school as much as their non-disabled peers. Earlier
studies found that children with disabilities might be exposed to a higher risk of not attending
school, enrolling late, or dropping out of school early (Filmer, 2008; Mizunoya et al., 2018;
UNESCO, 2018; Zhang & Holden, 2022). Furthermore, the factors constraining disabled
children from school attendance can be diverse due to their varied functional difficulties. More
importantly, the lack of proper materials such as braille or eyeglasses, hearing aids equipment,
walking equipment, sign language, and inclusive or adapted teaching are all crucial factors
(Marschark et al., 2015; Zhang & Holden, 2022).

On the other hand, disabled children can also be constrained in learning numeracy skills
due to challenges in the learning process, even if they are equally enrolled in school. Children

with different types of disabilities can be confronted with diversified difficulties in learning.



Some literature indicates that motor skills might explain substantial variance in numeracy skills
for young children. Those with challenges in learning math are detected with developmental
delay in motor coordination, severe delay in motor skills, and visual-motor integration skills
(Pieters et al., 2012; Pieters et al., 2013). “Embodied cognition” theory argues that the
mathematical cognitive process is grounded in the simulations of sensorimotor processes
through the interaction of the body with the world (Soylu, 2011). Children with physical
disabilities can have challenges in learning numeracy skills due to their limitations in motor
skills.

Earlier studies have not supported that children’s seeing or hearing abilities are
prerequisites for developing essential numeracy competencies. Zarfaty et al. (2004) conclude
that deaf children in their early years do not have a problem with representing numbers and are
particularly good at representing numbers when sets are presented as spatial arrays. Morgan et
al. (2011) also find that children with speech-language impairments do not lag behind non-
disabled children in their math skills growth. Crollen et al. (2021) have reported that blind
children might even outperform their non-blind peers in numeracy abilities. However, Zhang
et al. (2019) demonstrate that children with seeing or auditory perception challenges struggle
to learn numeracy skills related to visual Arabic or verbal modules.

Numerous studies have also presented evidence that children’s development in various
abilities, such as information processing, cognitive abilities, and attentive behaviours, is critical
for their learning process (Tolar et al., 2016; Chan & Dally, 2001). Motivation and emotional
characteristics can also contribute to children’s learning ability (Chan & Dally, 2001). Children
with intellectual disabilities are often characterised by cognitive, behavioural, and emotional
difficulties (Jimenez & Stanger, 2017), resulting in a constrained ability to learn numeracy skills.

Finally, a lack of teaching materials and proper pedagogical interventions for children

with disabilities and other potential challenges in school may also constrain their skill learning,



such as stigma and negative perceptions, attributions, and expectations of their teachers (Shifrer,
2016). Children with multiple disabilities have higher risks related to all the challenges
discussed earlier than children with single disabilities. The question is whether or to what extent
disabled children’s numeracy skills are influenced by factors other than their school attendance
and how these factors correlate with their disability status and disability types.

Another concern in investigating children’s learning outcomes is school quality (Bernal
et al., 2016; Singh & Sarkar, 2015). Heyneman & Loxley (1983) studied 29 high- and low-
income countries and concluded that school quality strongly influences children’s learning
outcomes (measured by school tests) more than other factors such as socioeconomic status.
They further found that the effect of school quality on primary children’s academic achievement
was comparatively more prominent in low-income countries than in high-income countries. A
study in America by Figlio et al. (2016) investigates the role of gender on the extent children
might benefit from high school quality. However, little evidence indicates whether children
with disabilities might benefit more or less from high school quality than their non-disabled
peers. Bakhshi, Babulal, and Trani (2018) report that when the overall school learning is poor
in a conflict setting, there is no difference in learning performance as everybody may lag in
poor-quality schools. It might imply that disabled children probably benefit less from better
school performance than non-disabled. We suggest testing this by comparing the disability
effects on children’s performance in numeracy skills across countries with low- and high-
numeracy skills.

Our framework is presented in Figure 1. This paper will estimate the heterogeneous
disability effect on the return to schooling regarding numeracy skills with IV models on split
samples by children’s disability status. Table S1 in the Supporting information presents the
sample size for the split samples. Furthermore, we will estimate the disability effect in the low-

and high-numeracy skills country groups for the three disability types, respectively. Ideally, we
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would have included all five disability types. However, the sample is too small for vision and

hearing disabilities in the split sample of sub-groups.
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Fig 1
Framework on numeracy skills performance for children with and without disability

We set up the following hypotheses:

H1. There is a considerable variation in average school performance, measured by the
average numeracy skills of children across African countries.

H2. Children with disabilities perform significantly worse than their non-disabled peers
of the same age in learning numeracy skills.

H3. There are heterogeneous disability effects in numeracy skills return to schooling
for children with different disabilities. More specifically, we hypothesise that:

H3a. Children with vision and hearing disabilities perform well in numeracy skills
return to schooling compared to non-disabled children. This hypothesis is based on earlier
evidence (Zarfaty et al., 2004; Crollen et al., 2021), suggesting that vision and hearing abilities
might not be crucial in developing numeracy skills. Although learning numeracy skills related
to visual or verbal modules might be relevant (Zhang et al., 2019), the numeracy tests involved

in this survey are pretty basic.
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H3b. Children with physical disabilities have a lower return to schooling in numeracy
skills learning than non-disabled children. This hypothesis is based on the embodied cognition
theory (Soylu, 2011) that motor skills can constrain children’s numeracy skills learning.

H3c. Children with intellectual disabilities have a lower return to schooling in
numeracy skills learning than non-disabled children. This hypothesis follows various research
findings (Tolar et al., 2016; Chan & Dally, 2001; Jimenez & Stanger, 2017) that children’s
cognitive and behavioural abilities development is crucial for their numeracy learning.

H3d. Children with multiple disabilities have the lowest numeracy skills return to
schooling among all disability types. Children with multiple disabilities are exposed to higher
challenges (Zhang & Holden, 2022) because they have fewer opportunities of substituting
across senses and functions in their learning processes.

H4a. The gap in numeracy skills between non-disabled and disabled children is larger
in high-numeracy skills countries. It is based on the assumption that children with disabilities
are less capable of benefiting from the better quality of the school system than non-disabled
children. Disabled children likely need to give extra effort to the senses and functions that work
well to compensate for their disability constraints. More resources and teaching skills are
needed to cater for the unique needs of disabled children.

H4b. The within-group average differences in the numeracy skills between non-disabled
and disabled children are smaller than the between-group average differences between the low-
and high-numeracy skills country groups. This is based on the assumption that despite of the
functional challenges among disabled children, schooling with good quality may greatly

contribute to the school performance of children both with and without disabilities.
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3. Data, methods, and estimation strategy

The MICS surveys aim to provide internationally comparable data about the education
status of children and women. Our sample is a national representative sample from eight
African countries (DR Congo, The Gambia, Ghana, Lesotho, Sierra Leone, Togo, Tunisia, and
Zimbabwe) that conducted the sixth round of the MICS surveys in 2017-2019. Adopted by the
sixth round of MICS, Washington Group Child Functioning Module (WG-CFM) aims to
capture the most common functional problems related to child development, such as seeing,
hearing, physical, and intellectual disabilities (Groce & Mont, 2017; WG, 2020). This paper
formulates vision disability as severe difficulty in vision even with glasses or contact lenses;
hearing disability as extreme difficulty in hearing even with a hearing aid; physical disability
as severe difficulty in walking 500 metres on level ground without equipment or assistance or
severe difficulty in self-care; intellectual disability as severe difficulties in communication,
learning, remembering or concentrating on activities that the child enjoys doing; and multiple
disabilities as more than one co-occurring severe functional difficulties as prescribed earlier.
Here, severe functional difficulty refers to many practical problems or no function.

Table 1 shows that the total sample size is 32,306, including 30,013 non-disabled
children as the counterfactual and 2,293 disabled treatment sample?. School enrolment is lower
among disabled children (87.8%) than non-disabled children (91.0%) and lowest among
multiple disabled children (70.5%). The response rates to the numeracy test among different
groups of children are generally quite high (about 95% or higher) but much lower among the

Never-In-School disabled sample (76.1%).

2 We excluded 147 children who did not report completed school years and 804 children whose reported difference between their age and the
reported school year was too small, indicating a data quality issue.
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Table 1
Sample size by school status and disability status
A B C D E F G H [
sample  Children (EISC)  (B/A) test test (D/B) (NISC) (F/A) test test (H/F)

Non-disabled 30,013 27,305 91.0 26,556 97.3 2,708 9.0 2,563 94.6
Disabled 2,293 2,013 87.8 1,922 95.5 280 12.2 213 76.1
Vision disability 168 163 97.0 154 94.5 5 3.0 5 100.0
Hearing disability 96 87 90.6 81 93.1 9 9.4 6 66.7
Physical disability 422 357 84.6 347 97.2 65 15.4 54 83.1
Intellectual disability 1,366 1,236 90.5 1,194 96.6 130 9.5 114 87.7
Multiple disabilities 241 170 70.5 146 85.9 71 29.5 34 47.9
Total 32,306 29,318 90.8 28,478 97.1 2,988 9.2 2,776 92.9

We frame our econometric analysis as a natural experiment, which assumes that the
subjects are exposed to a random disability treatment determined by nature or factors outside
the control of the subjects or researchers (Rosenzweig, 2000). Disability can be considered an
exogenous treatment variable since it is most likely not determined by the characteristics of the
population or geographic, economic or social aspects. Despite the potential correlation between
poverty and childhood disability declared by some studies (Palmer, 2011; Hosseinpoor et al.,
2013), the nature of this connection has been unclear. It is unclear whether children in poor
households are exposed to a higher risk of being disabled or families with disabled children
have experienced social deprivation due to the high costs related to their healthcare needs
(Blackbun et al., 2010). Moreover, some studies suggest that the gaps in socioeconomic
characteristics between people with and without disabilities might be limited and are not
statistically significant in a poor environment (Trani et al., 2010; Groce & Kett, 2013). To
critically assess our natural experiment assumption, we further regress each disability type on
a set of individual, family, wealth, and geographical variables (Table S2 in the Supporting
information). It supports our natural experiment assumption if we find no or very low
correlation between these. Table S2 shows that the natural experiment assumption is supported.

Our outcome variable in this study is children’s performance in a numeracy skills test,
which is measured as the mean numeracy test score based on four sets of altogether 21
numeracy test questions on symbols reading, quantity comparison, addition and logical

sequence. Our exogenous “treatment” sample consists of children classified in one of the five



14

severe disability types (seeing, hearing, physical, intellectual and multiple disabilities). The
counterfactual sample includes those who did not report severe or moderate disabilities®. The
disparities in the numeracy test between treatment and control children are assumed to be the
treatment impacts or causal disability effects.

The majority of our sample consists of non-disabled children; therefore, we can test
hypothesis H1 by assessing the variation in numeracy skills within and across countries. The
non-disabled children’s performance also serves as a good benchmark to evaluate the numeracy
performance of disabled children that are much fewer in number. The fact that we found
sizeable across-country variation in numeracy scores among non-disabled children caused us
to split our sample into low- and high-numeracy skill countries. We assess the relative
performance of non-disabled children versus disabled children within these country groups.
This split also serves as a proxy measurement of school quality across the two groups to
evaluate the role of school system quality on numeracy skills for disabled children and the gaps
between disabled and non-disabled children.

We use the completed school years as the indicator to measure educational attainment.
The completed school year can be considered as both the outcome of disability and, at the same
time, an endogenous treatment, as numeracy skills are primarily learnt through school
attendance. Disabled children may fall behind other children in numeracy skills for two reasons.
First, they may fall behind because they cannot attend school and complete fewer school years.
Second, their disability may limit their numeracy skill learning ability while in school. We
suggest using the instrumental variable (IV) method to control for the potential bias associated

with endogenous completed school years of disabled versus non-disabled children.

3 The aim of this study is to assess school performance of children with several types of severe disabilities, compared to non-disabled
children. We do not include children with moderate disabilities in the control group, since they might still face some challenges in learning
and can behave quite differently from the non-disabled children or children with severe disabilities.
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In the first set of regressions (equation (1) below), we test hypothesis H2, which states
that children with disabilities perform significantly worse than their non-disabled peers of the
same age in learning numeracy skills. We first test a reduced-form model which ignores the
causal mechanisms with a parsimonious specification. The first model includes only age and

the treatment variable D;;, indicating children as non-disabled or with disability type j. We then

run additional models, first including the country dummies and then gender. Without taking
endogenous treatment in terms of school attendance and possible interaction effects into
account, the first set of regressions allows us to assess the variation in numeracy skills by age
and disability types and provides insights into the variation in school quality measured in terms
of numeracy skills across countries.

Numeracy; =By + BljDij + B,Age; + BsGender; + B4 Country;, + u; (1)

Here, the subscript i represents each individual child, j represents a type of disabilities
(including children without disability, children with vision, hearing, physical, intellectual, and
multiple disabilities), k& represents countries, and u; is the error term. In the models, 3
estimates the average score rates of numeracy tests for the 7-year-old non-disabled control
children in DRCongo (the country used as the base). B;; estimates the marginal disability
treatment effects of disability type j on children’s performance of numeracy skills.

In the second set of regressions, we want to test hypothesis H3, which suggests
heterogeneous disability effects in learning numeracy skills for children with different
disabilities. The type of disability may affect causal mechanisms in different ways; therefore,
we run the IV models on the split samples by various disability statuses:

Outcome equation: Numeracy;; = Y; * CSY;; (2)
Selection equation: CSY;; = my; + my;In (Age;;) + my;Gender;; + g 3)
Here, Y,; estimates the average numeracy skills return to each completed school year

among the children with disability type j. This is the parameter of interest. We want to test
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whether the return to education per school year in numeracy skills is homogeneous or depends
on disability types. In the first stage of regressions, 7, ; and 7, capture the effect of age and
gender on the number of school years completed by children with disability type j. In(age) is
included since it performs best in satisfying the Sargan overidentification test. The constant
term 77, is included in the first stage but not the second one since we assume that children learn
numeracy skills mainly from school and therefore have no numeracy skills when they start
school. We apply the ivregress 2SLS estimator in Stata.

In the IV model, to satisfy the theoretical validity of our identification strategy, we use
age and gender as instruments, as these variables affect completed school years. They do not
directly affect numeracy skills learning (exclusion restriction). For children’s age and gender
to be strong instruments, they must be strongly correlated with the completed school years. For
these instruments to be statistically valid, they must be uncorrelated with the error term in the
numeracy skills (outcome) model. These properties are also statistically testable in the
overidentified case. We present standard IV instrument tests of endogeneity (Robust Wu-
Hausman test), the strength of the instruments (first stage F test), and the overidentification
(Sargan IV validity test). We also present results from Ordinary Least Square (OLS) regressions
if the IV tests are not satisfied.

In the third set of regressions, we want to test hypotheses H4a and H4b, which evaluate
the role of school system quality on the numeracy skills of disabled children and the gaps
between disabled and non-disabled children. We run all IV split-sample models in the low- and
high-numeracy skills country groups for the non-disabled children and children with physical,

intellectual, and multiple disabilities, respectively.
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4. Results

4.1 Descriptive analysis

The descriptive statistics of outcome and control variables are presented in Table S3 in
the Supporting information. We calculate children’s overall numeracy test scores as the mean
value of 21 numeracy questions (O=wrong, 1=correct). We show the mean test scores by
children’s age (left figure) and by completed school years (right figure) in Fig 2. The figure
draws vertical box plots, which show the median, 25" and 75" percentile (upper and lower
hinge) and lower and upper adjacent values of the mean test scores in each group. The outside
values are plotted as dots. The figure suggests that children perform better in numeracy skills
when they grow older. The disparity in numeracy skills performance by completed school years
is higher than the age disparity. It is in line with the earlier assumption that age does not directly

affect numeracy skills and only involves exposure to schooling.

= - o
> @
L -t
o o o
= - - —— —- (=l —
7 8 9 10 1 Ry
Ag

6

Numeracy score

T+

¢ —— [
]

tovcocee — NN

cees e ——

o[ eeveecscesoecsacnvee

L ]
=5 -
* -
e o
e o
e o
1 e e e e
* e e
® e e o
® ®o o e
11 12 13 14 4 5 6 7 8 9
Completed school year

Figure 2.
Numeracy test scores by children’s age or by completed school years (median, 25% and 75" percentile)

Table 2 shows the mean numeracy score by countries for non-disabled and disabled
children, respectively. The overall mean numeracy score for the non-disabled is 0.57, which is

relatively low in DRCongo (0.35), Sierra Leone (0.41) and The Gambia (0.50). In the remaining
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five countries (Ghana, Lesotho, Togo, Tunisia, and Zimbabwe), the mean numeracy score is
between 0.63 and 0.88. The average numeracy skills in these countries are about double those
in DRCongo. The mean numeracy scores in DRCongo and Sierra Leone are significantly lower
than all the five countries with higher scores. Hypothesis H1 on the large variation in average
numeracy skills performance among children across African countries is supported. We suggest
dividing our sample into two groups: the low-numeracy countries group (DRCongo, Sierra

Leone, and The Gambia) and the high-numeracy country group (Ghana, Lesotho, Togo, Tunisia,

and Zimbabwe).

Table 2

Mean numeracy score by countries.

Non-disabled Disabled Sample size
Mean Std. err. Mean Std. err. Non-disabled Disabled Total

DRCongo 0.35 0.004 0.25 0.014 6268 395 6,663
The Gambia 0.50 0.007 0.37 0.033 3104 128 3,232
Ghana 0.70 0.005 0.59 0.015 4372 542 4,914
Lesotho 0.68 0.006 0.57 0.029 2567 141 2,708
Sierra Leone 0.41 0.005 0.36 0.019 4761 324 5,085
Togo 0.63 0.007 0.57 0.023 2252 202 2,454
Tunisia 0.88 0.004 0.73 0.025 2135 168 2,303
Zimbabwe 0.75 0.005 0.63 0.025 3660 235 3,895
Total 0.57 0.002 0.49 0.008 29,119 2,135 31,254

Table 2 shows that non-disabled children answered 57% of the questions correctly, and
the disabled sample answered 49% correctly. The descriptive statistics in Table S3 demonstrate
that children with hearing and vision disabilities answered more questions correctly than non-
disabled children. In contrast, the correct response rates for children with other disabilities are
much lower. We present the test score distributions (median, p25, and p75) for the low-
numeracy countries (left figure) versus the high-numeracy countries (right figure) by disability
types as vertical box plots in Fig 3. The mean test scores with 95% confidence intervals by
disability type are presented in Fig 4. With the split sample, the sample size is too small for
reliable statistical analysis for children with vision and hearing disabilities, as shown in Table
S1. Therefore, we restrict our split sample analysis to children with physical, intellectual, and

multiple disabilities.
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Mean numeracy test scores with 95% confidence
intervals for the means in low- and high-numeracy

skills countries

Figs 3 and 4 indicate the significant disparities in numeracy tests not only between the

two groups of countries but also between children with and without disabilities. Disabled

children lag in numeracy skills performance in both groups of countries. However, descriptive

data suggest that disabled children benefit from improved school quality since disabled children

in high-numeracy skills countries perform even better than non-disabled children in low-

numeracy skills countries. The question is whether disabled children gain as much as non-

disabled children in learning numeracy skills when the learning environment has improved.

4.2 Disability effect with age control

The first set of regressions aims to test hypothesis H2, which states that children with

disabilities perform significantly worse than their non-disabled peers of the same age in learning

numeracy skills. Without considering the causal mechanisms, we start with a parsimonious

specification, including age, country and gender dummy variables stepwise as control variables.

The regression results are presented in Table 3.
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Table 3
Regression results for disability effects on the mean numeracy test score.
Model 1 Model 2 Model 3
Disability status
Vision disability 0.121%** 0.028 0.029
(0.024) (0.021) (0.021)
Hearing disability -0.002 -0.049 -0.049
(0.036) (0.031) (0.031)
Physical disability -0.068*** -0.019 -0.019
(0.020) (0.017) (0.017)
Intellectual disability -0.072*** -0.109%** -0.109***
(0.010) (0.009) (0.009)
Multiple disabilities -0.213*** -0.205*** -0.205***
(0.026) (0.024) (0.024)
Age
8 0.128%** 0.127*** 0.127%**
(0.007) (0.006) (0.006)
9 0.242%** 0.231%** 0.231%**
(0.007) (0.007) (0.007)
10 0.284*** 0.277%** 0.277***
(0.007) (0.006) (0.006)
11 0.355%** 0.337*** 0.337%**
(0.008) (0.007) (0.007)
12 0.382%** 0.371%** 0.371%**
(0.007) (0.007) (0.007)
13 0.420%** 0.398%** 0.398***
(0.007) (0.006) (0.006)
14 0.439%** 0.415%** 0.415%**
(0.007) (0.006) (0.006)
Country (base category: DRCongo)
The Gambia 0.147*** 0.147%**
(0.012) (0.012)
Ghana 0.327%** 0.327***
(0.010) (0.010)
Lesotho 0.298*** 0.298%***
(0.009) (0.009)
Sierra Leone 0.066*** 0.066***
(0.010) (0.010)
Togo 0.274%** 0.274***
(0.011) (0.011)
Tunisia 0.501*** 0.501%**
(0.008) (0.008)
Zimbabwe 0.396%** 0.396***
(0.008) (0.008)
Gender (1=girl, 0=boy) 0.003
(0.003)
Constant 0.305%** 0.106*** 0.105%**
(0.005) (0.007) (0.007)
Sample size 31254 31254 31254
R2 0.171 0.373 0.373

Significance levels: * p<0.05; ** p<0.01; *** p<0.001,

The constant term in Model 1 suggests that the estimated average score is 0.31 for 7-
year-old control children. Children’s numeracy skills improve with age, probably related to
their access to schooling. Model 2 shows effective numeracy skills variation across countries.
To evaluate the numeracy skills gap over countries, we run separate regressions with age
dummies for non-disabled children in each country (Table S4 in the Supporting information).
DRCongo is the country with the lowest numeracy skills, where the average numeracy score is

only 0.106 for 7-year-old children, while Tunisia has the highest average numeracy score of
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0.77 for 7-year-old children. The country dummy variable parameters and their significance
levels illustrate large variations in school quality across countries in their performance in
enhancing children’s average numeracy skills. Finally, gender is not significantly correlated
with children’s numeracy skills performance. It indicates that girls are not discriminated against
in the school systems in a way that affects their basic numeracy skills.

The coefficients on the disability status in model 1 in Table 3 show a significant and
negative disability effect on children’s numeracy skills for children with physical, intellectual,
and multiple disabilities. However, the estimated disability effect for children with physical
disabilities turns insignificant after controlling for the macro country dummy (models 2 and 3).
In contrast, it becomes larger for children with intellectual disabilities after controlling for the
country dummy. The country effect might be important for evaluating the disability effect for
children with physical and intellectual disabilities. The first set of regressions supports
hypothesis H2 that children with physical, intellectual, and multiple disabilities perform
significantly worse than their non-disabled peers of the same age in learning numeracy skills.

However, hypothesis H2 is not supported for children with vision and hearing disabilities.

4.3 IV models with endogenous completed school years

We will now more closely study the causal mechanisms for the links between the
exogenous disability (treatment) variables and the outcome. The disability effect on numeracy
skills may come from reduced school participation or a lower ability to acquire numeracy skills
while in school. To analyse this, we run IV models with completed school years as the
endogenous exposure to schooling on the split samples for each disability type.

We run IV models with age and gender as instruments. To test the strength of the two
instruments and assess the endogeneity of completed school years in the model, we first run a

set of regressions, presented in Table S5 in the Supporting information. All the models in Table
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S5 suggest that age and gender are significantly associated with the completed school years.
Moreover, disability effects on completed school years vary a lot across disability types, which
suggests potentially high endogeneity of the completed school years. Furthermore, the
regressions in section 4.2 suggest that gender does not directly affect children’s numeracy skills.

The regression results and IV tests are shown in Table 4. The OLS model results are
presented for the non-disabled when the IV tests are invalid. For the models that satisfy the
tests, we find the following results. The first-stage regression indicates that children with vision
or hearing disabilities do not lag in completed school years compared to non-disabled children.
However, children with physical, intellectual, or multiple disabilities have completed

significantly fewer school years than non-disabled children per year of age.

Table 4
Regressions on the mean numeracy score by disability types
OLS for IV (separate model for each disability type)
non- Non- Vision Hearing Physical Intellectual Multiple
disabled disabled disabled disabled disabled disabled disabled

Completed school years (base

0.142%** 0.146*** 0.147*** 0.143*** 0.151%** 0.145%** 0.121%**
category: 1)

(0.000) (0.001) (0.005) (0.009) (0.006) (0.002) (0.008)
Sample size 29119 29119 159 87 401 1308 180
First stage regressions (Dep: Completed school year)
Ln(age) 7.599%** 8.440%** 7.970%** 6.523%** 6.731%** 5.637%**
(0.044) (0.376) (0.641) (0.379) (0.209) (0.637)
Gender (1=girl, 0=boy) 0.021 0.108 0.340 0.106 -0.025 -0.020
(0.019) (0.193) (0.336) (0.136) (0.090) (0.287)
Constant -13.954***  .15.371***  -15.064*** -11.902*** -12.268*** -10.203***
(0.092) (0.838) (1.444) (0.789) (0.450) (1.374)
IV test
Robust Wu-Hausman test (p value) 0.000 0.000 0.000 0.000 0.000 0.060
Sargan IV validity test (p-value) 0.000 0.96 0.989 0.560 0.349 0.126
Strength (First stage F test) 21324.1 381.4 145.54 302.73 1497.77 149.46

Instrumented: Completed school year. Instruments: In(age) and gender dummy.
Significance levels: * p<0.05; ** p<0.01; *** p<0.001, based on the standard errors which allow for intragroup correlation

The return to each completed school year in numeracy skills score is estimated at 0.146
units for non-disabled children in the IV model and 0.142 in the OLS model, noting that the
overidentification test failed for this IV model. For the other IV models, the statistical validity
could not be rejected. For children with vision, hearing, physical, and intellectual disabilities,
there is no significant disability effect on numeracy skills returns to completed school years.

Hypothesis H3a, which states that children with vision and hearing disabilities perform well in
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numeracy skills return to schooling compared to non-disabled children, cannot be rejected.
However, H3b and H3c, which state that children with physical or intellectual disabilities have
a lower return to schooling in numeracy skills than non-disabled children, are not supported.
The estimated return to each completed school year is 0.142 (CI:0.140-0.144) for non-
disabled children and 0.121 (CI:0.105-0.137) for children with multiple disabilities. Significant
disability effects of 0.121-0.142=-0.021 score points for each completed school year are
reported for children with multiple disabilities. Hypothesis H3d that children with multiple

disabilities have the lowest return to schooling regarding numeracy skills cannot be rejected.

4.4 TV models for low- and high-numeracy skills countries

The results in Table 3 show that there might be a country effect when evaluating the
overall disability effect for children with physical and intellectual disabilities. This might
indicate heterogeneous disability effects across the eight African countries. To further explore
the disability effects for different disability types, we run IV regressions after dividing the
sample into low- and high-numeracy skills country groups as defined in section 4.1. The sample
sizes of the split samples by country numeracy skills level and disability status only allow for
the analyses of three disability types (physical, intellectual and multiple disabled). The
regressions are run on the split samples of the non-disabled and disabled for each of the three
specific disability statuses in the countries with low and high numeracy skills, respectively. The

results are presented in Table 5.
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Table 5

Regressions on the mean numeracy score in low- and high-numeracy skills country group

Low-numeracy skills group

High-numeracy skills group

OLS for IV (separate model for each disability type) OLS for IV (separate model for each disability type)
intellectual Non- Physical Intellectual Multiple non- Non- Physical Intellectual Multiple
disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled
Completed school years 0.128*** 0.132%** 0.141%** 0.138***  (0.107*** | 0.152*** 0.155%** 0.166%** 0.148%** 0.129%***
(base category: 1) (0.005) (0.001) (0.009) (0.005) (0.013) (0.001) (0.001) (0.009) (0.003) (0.009)
Sample size 435 14133 268 435 93 14986 14986 133 873 87
First stage regressions (Dep: Completed school year)
Ln(age) 6.580*** 5.782%** 4.738%** 3.664%** 8.330%** 7.731%%* 7.376%** 6.977***
(0.075) (0.479) (0.364) (0.983) (0.046) (0.542) (0.222) (0.778)
Gender (1=girl, 0=boy) -0.042 0.096 -0.014 -0.030 0.135%** 0.349 0.098 -0.154
(0.029) (0.163) (0.150) (0.358) (0.021) (0.209) (0.098) (0.332)
Constant -12.183***  -10.581***  -8523*** -6 530%** -15.142%%%  -14.054%** -13.434*** .12 378***
(0.156) (0.988) (0.762) (2.159) (0.097) (1.119) (0.487) (1.647)
IV test
Robust Wu-Hausman test (p value) 0.000 0.000 0.000 0.568 0.000 0.000 0.000 0.004
Sargan IV validity test (p-value) 0.656 0.655 0.004 0.694 0.000 0.465 0.452 0.123
Strength (First stage F test) 5193.02 159.57 334.46 40.59 24230.81 191.2 1483.36 143.04

Instrumented: Completed school year. Instruments: Ln(age) and gender

Significance levels: * p<0.05; ** p<0.01; *** p<0.001, based on the cluster-robust standard errors

We then graph the regression coefficients with 95 per cent confidence intervals to
present the first stage estimated completed school year by age (Fig 5) and the second stage
estimated numeracy skills return to completed school years (Fig 6) over different disability
types in low- and high-numeracy skills country groups. Fig 5 indicates that in both groups of
countries, the mean estimated completed school years by age for intellectually disabled children
and multiple disabled children are significantly lower than those for non-disabled children.
Children with physical disabilities have also completed fewer school years than non-disabled

children, but the differences are not significant. The gap in completed school years in the low-

numeracy skills country group is higher than in the high-numeracy skills group.
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Fig 6 suggests that in low-numeracy skills countries, the mean estimated numeracy
skills return to each completed school year is 0.132 (CI: 0.130-0.134) score points for non-
disabled children. In contrast, it is estimated to be 0.152 (CI: 0.150-0.154) score points in the
high-numeracy skills country group. Children with physical or intellectual disabilities are not
significantly different from non-disabled children in numeracy skills return to schooling. In
contrast, the mean estimated numeracy returns are 0.107 (CI: 0.082-0.132) and 0.129 (CI:
0.111-0.147) for children with multiple disabilities in countries with low- and high-numeracy
skills. The gap between non-disabled children and children with multiple disabilities in the low
numeracy countries -0.025(=0.107-0.132) is marginally higher than that -0.023 (=0.129-0.152)
in the high numeracy countries. Furthermore, numeracy skills return to schooling for children
with physical 0.166 (CI: 0.148-0.184) or intellectual disabilities 0.148 (CI: 0.142-0.154) in
high-numeracy skills countries are significantly higher than that of the non-disabled children
0.132 (CI: 0.130-0.134) in low-numeracy skills countries. It indicates that disabled children

benefit as much from higher school quality as non-disabled children do.
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Finally, the numeracy skills performance is predicted for a 14-year-old child by
disability status in both low- and high-numeracy skills groups in Fig 7. The endogenous school
year differences, as well as differences in return to each endogenous school year in both stages,
are taken into consideration. The total effects of disability on numeracy skills for 14-year-old
children are negative and significant for both intellectual and multiple disabled children in
countries with low- and high-numeracy skills. The predicted mean numeracy skill for children
with intellectual disability is 0.547 (CI: 0.504-0.590) in low-numeracy skills countries and
0.899 (CI: 0.869-0.930) in high-numeracy skills countries, which is significantly lower than
that for non-disabled children of 0.679 (CI: 0.669-0.688) and 1.073 (CI: 1.065-1.081) in low-
and high-numeracy skills countries.

The disability effect for children with intellectual disability are -0.13 (=0.547-0.679)
and -0.17 (=0.899-1.073) in low- and high-numeracy skills countries; and that for children with
multiple disabilities are -0.34 and -0.30, respectively. For those with physical disabilities, there
is no significant disability effect in low- or high-numeracy skills groups.

The cross-country difference in predicted numeracy skills for a 14-year-old non-
disabled child is about 0.4 points between low- and high-numeracy skills country groups, which
is marginally higher than the estimated numeracy skills gaps across disability types, as
discussed above.

Furthermore, 14-year-old children with intellectual disabilities in high-numeracy skills
countries show significantly better numeracy skills performance (0.90) than the non-disabled
children in the low-numeracy skills group (0.68). The average score of non-disabled children
in the low-numeracy skills countries (0.68) is even below the average numeracy score for the

most challenged multiple-disabled children in high-numeracy skills countries (0.77).



27

™~
D~ o
—
Q
(]
w
oy
%@
[
E
3
[ =
o © -
o
S
o
o
o <
o - Low-numeracy skills group High-numeracy skills group
T T T T T T T T
> » @ o > » @
N & N & WY P g &
® & & S P £ g S
¥ & < F O & N\
& & & RS
S S
Figure 7.

Predicted numeracy skills performance by disability status for an average 14-year-old child in both low- and
high-numeracy skills groups

These findings do not support hypothesis H4a, that children with disabilities are less
capable of benefiting from the better quality of the school system than non-disabled children.
Disabled children do benefit substantially from improved school quality. The gap between non-
disabled and disabled children in numeracy skills is smaller than the variation across countries,

which supports hypothesis H4b.

5. Discussion

We will now summarise our findings for the key hypotheses and discuss our results
related to the relevant literature and earlier studies. The first hypothesis (HI) states a
considerable variation in average numeracy skills across the eight African countries we have
studied. Our analyses reveal large variations in average numeracy skills across countries based
on nationally representative data; thus, we cannot reject this hypothesis. The large sample sizes
provide accurate estimates of mean numeracy skill scores by country since they have

confidence intervals in the range of 0.01-0.015 around the mean numeracy skills scores, which
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range from the lowest 0.35 in DRCongo to the highest 0.88 in Tunisia. It indicates considerable
variation in the average quality of school systems across these eight countries regarding their
ability to teach children numeracy skills.

Our second hypothesis (H2) that disabled children perform worse than their non-
disabled peers in numeracy skills was supported for children with physical, intellectual, and
multiple disabilities but not those with vision and hearing disabilities.

To our knowledge, there is almost no similar study to evaluate disabled children’s
numeracy skills in the African context. The only exception is the study by Bakhshi, Babulal,
and Trani (2018) from Sudan. The other few earlier papers in the developing context are mainly
from Asia, with the study of Takeda and Lamichhane (2018) from India, Malik et al. (2020)
and Singal et al. (2018) from Pakistan. Most studies have applied the Washington Group
definition of disabilities. However, Bakhshi, Babulal, and Trani (2018) used a disability
screening questionnaire (DSQ-35), and Takeda and Lamichhane (2018) revised the WG module
to a large extent. The age range of children included in the learning assessment test also varies®.
The two studies in Pakistan test children with the ASER (Annual Status of Education Report)
test> on reading and math. Takeda and Lamichhane (2018) use reading, math and writing test
results in the Indian Human Development Survey (IHDS)®. Bakhshi, Babulal, and Trani (2018)
use self-reporting and simple assessments to demonstrate reading, writing and counting skills’.
Despite the disparities of these studies, most studies reported a performance gap between
disabled and non-disabled children, except the study by Bakhshi, Babulal, and Trani (2018).
Our findings provide evidence in the African context, suggesting a gap in numeracy skills

between disabled and non-disabled children, which varies across disability types.

4 Singal et al. (2018) include children aged 5-16, Bakhshi, Babulal, and Trani (2018) include children aged 8-18, Takeda and
Lamichhane (2018) include aged 8-11, Malik et al. (2020) include aged 8-12.

5 More detailed information about ASER is available at http://www.asercentre.org/p/113.html

6 Reading (0O=cannot read at all, 1=can read letters, 2=can read words, 3=can read sentences, 4=can read the story); Math
(O=cannot read and write numbers, 1=can read and write numbers, 2=can perform subtraction, 3=can perform division);
writing 0 (cannot write) or 1 (can write with two or fewer mistakes)

7 Details of the test is not clear from the paper.



http://www.asercentre.org/p/113.html

29

Even though the assessment tests on basic numeracy skills adopted by these studies and
our study include various aspects of numeracy skills®, they share similar limitations. These tests
aim to evaluate children’s basic numeracy skills and may not capture more advanced numeracy
skills. It might be sufficient when the overall skill level is low. In the high-numeracy countries
in our study, about 40% of children answered over 90% of the questions correctly. It might lead
to a potentially underestimated disability effect in high-numeracy countries. Some additional
questions to capture more advanced numeracy skills in the tool would have been good.

Third, little empirical evidence has been available for heterogenous disability effects on
school performance by disability types in the African context. Our results suggest that children
with vision and hearing disabilities do not have lower numeracy skills than non-disabled
children, which supports our hypothesis H3a. It is not the case for children with other
disabilities. Also, based on the WG definition of disabilities, a study in Pakistan by Singal et al.
(2018) is one of the few studies differentiating the disability types, which uses the ASER
(Annual Status of Education Report) test. They report that children with moderate or severe
sensory disabilities (walking, seeing and hearing) have the lowest level of basic numeracy skills.
Singal et al. (2018) transferred the test scale to a very low threshold dichotomy variable and
only evaluated whether children could identify one-digit numbers. It might explain the special
challenges for children with sensory disabilities compared to children with other disabilities.
Our study does not find challenges for children with vision and hearing disabilities, but it does
not mean they are not exposed to additional risks in school performance. The numeracy test
embedded in the MICS survey might not fully capture the potential risk for those with vision
and hearing disabilities to learn more advanced numeracy skills.

Forth, earlier studies on the numeracy skills differences have not specifically

differentiated the mechanisms behind possible disability effects. Such effects could simply be

8 Our assessment test includes number recognition, quantity comparison, addition, but not subtraction or division.
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caused by the lack of school attendance, or they could be related to disabled children’s low
returns to schooling in numeracy skills. We separate the two types of disability effects by IV
models to control for the endogeneity of completed school years for each disability type. In
their study in India, Takeda and Lamichhane (2018) suggest that disabled children are less
likely to fall behind in skills once they access education. They made this conclusion because
they noticed that when the interaction between disability status and school status is included in
the model, the disability dummy becomes insignificant. However, they did not consider the
potential endogeneity of schooling.

Our IV model shows that low numeracy scores among the physical- and intellectually
disabled children are mainly attributable to the low school years they manage to complete but
are not constrained by their numeracy skills returns to schooling. Hypotheses H3b and H3c state
that children with physical or intellectual disabilities have a lower return to schooling in
numeracy skills (after controlling for differences in completed school years) compared to non-
disabled children. Our results do support the two hypotheses. These findings suggest that school
enrolment is especially crucial for children with disabilities to gain equal access to education.
On the other hand, children with multiple disabilities have not only completed the least school
years but also have the lowest numeracy skill returns per completed school year among children
with various disability types, which supports hypothesis H3d.

Finally, hypothesis H4a states that the gap in numeracy skills between non-disabled and
disabled children is larger in high-numeracy skills countries. However, our study shows that
the overall gap between children with and without disabilities in terms of numeracy skills,
considering both effects of endogenous school year differences and differences in school return
to each school year, is not significantly different between low- and high-numeracy skills
countries. It does not provide evidence of a broader gap in school performance for disabled

children when the school quality is improved. Therefore, we reject hypothesis H4a.
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Bakhshi, Babulal, and Trani (2018) found in their study in West Darfur of Sudan that
when all the children are exposed to low-quality schools in a conflict context, there is no
difference in numeracy skills between the disabled and non-disabled children. By controlling
the endogeneity of completed school years, we find that in both low- and high-numeracy skills
countries, most children with disabilities (except children with multiple disabilities) do not lag
significantly in gaining numeracy skills if they complete the same schooling as the non-disabled
children. Their main challenge is low school enrollment, especially in countries with poor
school quality. Bakhshi, Babulal, and Trani (2018) report no gap in school enrolment between
disabled and non-disabled children in the conflict context, which might explain the similar
numeracy skills achieved in their study.

The estimated numeracy skills return to schooling among children with physical or
intellectual disabilities in high-numeracy skills countries are significantly higher than that of
the non-disabled peers in low-numeracy skills countries. The variation in numeracy skills
performance is higher between countries than over disability types. We cannot reject hypothesis
H4b, that the average numeracy skills of non-disabled children vary more across countries with
different school system quality than the gap between non-disabled and disabled children. The
variation across countries can be even higher if more countries are included, which suggests the

quality of the school system is the key to improving school performance in Africa.

6. Conclusion

Based on large-scale nationally representative samples in the eight African countries,
we measure children’s numeracy skills by a standardised numeracy test. In addition to assessing
the within- and across-country variation in numeracy skills, we mainly focus on how disabled
children perform in terms of numeracy skills in these countries. The disability status is

identified by applying the Washington Group Child Functional Module (WG-CFM). This
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standardised approach was involved in all countries and ensured the credibility of this
comparison study. We find systematic variation in numeracy skills across disability types. More
specifically, children with vision and hearing disabilities perform as well as non-disabled
children, while children with physical, intellectual and multiple disabilities lag behind.

We divide the numeracy skill performance differences into the difference in completed
school years and the difference in numeracy skill returns per completed school year. A
combination of systematic variations caused the differences in overall numeracy skill
performance across disability types. The categories of disabled children that lag behind,
especially those with physical and intellectual disabilities, lag behind fundamentally due to
fewer completed school years. Other types of disabled children, those with multiple disabilities,
lag behind due to fewer completed school years and lower numeracy skill returns per school
year.

Furthermore, when dividing the countries into high- and low-numeracy skills countries
groups, based on average performance, we find that the within-group average differences
between non-disabled and disabled children are marginally higher in the low-numeracy country
group than those in the high-numeracy group. More importantly, the difference in average
performance across these country groups is more substantial than the within-group average
differences between non-disabled and all disabled children’s categories. Disabled children in
the high numeracy skill countries perform even better than the non-disabled children in the low
numeracy skill countries. It demonstrates substantial room for improvement in the school
system, and such improvements also benefit disabled children. Improving school quality and
promoting school attendance for disabled children are crucial for better school performance

among children in the African context.
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Non- Vision Hearing  Physical Intellectual Multiple
Country disabled Disabled disabled disabled disabled disabled disabled Total
DRCongo 6,268 395 13 12 108 215 47 6,663
The Gambia 3,104 128 8 3 34 75 8 3,232
Ghana 4,372 542 16 11 58 429 28 4,914
Lesotho 2,567 141 42 19 10 61 9 2,708
Sierra Leone 4,761 324 6 9 126 145 38 5,085
Togo 2,252 202 28 12 16 135 11 2,454
Tunisia 2,135 168 27 5 36 79 21 2,303
Zimbabwe 3,660 235 19 16 13 169 18 3,895
Total 29,119 2,135 159 87 401 1308 180 31,254
S2 Table
Regression results for estimating the determinant factors of each disability type
Vision Hearing Physical Intellect Multiple
disabled disabled disabled disabled disabled

(1=yes, 0=no)

(1=yes, 0=no)

(1=yes, 0=no)

(1=yes, 0=no)

(1=yes, 0=no)

Age 0.000 0.000 -0.003*** -0.001 -0.001
Gender (1=girl, 0=boy) -0.002 -0.001 0.001 -0.009* -0.001
Area (1=rural, 0=urban) 0.001 0.001 0.003 -0.004 0.000
Gender of household head (1=female, 0=male) -0.001 -0.003 0.005 0.001 -0.002
Highest completed educational level of household

head (base category: primary)

Primary 0.002 0 0.002 -0.004 0.000
Lower secondary -0.001 0.000 0.005 -0.004 -0.004*
Upper secondary 0.002 0.003 -0.001 -0.024** 0.006
Higher education 0.002 0.001 -0.008** -0.011 -0.002
Family structure (base category: live together with

both mother and father)

Only mother 0.007 0.003 -0.004 0.003 0.003
Only father 0 0.000 0.005 0.008 -0.001
None of the parents 0.002 0.003 -0.022 0.004 0.008*
Relationship of the child to the household head

(base category: son/ daughter of the household

head)

Grandchild -0.005* 0.001 0.017* 0.002 -0.001
Adopted/ foster/ stepchild -0.005 -0.005*** 0.015 0.027 -0.006
Relative -0.004 -0.002 0.010 0.014 -0.003
Non-relative -0.009*** 0.000 0.018 0.031 -0.009**
Wealth index (base category: first quintile)

Second 0.000 0.000 -0.002 0.001 0.001
Middle 0.002 -0.002 -0.004 -0.006 0
Fourth 0.005 0.000 -0.001 -0.003 -0.001
Highest 0.004 -0.003 0.005 -0.017* -0.002
School status of siblings (base category: no sibling)

All sblings aged 6-17 currently enrolled in school -0.003 -0.001 -0.014* -0.004 0.002
Some siblings 6-17 not currently enrolled in school 0 -0.002 -0.01 -0.017 0
None of sibling currently in school -0.003 0.000 -0.007 -0.006 0.002
Number of siblings 0.001 0.000 0.001 0.002 0
Country dummy (base category: DRCongo)

The Gambia -0.001 -0.002 -0.006 0.006 -0.003
Ghana -0.002 0 -0.005 0.074%*** -0.002
Lesotho 0.013*** 0.004 -0.017*** -0.011 -0.004
Sierra Leone -0.003 -0.001 0.013* 0.001 0.002
Togo 0.008* 0.003 -0.007 0.033*** -0.003
Tunisia 0.010** 0.001 0.002 0.012 0.003
Zimbabwe 0 0.001 -0.017*** 0.019** -0.005
Constant 0.001 0.001 0.051%*** 0.052** 0.015**
Sample size 29722 29648 29974 30905 29796
R2 0.006 0.003 0.012 0.02 0.003

Significance levels: * p<0.05; ** p<0.01; *** p<0.001.
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S3 Table
Sample characteristics
Non- Vision Hearing Physical Intellectual Multiple
disabled Disabled disabled disabled disabled disabled disabled Total

Numeracy test score 0.57 0.49 0.70 0.60 0.43 0.50 0.34 0.57
Completed school years 3.54 3.04 4.27 3.61 2.40 3.20 2.16 3.50
Age 10.26 10.06 10.46 10.63 9.18 10.28 9.85 10.24
Number of siblings 1.55 1.46 1.45 1.23 1.61 1.43 143 1.54
Female (%) 50.6% 48.1% 47.6% 47.9% 50.5% 47.9% 45.6% 50.4%
Rural (%) 62.9% 63.0% 56.5% 75.0% 61.4% 63.3% 64.3% 62.9%
Family structure (%)
Live together with both
mother and father 49.4% 46.5% 54.8% 41.8% 52.0% 43.9% 47.7% 49.2%
Only mother 21.8% 22.4% 25.9% 24.2% 21.7% 22.2% 22.0% 21.9%
Only father 6.3% 6.2% 4.8% 5.5% 6.0% 6.6% 5.8% 6.3%
None of the parents 22.5% 24.8% 14.5% 28.6% 20.3% 27.3% 24.5% 22.7%
Wealth index (%)
Poorest 27.4% 28.5% 22.0% 33.3% 29.1% 28.4% 30.3% 27.5%
Second 21.9% 23.0% 16.7% 27.1% 24.2% 22.8% 24.9% 22.0%
Middle 19.9% 20.0% 19.6% 15.6% 16.6% 21.2% 21.6% 19.9%
Fourth 16.2% 16.6% 22.6% 16.7% 16.1% 16.3% 14.9% 16.2%
Richest 14.5% 11.9% 19.0% 7.3% 14.0% 11.3% 8.3% 14.3%
Highest completed educational level of household head
Never in school 32.5% 29.5% 19.2% 32.3% 33.6% 28.9% 31.4% 32.3%
Primary 26.4% 27.8% 35.3% 35.4% 20.7% 28.2% 29.7% 26.5%
Lower secondary 18.8% 22.3% 24.6% 15.6% 16.2% 24.6% 20.9% 19.1%
Upper secondary 16.2% 16.1% 12.0% 11.5% 24.0% 14.8% 14.6% 16.2%
Higher education 6.1% 4.3% 9.0% 5.2% 5.5% 3.5% 3.3% 6.0%
Sample size 30,013 2,293 168 96 422 1,366 241 32,306

S4 Table

Regressions on the mean numeracy score with age dummy by countries (non-disabled children)

DRCongo The Gambia Ghana Lesotho Sierra Leone Togo Tunisia Zimbabwe
Age (base category: 7 years old)
8 0.081***  (0.114*** 0.171*%**  0.168***  0.102*** 0.134***  0.067***  0.229%**
(0.011) (0.022) (0.022) (0.025) (0.015) (0.024) (0.017) (0.022)
9 0.159***  0.263*** 0.242*%**  0.290***  0.207*** 0.257***  0.109***  0.380***
(0.012) (0.023) (0.021) (0.026) (0.015) (0.025) (0.015) (0.022)
10 0.188***  (0.303*** 0.325%**  0.371***  (0.262*** 0.275***  0.116*** 0.416***
(0.013) (0.025) (0.019) (0.024) (0.016) (0.024) (0.015) (0.021)
11 0.265***  (0.385%** 0.365***  (0.388***  (0.316*** 0.378***  (0.138*%**  (0.456***
(0.013) (0.026) (0.019) (0.025) (0.017) (0.023) (0.016) (0.021)
12 0.305***  0.482%** 0.392*%**  0.430***  0.361*** 0.380***  (0.138%**  (.514%**
(0.013) (0.024) (0.019) (0.024) (0.017) (0.024) (0.015) (0.020)
13 0.326***  0.499*** 0.421***  0.453***  (0.410*** 0.434***  0.136%** (0.512%**
(0.014) (0.022) (0.019) (0.022) (0.016) (0.022) (0.016) (0.020)
14 0.361%** 0.495%** 0.441%** 0.445%**  0.436*** 0.461%**  0.144***  (,513%**
(0.013) (0.024) (0.019) (0.024) (0.019) (0.022) (0.015) (0.020)
Constant 0.162***  (0.212%** 0.408***  0.359***  (0.177*** 0.362***  0.772%**  0.401***
(0.008) (0.015) (0.018) (0.019) (0.010) (0.018) (0.013) (0.018)
Sample size 6268 3104 4372 2567 4761 2252 2135 3660
R2 0.172 0.207 0.191 0.237 0.183 0.223 0.086 0.3
Significance levels: * p<0.05; ** p<0.01; *** p<0.001.
S5 Table
Regression on the completed school years
Model 1 Model 2 Model 3 Model 4  Model 5
Disability status
Vision disabled 0.585%** 0.153 0.539%**  (0.344*** 0.049
(0.092) (0.083) (0.089) (0.088) (0.077)
Hearing disabled -0.201 -0.438** -0.111 -0.152 -0.326*
(0.172) (0.152) (0.174) (0.179) (0.156)
Physical disabled -0.325%** -0.095 -0.342***  -0.304***  -0.134*
(0.070) (0.066) (0.066) (0.065) (0.061)
Intellectual disabled -0.353***  .0.429*** .0.350*** -0.350*** -0.395%**
(0.049) (0.044) (0.048) (0.045) (0.042)
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Multiple disabled -1.073***  -1.078*** -1.065*** -1.005*** -0.995***
(0.119) (0.119) (0.124) (0.123) (0.121)
Age (base category: 7 years old)
8 0.737***  0.723***  (0.731***  0.730%**  0.714***
(0.018) (0.018) (0.018) (0.017) (0.017)
9 1.517*** 1.479*** 1.485%**  1.488%**  1.450%**
(0.022) (0.021) (0.022) (0.021) (0.021)
10 2.214%**  2.186%**  2.208***  2.212%**  2.184***
(0.027) (0.025) (0.027) (0.025) (0.024)
11 3.031%**  2.962***  3.006***  3.000%**  2.941***
(0.032) (0.029) (0.032) (0.030) (0.029)
12 3.715%**  3.668***  3,699***  3.692***  3.649***
(0.037) (0.034) (0.036) (0.035) (0.034)
13 4,513%** 4.432%*%% A ABA*RX* A ABA*** 4 A05%**
(0.038) (0.036) (0.038) (0.036) (0.035)
14 5.284%*** 5.192%**  §5245%**  §)Q9¥** 5 143%**
(0.041) (0.040) (0.040) (0.039) (0.038)
Country dummy (base category: DRCongo)
The Gambia -0.216*** 0.012
(0.054) (0.049)
Ghana 0.629*** 0.627***
(0.048) (0.036)
Lesotho 1.229*** 1.262%**
(0.043) (0.039)
Sierra Leone -0.238*** -0.062
(0.047) (0.039)
Togo 0.652*** 0.736***
(0.050) (0.040)
Tunisia 1.484*** 1.228***
(0.040) (0.038)
Zimbabwe 1.365%** 1.274%**
(0.038) (0.037)
Area (1=rural, 0=urban) -0.735%** -0.189%**
(0.030) (0.025)
Gender (1=girl, 0=boy) 0.017 0.042%*
(0.017) (0.015)
Family structure (base category: live together with both mother and father)
Only mother -0.034 0.024
(0.021) (0.020)
Only father -0.264%** -0, 117***
(0.035) (0.033)
None of the parents -0.425%**  .0.249%**
(0.027) (0.026)
Number of siblings -0.122%**  -0.048***
(0.007) (0.007)
Wealth index (base category: first quintile)
Second 0.269%**  0.287***
(0.029) (0.027)
Middle 0.462*%**  0.434***
(0.030) (0.027)
Fourth 0.752***  0.619***
(0.032) (0.033)
Highest 0.987***  0.786***
(0.034) (0.037)
Highest completed educational level of household head (base category: Primary)
Lower secondary 0.107***  0.134***
(0.023) (0.021)
Upper secondary -0.060*  0.309%**
(0.025) (0.024)
Higher education 0.172%**  (0.333***
(0.033) (0.033)
Never in school -0.727***  -0.291%**
(0.028) (0.024)
Constant 1.097***  0.663***  1577*** 1218*** (.515%**
(0.011) (0.030) (0.023) (0.032) (0.044)
Sample size 32306 32306 32306 31840 31840
R2 0.557 0.632 0.58 0.628 0.672

Significance levels: * p<0.05; ** p<0.01; *** p<0.001.
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