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A Introduction

A.1 Motivation

The first goal of the United Nations’ Sustainable Development Goals (SDGs) is to eradicate poverty.
More specifically, target 1.1 aims to “by 2030, eradicate extreme poverty for all people everywhere”
(UNDESA, 2024). On a global scale, substantial progress has been made toward achieving this
goal. In 1990, approximately 37.9 percent of the world’s population lived in absolute poverty,
whereas by 2018, this figure had declined to 8.8 percent (World Bank, 2025b).! However, this
progress has not been evenly distributed across countries. The substantial reduction in absolute
poverty has been primarily driven by developments in Asia, particularly in China (Alvaredo and
Gasparini, 2015; Chen and Ravallion, 2010). In contrast, progress in Sub-Saharan Africa has been
significantly slower. In 1990, 54.9 percent of the region’s population lived in absolute poverty; by
2018, this had declined to 36.9 percent (World Bank, 2025b). In absolute numbers, poverty in
the region has actually increased by more than 100 million individuals due to population growth.
Clearly, eradicating absolute poverty in the near future will require substantial additional progress.

Both large multilateral organizations and national governments consider human capital devel-
opment a crucial strategy for poverty reduction. As early as 1985, the World Bank emphasized the
importance of education for sustained economic growth, arguing that investments in education con-
tribute to long-term development (Psacharopoulos and Woodhall, 1985). Today, the World Bank
remains one of the largest financiers of education in developing countries (World Bank, 2025a).
Similarly, at the donor-country level, the German Development Cooperation, for instance, includes
education components in more than 20 percent of ongoing projects (Deutsche Gesellschaft fiir In-
ternationale Zussamenarbeit, 2025). In addition, national development plans across developing

countries universally highlight the role of human capital (UNESCO, 2024). Given the widespread

! Absolute poverty is defined here as the share of the population living on less than $2.15 per day, adjusted for
2017 Purchasing Power Parity prices.
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emphasis on education among policymakers and researchers, significant attention has been devoted
to understanding how to increase school enrollment and educational attainment in Sub-Saharan
Africa to foster sustainable growth.

In terms of enrollment and years of schooling, Sub-Saharan Africa has seen remarkable progress.
Many countries in the region have introduced free primary education (Filmer, 2023). Even before
these policy changes, years of schooling had been increasing. Toward the end of the colonial period,
individuals born in the 1950s had an average of about four years of schooling. For those born in
the 1990s, this had risen to seven years (Ferber et al., 2023). While there is still a considerable
number of children that remain out of school, more children than ever before are attending school
in Sub-Saharan Africa today (UNESCO Institute for Statistics, 2025). Yet, why has this not led
to greater reductions in poverty?

When assessing the output of the schooling system, i.e., the quality of education, the progress
appears far less impressive. Le Nestour et al. (2022) provide a global overview of educational
quality trends, showing that while unconditional literacy rates have improved in all world regions,
particularly for women, expected literacy after five years of schooling has declined. This suggests
that a child who completed primary school in the 1950s was more likely to be literate than a child
today. Moreover, their findings reveal vast disparities between countries, indicating that years of
schooling are neither comparable across time nor across regions. Overall, the quality of education
in Sub-Saharan Africa has experienced a significant decline.

To ensure that education contributes to sustainable economic growth, it is crucial to understand
the actual levels of educational attainment and their determinants over time. This doctoral disser-
tation provides a comprehensive analysis of the development of education over the last decades, as
well as an investigation of its determinants, from both historical and contemporary perspectives.
Before turning to the dissertation’s content in greater detail, I first define human capital and how
it can be measured to establish a common foundation. Second, I provide a brief review of the theo-
retical and empirical literature on the education-growth nexus. This is by no means an exhaustive
review, but highlights the importance to understand educational development. Third, I outline the
different lines of research on the determinants of education. Finally, I summarize the dissertation’s

objectives and structure.
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A.2 Measuring Human Capital

Human capital does not have a universally agreed-upon definition. Adam Smith (1776) described it
as the ”acquired and useful abilities of all inhabitants or members of society” (p. 298). G. S. Becker
(1983) later expanded on this, defining the acquisition of human capital as ”activities that influence
future monetary and psychic income by increasing resources in people” (p. 1). Similarly, the World
Bank (2018) defines human capital as ”"the knowledge, skills, and health that people accumulate
over their lives, enabling them to realize their potential as productive members of society” (p.
14). Some definitions focus exclusively on education, while others also include health. However,
all highlight human capital’s contribution to both individual and economic productivity. I focus
on the education component of human capital and use the terms interchangeably. This does not
dismiss the importance of health, but its inclusion lies beyond the scope of this dissertation.

A key distinction throughout this dissertation is between inputs into education, such as school
enrollment or years of schooling, and outputs, meaning the skills acquired through education, such
as literacy or numeracy. This distinction is crucial, as ”schooling ain’t learning” (Pritchett, 2013).
Completing secondary education, for instance, does not guarantee literacy in Sub-Saharan Africa
(UNESCO, 2021). Furthermore, the relationship between educational inputs and outputs varies
across countries, regions, and time periods (Le Nestour et al., 2022; Filmer et al., 2020). While
in some contexts, particularly in historical studies or data-scarce settings, years of schooling serve
as the best available proxy for human capital, a focus on actual skill acquisition provides a more
precise assessment of human capital and its determinants.

Several approaches exist for measuring human capital, each with its own advantages and lim-
itations. First, test scores from international assessments provide a detailed analysis of skills in
literacy and mathematics at the individual level or, if aggregated, at the regional or national
level. These tests include the Programme for International Student Assessment (PISA) or for Sub-
Saharan Africa the Programme d’analyse des systémes éducatifs de la Confemen (PASEC) and
the Southern and Eastern Africa Consortium for Monitoring Educational Quality (SACMEQ). In
addition, there are national assessments, for instance the Systemic Test in South Africa, which I
use in the last study of the dissertation. However, there are two important drawbacks to using

these test scores. First, tracking educational development before the 21st century in Sub-Saharan
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Africa is impossible as the earliest ones were conducted in the 1990s. Second, they only cover
children who are attending school, leading to upward-biased estimates in countries with high out-
of-school populations (Lilenstein, 2020). An exception to this are houeshold survey-based literacy
and numeracy assessments such as those included in UNICEF’s Multiple Indicator Cluster Surveys
(MICS). Although these tests are much shorter, they include all children irrespective of schooling
status, offering a more representative picture of educational attainment. The third study in this
dissertation relies on this data.

Alternative measures of human capital are literacy and numeracy which allow to cover more
countries and longer time periods. Both are fundamental skills which are important for economic
production. Literacy as an indicator is more widely available as it is typically included in censuses
or household surveys. Moreover, in historical applications the ability to sign documents such as
marriage licenses is often used as an indicator of literacy. However, signing a document does not
necessarily imply full literacy, as it remains unclear whether the individual can read or write beyond
their name. Self-reported literacy measures can also be biased due to cultural factors or social
stigma. Modern household surveys, such as USAID’s Demographic and Health Surveys, address
this issue by including a simple reading test, providing a more nuanced assessment of literacy.
Despite its importance for monitoring educational progress, literacy measurement methodologies
vary, making it difficult to compare estimates across time and space.

Numeracy, measured through age-heaping techniques, provides an alternative approach to esti-
mating human capital. Individuals with lower numeracy skills tend to round their age to multiples
of five or ten, allowing researchers to quantify deviations from a uniform distribution of termi-
nal digits across groups (A’Hearn et al., 2009). Captured by the Whipple Index and its linear
transformation, the ABCC Index, this indicator is commonly used in economic history to assess
numeracy levels over time. While this method is no longer useful once basic numeracy skills be-
come widespread, many Sub-Saharan African countries still struggle to reach this threshold, making
age-heaping a valuable tool for tracking human capital development throughout the 20th century.
The first two studies of this dissertation rely on numeracy estimates to analyze historical trends in
human capital and its determinants across Sub-Saharan Africa.

Beyond these direct measures, economic historians have used a variety of alternative indicators
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to assess human capital development. The establishment of schools and universities (Cantoni and
Yuchtman, 2014; Cagé and Rueda, 2016), the production and consumption of books (Baten and
Van Zanden, 2008; Dittmar, 2011; Squicciarini and Voigtlédnder, 2015), and the number of registered
patents (Moser et al., 2014) all serve as proxies for education and knowledge accumulation. The
final study in this dissertation incorporates novel data on school locations and performance in the
former Cape Colony, drawing from Cape Colony Education Reports and other archival sources to
assess historical human capital development.

Each of these approaches has its strengths and weaknesses, emphasizing the need to select the
most appropriate indicator given the available data and research objectives. The studies included
in this dissertation carefully justify the choice of human capital indicators based on the specific
context and research question. By employing multiple methods, this dissertation aims to provide
a comprehensive analysis of human capital accumulation and its impact on economic outcomes in

Sub-Saharan Africa.

A.3 Human Capital for Development

In the second half of the 20th century, economists began systematically investigating the relation-
ship between human capital and economic returns. While the notion that human capital plays
a crucial role in the economy had been introduced centuries earlier, for instance by Adam Smith
(1776)2, the formalization of this relationship occurred only two centuries later.

The theoretical microeconomic foundations of human capital’s relationship with economic out-
comes were laid by the seminal works of G. S. Becker (1983) and Theodore Schultz (1961). G. S.
Becker (1983) developed a model illustrating how investment in human capital increases individual
income, thereby contributing to economic growth. Schultz (1961) went so far as to argue that ”the
most distinctive feature of our economic system is the growth in human capital.”

These insights were incorporated into endogenous growth models, which assmue that techno-

logical progress is determined within the system and can therefore be influenced by human capital

2In his seminal work ”The Wealth of Nations”, Adam Smith identifies three types of capital within a society.
The first is capital intended for immediate consumption, such as food or clothing. The second is fixed capital, which
includes not only machinery and commercial buildings but also ”acquired and useful habits” (p. 298). Since acquiring
human capital entails costs, both direct and opportunity costs, and subsequently generates returns, Smith classified
it as a form of fixed capital. The third type is circulating capital, which consists of money, shop inventories, and
intermediate goods.
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accumulation.? For instance, Romer (1986) modeled human capital as an essential input to pro-
duction. In his framework, individuals maximize profits by investing in human capital, thereby
accelerating technological progress and fostering overall economic growth. Similarly, Lucas (1988)
argued that different countries produce different goods, each requiring varying levels of human
capital. In this view, comparative advantage in certain industries is directly linked to a country’s
human capital development.

Other models aim to understand the decisive role of human capital in economic development in
the very long run. For example, Oded Galor’s Unified Growth Theory offers a perspective on how
human capital contributed to the onset of rapid economic growth across Western Europe in the
18th century. The theory proposes that human capital enabled societies to escape the Malthusian
trap, creating a reinforcing cycle between technological progress and human capital growth leading
to sustained development in the long run (Galor, 2005; Galor, 2024).

As different as these or other growth models are, they highlight the importance of human capital
for economic growth. The predictions made by them have been tested extensively in the empirical
literature which provides strong evidence for the positive impact of human capital on economic
outcomes.

Cross-country studies consistently show that higher human capital is linked to greater eco-
nomic growth. Early research primarily used years of schooling as the key explanatory variable
(Barro, 1991; Mankiw et al., 1992). However, as data on education quality improved, economists
demonstrated that the quality of education is an even stronger predictor of economic growth than
the quantity of schooling (e.g., Hanushek and Woessmann, 2015). They also addressed endogene-
ity concerns, strengthening the causal interpretation of their findings. A recent overview of this
literature is provided by Hanushek and Woessmann (2020).

Evidence on the positive individual returns to education further supports these findings. Seminal
contributions by G. S. Becker (1983) and Mincer (1974) estimated substantial returns to additional
schooling. More recently, Psacharopoulos and Patrinos (2018) found that, on average, one extra

year of schooling increases earnings by nine percent, with particularly high returns in Latin America

3In contrast, exogenous growth models, such as the Solow (1956) model, posit that technological progress as a
key driver of economic growth is exogenous, meaning it is not determined within the system but assumed to occur
independently. As a result, these models do not explicitly account for human capital as a direct input into economic
growth.
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and Sub-Saharan Africa. Studies using (quasi-)experimental methods have also established a causal
link between education and income gains across both developed and developing countries. For
instance, Oreopoulos (2006) shows that extending compulsory schooling in the United Kingdom by
one year led to significant income gains, while Acemoglu and Angrist (2000) report similar findings
for the United States. Focusing on education quality, Chetty et al. (2014) provide evidence that
higher teacher quality in the US translates into higher future earnings. In developing countries,
school construction, for example, has been linked to higher lifetime earnings (Duflo, 2001; Akresh
et al., 2023). The meta-analysis by Evans and Yuan (2017) underscores the potential of educational
interventions in developing countries to improve economic outcomes. Beyond economic benefits,
numerous studies emphasize the positive impact of education on crime reduction, health, and
institutional quality (see Lochner (2011) for a review).

Historical evidence further reinforces the link between human capital and economic growth. For
example, the establishment of universities stimulated market activity in the Middle Ages (Cantoni
and Yuchtman, 2014). Increased book production, a proxy for advanced knowledge, is associated
with economic growth in Western Europe from the 15th to 18th centuries (Baten and Van Zanden,
2008). Other studies have highlighted the role of education in industrialization (S. O. Becker et al.,
2011; Galor et al., 2009; Squicciarini and Voigtldnder, 2015). In the developing country context,
research has focused on the long-term economic benefits of early formal education during the
colonial period (e.g., Gallego and Woodberry, 2010; Frankema, 2012; Valencia Caicedo, 2019). On
a global scale, Crayen and Baten (2010) show that differences in numeracy help explain economic
growth disparities.

Both theoretical and empirical findings highlight the critical role of human capital in economic
growth and poverty reduction. Theoretical models link education to technological progress, empha-
sizing its role in sustained economic development. Empirical research, from both macroeconomic
and microeconomic perspectives, provides causal evidence that human capital enhances economic
returns. To promote sustainable development, it is essential to understand how education evolves

and to improve both access to and quality of education.
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A.4 Determinants of Human Capital

Given the importance of improving educational outcomes, it is no surprise that economists have
examined a wide range of potential determinants. My aim is not to provide an exhaustive list
here but to highlight the value of considering multiple perspectives. While some interventions lead
to straightforward improvements, such as deworming children increased educational attainment
(Miguel and Kremer, 2004), other determinants may have non-linear or less direct effects. Since no
single approach serves as a panacea, it is essential to take a holistic view of how different factors can
contribute to the broader goal of providing quality education for every child. To this end, I outline
various areas of research on educational determinants, accompanied by illustrative examples.

The first area of research focuses on interventions at the child or school level, often evaluated
using randomized control trials or quasi-experimental methodologies. These studies examine inter-
ventions such as pedagogical training (Banerjee et al., 2007; Taylor and Von Fintel, 2016; Pugatch
and Schroeder, 2014), increasing school resources (Glewwe et al., 2009; Evans and Ngatia, 2021;
Kazianga et al., 2013), and health improvements (Clarke et al., 2008; Hulett et al., 2014). Find-
ings from these interventions frequently offer concrete policy recommendations and, depending on
data availability, allow for cost-effectiveness analyses. Such insights are valuable for policymakers
at all levels as they can guide what (not) to use limited resources for. The second study in this
dissertation falls within this area, as it investigates the impact of school feeding programs, a health
intervention, on educational efficiency.

The second area of research examines how broader structural factors, such as national policies
and other economic factors, affect education. Unlike child- or school-level interventions, these
factors are typically beyond the control of individuals or local policy makers. Policy changes
include the introduction of free primary education (Valente, 2019; Filmer, 2023) or cash transfer
programs (Behrman et al., 2011; Kilburn et al., 2017; Benhassine et al., 2015). Broader economic
factors include international trade policies (Li et al., 2019; Edmonds et al., 2010), migration (Salas,
2014; Schwank, 2024; Cockx, 2022), and labour market structures (Ahlerup et al., 2020; Shah and
Steinberg, 2021) among other things. Many of these factors involve trade-offs: for instance, while
free primary education in Sub-Saharan Africa expanded access to schooling, it also led to a decline

in quality (Filmer, 2023). Because these structural determinants often have complex effects, they
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do not always lend themselves to clear-cut policy recommendations. Nonetheless, understanding
these factors is crucial in assessing the broader context in which education systems operate. The
third study in this dissertation aligns with this area, as it explores the links between child labour,
poverty, and educational attainment.

The third area of research investigates the impact of historical and cultural factors on education.
Historical determinants include, for example, the legacy of colonial education systems (Gallego and
Woodberry, 2010; Frankema, 2012; Valencia Caicedo, 2019) and the influence of pre-colonial polit-
ical structures (Funjika, 2023; Walters et al., 2023). Cultural influences may stem from religiosity
or cultural traits such as patience or risk-aversion (Squicciarini, 2020; Figlio et al., 2019; Hanushek
et al., 2022). While these determinants do not directly translate into immediate policy recom-
mendations, they remain essential for informing policy design. A nuanced understanding of these
historical and cultural contexts ensures that policies are appropriately tailored and culturally sen-
sitive. The final study in this dissertation contributes to this area by examining the lasting impact
of inquality in education in the former Cape Colony on contemporary learning outcomes in South
Africa.

By considering these diverse areas of research, we can gain a more comprehensive understanding
of the factors that shape educational outcomes. A holistic approach allows for more effective and
contextually relevant policy interventions, ultimately advancing the goal of improving education

for all.

A.5 Outline of Thesis

This dissertation consists of four chapters, each representing a stand-alone study intended for
publication. Hence, these studies are sometimes referred to as papers or articles throughout this
work. At the time of submission, two studies have already been published. Chapter B and Chapter
C are co-authored with Jorg Baten, Chapter D is single-authored, and Chapter E is co-authored
with Johan Fourie. The dissertation concludes with Chapter F.

Chapter B traces the development of human capital in Sub-Saharan Africa at the sub-national
level from the 1950s to the 2000s, using birth cohort data. A common issue in demographic data

of less numerate societies is age heaping, where a significant proportion of individuals round their
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ages, for example, stating that they are 40 years old when they are actually 38. This allows for
the estimation of numerical skills by measuring deviations of terminal digits from a uniform distri-
bution, known as the ABCC Index. By combining census and household survey data, this study
provides coverage for almost all countries in Sub-Saharan Africa. Additionally, the study validates
this methodology for Sub-Saharan Africa by assessing potential biases related to respondent gen-
der, marriage, age, enumerator effects, and alternative digit preferences. The findings indicate that
biases can either be adjusted for or are not strong enough to affect the overall conclusions. The
estimates suggest little improvement in numeracy in Sub-Saharan Africa over time, with significant
regional differences—Southern Africa performing best and Western Africa the worst. Some coun-
tries, such as Ghana, show positive development, while others, such as Niger, exhibit regression.

Chapter C builds on the previous study but focuses on the efficiency of education systems in con-
veying numerical skills. Using the same dataset, it estimates how much mathematics is learned per
year of schooling and explores factors influencing this process. The findings indicate little change
over time, but strong variations between countries and regions. To explore potential determinants
of schooling efficiency, the study examines children’s health using average height as a proxy. While
potential height is largely genetically determined at the individual level, variations across popula-
tions reflect childhood nutritional conditions. To establish a causal link, deviations from long-term
rainfall during in-utero and early childhood used as an instrumental variable. The results show
that children’s health significantly influences schooling efficiency, supporting policies such as school
feeding programs aimed at improving child nutrition to enhance educational outcomes.

Chapter D shifts the focus to the contemporary economic context, examining the complex
interplay between child labour, education, and poverty in Sub-Saharan Africa. While child labour
is typically seen as a barrier to education, economic models suggest that in households living close
to subsistence levels, additional income from child labour may be necessary to finance schooling.
Otherwise, children might remain idle instead of attending school. This study utilizes data on 17
countries from the Multiple Indicator Cluster Surveys (MICS) by UNICEF, which provide detailed
data on children’s work both within (domestic work) and outside (child work) the household, as
well as a short mathematics test. The findings reveal no negative association between domestic

work and test performance, but a negative association between child work and learning outcomes.
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However, when restricting the analysis to the poorest 20 percent of households, participation in
work is positively associated with math test performance. Further analysis indicates that as long
as the income effect of child work outweighs the substitution effect, work can contribute positively
to education. This research does not seek to justify child labour but cautions against outright
bans without financial compensation, as education does not necessarily improve in the absence of
alternative support mechanisms.

Chapter E aims to understand how historical education systems can contribute to the repro-
duction of an educational elite in Sub-Saharan Africa, focusing on South Africa. Using novel data
from the Cape Colony Education Reports (1881-1905) spatially linked with test scores in math and
language from the 2018 Systemic Test conducted in the Western Cape, the study shows that mere
proximity to a historical school has no consistent impact on contemporary school quality. This is in
contrast to previous studies on the legacies of colonial education and suggest that in South Africa
there are no broadly accessible benefits from these historic schools. However, the quality of historic
white schools, captured by the share of students in attainment Standard 4 or higher, is associated
with higher contemporary test scores. In contrast, there appears to be no persistent impact of the
quality of black schools. These results are robust to a variety of specifications. Further analyses
suggest that the results can be explained by the institutional continuity of high-quality historic
white schools. These schools not only have been continuously operating over the last century but
also produced a disproportionate share of the country’s elite based on data from the Who’s Who of
Southern Africa. These results highlight how historical inequality in educational provision can per-
sist over time and contributes to the inequality in opportunitiy in the contemporary South African

education system.
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Abstract

During the post-colonial period, enrolment and years of schooling have increased
substantially in Sub-Saharan Africa. However, this has been accompanied by a decline
in the overall quality of education. As a result, it is important to focus on indicators
such as numeracy and literacy, capturing the quality of education, rather than the
input of schooling alone, to better understand educational attainment. Moreover, these
skills have been associated, for example, to higher productivity and health. Numeracy,
in particular, has been linked to sustained development. Therefore, measuring and
understanding its development is a crucial first step to improve educational quality.
Combining data from censuses and household surveys, we estimate numeracy at the
subnational level for Sub-Saharan Africa employing the ABCC Index. Additionally, we
carefully evaluate the suitability of the index and our data to capture basic numeracy
— deeming it to be robust. We find mostly stagnating numeracy for the birth cohorts
between 1950 and 1990, although some countries increased (for example, Ghana) and
others declined. Moreover, we observe strong regional differences, with Southern Africa

performing best and Western Africa worst.

“This chapter is based on an article by Ferber and Baten (2025), published in Economic History of Developing
Regions. The version included in this dissertation is identical in content, with only minor textual differences. I was
responsible for approximately 80 percent of the conceptual development and writing, while Jorg Baten contributed
the remaining 20 percent.
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B.1 Introduction

Education is a precondition for sustainable development (UNESCO, 2023). More educated individ-
uals tend to be more productive (Chang et al., 2016; Kim and Loayza, 2019; Miller and Upadhyay,
2000) and healthier (Conti et al., 2010, Galama et al., 2018). Therefore, economists have taken
a keen interest in estimating educational attainment and its determinants. Due to a lack of data
availability, the initial focus was on inputs into the education system, such as enrolment and years
of schooling. However, these figures are not necessarily very informative — simply being enrolled
in or attending school does not guarantee that a child learns much (Pritchett, 2013). The 2021
Global Education Monitoring Report shows that even if an individual completes upper secondary
education, they might not be literate. For example, in Benin, less than 70 percent of individuals
with secondary education could read two simple sentences (UNESCO, 2021). Moreover, Le Nes-
tour et al. (2022) have shown that the quality of education in Sub-Saharan Africa has substantially
decreased over the last few decades, with significant spatial differences. Hence, capturing inputs
instead of outputs of the education system has limited informational value in this context.

Both literacy and numeracy are essential outputs and fundamental skills, as reflected in their
inclusion in the Sustainable Development Goals (SDG Target 4.6). Effective literacy skills enable
individuals to find, consume and comprehend information from a wide range of fields, allowing them
to acquire further knowledge (Ippolito et al., 2008). Numeracy skills encompass a diverse set of
abilities, from basic computational skills to civic, digital, financial and health numeracy (UNESCO
Institute for Lifelong Learning, 2020). While there is some overlap between these two skill sets,
they are distinct, and adult numeracy remains under-researched (Gal et al., 2020). Additionally,
better numeracy skills have been linked to higher economic growth in a global study (Hanushek
and Woessmann, 2008). Therefore, to understand the development of education in Sub-Saharan
Africa more holistically, measuring both numeracy and literacy is important. This approach can
also help researchers understand the interlinkages of education with other development indicators
such as health, civic engagement, or female empowerment.

Today, many countries participate in internationally comparable tests which capture both lit-
eracy and numeracy as well as the depth of students’ knowledge. In Sub-Saharan Africa the

Programme d’analyse des systémes éducatifs de la Confemen (PASEC) and the Southern and Fast-
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ern Africa Consortium for Monitoring Educational Quality (SACMEQ) have been conducting such
tests since the 1990s. However, they cannot provide an overview concerning the long-run develop-
ment of educational attainment, nor do they cover the substantial out-of-school population.

Indicators for literacy are more widely available, through either survey questions or proxies such
as signature rates on official documents. For example, data on adult literacy is available for all
countries in Sub-Saharan Africa except Botswana to measure progress on SDG 4.6. In contrast,
data on adult numeracy is only available for South Africa (UNDESA, 2024). As questions on
numerical abilities are typically not included in surveys, we need alternative methods to proxy this
skill.

A’Hearn et al. (2009) argued that basic numeracy can be captured using the Whipple Index
or its linear transformation, the ABCC Index. Its great advantage lies in the fact that the only
data requirement is reported ages of individuals. The index calculates the share of rounded age
statements (ages ending in 0 or 5) within a group and compares them to a uniform distribution
to estimate the share of heaped age statements as a proxy for numerical abilities. The method is
popular in economic history and has been applied over a wide range of regions and time periods
(A’Hearn et al., 2009; Baten and Juif, 2014; Crayen and Baten, 2010; De Haas and Frankema,
2018; De Moor and Van Zanden, 2010). At the same time, a number of limitations for specific
sources need to be taken into account (see below).

Nevertheless, this methodology is the only possibility to estimate numeracy for the birth decades
1950 to 1999, hence it was included also in the United Nations’ global education monitoring pro-
gramme (Baten, 2021a; Baten, 2021b).

The estimates show that there was neither an upward nor a downward trend in numeracy
during our observational period. However, individual countries show progress, such as Ghana, or
stagnation, such as Niger. We discuss these different developments in greater detail below and
provide potential explanations. Moreover, there are strong spatial differences with Southern Africa
performing best and Western Africa worst. Yet overall, the results align with research showing
while many more children attend school, the expected increase in skills has not yet been realized
(Le Nestour et al., 2022; UNESCO, 2021).

Alongside these results we provide a thorough discussion of our methodology, with regards to

21



B Age Heaping Based Numeracy Estimates in African Regions, 1950-1999: New Methodological
Advances and Results

the link between age heaping and numerical skills as well as potential biases. Ensuring the quality
of our data is crucial for the estimation of the ABCC Index. Recent literature has discussed some
biases of the age heaping methodology that they find in their respective datasets (A’Hearn et al.,
2022a; Beltran Tapia et al., 2022; Foldvari et al., 2012). These biases include the age reporting
of women, as others might respond on their behalf or age statements might be adjusted to the
husband’s age, exaggerated age statements by elderly respondents, and counterchecking of age
statements by enumerators, as well as alternative heaping patterns not captured by our index.
Hence, after discussing methodological critiques from the literature, we provide evidence that the
index is an appropriate proxy for numeracy in Sub-Saharan Africa and that we do not find evidence
for these biases in our dataset.

The remainder of the article is structured as follows. Section 2 offers an overview of the literature
on educational development in Sub-Saharan Africa and the ABCC Index. Section 3 details the
dataset and the age heaping method. Section 4 provides an overview of numeracy trends in the
region. Section 5 discusses methodological critiques, evaluates the ABCC Index as a proxy for

numeracy and validates the data sources. Section 6 concludes the article.

B.2 Educational Development in Sub-Saharan Africa

The relevance of education for sustainable development has long been recognized. Hence, devel-
opment economists have been working on evaluating the impact of various policies, for example
by exploiting policy changes such as the introduction of universal primary education (e.g., Agiiero
and Bharadwaj, 2014; Osili and Long, 2008) or implementing randomized control trials focusing
on more specific questions (e.g., Duflo et al., 2015; Glewwe et al., 2009) to improve educational
outcomes in Sub-Saharan Africa. However, as important as this literature is, it does not provide us
with any information about the development of education and its systems in Sub-Saharan Africa,
which is crucial to understand the current state.

Little is known about educational levels in Sub-Saharan Africa before European contact, as data
is scarce. One notable exception is by Baten and Alexopoulou (2022), who estimated elite numeracy
starting in 1400 CE. They found that the rise of Southern African regions started in the eighteenth

century, while previously Central and Western African regions were the main development nodes.

22



B Age Heaping Based Numeracy Estimates in African Regions, 1950-1999: New Methodological
Advances and Results

Bolt and Bezemer (2009) argue that while there was some formal education in Muslim-dominated
areas in Sub-Saharan Africa before the arrival of Europeans, missionary education contributed
substantially to the introduction of formal schooling in many other parts of Sub-Saharan Africa.
However, the different colonial powers followed different strategies in terms of education. For
example, Britain aimed for basic mass education provided by missionary societies, whereas France
focused upon elite state-provided education (Cogneau and Moradi, 2014; Frankema, 2012). Most
papers investigating the long-term impact of missionary education on today’s years of schooling
and literacy find an overall positive effect (e.g. Alesina et al., 2021; Cagé and Rueda, 2016; Fourie
and Swanepoel, 2015; Gallego and Woodberry, 2010; Montgomery, 2017; Wantchekon et al., 2015;
Wietzke, 2014). Concerning French colonial education, Huillery (2009) finds a relationship between
colonial investments into education and today’s educational outcomes. While the reliability of
some of the colonial sources is still under debate (see e.g. Jedwab et al., 2022), the impact of early
colonial investment in education appears to be, if anything, positive.

During the post-colonial period, it is undisputed that years of schooling increased very quickly
(World Bank, 2018), albeit unevenly across genders (Baten et al., 2021). However, when consider-
ing this development, it is of importance to differentiate between the inputs and the outputs of the
education system. After all, the acquired skills are what matter for growth (Hanushek and Woess-
mann, 2012). Yet, years of education are an input and can only provide information on how much
time an individual has spent in school — not how much they learned during this time. This is not
uniform across either space or time. For example, Singh (2020) shows strong differences between
countries. Le Nestour et al. (2022) additionally provide evidence that the quality of education has
substantially declined within countries in Sub-Saharan Africa over the past several decades. While
in the 1950s the expected literacy rate after five years of schooling was about 80 percent, it declined
to about 50 percent in the 1990s. Hence, while many more students started to attend school during
this period, increasing overall literacy, literacy output per schoolyear decreased. This underlines
the importance of considering output measures to assess the educational development rather than
input measures, as even within a given country these might be misleading.

One drawback of the mentioned literature is that it does not consider numerical skills. Whilst

literacy is one important component of human capital, numeracy is crucial as well. Higher perfor-
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mance in standardized math tests has been linked to higher growth (Hanushek and Woessmann,
2012; E. A. Jamison et al., 2007). Moreover, including both numeracy (as reflected in science skills)
and years of schooling estimates in growth equations, Hanushek and Woessmann (2008) found nu-
meracy to be more important. Further studies have considered effects at the individual level and
found that higher numeracy increases agricultural efficiency (D. T. Jamison and Moock, 1984),
financial literacy (Indefenso and Yazon, 2020; Villagémez Amezcua and Hidalgo Everardo, 2017)
and health behaviour (Kempter and Upadhayay, 2022). Whether an individual is a subsistence
farmer or a micro-entrepreneur, these skills are arguably beneficial in either occupation.

Several contributions have estimated numeracy for specific countries in Sub-Saharan Africa. For
example, Baten and Fourie (2015) estimate numeracy in the Cape Colony. They observe that early
numerical inequalities foreshadowed later inequality patterns. Considering education levels of the
Coloured and isiXhosa speaking population of the Cape Colony, Fourie et al. (2014) report numeracy
at South African mission stations employing the 1848 census. Several studies consider numeracy
in Uganda using Anglican marriage registers (Meier Zu Selhausen and Weisdorf, 2016), census
data (De Haas and Frankema, 2018) and mission hospital data (Doyle et al., 2020). Furthermore,
Cappelli and Baten (2017) provide evidence on numeracy in Senegal, Gambia and Western Mali
using French colonial census data. They studied the interaction of trade, contact between different
ethnic groups, and human capital development in West Africa. They found that both the early
FEuropean slave trade and the later cash crop trade intensified regional differences in numerical skill
levels within the West African region under study, favouring the coastal regions and resulting in
slower development of interior regions. Maravall et al. (2023) use regional estimates of numeracy to
identify political leader selection patterns. Most closely related to our work are Cappelli and Baten
(2021) and Ferber and Baten (2024). The former estimate numeracy using the ABCC Index at the
national level between 1720 and 1970 for Sub-Saharan Africa and find a positive trend indicating
an increasing acquisition of numerical skills. The latter employ the same methodology to estimate
numeracy in the post-colonial period, but their focus is on schooling efficiency rather than the
numerical skills themselves.

However, there is no comprehensive overview of numerical skills for the post-colonial period,

and this paper aims to fill this gap by providing an overview of the development of numeracy in the
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post-colonial period (1950-1999) and discussing the methodological foundations in the Sub-Saharan

African context.

B.3 Data and Method

B.3.1 Data

We draw our data from three distinct sources. The initial source is Integrated Public Use Microdata
Series (IPUMS), an organization that compiles census data from countries across the globe and
harmonizes this information. Our study incorporates data from 25 Sub-Saharan African countries,®
encompassing one to five census iterations per country (as presented in Table B.10). Notably, this
census data maintains representativeness even at subnational levels. The span of available census
data ranges from the earliest survey in 1960 to the most recent one in 2016. One potential bias
could originate from the use of household roster procedures in which one person responded on
behalf of all household members. Although many studies in other temporal and regional units
rejected this possibility, we are assessing it here (among others: Manzel et al., 2012; Tollnek and
Baten, 2024 rejected this behaviour for census data and also provide a general overview). We
cannot be sure for which censuses this might be the case. However, in the Supplementary Material
we show that the ABCC Index estimated using only household heads (assuming they would be
the primary respondent) and the ABCC Index using the remaining observations correlate almost
perfectly (0.983). Hence, while we cannot fully exclude the possibility that not everyone gave a
response themselves, we can show that it does not bias our results.

The second data source we leverage is the Multiple Indicator Cluster Surveys (MICS), which
UNICEF has been conducting in 118 developing and emerging economies globally since the 1990s.
MICS are surveys conducted at the household level, primarily focusing on matters impacting women
and children, including maternal health. It is worth noting that only in their third and fourth
rounds did the MICS team begin incorporating modules for men, dependent on the specific coun-
try. To ensure comprehensive national representation, our study exclusively employs surveys that

incorporate modules for both women and men. The surveys used in our analysis are outlined in

5These 25 countries covered by IPUMS are Benin, Botswana, Burkina Faso, Cameroon, Ethiopia, Ghana, Guinea,
Kenya, Lesotho, Liberia, Malawi, Mali, Mozambique, Nigeria, Rwanda, Senegal, Sierra Leone, South Africa, South
Sudan, Sudan, Tanzania, Togo, Uganda, Zambia, and Zimbabwe.
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Table B.11. Our dataset encompasses 21 Sub-Saharan African countries,® each with one to three
survey waves. Notably, the latest wave (Wave 6) introduces a mathematics module for children
aged 7-14, a component we later utilize in our analysis. The math test includes 21 questions. The
first six questions ask children to name a printed number, followed by five questions about which
of two printed numbers is larger. The third part presents five addition problems, and finally the
children must name the missing number in a four-item numerical series. This foundational learning
module was examined for its validity and reliability by UNICEF prior to administering the surveys
(UNICEF, 2019). The results from these tests can be linked to their caretakers who provided age
statements as part of the main survey, such that we can observe their heaping behaviour.

The final data source we tap into is the Afrobarometer (AB) surveys, an initiative that has been
underway in 37 African countries since the late 1990s. Seven rounds have been conducted, with
later rounds providing broader country coverage. Table B.12 lists all available surveys, covering a
total of 33 Sub-Saharan African countries.” Each country’s participation varies between one and
seven rounds.

In addition, United States Agency for International Development (USAID)’s Demographic and
Health Surveys (DHS) have been also conducted across Sub-Saharan African countries. However,
the age data from these surveys does not suit our analysis. To ensure data accuracy, DHS enumer-
ators verify respondent-provided ages through cross-checking (e.g. by comparing with birth years).
While crucial for demographic statistics, this approach is not viable as a proxy for numerical abil-
ities.

Figure B.1 displays a map depicting the availability of data sources by country. Djibouti, Equa-
torial Guinea, Eritrea, Somalia, Angola, the Comoros, and the Seychelles lack age data. Overall,

the diverse sources combine to cover nearly the entire region.

SThese 21 countries covered by MICS are Benin, Cameroon, Central African Republic, Chad, Rep. of Congo,
Céte d’Ivoire, DR Congo, eSwatini, Gambia, Ghana, Guinea-Bissau, Lesotho, Madagascar, Malawi, Mali, Mauritania,
Nigeria, Sao Tomé and Principe, Sierra Leone, Togo, and Zimbabwe.

"These 33 countries covered by the Afrobarometer are Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cape
Verde, Céte d’Ivoire, eSwatini, Gabon, Gambia, Ghana, Guinea, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali,
Mauritius, Mozambique, Namibia, Niger, Nigeria, Sdo Tomé and Principe, Senegal, Sierra Leone, South Africa, Sudan,
Tanzania, Togo, Uganda, Zambia, and Zimbabwe.
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Figure B.1: Age Data Availability in IPUMS, MICS and Afrobarometer. Authors’ own representation.
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B.3.2 Method
Turning to our methodology, we employ the Whipple Index to quantify age heaping, comparing

observed frequencies of ages ending in 0 or 5 to an expected uniform distribution. This rounding

behaviour is the most prominent, linked to humans learning to count on their hands — each with

five fingers.
This index is estimated for each birth decade from the 1950s to the 1990s within the largest

In some cases, geographic

administrative subnational areas (admin I) of Sub-Saharan Africa.
indicators necessitate grouping regions. We use contemporary administrative borders, enabling
consistent comparisons over time and with current statistics.

The Whipple Index (W) is calculated as follows:
(1)

25 30 35 60
W — (nZ + 0 + 0 + - +nf) - 100
it — 1. 262 age
5 age=23 Ty

Here, i represents the subnational area for birth decade t. The index ranges from 0 to 500, with

500 indicating complete age heaping. We transform the Whipple Index using a linear adjustment,
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known as the ABCC Index,® to approximate the share of individuals who accurately report their

age:

(1 _ W) -100  if Wi > 100,

ABCCy; = (2)

100 otherwise.

We focus on ages 23 to 62 for several reasons: to mitigate biases from age exaggeration among
older individuals, address the influence of mortality on age distribution, and account for reduced
age heaping among younger people. Several studies argued that age awareness is unusual and
heterogeneous for the age group 18-22, because these age groups recently reported their ages
on the occasion of marriage, election, and military service. Given that marriage ages and the
institutional settings of election and military service are heterogeneous across countries, previous
work has concluded that including this age group would increase potential biases (Crayen and
Baten, 2010). Moreover, as standard in the literature and to ensure comparability, numeracy is
estimated separately for age groups (23-32, 33-42, 43-52, 53-62).% This allows us to obtain sensible
intervals around the rounded numbers. We align each group with the birth decade that dominates
it.

The process for constructing the numeracy dataset involves initially calculating the ABCC
Index independently from each source before assembling the final dataset. When multiple sources
provide data, our primary preference is IPUMS due to its larger sample size. MICS follows as
the second choice, offering the next largest sample sizes. Lastly, we incorporate AB surveys. This
sequential approach aims to fill gaps progressively with each type of survey. In instances of multiple
surveys from one of the sources for a birth decade within a subnational level, we calculate weighted
averages based on sample sizes. We omit the remaining age data from our analysis. This approach
helps refine our analysis and ensures robust results. Table B.1 presents an overview of the final
dataset showing how many regions we can cover per birth decade for each country, the number of

underlying observations, which sources we use per country and decade and the ABCC Index.

8Named after A’Hearn, Baten, and Crayen who published this transformation in 2009 and Greg Clark who
suggested it in a comment on their paper.

9We find that for the youngest age group there is stronger heaping on multiples of two and hence, as mentioned
before, we corrected for that (by subtracting 25 percent of the ABCC value, as is standard in the literature; see
Crayen and Baten, 2010 or Baten and Hippe, 2018)
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Table B.1: Data Overview

Country No. Reg. 1950 1960 1970

No. Reg. Obs. Source Co. ABCC No. Reg. Obs. Source Co. ABCC No. Reg. Obs. Source Co. ABCC
Benin 12 12 165121 IPUMS 71.087 12 194082 IPUMS 69.402 12 202780 IPUMS 69.964
Botswana 14 13 47831 IPUMS 97.131 13 54661 IPUMS 99.55 13 54168 IPUMS 99.789
Burkina Faso 13 13 183252 IPUMS 84.809 13 276440 IPUMS 84.873 13 199190 IPUMS 88.268
Burundi 17 1 49 AB 82.909
Cameroon 10 9 243409 IPUMS/MICS 80.265/94.203 10 170308 IPUMS/MICS 80.138/92.723 10 277108 IPUMS/MICS 82.13/90.312
Cape Verde 22 1 159 AB 95.657 3 586 AB 97.113 3 750 AB 98.604
Central Afr. Rep. 17 12 2085 MICS 93.823 15 5538 MICS 87.392 15 9196 MICS 85.121
Congo, Rep. 12 11 1987 MICS 94.203 12 4398 MICS 92.707
Cote d’Ivoire 19 1 98 AB 93.971 2 285 AB 93.23
DR Congo 26 1 157 MICS 94.203 22 2500 MICS 88.75
eSwatini 4 4 298 MICS 94.203 4 1674 MICS 94.203 4 2993 MICS 91.732
Ethiopia 11 11 926208 IPUMS 53.53 11 1414769 IPUMS 59.323 11 1088309 IPUMS 63.79
Gabon 9 1 47 AB 98.182 1 92 AB 95.738 2 189 AB 95.587
Gambia 6 1 40 AB 78.202 6 1613 MICS 94.203
Ghana 10 10 449149 IPUMS 76.178 10 384376 IPUMS 78.318 10 570020 IPUMS 82.16
Guinea 8 8 185573 IPUMS 71.883 8 171711 IPUMS 71.444 8 97837 IPUMS 70.966
Guinea-Bissau 9 9 1478 MICS 94.203 9 4501 MICS 92.532
Kenya 8 8 455095 IPUMS 98.229 8 522881 IPUMS 87.704 8 604887 IPUMS 86.024
Lesotho 10 10 33208 IPUMS 98.301 10 45930 IPUMS 98.849 10 31025 IPUMS 97.996
Liberia 15 5 11861 IPUMS 97.215 6 22167 IPUMS/AB 85.793/89.198 8 38678 IPUMS/AB 88.541/91.649
Madagascar 22 1 92 AB 95.826 3 279 AB 90.525 22 2648 MICS 94.203
Malawi 3 3 106214 IPUMS 95.429 3 164271 IPUMS 88.634 3 277916 IPUMS 90.338
Mali 9 9 239169 IPUMS 83.616 9 190366 IPUMS 82.628 9 269827 IPUMS 81.25
Mauritania 13 12 2053 MICS 94.203 12 6112 MICS 90.275 12 9438 MICS 88.389
Mauritius 11 11 46863 IPUMS 95.803 11 61134 IPUMS 99.554 11 39300 IPUMS 98.584
Mozambique 11 11 277335 IPUMS 94.124 11 420785 IPUMS 93.98 11 307631 IPUMS 92.399
Namibia 13 4 588 AB 98.782 7 1409 AB 97.834
Niger 8 1 65 AB 70.779 5 491 AB 64.267 6 757 AB 66.711
Nigeria 37 37 25807 IPUMS 63.924 37 39535 IPUMS 61.001 37 52491 IPUMS 64.374
Rwanda 3 3 126072 IPUMS 98.139 3 189795 IPUMS 99.242 3 115607 IPUMS 98.820
Sao Tomé & Principe 2 1 148 AB 100 2 500 MICS 94.203 2 1713 MICS 94.203
Senegal 14 14 333209 IPUMS 85.946 14 503094 IPUMS 87.927 14 486261 IPUMS 81.924
Sierra Leone 4 4 32064 IPUMS 54.321 4 53329 IPUMS 62.346 4 76864 IPUMS 64.972
South Africa 9 9 3342228 IPUMS 99.304 9 4721969 IPUMS 99.86 9 6134501 IPUMS 99.687
South Sudan 10 10 17671 IPUMS 98.606 10 32540 IPUMS 74.63 10 53582 IPUMS 80.464
Sudan 15 14 180524 IPUMS 67.644 14 290099 IPUMS 53.327 14 547668 IPUMS 63.933
Tanzania 30 30 1090429 IPUMS 82.168 30 1939993 IPUMS 84.545 30 2091194 IPUMS 85.45
Tchad 22 21 2347 MICS 85.347
Togo 5 5 43227 IPUMS 62.317 5 77043 IPUMS 70.461 5 119001 IPUMS 75.368
Uganda 4 4 355842 IPUMS 84.756 4 657314 IPUMS 88.283 4 695301 IPUMS 90.808
Zambia 10 10 240117 IPUMS 88.568 10 406701 IPUMS 93.795 10 431430 IPUMS 92.34
Zimbabwe 10 10 27932 IPUMS 96.028 10 37257 IPUMS 96.14 10 69788 IPUMS 96.936

Notes: The column ‘No. Reg.’ indicates the total number of regions within that country which are the current
we have a sufficient number of observations to calculate the ABCC Index (minimum 30 per survey).

largest subnational regions. The ‘No. Reg.’ for the different decades indicates the number of regions for which
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Table B.1: continued

Country No. Reg. 1980 1990

No. Reg. Obs. Source Co. ABCC No. Reg. Obs. Source Co. ABCC
Benin 12 12 155295 IPUMS 72.035 6 255 AB 72.05
Botswana 14 13 39516 IPUMS 99.004 2 219 AB 100
Burkina Faso 13 8 1019 AB 78.692 4 192 AB 84.923
Burundi 17 4 224 AB 83.248
Cameroon 10 10 4881 MICS 93.98 8 417 AB 79.059
Cape Verde 22 4 812 AB 98.123 3 243 AB 96.035
Central Afr. Rep. 17 14 5470 MICS 84.628
Congo, Rep. 12 12 5223 MICS 92.33
Céte d’Ivoire 19 2 405 AB 94.762 3 197 AB 93.694
DR Congo 26 26 6672 MICS 87.843 25 8484 MICS 89.085
eSwatini 4 4 4781 MICS 93.08 4 405 AB 95.605
Ethiopia 11
Gabon 9 4 511 AB 95.651 3 241 AB 99.379
Gambia 6 6 4263 MICS 92.874 6 5978 MICS 88.858
Ghana 10 10 406912 IPUMS 87.448 8 627 MICS 89.468
Guinea 8 8 152745 IPUMS 72.759 4 192 AB 63.514
Guinea-Bissau 9 9 7585 MICS 91.248 9 4709 MICS 90.215
Kenya 8 8 631970 IPUMS 89.133 7 538 AB 92.395
Lesotho 10 4 773 AB 99.798 2 115 AB 100
Liberia 8 57564 IPUMS/AB 91.71/95.131 4 256 AB 94.427
Madagascar 22 22 5569 MICS 89.596 22 7461 MICS 89.75
Malawi 3 3 219591 IPUMS 95.123 3 380 AB 95.412
Mali 9 9 202273 IPUMS 83.574 6 270 AB 73.322
Mauritania 13 10 5272 MICS 85.518
Mauritius 11 11 20422 IPUMS 100 2 71 AB 88.872
Mozambique 11 11 2543 AB 100 10 820 AB 87.957
Namibia 13 7 1083 AB 95.843 6 361 AB 94.585
Niger 8 6 868 AB 63.784 4 244 AB 59.232
Nigeria 37 37 37300 IPUMS 66.631 4 408 AB 70.288
Rwanda 3
Sao Tomé & Principe 2 2 2860 MICS 94.08 2 1232 MICS 94.203
Senegal 14 14 341836 IPUMS 86.052 3 184 AB 73.412
Sierra Leone 4 4 8228 MICS 82.587 4 363 AB 75.074
South Africa 9 9 4738007 IPUMS 99.463 6 497 AB 94.653
South Sudan 10 10 81253 IPUMS 81.075
Sudan 15 14 776544 IPUMS 68.851 4 160 AB 73.371
Tanzania 30 30 1347105 IPUMS 86.905 9 358 AB 90.971
Tchad 22 21 6217 MICS 75.03 21 9529 MICS 76.143
Togo 5 5 175389 IPUMS 76.93 5 388 AB 86.178
Uganda 4 4 508865 IPUMS 93.579 4 399 AB 90.059
Zambia 10 10 309141 IPUMS 93.492 4 201 AB 94.933
Zimbabwe 10 10 110228 IPUMS 98.172 10 4118 MICS 94.203

Notes: The column ‘No. Reg.’” indicates the total number of regions within that country which are the current largest subnational regions. The
‘No. Reg.” for the different decades indicates the number of regions for which we have a sufficient number of observations to calculate the ABCC
Index (minimum 30 per survey).
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B.4 Results: Numeracy Trends in African Regions

Average numeracy has not changed much over time; however, there are differences across regions.
Figure B.2 provides an overview of the ABCC trends by larger region.'® The region with the
highest numeracy throughout the entire period is Southern Africa, with an ABCC Index above 95.
This region also has the lowest internal variation, with eSwatini having the lowest average ABCC
Index of 93.77 and Botswana the highest value of 99.09. Eastern Africa and Central Africa are
close together, with an average ABCC Index of about 90. Especially after 1970 the two trends
align very closely. The values for Central Africa range between 82.48 for Cameroon and 96.9 for
Gabon. Eastern Africa has a similar distribution but with one outlier to the bottom. The highest
value is 98.73 for Rwanda while the lowest value is 65.42 in Sudan. Western Africa comes in last
with an ABCC Index of about 80, and it is the region with the strongest variation as well. At the
bottom, Niger has a value of 64.95, while at the top, Cape Verde has a value of 97.11.

This pattern is reflected if we disaggregate the data by gender as shown in Figure B.3. Again,
Southern Africa is on top, with the ABCC Index for males and females being closely aligned;
however, we observe a downward trend for females for the most recent birth cohort. One hypothesis
is that this could be attributed to the onset of the HIV pandemic, which affects females more than
males (Richardson et al., 2014), as well as the political turmoil that accompanied South Africa’s
and Namibia’s fight against Apartheid (Healy-Clancy, 2017). Central and Eastern Africa both
have closely aligned male and female ABCC values with a modest increase in the gaps for the 1990s
birth cohort as well. However, while in Eastern Africa we see a slight drop in female numeracy,
which widens the educational gap, in Central Africa females overtake males. In Western Africa, we
observe an upward trend for males throughout the entire period, while again in the 1990s there is
a drop in female attainment. The educational gender gap is also by far largest in Western Africa.
A potential reason for this could be the slower overall expansion of the education system, causing

a late peak in education gender inequality (Baten et al., 2021).

OWestern Africa includes Benin, Burkina Faso, Cape Verde, Céte d’Ivoire, Gambia, Ghana, Guinea, Guinea
Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone, and Togo. Eastern Africa includes Burundi,
Kenya, Madagascar, Malawi, Mauritius, Mozambique, Rwanda, Sudan, South Sudan, Tanzania, Uganda, Zambia,
and Zimbabwe. Central Africa includes Cameroon, Central African Republic, Rep. of Congo, Gabon, and Sao
Tomé and Principe. Southern Africa includes Botswana, Lesotho, Namibia, South Africa, and eSwatini. We exclude
Ethiopia and Tchad from these regional trends as their data are only available for three periods each and bias the
trends. These are simple country averages and are not weighted by population size.
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Figure B.2: Regional ABCC Trends Based on IPUMS, MICS and Afrobarometer Data. Authors’ own
representation.
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Notes: Western Africa includes Benin, Burkina Faso, Cape Verde, Céte d’Ivoire, Gambia, Ghana, Guinea, Guinea Bissau, Liberia, Mali,
Mauritania, Niger, Nigeria, Senegal, Sierra Leone and Togo. Eastern Africa includes Burundi, Kenya, Madagascar, Malawi, Mauritius,
Mozambique, Rwanda, Sudan, South Sudan, Tanzania, Uganda, Zambia and Zimbabwe. Central Africa includes Cameroon, Central African
Republic, Rep. of Congo, Gabon and Sdo Tomé and Principe. Southern Africa includes Botswana, Lesotho, Namibia, South Africa and eSwatini.
‘We exclude Ethiopia and Tchad from these regional trends as they are only available for three periods each and bias the trends.

While we observe mostly a stagnation of numeracy in the regions, there are several countries
with upward or downward trends.!’ In Figure B.4 we show all country trends in which the mean
ABCC value is below 90; the remainder are presented in the Supplementary Materials (Figure B.9).
In each of these graphs the bold red line represents the country average, and the light grey lines
represent the subnational regions. We refrained from labelling all the subnational regions in the
graphs for the sake of clarity. The graphs provide evidence of how large the regional inequality
was, for example, in Nigeria, Tchad, and Niger, whereas Tanzania and Burkina Faso had much
less regional variation. Moreover, some countries show a clear upward trend while other countries
follow a downward trend.

One country with a clear improvement in numerical skills over time is Ghana, as shown in

Figure B.5. The regional division shows that already for the 1950s birth cohort the southern regions

" Countries that increased their ABCC Index by at least 10 percentage points include Ethiopia, Gambia, Ghana,
Sierra Leone, Sudan, and Togo. In contrast, in Mali, Senegal, and Niger the ABCC Index decreased by at least 10
percentage points. However, while Niger faces a steadier decline, in Mali and Senegal the drop only happens in the
1990s.
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Figure B.3: Regional ABCC Trends by Gender Based on IPUMS, MICS and Afrobarometer Data.
Authors’ own representation.
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Notes: Western Africa includes Benin, Burkina Faso, Cape Verde, Céte d’Ivoire, Gambia, Ghana, Guinea, Guinea Bissau, Liberia, Mali,
Mauritania, Niger, Nigeria, Senegal, Sierra Leone and Togo. Eastern Africa includes Burundi, Kenya, Madagascar, Malawi, Mauritius,
Mozambique, Rwanda, Sudan, South Sudan, Tanzania, Uganda, Zambia and Zimbabwe. Central Africa includes Cameroon, Central African
Republic, Rep. of Congo, Gabon and Sdo Tomé and Principe. Southern Africa includes Botswana, Lesotho, Namibia, South Africa and eSwatini.
‘We exclude Ethiopia and Tchad from these regional trends as they are only available for three periods each and bias the trends.

have higher numeracy levels than the northern regions. This pattern continues for all birth decades.
Numerous factors could potentially contribute to this spatial pattern as well as the development
over time. With respect to the spatial disparities, public goods were distributed unevenly, with the
Southern regions receiving greater investments in education, health, and infrastructure (Kambala,
2023). Particularly missions and their schools were largely located in the Southern part of Ghana
(Jedwab et al., 2022), such that only these areas could benefit from formal education. Turning
to the trend over time, Kwame Nkrumah’s post-independence government chose education as one
of their foci and, for example, introduced free primary education (Akyeampong, 2007). After
Nkrumah’s government was overthrown in 1966, the school system faced a decline. However,
once Jerry Rawlings came to power in 1981, educational reforms improved, especially primary
education outcomes (Akyeampong, 2007). While different governments had different foci with
regards to education, the consistent emphasis on education likely contributed to the positive trends

in numeracy.
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Figure B.4: Development of Numeracy in Countries With an Average ABCC Below 90 at the
Subnational Level Based on IPUMS, MICS and Afrobarometer Data.

Detailed information on numbers of regions per country and birth decade, and underlying numbers of
observations, can be found in Table B.1. Authors’ own calculations.
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Figure B.4: cont.
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Figure B.4: cont.
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Figure B.5: Development of Numeracy in Ghana at the Subnational Level based on IPUMS, MICS and
Afrobarometer Data. Authors’ own representation.
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In contrast, Niger faced a modest decline in its numerical skills between the birth cohorts of
1950 and 1990 (Figure B.6). After Niger gained independence from France in 1960, Hamani Diori
became its first president and ruled the country until a coup d’état in 1974 (Decalo, 1989, p. 174).
This period showed an expansion of the education system which is reflected in the increase in
numeracy especially in the South-West (Decalo, 1989, p. 95). The South-West is likely to be at an
advantage for several reasons. First, it is home to the capital and the area south of the Sahel has
higher population density than the north, which eases infrastructure development (Decalo, 1989, p.
2). Second, under Diori’s rule the government elite consisted almost exclusively of Djerma, Songhai
and Maouri — ethnic groups traditionally residing in the South-West of Niger (Decalo, 1989, p. 7)
— who potentially invested more in their ‘own’ areas (De Luca et al., 2018). However, the following
two birth decades witnessed a decline in their numerical skill. The military government following
the 1974 coup d’état was popular in its initial years as they focused on drought relief. Yet, calls for
a democratic government became louder as oppression and corruption surged again (Decalo, 1989,
p. 138). Moreover, while rainfall in the Sahel zone already had started to decline in the 1970s, it
reached its historical low in the 1980s. The consequential droughts caused large-scale migrations,
much livestock died and access to foodstuffs was problematic (Starr, 1987). Moreover, while Niger
experienced a uranium export boom in the 1970s which financed large parts of the fiscal budget,
the boom collapsed in the 1980s, causing a fiscal squeeze in the subsequent years (Decalo, 1989,
p. 228). In 1993 Niger transitioned to a multi-party democracy; however, the decade was marked

by numerous coups and political instability. In addition to these problems, Niger has had one of
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the highest birth rates in sub-Saharan Africa over the last few decades, with an average population
growth rate of above 3 percent (World Bank, 2024). Thus, an expansion of the education system
must also keep up with population growth. Hence, gross primary school enrolment only increased
from 11 percent in 1970 to 30 percent in 2000 (World Bank, 2024). The outlined reasons are
potential explanations for the long-run decline of numeracy in Niger for the birth decades until
2000. In sum, we observe that the numeracy evidence can be used to describe the numerical skill
development in these countries. The observed trends are compatible with the educational and
economic history of countries such as Ghana and Niger, for example.

Figure B.6: Development of Numeracy in Niger at the Subnational Level Based on IPUMS, MICS and
Afrobarometer Data. Authors’ own representation.
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B.5 Possibilities and Limitations of the ABCC Index

B.5.1 Hypotheses about Potential Limitations

As with any approximate indicator, the ABCC Index is not without limitations and there is a lively
debate around these. Hence, we will briefly summarize the main points made in the literature and
how we address them.

Most prominently, A’Hearn et al. (2022a) cautioned against relying too heavily on the age
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heaping methodology to gauge numerical proficiency in Italy. Using late nineteenth-century Italian
census data, they assert that age heaping does not accurately measure educational attainment
but might rather reflect state capacity and cultural attitudes towards age awareness. First, they
illustrate a broad range of age heaping frequencies among the literate and illiterate populations to
show that literacy and age heaping were not perfectly correlated. Second, they interpret changes
in the index over time as indicative of improved state capacity, leading to more precise census
data collection. Third, they demonstrate varying heaping patterns among women based on marital
status, suggesting potential societal norms regarding age gaps in marriage. This observation seems
to align with findings by Foldvari et al. (2012), who, analysing historical census data, found more
heaping among widowed and single women compared to married counterparts, even after accounting
for socio-economic variables. Similarly, A’Hearn et al. (2022a) and Beltran Tapia et al. (2022), the
latter using Spanish census data, speculate that men might have often reported ages on behalf
of women in households, skewing age heaping estimates and neglecting to reflect female human
capital accurately. Furthermore, A’Hearn et al. (2022a) also mention the concern that age heaping
may increase as individuals age due to exaggeration. Moreover, they argue that the Whipple Index
cannot detect preference for digits other than 0 or 5. In their Italian sample they find that while
there is strong heaping on multiples of 10, there is no strong heaping on numbers with the terminal
digit 5 but heaping on numbers that end in 6. Finally, A’Hearn et al. (2022b) emphasize that while
age heaping highlights the external margin (i.e. the extent of age discrepancies), it fails to capture
the internal margin (i.e. the actual level of mathematical proficiency it signifies).

Indeed, we acknowledge that not all datasets are suitable for the age heaping methodology.
Scholars who consider using it have to assess whether there was substantial counterchecking. For
instance, we opted against utilizing age data from USAID’s DHS due to enumerator countercheck-
ing of age statements, which might suggest higher statistical capacity. However, this cautionary
example does not apply universally to all datasets; rather, it underscores the importance of metic-
ulous data scrutiny before applying any methodology. Consequently, our focus lies in inspecting
the key hypotheses posited by these studies and evaluating their relevance to our dataset. Our
advantage lies in the availability of data from diverse sources, collected by various entities for dis-

tinct purposes. This diversity enables us to cross-reference estimates from these disparate sources,
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enriching our analytical approach.

Essentially, all these criticisms revolve around questioning the efficacy of the ABCC Index as
an accurate measure of numerical proficiency or broader human capital. Hence, as a first step,
we will demonstrate a positive correlation between the ABCC Index and years of schooling, as
well as an intergenerational correlation between caretakers’ age heaping and children’s math test
scores. Next, we will delve into the additional considerations raised by the aforementioned articles.
Firstly, we examine whether there is evidence suggesting that individuals, particularly women, did
not provide responses on their own behalf. Secondly, we assess whether heaping patterns differ
depending on marital status. Thirdly, we investigate whether age heaping evolves as individuals
age. Fourthly, we scrutinize whether diverse surveys yield varying ABCC estimates, potentially
indicating differing levels of state or statistical capacity. Finally, we aim to ensure the accuracy of
our heaping patterns by checking for alternative heaping patterns.

Before we attend to these concerns, we would like to briefly discuss the comment on the dis-
tinction between the internal and external margins of age heaping, as highlighted by A’Hearn et al.
(2022a). We concur that age heaping only reflects the external margin, indicating whether an
individual provides a heaped age statement or not. However, this limitation applies similarly to
any binary literacy indicator, particularly if literacy is inferred from the ability to provide a sig-
nature or self-reported status. The depth of an individual’s reading or writing abilities, or their
comprehension of texts, remains unknown. Furthermore, given the large variety in the quality of
education, one might even argue that years of schooling, while not binary, do not provide informa-
tion about the internal margin. Without more comprehensive test data, this ambiguity is inherent
in all simple indicators, whether aimed at measuring literacy, numeracy, or other educational out-
comes. While future research may shed light on what level of numerical proficiency corresponds to

heaping behaviour, this question unfortunately remains unanswered for now.

B.5.2 ABCC Index and Education

We now turn to provide evidence that the ABCC Index is, in spite of its limitations, a suitable
methodology to approximate numerical skills in Sub-Saharan Africa as outlined above.

The first concern relates to the idea that whilst literacy is mostly acquired through formal
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education, foundational numeracy could be acquired informally and hence cannot capture exposure
to formal education. In fact, it is rare that individuals who have never been to school learn to
read and write.'? Nevertheless, the environment outside of formal schooling is also an important
contributor to successfully acquiring basic literacy (Buckingham et al., 2014; Piper et al., 2015).
These different factors are impossible to disentangle without detailed microdata on the non-school
environment.

Nevertheless, we agree that children can develop basic math skills outside of formal schooling.
Indeed, some studies provide evidence that individuals can acquire numerical skills through ev-
eryday life without ever attending formal schooling, for example by working as a market vendor
(Banerjee et al., 2017; Carraher et al., 1985; Guberman, 1996).'3 Research in the field of numerical
cognition also provides evidence that children have some sense of numbers and can perform basic
addition or subtraction problems given the right framing (Dehaene, 2011, p. 107). Many children
proceed to calculate using only these ad hoc methods for simple operations but lack a general
reference framework. Thus, they are unable to transfer their skills to other situations that are
outside their everyday routines (Dehaene, 2011, p. 124; Luria, 1976, p. 126). The important basic
and transferable numerical skills are acquired through formal high-quality education. These skills
are also likely to be reflected in the age-heaping behaviour of a person. While an individual with
numeracy skills only applicable to everyday routines (such as being a market vendor) is more likely
to provide a heaped age statement, an individual with formal transferable numeracy skills is less
likely to do so.

We can also show that there is a relationship between formal schooling and numerical skills in
our data. Table B.2 shows the results from Ordinary Least Squares (OLS) regressions in which
the ABCC Index is the dependent variable and average years of schooling and literacy are the
independent variables of interest. All variables are at the regional and birth decade level. All

models include country and birth decade fixed effects. Model (1) shows that there is a positive

12The MICS by UNICEF provide data on literacy and years of schooling. Among those individuals who have never
completed one year of schooling, 3.41 percent were able to read the provided sentences at least partially. Hence, while
the vast majority cannot learn to read without formal schooling, there are a few exceptions.

131t is important to note that it is not always clear whether people actually perform a mathematical computation
in their head or how much is recalled from memory. For example, a farmer with a small herd of cows might have
memorized their faces and can realize that one is missing without having to count them. Without an experimental
approach to manipulate specific variables, it is impossible to know whether an individual simply memorized faces or
a large sum of numbers or whether someone is numerate (Dehaene, 2011, p. 132).
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and statistically significant relationship between years of schooling and the ABCC Index. The
next column shows the correlation between literacy and the ABCC Index, which is positive and
statistically significant as well. Last, Model (3) includes both years of schooling and literacy as
explanatory variables. Both years of schooling and literacy remain significant. Therefore, we have

confidence that the ABCC Index also reflects exposure to formal education.

Table B.2: The Relationship of the ABCC Index With Years of Education and Literacy

(1) (2) (3)
ABCC ABCC ABCC
Years of education — 1.314%** 0.806**
(0.255) (0.394)
Literacy 12.094%%*% 8 573%**
(1.370)  (2.439)
Constant 66.563***  65.107***  64.402%**
(1.152)  (1.902)  (1.779)
Country FE Yes Yes Yes
Birth Decade FE Yes Yes Yes
Observations 1,411 778 778
R-Squared 0.689 0.608 0.618

Notes: These regressions show the correlation of the ABCC Index with years
of education and literacy. The dependent variable is the ABCC Index, ranging
between 0 and 100, and the main independent variables are years of education
and literacy (based on reading cards). All models include country and birth
decade fixed effects. Standard errors are robust. Asterisks denote significance at
levels *** p < .01, ** p < .05, * p < .1.

These estimates may prompt the question about whether years of schooling could be a good
indicator of acquired skills after all. While there is a significant correlation between years of school-
ing and the ABCC Index, it is far from perfect. As shown in Table B.13, regional estimates for
Model (1) across Western, Eastern, Central, and Southern Africa reveal substantial variation in
the coefficient of years of schooling, ranging from 0.365 to 1.364. This highlights that the relation-
ship between schooling duration and numeracy skills is not a one-to-one correlation, but there is
considerable heterogeneity. Therefore, while the regressions show some degree of association, years
of schooling does not provide the same insights as our numeracy indicator.

Next, we turn to the concern whether the ABCC Index captures numerical skills in the Sub-
Saharan African context. Ideally, we would like to compare adults’ age statements with some type

of math test score. However, this type of evidence does not exist, to the best of our knowledge.!*

MMICS-type numeracy tests for adults have not been recorded for large samples. For much earlier time periods,
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Thus, we compare the age heaping pattern of an older generation to math scores of their children
within the same family as the intergenerational transmission of education has been widely attested
in the literature (Black et al., 2005). Hence, we deem the comparison of parents’ age heaping and
children’s test scores a useful analysis.

For this exercise we employ the latest round of the MICS which includes a short math test for
children aged 7-14. In contrast to our ABCC data, this data is cross-sectional and does not include
a time component. The math test includes four sections with five to six questions about number
reading, discrimination, addition, and numerical series with a maximum number of points of 21.
This data is available for 12 countries.'® The children can be linked to their caretakers for whom
we can calculate the ABCC Index of numeracy. Table B.3 shows a simple OLS regression with the
children’s math test score as the dependent variable and their caretakers’ ABCC as the independent
variable. There is a clear positive and statistically significant correlation which remains after adding
country fixed effects: regions with low caretaker numeracy, proxied by the ABCC Index, also show

poor performance of children in the administered math tests.

For further illustration, we provide some evidence at the micro level, at which we can mitigate
some concerns about omitted variable bias. In countries with low numeracy (i.e., a high degree
of age heaping), a significant share of age statements with the terminal digits 0 and 5 cannot be
true. Assuming a uniform distribution of terminal digits, 20 percent of age statements should end
with 0 or 5. For a share above 20 percent, we can calculate the share of heaped age statements
among those ending in 0 or 5. For example, the ABCC Index for Tchad based on the caretakers’
age statements is 81.15. This translates to about 35 percent of all age statements ending in 0 or 5,
which implies that about 43 percent of age statements ending in 0 or 5 are heaped.'® In a country

such as Zimbabwe, whose ABCC Index based on caretakers’ age statements is 100, 20 percent of

Baten and Nalle (2022) recently tested this for Inquisition defendants of the fifteenth to eighteenth centuries. The
Inquisition performed an indirect math test by asking the defendants to report their life using year-quantities. For
example, a defendant might have reported that he is of age 30; he left home at age 20 and then he worked on a farm
for 15 years. Baten and Nalle, 2022 recalculate these biographies and find a strong correlation between obviously
miscalculated biographies and age rounding on multiples of five.

15The countries are the Central African Republic, Tchad, the Democratic Republic of the Congo, Gambia, Guinea-
Bissau, Ghana, Lesotho, Madagascar, Sierra Leone, Sao Tomé and Principe, Togo, and Zimbabwe.

16The calculation is based on the following: Assume that the ABCC Index for Country Z is X. Then the share of
age statements ending in 0 or 5 (Mult5) is Mults = 1 — 5=. The share of heaped age statements among Mult5 is

125
Heaped = (%) x 100.

43



B Age Heaping Based Numeracy Estimates in African Regions, 1950-1999: New Methodological
Advances and Results

Table B.3: Regional Relationship of Parents’ Age Heaping and Children’s Test Scores

(1) (2)

Math score Math score
ABCC Index 0.338*** 0.188***

(0.029) (0.034)
Constant -21.092%*%*  _11.081***

(2.564) (3.262)
Country FE No Yes
Observations 117 117
R-Squared 0.447 0.739

Notes: These regressions show the correlation between chil-

dren’s math test scores and caretakers’ numeracy. The de-
pendent variable is the math test score, ranging between 0
and 21 based on MICS Wave 6 data. The dependent variable
is the ABCC Index as a proxy for numerical skills. The 12
countries included are Central African Republic, Tchad, the
Democratic Republic of the Congo, Gambia, Guinea-Bissau,
Ghana, Lesotho, Madagascar, Sierra Leone, Sao Tomé and
Principe, Togo, and Zimbabwe. The second model adds
country fixed effects. Standard errors are robust. Aster-
isks denote significance at levels *** p < .01, ** p < .05, *
p < .l.

ages end in 0 or 5 and hence 0 percent of these are heaped. Hence, while a dummy variable that
indicates whether an age statement has the terminal digit 0 or 5 for a country like Tchad has some
informational value as more than 40 percent of these must be heaped, it holds no informational
value in a country like Zimbabwe, where heaping is non-existent.

Therefore, in the following illustrative analysis we focus on three countries with the lowest
levels of numeracy — Tchad, Sierra Leone, and Togo. In these countries at least 20 percent of age
statements ending in 0 or 5 must be heaped. In countries with higher ABCC values, the information
content of an age with the terminal digit 0 or 5 is too low. Naturally, even in areas with substantial
heaping not every person is reporting a false age if their age ends in 5 or 0. However, as this issue
biases our results downwards, it does not change the qualitative interpretation of the results, only

the magnitude. We estimate the following OLS model for these three countries.

Testy = Bo + f1 - Terminal Digit05, + T'X + 7, + €p;, (3)

where T'est denotes a child’s math test score in the parent—child-dyad p and Terminal Digit05
is a dummy which equals one if the caretaker of dyad p reports an age with the terminal digit 0 or
5 and zero otherwise. X is a vector of control variables which includes the age and gender of the

child, a wealth index, a dummy for urban residence and the sex of the caretaker. ~ are regional
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fixed effects to control for unobserved heterogeneity. We estimate this equation separately for the
three countries. As the test scores are truncated, we also report the coefficients for a Tobit model
to account for the data structure.

Table B.4 reports the results of the regression. Panel A reports the OLS estimation results
and Panel B the Tobit estimation results. Odd-numbered columns show the estimate without
further controls and even-numbered columns add controls. For all three countries the relationship
is significant. While the Tobit coefficients for T'chad increase considerably, this can be attributed to
the heavily truncated distribution of the dependent variable. Overall, we can find a strong positive

correlation between the ABCC Index and children’s test scores at the regional level.

Table B.4: Within Household-Level Correlations: Parents’ Age Heaping and Children’s Test Scores

(1) (2) (3) (4) (5) (6)
Tchad Sierra Leone Togo
Math score Math score Math score Math score Math score Math score

OLS
Terminal digit 0/5  -0.493%** -0.397*** -0.598*** -0.340* -0.678** -0.538**

(0.157) (0.140) (0.205) (0.179) (0.288) (0.248)
Constant 2.626%** -3 TT9HH* 7.903%** -3 111%F* 13.779%** 2.404***

(0.561) (0.715) (0.368) (0.503) (0.371) (0.723)
Regional FE Yes Yes Yes Yes Yes Yes
Controls No Yes No Yes No Yes
Observations 8,136 8,136 5,929 5,929 2,790 2,790
R-Squared 0.136 0.268 0.092 0.300 0.115 0.357
Tobit
Terminal digit 0/5  -1.951%** -1.689*** -0.828*** -0.476* -0.759** -0.579*

(0.519) (0.456) (0.282) (0.247) (0.350) (0.300)
Constant -14.340%*%*  _31.616*** 6.168*** -7.885%** 14.007*** 0.656

(2.574) (2.654) (0.525) (0.726) (0.445) (0.857)
Regional FE Yes Yes Yes Yes Yes Yes
Controls No Yes No Yes No Yes
Observations 8,136 8,136 5,929 5,929 2,790 2,790

Notes: These regressions show the correlation between caretakers’ age heaping and children’s test scores based on MICS Wave 6 data. The
dependent variable is children’s test scores, ranging between 0 and 21, and the independent variable is a dummy indicating whether their
caretaker stated an age with the terminal digit O or 5. All models control for regional fixed effects, with regions being the largest subnational
unit. Further controls include wealth, age of the child, gender of the child, urban residence, and sex of the caretaker. Standard errors are
clustered at the sampling cluster level. Asterisks denote significance at levels *** p < .01, ** p < .05, * p < .1.

Overall, these analyses provide evidence that numeracy proxied by the ABCC Index does in-
crease with years of education as well as that the ABCC Index of caretakers’ correlates with chil-
dren’s math test scores, both at the regional level including all 12 countries and at the individual

level in countries with a high share of heaped ages.
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B.5.3 Data Validation

After having provided evidence that the ABCC Index can capture formal schooling and numerical
skills in Sub-Saharan Africa, we turn to the other concerns discussed in the literature. While in
some cases, these issues might render the dataset unsuitable for the age heaping methodology, we

show in the following paragraphs that our data does not fall prey to these biases.

Respondent bias. First, the issue of potential respondent-related biases demands considera-
tion, with specific emphasis on women’s participation in the surveys. The concern is that instead
of the woman answering questions herself, the husband or another male relative answers on her
behalf. However, it is worth noting that the MICS surveys are methodically tailored to capture
insights into the circumstances of women and children, thereby bolstering confidence that women
respond for themselves. In contrast, the IPUMS and AB surveys do not specifically target either
gender. Nonetheless, researchers and policymakers seeking nuanced gender-specific perspectives
would naturally favour direct responses from the gender of interest.

To address any remaining doubts, we compare the ABCC Index based on IPUMS and AB data
to estimates based on MICS data. This analysis is confined to countries where both MICS data and
another data source are available. Hence, we re-estimate the ABCC results separately by gender

across all data sources. Subsequently, we estimate the following regression equation:

ABCCy = By + 81 - Datag + Bo - Gendery: + B3 - Gendery; - Datag + X + €54, (4)

where Data is a dummy variable indicating IPUMS or AB as the data source (0 for MICS) for
region 4 and birth decade ¢, and Gender is a dummy variable indicating on which gender the ABCC
Index is based. Country, birth decade, and quartile fixed effects are included. The coefficients
of interest, O3 (‘Respondent bias: IPUMSxFemale’ and ‘Respondent bias: ABxFemale’), detect
gender bias in IPUMS or AB surveys. Table B.5 indicates no statistically significant evidence of
respondent bias in IPUMS, while a small statistically significant finding emerges in the AB data.
However, first, the magnitude of this difference is modest (about 1.28 percentage points, relative
to a typical numeracy of 82). Second, it is lower than MICS which runs contrary to the hypothesis
that women’s ABCC might be biased upwards if male relatives respond. Additionally, AB data is

only utilized to supplement a limited number of regions.
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Table B.5: Test for Potential Female Respondent Bias

(1) (2)
ABCC ABCC
IPUMS -6.028%**
(0.424)
Male = 0/Female = 1 -0.167 -0.176

(0.331) (0.317)
Respondent bias: IPUMS xFemale -0.584

(0.396)
Afrobarometer (AB) -3.086***
(0.546)
Respondent bias: ABxFemale -1.281%*
(0.575)
Constant 35.551%**  54.929%**
(2.621) (3.197)
Country FE Yes Yes
Birth decade FE Yes Yes
Quartile FE Yes Yes
Observations 3,743 1,893
R-Squared 0.867 0.759

Notes: These regressions show the potential bias caused by women not answering
for themselves in IPUMS and Afrobarometer compared to MICS, a survey targeted
at women. The dependent variable is the ABCC score, and the independent variable
of interest are the interaction terms. All models control for country, birth decade,
and quartile fixed effects. Standard errors are robust. Asterisks denote significance
at levels *** p < .01, ** p < .05, * p < .1.

Marriage bias. Second, Foldvari et al. (2012) and A’Hearn et al. (2022a) discussed whether
married women might heap their age less than non-married women do. Their rationale is rooted
in the idea that married individuals may align their reported ages with those of their spouses.
Furthermore, considering that men tend to have higher levels of numeracy, this alignment might
unintentionally enhance the perceived numeracy levels of married women.

Therefore, we analyse whether there is any upward bias in the ABCC Index for married women
in our dataset. Hence, we re-estimate the index separately by gender for the groups of single, in
union, separated/divorced and widowed individuals. We restrict the data to IPUMS as the sample
sizes are large enough for this finer-level aggregation. We estimate an OLS regression with country
and quartile fixed effects by age group, as individuals who are, for example, single in their twenties
are most likely different from those who are single in their fifties. Table B.6 reports our results
with individuals in union as our base group.

Our results do not support the idea of a marriage bias. There is no robust difference across age

groups between women in union compared to their separated counterparts. While there is a small
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statistically significant difference between married women and widows, it is unlikely that this is
caused by the rationale suggested above, as we observe the same effect — and in similar magnitude
— for men as well. A more reasonable explanation could be that this is caused by a bereavement
effect, as past research has shown that an individual’s mental capabilities can decrease after the
loss of a loved one (Atalay and Staneva, 2020; Jain et al., 2022; Lee and Ko, 2022; Zhao et al.,

2021).

Ageing bias. Third, there is some concern that individuals heap more as they get older, such
that the same group of people appears to be more numerate surveyed in their thirties compared
to surveyed in their fifties. If this were true, older birth cohorts would automatically appear less
numerate. In another study, Crayen and Baten (2010) have already studied this for a global sample
of the late nineteenth and early twentieth centuries and rejected age group biases.

To detect whether there is a bias regarding age in our data more specifically, we separately
estimate the ABCC Index for each age group per birth decade. This results in a sample in which
we have an estimate for numerical abilities per admin I area for people who were born in the same
birth decade but who were asked at different points in life as the surveys were conducted over
several decades. Thus, we can compare the ABCC Index of a highly similar group of people at
different ages. Again, we restrict our sample to the IPUMS data as the sample sizes are large
enough to aggregate the data at this fine level. Table B.7 shows the results of the OLS regressions
including country and quartile fixed effects.

We do not observe any significant downward trend as people get older. The few results that
are significant point in different directions (Column (3) and (6) indicating the older group is more
numerate vs. Column (10) indicating the opposite). Thus, we conclude that exaggerated heaping

of older respondents is not an issue.
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Table B.6: Test for Potential Marriage Bias

(1) (2) (3) (4) (5) (6) (7) (8)
Men ‘Women

23-32 33-42 43-52 53-62 23-32 33-42 43-52 53-62
Union Status
Never Married — 2.899*** 0.910** 0.516 0.476 2.260%** -0.168 0.696 -0.507

(0.430) (0.455) (0.552) (0.544) (0.426) (0.412) (0.505) (0.555)
Separated -0.960** -0.526 -0.535 -0.205 -0.643 -0.989** -0.328 -0.183

(0.448) (0.454) (0.480) (0.527) (0.519) (0.484) (0.499) (0.502)
Widowed S2.084HFF 2 320K 1 742%HKK  _1.390**F  _1.377FF -2.624%F* -1.014* -0.575

(0.537) (0.481) (0.471) (0.469) (0.608) (0.541) (0.544) (0.523)
Constant 25.068%**  29.630***  29.122%F*  33.400***  23.590***  31.065***  28.685%**  30.7TH¥**

(2.293) (1.567) (2.841) (1.602) (3.624) (2.288) (1.882) (1.734)
Country FE Yes Yes Yes Yes Yes Yes Yes Yes
Quartile FE Yes Yes Yes Yes Yes Yes Yes Yes
Observations 1,022 1,025 1,018 972 986 1,011 1,019 958
R-squared 0.904 0.908 0.911 0.898 0.877 0.882 0.896 0.880

Notes: These regressions show the potential bias caused by women adapting their age statements to that of their spouse. The dependent variable is the ABCC
score, and the independent variables are the different marital statuses with ’in union’ being the base category. All models control for country and quartile fixed
effects. Asterisks denote significance at levels *** p < .01, ** p < .05, * p < .1.
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Table B.7: Test for Potential Ageing Bias

(1) 2) (3) (4) (5) (6) (7) (8) (8) (10)
1950 1960 1970
Age comp. to: 22-32 33-42 43-52 33-42 43-52 43-52
33-42 1.093 0.328 1.197%*
(1.229) (0.571) (0.500)
43-52 -1.235 -0.550 -0.419 -0.409
(1.024) (0.576) (0.681) (0.558)
53-62 2.099** 0.699 2.006%**
(0.952) (0.682) (0.613)
Constant 61.157*F*  58.539%**  40.918***  59.936%**  43.533*** 42 711FFF  57.440%**  60.911%**  60.578***  56.553***
(1.777) (2.358) (1.615) (2.022) (1.436) (1.270) (2.587) (2.421) (1.748) (1.689)
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Quartile FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 208 273 265 349 341 406 349 341 406 405
R-Squared 0.898 0.906 0.925 0.911 0.931 0.930 0.903 0.918 0.924 0.930

09

points in their life. All models control for country and quartile fixed effects. Standard errors are robust. Asterisks denote significance at levels *** p < .01, ** p < .05, * p < .1.

Notes: These regressions show the potential bias caused by older people exaggerating their age statements. The dependent variable is the ABCC score, and the independent variables are the
different age groups compared to one another. We run the model for each birth decade separately to compare highly similar groups of people (i.e. those born in the same decade) at different
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Enumerator bias. Fourth, a general issue when using the age heaping methodology is whether
the enumerators counterchecked the age the respondent states. Ideally, we would like these to
simply note whatever the respondent has answered without questioning how reasonable the age
statement is. However, this is unlikely to always be the case and therefore we provide estimates for
a potential bias. As discussed in the data section in some sources (here, DHS) this bias can be too
substantial. However, if it is small, we have the possibility to downward-correct some estimates.
Since we have age data from different sources that have a geographical overlap, we can compare
our estimated ABCC Index within this overlap. For this procedure we use IPUMS as our baseline
data as it has the lowest ABCC Index on average, and countercheck our other two data sources.

Therefore, we estimate the following model:

ABCCy = Bo + p1 - DataDummy; + Xt + €i¢, (5)

where Data Dummy denotes a dummy that equals one if the data for the ABCC Index is sourced
from MICS or AB survey