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Access to primary education in Africa has undergone a fundamental transformation since the 
Millennium Development Goals (MDG) and Sustainable Development Goals (SDG) were 
initiated, as reflected in the upward trend of primary school enrolment from the year 2000 (see 
Figure 2). The current primary enrolment rate stands at a staggering 98.75%, gradually closing the 
gap between the world average (World Development Indicator [WDI] 2022). However, while 
significant success can be said to be recorded in primary school enrolment, access to education 
beyond the primary level in many African countries still largely depends on household income, 
limiting the poor from accessing quality education, and thereby creating a huge educational gap 
(Rasaq 2022). In 2018, according to the United Nations (UNDP), secondary school enrolment in 
African countries ranged between 30% to 50%, while tertiary enrolment was as low as 7% in some 
African countries (UNDP 2018). Also, the recent United Nations Educational, Scientific and 
Cultural Organization (UNESCO) report, published in 2022, shows that out of 244 million 
children, aged between 6–18, currently out of school, more than 40%, or 98 million live in sub-
Saharan Africa, citing family and school circumstances among the main causes of absenteeism 
(UNESCO 2022). However, while family factors that jeopardise children’s access to quality 
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education include, among others, ill health, and family 
income level, malnutrition has a significant impact on 
children’s education and its effect could be permanent (Union 
2022). 

Malnutrition is a ‘lack of proper nutrition or bad nutrition’ 
which includes both the cases of stunting and obesity. While 
the case of obesity is more pronounced in developed 
countries, stunting has reduced to 30.7% in Africa; 
nevertheless, the percentage is still higher than the global 
average (United Nations International Children’s Emergency 
Fund [UNICEF] 2023). Malnutrition impairs growth and 
affects the physical function of an individual body to the 
point where an individual can no longer maintain adequate 
bodily performance processes (WFP 2000). In children, 
malnutrition affects children not only at birth but the fetus 
during pregnancy as well; one thousand days from the 
beginning of pregnancy and a child’s second birthday is 
usually referred to as the critical period for brain development 
when a high-nutritional intake for both mother and child at 
birth is critical (Union 2022). Malnutrition is the consequence 
of chronic poverty and hidden hunger; the concepts are like 
puzzles that may be used interchangeably and seem to 
reinforce one another in a vicious cycle. Malnutrition is a lack 
of access to food security which is associated with individuals 
with an extremely low income and the burden of poverty 
(Siddiqui et al. 2020). While malnutrition arising from 
poverty could directly keep children out of school, 
malnutrition during the brain development process could 
indirectly affect the learning ability, interaction, and how 
children engage with the world, creating school enrolment 
inequality and intellectual inequality (Union 2022; World 
Health Organization [WHO] 2014).

Therefore, given objectives 1 and 2 of MDG in eradicating 
hunger and making basic education accessible to all, the 
SDG 1 and 4 goal with similar objectives, as reflected in 
the statistical publication of the Food and Agriculture 
Organization (FAO) of the United Nations, which shows that 
the number of people living with hunger has reduced to 257 
million in Africa, representing just 21%, as against the 24% in 
the year 2000; WHO 2019 publication that additionally shows 
that stunting has decreased among African children from 
38.3% to 30.3% between 2000 to 2017, as well as the upward 
trend of primary enrolment and secondary completion rate 
in Africa as revealed in World Bank indicator (WBI) statistics 
(Bongaarts, 2021; WDI 2022). We hypothesise a correlation 
between malnutrition and educational inequality in Africa; 
check the relationship between the variables prior to and 
during trying to reach MDG and SDG goals, and lastly, we 
control the influence of the Gross Domestic Product Growth 
Rate (GDPG) on both malnutrition and educational inequality 
to check the likely effect of GDP growth on the two variables. 
This is important to evaluate since several initiatives and 
policies, such as the MDG and SDG, aimed at reducing 
malnutrition in Africa, have been initiated over the last few 
decades, including school feeding programmes geared 

towards enhancing children’s cognitive capacity, promoting 
school attendance, and addressing the gender gap in 
education by targeting factors that impede girls’ access to 
education (Gelli, Meir & Espejo 2007).

Notwithstanding the fact that the existing literature on the 
causes and effects of malnutrition in Africa, focusing on 
children’s growth, has been examined in several studies such 
as Bain et al. (2013), Fotso (2007), Harttgen, Klasen and Vollmer 
(2013), Vollmer et al. (2014), Rashad and Sharaf (2018), and 
Amugsi, Dimbuene and Kyobutungi (2019), no study has been 
found to directly examine the effect of malnutrition on 
educational inequality in Africa. However, we do acknowledge 
that some previous studies explored the relationship between 
poverty and education inequality in Africa (Buchmann 1999), 
assessing the role of school feeding programmes and 
nutritional status (Chabite et al. 2018), as well as evaluating the 
regional effects of school meal programmes in Africa 
(Wineman et al. 2022). Our study builds on these previous 
works by examining the impact of malnutrition on educational 
inequality in a sample of African countries.

To ensure a robust empirical analysis, we employ the wavelet 
coherence analysis which is a formidable analytical tool for 
considering the time–frequency variations in the co-
movement between malnutrition and the Gini Coefficient for 
Education. Therefore, the analysis remains robust to 
structural beaks and cyclical co-movements, caused by 
varying lengths of economic cycles, and further considers 
causality effects due to the phase-difference dynamics 
established within the synchronisations. We further perform 
sensitivity analysis by controlling for GDP growth rate, 
within a multivariate time – frequency framework, via partial 
wavelet coherence analysis. Overall, our findings confirm a 
positive high-to-low-frequency co-movement between 
malnutrition and educational inequality between 1988 and 
2010 and yet disappeared in subsequent periods. These 
findings hold for most of our sample even after controlling 
for the effects of economic growth. We interpret these 
findings to reflect the success of global and local initiatives 
taken to improve levels of malnutrition and inequality in 
Africa, although these efforts pushed the trajectory of the 
variables away from their common equilibrium. The 
associated policy implications are further discussed.

The article is structured as follows: the introduction is followed 
by overviews of concepts of education inequality in Africa in 
the ‘Overview of malnutrition and educational inequality in 
Africa’ section. The ‘Literature review’ section presents both the 
theoretical and empirical literature. The ‘Methodology’ section 
outlines the methodology adopted. The ‘Data and results’ 
section presents the data and empirical findings, followed by 
the conclusion that brings the article to a close. 

Overview of malnutrition and 
educational inequality in Africa
Overview of malnutrition in Africa
Malnutrition is a well-documented consequence of hunger 
and poverty (Bain et al. 2013). It results from marginal 
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dietary intake, inadequate access to potable water, good 
sanitation, and a lack of the required minimum money to 
guarantee access to sustainable food. Malnutrition is also 
compounded by being denied access to basic amenities that 
could enhance sustainability and living in a poor 
environment (Rasaq 2022; Setboonsarng 2005). While 
income alone cannot adequately measure chronic poverty, 
malnutrition is a good indicator to measure poverty as it 
reflects the level of hunger in a country via the affected 
individual health status. The World Health Organization 
(2020) stressed that malnutrition is both an economic and 
social issue affecting not only developing countries, but the 
dimension of malnutrition is also found in developed 
countries. Malnutrition affects both adults and children but 
malnutrition in children below the age of five is more 
common (UNICEF & WHO 2020). Statistically, WHO shows 
that out of 1.9 billion people who are overweight, 41 million 
are children the age of five. The statistics also revealed that 
159 million people are stunted, and 462 million individuals 
are underweight (WHO 2020). Malnutrition is more 
prevalent in African countries because many poor 
households often opt for cheaper, less nutritious foods and 
consume more food packed with high cholesterol due to 
their financial status. Others do not even have enough 

income to purchase the cheapest staple food, increasing 
the number of underweight individuals (Rasaq 2022; Bain 
et al., 2013). 

According to UNICEF (2023), the global figure of stunting 
has decreased from 33% to 22.3% in 2022 in the space of 23 
years, and the undernourished reduced to 278 million. 
Nevertheless, malnutrition is still on the high side in Africa 
due to the prevalence of poverty in the region and an increase 
in the cost of living. Poverty and the high cost of living have 
forced over 1.4 million children to live with stunting in 
Eastern and Southern Africa; also in West and Central Africa, 
more than 6.5 million people are stunted due to the high cost 
of living (Rasaq 2022; UNICEF 2023). Figure 1 (based on data 
collected from UNICEF and the World Bank) shows the time-
series data for malnutrition in sub-Saharan Africa, indicating 
an increase in malnutrition over the last two decades, with a 
slowdown in growth after 2010.

Dimensions of educational inequality in Africa
Countries within the African continent have made 
commendable progress in achieving a significant milestone 
in school enrolment, as reflected in the World Bank dataset 
(WDI 2022), particularly in primary education, as 
demonstrated by the narrowing of the primary school 
enrolment gap with other regions of the world, as illustrated 
in Figure 2. However, despite the increasing access to basic 
primary education, education inequality remains prevalent 
on the continent, primarily determined by household income 
and other related factors (Musau 2018).

Figure 2 illustrates the trends in primary school enrolment in 
sub-Saharan Africa, sourced from the WBI in 2022. Education 
inequality in Africa manifests in different forms, with 
income-based education inequality being the most common 
(Nabassaga et al. 2020). While many African governments 
and non-governmental organisations provide basic primary 
education, access to secondary and tertiary education is 
usually determined by a family’s financial capacity and 
parental education background (UNICEF, 2023). However, 
the significant income inequality gap present in many African 
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societies, as demonstrated in Figure 3, perpetuates inequality 
in secondary and tertiary institutions (World Inequality 
Report [WIR] 2022).

Figure 3 displays the income share by region and is sourced 
from the WIR (2022). Education inequality also exists 
between urban and rural areas in Africa in terms of the 
quality of education provided. The myriad of challenges 
faced by rural schools include a shortage of qualified 
teachers, lack of adequate support from the community and 
parents, infrastructure being dilapidated, shortage of 
government funding and bad roads, which often restrict 
accessibility to school (Rasaq 2022). These highlighted 
factors, among others, reduce the quality of education in 
rural communities and create an education quality gap as 
noted by the UN Research Institute for Social Development 
(2005).

Gender-based education inequality is another dimension of 
inequality present in many African countries. The school 
attendance odds always favour the boys due to African 
cultures and norms being unfavourable towards female 
education (Ombati & Ombati 2012). This disparity is evident 
in the enrolment ratio of boys to girls in Africa, as illustrated 
in Figure 4, which presents secondary school enrolments in 
sub-Saharan Africa. The data are sourced from the WDI in 
2021, and the graph is presented by the author.

Measuring educational inequality
The aim with measuring inequality in education is to 
highlight the uneven distribution of academic resources 
across different demographic groups such as gender, 
region, and socioeconomic status. Various measurement 
concepts have been used in the literature to assess education 
inequality with the common ones, including school 
enrolment ratios and completion ratios. Another method 
ranked the quality of education by the quantity of resources 
that go into education sectors and the year of schooling. 
However, the Education Gini Index remains the preferred 

choice due to its ability to provide a more accurate indicator 
of school distribution inequality. Like the conventional Gini 
Coefficient, the Education Gini Index combines three 
education indicators (enrolment, attainment, and average 
years of schooling data) to measure the gap in education. 
The value of the Gini Index of Education ranges from zero 
to one (Rasaq 2022).

Early design of the Education Gini Index relies on school 
enrolment and financing data for its computation, but 
Thomas, Wang and Fan (2002) are the first authors to design 
the index with education attainment, years of schooling and 
human capital stock data, as provided in Barro & Lee 
publications, Psacharopoulos & Arriagada publication and 
Nehru, Swanson & Dubey article, respectively (Barro & Lee, 
1993, 1996; Nehru, Swanson & Dubey 1995; Psacharopoulos 
& Arriagada 1986; Rasaq 2022). They derived the education 
Gini Coefficient by modifying the conventional Gini 
Coefficient Model. While the conventional Gini Coefficient is 
given in Equation 1:

GINI
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They modified the conventional formula to provide 
education-based Gini on the variables highlighted above: 

E s y y sL i i j jj
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where EL represent the Education Gini Coefficient. The EL is 
calculated based on education attainment ratio; large 
population; ω is the mean year of schooling for certain age 
groups; si and sj are the share of population with certain 
degrees; yi and yj are the years of schooling for a different 
degree; and n is the number of educational categories 
(Thomas et al. 2002; eds. Zajda, Biraimah & Gaudelli 2008). 
Researchers like Checchi (2006); Almeida-Filho, Lim and 
Tang (2008); Morrison and Murtin (2010); Meschi and Scervini 
(2010); Castelló-Climent and Hidalgo-Cabrillana (2012); 
Foldvari & Van Leeuwen (2011), Wail, Hanchane and Kamal 
(2011); Jorda and Alonso (2015) also employed this method to 
create an Education Gini Index; and like the study by Rasaq 
(2022), we also rely on the Education Gini Index data as 
contained in the publication of Benaabdelaali, Hanchane and 
Kamal (2012) and Ziesemer (2016) for our analysis. 

The trend of the education index in 32 African countries is 
presented in Figure 5 to show the prevalence of a high 
education index in many African countries based on the data 
of Benaabdelaali et al. (2012) and Ziesemer (2016). As 
observed in Figure 5, even though the trends maintained a 
relative downward slope, a higher education index was 
noticed in the 1990s and early 2000s in all represented 
countries. Also, it is observed that though the trend in most 
countries fluctuated significantly during the study period, 
the average education index in many African countries still 
stands above 0.5, indicating that the success recorded over 
the years is not enough to bridge the education gap in many 
of these countries (Rasaq 2022). Finally, it is also noted that 
low-income African countries are beset with a wider 
education gap, especially French-colonised countries in 
Africa like Niger, Mali and Central African Republic, among 
others.

Literature review
Theoretical underpinnings
The theoretical link between family income and education 
is conveyed in the Galor-Zeira model publication in 1988. 
The authors stress the importance of family wealth in the 
form of inheritance as a determining factor in school 
enrolment. Individuals are assumed to be identical in 
potential skills, differing only with respect to their inherited 
wealth, which dictates their school enrolment decisions 
(Galor & Zeira 1993). Consequently, individual inheritances 
determine their investment in education. The authors 
categorised dynasties with a smaller inheritance as poor, 
suffering from poverty, hunger, and malnutrition, which 
consequently restrict their access to education. Also, the 
prevalence of poverty and inequality in developing 
countries further creates intellectual inequality from 

country to country. On the aggregate, the distribution of 
wealth and economic status of each dynasty determine 
aggregate investment in education, the number of country-
skilled and unskilled workers, and lastly, the economic 
output (Galor & Zeira 1993). 

Furthermore, the effect of the wealth dynasties is not limited 
to only the short run, as education consequently determines 
the distribution of income and the concentration of wealth in 
the long run. The rich dynasties, with an inheritance, will 
continue investing in education, work as skilled labour, and 
leave a large bequest to their children, while the poor 
dynasties, with no inheritance, will be restricted by school 
costs, creating education inequality in the country. The 
education gap further creates an unequal society in which the 
rich can always afford education, while the poor live in 
poverty and are undernourished (Galor & Zeira 1993).

Another theory that incorporates the effect of income 
dynasties on education and economic growth is the unified 
theory of Oded Galor and Omer Moav (2004). The theory 
reconciled the conflicting viewpoints about the effect of 
income distribution on the developmental process in classical 
economics and the credit market imperfection model, via the 
analysis of investment in education. Considering the 
empirically important effect of education on economic 
growth, as revealed in the studies of Abramovitz and David 
(2000), as well as Goldin and Katz (2001) in the United States, 
the theory concludes that classicalists’ preference for physical 
capital in the development process, as against human capital 
via investment in quality education, advocated by credit 
market imperfections, reflects the various stages of 
industrialisation at different points in time, and in agreement 
with the above studies to recognise the importance of 
education in modern times (Galor & Moav 2004). Like the 
Galor-Zeira model, the structure of the unified model is also 
based on a bequest and two periods of schooling and 
working. The level of human capital in every society is 
determined by the outcome of individual education decisions 
during the first period. During this period individuals are 
identical in their education choices and inborn ability, though 
they may differ in family wealth. However, suppose 
individuals cannot borrow to finance education due to credit 
constraints, access to education will be limited by aggregate 
wealth transfer from parents and this creates education 
inequality between those who inherited wealth and the poor 
who are left with no bequest.

Empirical review
In the wake of the MDG, and the subsequent SDG, adopted 
between 2000 and 2015, an increase in research on 
malnutrition and education inequality has been observed. 
While several studies investigated the issue of malnutrition 
(Amugsi et al. 2019; Fotso 2007; Harttgen, Klasen & Vollmer 
2012; Harttgen et al. 2013; Rashad & Sharaf 2018; Vollmer 
et al. 2014), relatively fewer studies focused on education 
inequality, particularly in Africa. Most authors studying 
malnutrition focused solely on economic growth (Harttgen 
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FIGURE 5: Education Gini for 32 African countries.
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et al. 2012, 2013; Vollmer et al., 2014) and poverty (Amugsi 
et al. 2019; Fotso 2007). In studies on education inequality, on 
the other hand, the issue of malnutrition has been largely 
overlooked (Buchmann 1999; Obasuyi & Rasiah 2019; Ombati 
& Ombati 2012).

To provide a concise empirical review, we limited our search 
to Africa-based studies utilising secondary data and focused 
on either education inequality or malnutrition. In one such 
study by Obasuyi and Rasiah (2019) the nexus between the 
wealth gap and education inequality across 25 African 
countries is investigated, also examined are gender disparities 
in education attainment. The authors employ the education 
attainment ratio to proxy education inequality and found 
overwhelming evidence of social exclusion in several African 
countries, recording significant disparities in secondary and 
tertiary enrolment, except in Zimbabwe.

Also, the study of Ombati and Ombati (2012) examined the 
issue of the gender-related gap in education based on the 
argument that in Africa, access to education is uneven for 
boys and girls, and biased through gender, regions, and 
location, resulting in a higher male literacy rate compared to 
girls and women. Analysing political, economic, cultural, 
institutional, and instructional factors, the paper concludes 
that poverty, child marriage, sexual harassment, and negative 
cultural values are, among other factors, highlighted in the 
paper as the leading contributors that create the gender gap 
in education.

Buchman (1999) examines the reality of education inequality 
and poverty, and explores the relationship between the two 
concepts in Africa after discussing the state of African poverty 
and the declining trend of school enrolment in many African 
countries. The author represents poverty using two different 
datasets, the poverty line index and the share of income 
household spent on consumption, the education index was 
proxy with school enrolment at primary, secondary, and 

tertiary levels. In the study it is found that stagnation in the 
quality of life and a continuous decline in educational 
enrolment in Africa are the outcomes of several factors, 
including Africa’s debt profile, declining developmental 
assistance from donor countries, fiscal mismanagement, 
corruption, and weak governance, among others (Buchman 
1999).

In studies focused on malnutrition, Fotso (2007) used 
multilevel modelling to examine urban – rural differences in 
child malnutrition in Africa employing quantitative data 
from demographic and health surveys (DHS) of 15 sub-
Saharan African countries. The study revealed a significant 
difference in urban – rural malnutrition in all countries 
considered, with the gap widening in some countries due to 
a fast decline in urban malnutrition. Amugsi et al. (2019) 
investigated the correlation of the double burden of 
malnutrition among women in Ghana, Nigeria, Kenya, 
Mozambique, and the Democratic Republic of Congo (DRC) 
using DHS data. In their analysis, they found a strong 
correlation between overweight, underweight, and education 
in the countries considered. Also, a positive association 
between living in better-off households where obesity was 
observed, while a negative association was observed between 
education and underweight.

Based on our review of empirical studies, we identified and 
addressed a minimum of three gaps in the literature on 
educational inequality. Firstly and foremost, we build on 
existing research, particularly the African studies conducted 
by Buchmann (1999), Ombati and Ombati (2012), and 
Obasuyi and Rasiah (2019), in which educational inequality, 
using secondary data, was considered. Secondly, while 
previous studies utilised enrolment (Buchmann 1999) and 
attainment data (Obasuyi & Rasiah 2019), studies focusing on 
the Gini Coefficients of Education have neglected Africa. As 
such, in our study we endeavour to bridge this gap. Lastly, 
prior investigations have primarily concentrated on the 
relationship between gender and education, such as those by 
Ombati and Ombati (2012) and Obasuyi and Rasiah (2019). 
The closest research to ours is the poverty – education 
attainment regression conducted by Buchmann (1999). 
However, this study was limited by the utilisation of 
incomplete educational inequality data as a proxy for 
educational inequality. Therefore, our investigation provides 
a more profound understanding of educational inequality in 
Africa and examined the correlation between malnutrition 
and educational inequality in the region.

Methodology
Drawing from the dynamics of the Galor-Zeira (1993) model 
framework and unified hypothesis, we specify the following 
augmented regression function which links malnutrition 
(MAL) and economic growth (GDP) to educational inequality 
(E/I):

E I f MAL GDPGi t i t i t/ ,, , ,� � �
 [Eqn 3]

90o

-90°

0o180o

-180o

Out-of-phase,
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xj leading

In-phase, 
x1 leading

In-phase, xj
leading

Source: Aguiar-Conraria, L., & Soares, M.J., 2014, ‘The continuous wavelet transform: 
Moving beyond uni- and bivariate analysis’, Journal of Economic Surveys 28(2), 344–375. 
https://doi.org/10.1016/j.physa.2008.01.063

FIGURE 6: Wavelet direction.
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where it is expected that MAL and GDP are supposed to widen 
and reduce E/I, respectively. The empirical analysis is carried 
out by employing the three-step procedure described in Aguiar-
Conraria and Soares (2014) and Mihanovic, Orlić & Pasarić 
(2009) to investigate the relationship between malnutrition (x1), 
economic growth (x2), and the Education Gini (y) in a time – 
frequency space using continuous complex wavelet tools 
(Figure 6). Firstly, we convolute the individual time series with 
a set of complex-valued ‘daughter wavelets’ which are 
generated by a common ‘mother’ wavelet. The convolution 
process generates the wavelet coefficients that are responsible 
for the amplitude and phased dynamics in time–frequency 
space. The daughter wavelets for each series are defined as: 
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where * is the conjugate of the complex number, τ and s are 
the translation and dilation parameters responsible for 
amplitude and phase dynamics in time– frequency space; 
while ψ is the mother Morlet wavelet defined: 
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where ω0 is set at 2π to ensure optimal joint time–frequency 
resolution compared to other types of wavelet functions, such 
as the Mexican Hat, Paul, and Gabor wavelets. In other words, 
the Morlet wavelets are most efficient in dealing with the 
Heisenberg uncertainty principle which insinuates a trade-off 
between time and frequency, i.e. when one is more precise, the 
other becomes less precise (Grinsted, Moore & Jevrejeva 2004; 
Mihanovic, Orlić & Pasarić, 2009; Torrence & Webster 1999). 
Secondly, we extract the wavelet power spectrum (WPS) of the 
y(t) and (x(t) series (i.e. Wxx = |Wx|

2 and Wyy = |Wy|
2), as well 

as their Cross-Wavelet Power Spectrum (CWPS) (WPS)xy = 
Wxy = |Wxy|, from which the wavelet coherence, is computed:
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where S is a smoothing operator in both time and scale. The 
phase-difference dynamics are determined: 
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where π < ϕx,y < -π and provides information on (1) whether 
the pair of series are in-phase (positive) or anti-phase 
(negative) synchronised and (2) whether x leads y or vice-
versa. Thirdly, we extend the wavelet coherence framework 
to control for other variables, hence transforming the 
bivariate time–frequency analysis into a multivariate case. To 
this end, we compute the following partial wavelet coherence 
coefficients: 
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Data and results 
Data description and summary statistics
Twenty-eight African countries’ statistical data were 
employed for our study. The three-time-series data used to 
investigate the relationship between malnutrition and 
education inequality in Africa are: the Gini Coefficient for 
Education, as computed by Benaabdelaali et al. (2012) and 
Ziesemer (2016), is employed to proxy education inequality; 
malnutrition data were obtained from UNICEF, WHO and 
the World Bank Group and Gross Domestic Product Growth 
Rate, retrieved from World Bank Development Index, were 
used to proxy economic growth. Table 1 presents the feel of 
the three-time-series dataset used for the study. Table 1 
shows the mean and standard deviation for each of the 28 
African countries involved. The countries are further 
grouped based on the regions. On average the Gini Coefficient 
for Education is high across African countries. Morocco and 
Egypt in the northern region have the highest Gini Coefficient 
for Education; Cameroon and Eswatini have the highest in 
the central and southern region; Gambia, Mali, and Liberia 
have the highest among the West African countries, while 
Rwanda and Mozambique have the highest in East African 
region. As for malnutrition, Burundi has the highest in Africa 
while Egypt, Zambia, and Liberia have the highest at their 
respective regional levels. For Gross Domestic Product 
Growth Rate (GDPG), Zimbabwe has the highest with a 
value of 19.67532 while Morocco, Mauritania, and Rwanda 
have the highest at the regional level.

Interpreting wavelet heat maps
This section explores the wavelet coherence results for all 28 
African countries considered in this study, using the 
‘biwavelet’ package in R. The section is divided into two parts. 
The first describes the dynamic correlation between education 
inequality and malnutrition across a time–frequency domain 
with all the countries involved. In the second part the findings 
are discussed of partial wavelet co-movement between 
education inequality and malnutrition after removing the 
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effect of GDPG. The two results are presented in ‘heat maps’ 
in Online Appendix 1 and Online Appendix 2, respectively. 
For the wavelet graph, the time dimension is measured on the 
horizontal axis; frequency is measured on the vertical axis; 
colour contours in the heat maps measure the intensity of the 
co-movement between malnutrition and education inequality, 
with cooler colours indicating weaker correlation between the 
series, while the warmer colours represent strong co-
movement between the series. The 5% significance level is 
represented by the black round lines surrounding the colour 
contours, while the inverted cone shape (solid black line) is the 
‘cone of influence’ which accounts for edge effects. Lastly, the 
phase-dynamics are represented by the arrow notation, which 
shows the ‘sign’ on the relationship (negative or positive) and 
the direction of causality. This is better understood with the 
help of the diagram in Figure 5 and the outcomes are 
summarised as follows:

• A positive or in-phase relationship, with educational 
inequality leading (lagging), malnutrition/economic 
growth is denoted by the arrows pointing ↑, ↗, → (↘)

• A negative or anti-phase relationship, with 
educational inequality leading (lagging), malnutrition/
economic growth is denoted by the arrows pointing ↓, 
↙, ← (↖).

Wavelet coherence results
Online Appendix 1 presents the wavelet coherence results 
between education inequality and malnutrition across the 
28 African countries studied. The result clearly shows that 
malnutrition caused education inequality in Africa from 
1998 to 2010. The situation is similar across all African 
countries as most arrows are in-phase with warmer colours 
signifying the existence of a strong positive correlation 
between malnutrition and educational inequality in Africa 
during the highlighted periods. The wavelet result, 
presented in Online Appendix 1 grouped countries by 
region, and it is interesting to point out that regardless of 
the region, the situation was the same during the highlighted 
period which denotes the period before and early period of 
pursuing the development goals (MDG). The results show 
a higher cyclical frequency (strong positive correlation) 
between malnutrition and educational inequality in most 
countries noticeable during the period of 13 years (1998–
2010). This is indicated by red contours with arrows in-
phase pointing to the right direction indicating that 
malnutrition leads to educational inequality. 

However, during the latter years of pursuing the MDG and 
the beginning of SDG i.e., from 2010–2020, a lower frequency 

TABLE 1: Descriptive statistics.
Country Educational Gini Malnutrition GDP growth

Mean SD Mean SD Mean SD

North African countries
Algeria 0.344354 0.036963 15.39565 4.750644 2.995652 2.351108
Egypt 0.457328 0.156406 24.11739 1.891525 4.479303 1.614088
Morocco 0.742286 0.080143 18.69130 4.237486 3.677721 2.834374
Tunisia 0.399886 0.033425 10.31739 1.637252 2.783871 3.266455
Southern and Central African countries
South Africa 0.223501 0.104246 25.38696 2.212424 2.161529 2.589051
Eswatini 0.276335 0.168234 31.03478 4.906546 2.771303 1.852781
Namibia 0.327496 0.116201 25.59130 4.171321 3.191008 3.905123
Zambia 0.286530 0.100630 44.63043 7.637969 5.154599 3.057931
Zimbabwe 0.207985 0.114439 30.80000 4.073752 0.211019 9.384685
Lesotho 0.259639 0.069226 38.39130 3.738487 1.941358 3.498065
Botswana 0.397844 0.065090 26.87391 3.235207 3.648023 5.155566
Cameroon 0.481078 0.146925 33.72609 3.411374 4.063083 1.363352
West African countries
Benin 0.781440 0.032736 34.67826 1.748235 4.500348 1.647251
Cote d’Ivoire 0.648512 0.018978 29.47391 5.461952 3.394877 4.421685
Gambia 0.730834 0.078907 24.01304 4.380982 3.191713 4.053106
Liberia 0.599482 0.113457 37.82609 5.530512 2.119380 7.918661
Mali 0.778411 0.070137 33.40435 5.011303 4.752620 3.479868
Mauritania 0.489529 0.075269 30.70435 5.813267 3.504028 4.507305
Senegal 0.415808 0.046775 21.10000 2.564265 4.183289 1.924383
Ghana 0.374697 0.162444 25.16957 6.619286 5.691096 2.839197
East African countries
Burundi 0.612294 0.054781 58.87391 2.349317 2.345822 2.639189
Kenya 0.286366 0.163014 31.06957 6.951353 3.964564 2.176181
Malawi 0.352596 0.110778 47.42174 6.852800 4.101705 2.982647
Mauritius 0.262154 0.099408 10.01739 1.511066 3.274526 4.220914
Mozambique 0.765927 0.041284 44.33043 3.994250 6.567067 3.194570
Rwanda 0.591683 0.115711 43.54348 6.552642 7.168088 3.326271
Tanzania 0.315615 0.131065 40.60435 5.323659 5.967130 1.354851
Uganda 0.336723 0.155972 36.55652 5.790260 6.117050 2.152915

GDP, Gross Domestic Product; SD, standard deviation.
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is observed in most countries, reflecting the impact of MDG 1, 
and 2 SDG 1 and 4, among other initiatives, targeted to 
eradicate hunger and increase basic education accessibility. 
Although hunger has not been completely eradicated in Africa 
and traces of correlation between these two variables (MAL 
and E/I) are still found in countries like Egypt, Rwanda, 
Kenya, Ghana, Eswatini, Mauritius, Namibia, and Cameroon, 
statistical figures for chronic poverty and stunting have 
improved over the years as revealed via the statistical 
publications of World Bank, UNICEF, UNFAO, (Bongaarts 2021; 
UNICEF 2021; WDI 2022) as contained in the introductory 
section of this study. Also, Africa’s primary enrolment rate 
increased since the 1990s (WDI 2022). Therefore, on average, 
judging by the direction of the arrows, we could conclude that 
the synchronisation between the two series is in-phase with 
malnutrition leading educational inequality from 1998–2010. 
However, the narrative has changed due to several initiatives 
directed at improving education, especially at the basic level, 
and eradicating hunger in Africa. 

Partial wavelet coherence results
Online Appendix 2 shows the result of partial wavelet 
coherence between educational inequality and malnutrition 

(EDU GINI, MAL, and GDPG), after eliminating the effect of 
the growth rate in the Gross Domestic Product. Online 
Appendix 2, when compared with Online Appendix 1, that 
contained the wavelet coherence analysis between educational 
inequality and malnutrition, showing that there is barely a 
change in the wavelet plots between educational inequality 
and malnutrition in most countries before and after removing 
the effect of GDPG. A little change is, however, observed in 
countries like Algeria, Cameroon, Ghana, Lesotho, Kenya, 
Mozambique, South Africa, Senegal, Tanzania, Uganda, and 
Zambia, while a significant change in the high power is 
observed only in Egypt. This clearly indicates that the previous 
increased output in African countries is not adequate to impact 
significantly on educational inequality.

Conclusion
The study is sought to examine the correlation between 
educational inequality and malnutrition in twenty-eight 
African countries holding the influence of growth constant 
prior to and during the pursuit of the MDG and SDG; 
specifically, the periods between 1998 and 2020, using 
the wavelet coherence method which illustrates the 
synchronisation the series involve in time–frequency space. 

TABLE 2: Summary of wavelet coherence results.
Countries First frequency band Second frequency band

Period Cycle (yrs) +/- Lead/lag Period Cycle (yrs) +/- Lead/lag

North African countries
Algeria 1998–2008 0–5 + MAL → EI N/A N/A N/A N/A
Egypt 1998–2010 2–8 + MAL → EI 2010–2020 0–2 + EI → MAL
Morocco 1998–2010 0–8 + MAL → EI N/A N/A N/A N/A
Tunisia 1998–2010 0–4 + MAL → EI N/A N/A N/A N/A
Southern and Central African countries
Cameroon 1998–2007 0–8 + MAL → EI 2019–2020 0–2 + MAL → EI
Eswatini 1998–2010 0–6 + MAL → EI 2016–2020 0–2 + MAL → EI
Namibia 1998–2008 0–5 + MAL → EI 2014–2020 0–2 + MAL → EI
Lesotho 1998–2005 0–7 + MAL → EI N/A N/A N/A N/A
South Africa 1998–2008 2–7 + MAL → EI 2019–2020 0–2 + EI → MAL
Zambia 1998–2008 0–6 + MAL → EI N/A N/A N/A N/A
Zimbabwe 1998–2008 0–6 + MAL → EI 2018–2020 0–2 + MAL → EI
Botswana N/A N/A N/A N/A N/A N/A N/A N/A
West African countries
Benin 1998–2001 2–4 + MAL → EI N/A N/A N/A N/A
Liberia 1998–2007 0–8 + MAL → EI N/A N/A N/A N/A
Cote d’Ivoire 1998–2001 0–4 + MAL → EI N/A N/A N/A N/A

Gambia 1998–2008 0–7 + MAL → EI N/A N/A N/A N/A

Ghana 1998–2009 0–6 + MAL → EI 2018–2020 0–2 + MAL → EI

Mali 1998–2007 0–8 + MAL → EI N/A N/A N/A N/A

Mauritania 1998–2005 0–8 + MAL → EI N/A N/A N/A N/A

Senegal 1998–2007 0–8 + MAL → EI N/A N/A N/A N/A

East African Countries
Burundi 1998–2010 0–8 + MAL → EI N/A N/A N/A N/A

Kenya 1998–2008 0–7 + MAL → EI 2018–2020 0–2 + MAL → EI

Malawi 1998–2007 1–7 + MAL → EI N/A N/A N/A N/A

Mauritius 1998–2011 0–8 + MAL → EI 2018–2020 0–2 + MAL → EI

Rwanda 1998–2011 0–8 + MAL → EI 2019–2020 0–2 + MAL → EI

Mozambique 1998–2004 0–5 + MAL → EI N/A N/A N/A N/A

Tanzania 1998–2007 0–8 + MAL → EI N/A N/A N/A N/A

Uganda 1998–2008 0–8 + MAL → EI 2019–2020 0–2 + MAL → EI

EI, educational inequality; MAL, malnutrition; N/A, not applicable.
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The wavelet coherence analysis findings revealed a strong 
positive correlation between educational inequality and 
malnutrition in all the countries involved, prior to and during 
the early years of MDG. The results show a positive 
relationship between the variable from 1998–2010 with the 
prevalence of malnutrition causing educational inequality 
across Africa. However, towards the latter years of MDG and 
in the early years of SDG, specifically from 2010, the 
relationship appeared to change in most countries, observed 
by the absence of wavelet coherence arrow direction from 
2011–2020 as shown in Online Appendix 1. Hence, this could 
be a result of MDG 1 and 2, and SDG 2 and 4, among other 
efforts to eradicate hunger and make education more 
accessible to all. Some programmes adopted to reduce 
malnutrition among school children, such as school feeding 
programmes, as well as educational equality policies may be 
helping in bridging the educational gap in Africa. 

Furthermore, subsequent analysis using partial wavelet 
coherence analysis after controlling the influence of previous 
output growth showed that the effect of GDP growth rate on 
educational inequality and malnutrition is just artificial in 16 
out of 28 countries considered, as the results show that there 
is barely a change in the wavelet plots between educational 
inequality and malnutrition in these countries before and 
after removing the effect of GDPG. In countries like Algeria, 
Cameroon, Ghana, Lesotho, Kenya, Mozambique, South 
Africa, Senegal, Tanzania, Uganda, and Zambia, the growth 
does have little impact as revealed by the partial wavelet 
coherence plot, while only Egypt’s case is different from the 
rest of the countries. We therefore conclude that while high 
malnutrition in Africa was partly responsible for the wide 
educational gap on the continent during the 1990s and 
early 2000s, policy effectiveness may have changed this 
relationship.
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