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Abstract

This study examines linkages between inequality, information and communication technology
(ICT) and inclusive education in order to establish inequality thresholds that should not be
exceeded in order for ICT to promote inclusive education in 42 countries in sub-Saharan
Africa for the period 2004-2014. The empirical evidence is based on the Generalized Method
of Moments. The following findings are established. First, a Gini coefficient and an Atkinson
index of respectively, 0.400 and 0.625 are income inequality thresholds that should not be
exceeded in order for internet penetration to positively influence inclusive education. Second,
a Gini coefficient, an Atkinson index and a Palma ratio of respectively, 0.574, 0.676 and
9.000 are thresholds of income inequality that if exceeded, fixed broadband subscriptions will
no longer positively affect inclusive education. As a main policy implication, the established
inequality thresholds should not be exceeded in order for ICT to promote inclusive education
in sampled countries. Other implications in the light of Sustainable Development Goals
(SDGs) are discussed.
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1. Introduction

Inclusive education is clearly articulated in the post-2015 development agenda of the United
Nations Development Programme (UNDP), notably: SDG (Sustainable Development Goal) 4
(i.e. “ensure inclusive and equitable quality education and promote lifelong learning
opportunities for all”’) and SDG 5 (i.e. “achieve gender equality and empower all women and
girls”). Moreover, inclusive development is central to most SDGs. The positioning of this
study on inequality thresholds that dampen the favorable effect of information and
communication technology (ICT) on inclusive education in sub-Saharan Africa (SSA) is
motivated by three main factors, notably: (i) the relevance of inclusive development in SSA in
the post-2015 sustainable development agenda; (ii) the importance on information and
communication technology in development outcomes and (iii) gaps in the literature. These
three factors are expanded in turn.

First, both policy and scholarly literature are consistent on the relevance of inclusive
development in SSA in the light of the post-2015 SDG agenda. On the policy front, the
UNDP has recently established that in order for countries in SSA to sustainably achieve
poverty reduction initiatives, income inequality has to be reduced considerably (UNDP,
2017). This research focuses on the inclusive education dimension of sustainable development
and assesses levels of income inequality that should not be exceeded if inclusive education is
to be promoted in the sub-region. From a scholarly perspective, the conclusions of the UNDP
are consistent with the findings of Bicaba, Brixiova and Ncube (2017): “This paper examines
its feasibility for Sub-Saharan Africa (SSA), the world’s poorest but growing region. It finds
that under plausible assumptions extreme poverty will not be eradicated in SSA by 2030, but
it can be reduced to low levels through high growth and income redistribution towards the
poor segments of the society” (p. 93).It is also important to note that: (i) close to half of
countries in SSA failed to achieve the Millennium Development Goal (MDG) extreme
poverty target because of rising inequality (Ncube, Anyanwu & Hausken, 2014; Fosu, 2015;
Asongu, 2018a; Tchamyou, 2019a, 2019b; Tchamyou, Erreygers & Cassimon, 2019); (ii)
according to the World Bank, gender exclusion in SSA represents an estimated cost of 2.5
trillion USD (Nkurunziza, 2018;World Bank, 2018) and (iii) the female gender in SSA is the
poorest in the world compared to other regions and continents (Hazel, 2010). The use of
information technology in this research as an independent variable of interest is motivated by
its relevance in promoting gender inclusion in the sub-region (Efobi, Tanakem & Asongu,
2018; Asongu & Odhiambo, 2018a).



Second, there is a growing body of literature on the importance of ICT in inclusive
development in Africa. Some contemporary studies that have focused on this theme include:
Afutu-Kotey, Gough and Owusu (2017), Abor, Amidu and Issahaku (2018), Asongu and
Nwachukwu (2018), Minkoua Nzie, Bidogeza and Ngum (2018), Isszhaku, Humbani and
Wiese (2018), Gosavi (2018) and Asongu and Odhiambo (2019a, 2019b). The attendant
literature maintains that information and communication technologies can be leveraged for a
plethora of positive development externalities, inter alia: the promotion of doing business and
entrepreneurship, access to finance, economic prosperity, sustainable development,
enhancement of living standards, bridging of the rural-urban development divide and
improvement of agricultural productivity. It is in the light of these insights that this research
employs ICT as a policy tool by which inclusive education can be promoted, given a gap in
the contemporary African inclusive development literature.

Third, the extant inclusive development literature in Africa can be covered in two
main strands, notably: (i) studies on broad themes of inclusive development and (ii) research
which is specifically focused on inclusive education. On the one hand, concerning the
contemporary inclusive development studies, Kaulihowa and Adjasi (2018) have engaged
nexuses between income inequality and external flows while De Magalh&es and Santaeulalia-
Llopis (2018) are concerned with nexuses between consumption, the most poor and income
levels. Sulemana and Kpienbaareh (2018) investigate connections between income inequality
and corruption while Asongu and Kodila-Tedika (2017) and Asongu and le Roux (2019)
attempt to understand the poverty tragedy of Africa from respectively, genetic make-up and
dominant economic development models (i.e. the Washington Consensus and Beijing Model).
Page and Séderbom (2015), Jones and Tarp (2015) and Asongu (2016) are interested in how
development assistance can be rethought in the light of promoting socio-economic progress in
Africa. Lang, Schneider, Kett, Cole and Groce (2019) are intrigued by policy development
regarding disability inclusion in a range of African Union policies. Lorenzo and Coleridge
(2019) concentrate on making inclusive development a reality while another strand of
literature is concerned with linkages between information diffusion, financial access and
positive income redistribution in thecontinent (Meniago & Asongu, 2018; Tchamyou, 2019a,
2019b).

On the other hand, in the contemporary inclusive education literature: Hui, Vickery,
Njelesani and Cameron (2018) have focused on gender experiences of inclusive schooling for
children that are affected with disabilities in East and West Africa while Clouder et al. (2018)

have been concerned with the relevance of assistive technology in renegotiating the
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engagement of students with handicaps in North African higher institutions of learning. The
perceptions of parents and teachers have been assessed by Magumise and Sefotho (2018).
Other studies in this strand on disabilities include: the involvement of students with
disabilities in South African institutions of higher learning (Mutanga, 2018) and the effect of
inclusive intervention on teacher’s readiness to impart knowledge to children that are affected
by physical impairments (Carew, Deluca, Groce& Kett, 2019). Majoko (2018) has been
concerned with how inclusive and special teaching is effective in early education whereas
Tlale and Romm (2018) have focused as systematic thinking and practices that enhance
inclusive education.

The study closest to this research is Asongu and Nwachukwu (2018) which has
investigated thresholds of education quality in the diffusion of knowledge with information
technology for the promotion of inclusive human development. The empirical evidence is
based on simultaneity-robust Fixed Effects regressions with data from forty-nine sub-Saharan
African countries over the period 2000-2012. This research employs the Generalised Method
of Moments (GMM) to assess levels of inequality that dampen the incidence of information
technology on inclusive education in forty-two countries in SSA during the period 2004-2014.
Hence, whereas the problem statement is different from the underlying study, more indicators
are adopted in this research. For instance, instead of exclusively using mobile phone
penetration as an ICT indicator, fixed broadband subscriptions and internet penetration are
also used. Moreover, inclusive development is appreciated from three income inequality
indicators, notably: the Gini coefficient, the Atkinson index and the Palma ratio®.

The theoretical nexus underpinning the connection between information and
communication technology and inclusive development is in line with neoclassical theoretical
foundations for socio-economic development which maintain that ICT is fundamental in the
prosperity of nations and the redistribution of fruits pertaining to such economic prosperity
(Abramowitz, 1986; Bernard & Jones, 1996; Kwan & Chiu, 2015; Asongu & Odhiambo,
2018a; Asongu Nwachukwu & Aziz, 2018). These ICT theoretical underpinnings have been
used to motivate a contemporary strand of literature on the importance of information
technology in the socio-economic progress of developing countries, namely: Asongu and le
Roux (2017), Bongomin, Ntayi, Munene and Malinga(2018), Muthinja and Chipeta (2018),
Uduji and Okolo-Obasi(2018), Asongu, le Roux, Nwachukwu and Pyke, (2019a) and Asongu,

! “Income inequality” and inequality are used interchangeably throughout this study.



Nwachukwu and Pyke (2019b). These theoretical insights are expanded in greater detail in the
following passages.

In line with the attendant narratives, socio-economic and human progress by means of
information technology is apparent from a multitude of fronts, notably: (i) the possibility of
limiting the physical relocation of users and hence, more efficient use of available resources
(Ureta, 2008; Shaikh & Karjaluoto, 2015; Efobi et al., 2018). (ii) ICT increases possibility
boundaries and improves the timely availability of information which is important in the
reduction of asymmetric information which is a constraint in business processes,
entrepreneurship and overall wellbeing (Smith, Spence & Rashid, 2011; Tchamyou, 2019b).
(iii) The discussed two positive incidences of information technology on human and socio-
economic improvements in society are associated with more positive externalities on the poor
compared to their rich counterparts. In essence, as documented by Asongu (2015), women
and girls particularly benefit from mobile technologies in terms of gender inclusion at schools
and in economic participation.

The rest of the study is structured as follows. The review of the literature is covered in
section 2 while the data and methodology are presented in section 3. Section 4 discloses and
discusses the empirical findings. The research concludes with implications and future research

directions in section 5.

2. Literature review

The section critically discusses the extant inclusive development literature that is
highlighted in the introduction. Hence, the attendant studies are discussed in two main strands
pertaining to, on the one hand, the broader themes of inclusive development and on the other,
“inclusive education”-specific literature.

In the first strand on broad inclusive development themes, Kaulihowa and Adjasi
(2018) have engaged nexuses between income inequality and external flows in terms of
foreign direct investment (FDI). Accordingly, the authors test the effect of FDI on income
inequality using a panel of 16 African countries for the period 1980-2013. Both non-linear
effects and heterogeneity are accounted for using a Pooled Mean Group estimation strategy.
The findings support a robust non-linear or U-shaped nexus between inequality and FDI.
Accordingly, the findings show that FDI enhances the equitable distribution of income in the
sampled countries. However, such effects decrease with improvements in FDI flows.
According to the corresponding policy implications, though FDI could enhance economic

growth, FDI-driven growth does not necessarily lead to inequality reduction. Hence, the study
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concludes by proposing that FDI should be tailored such that corresponding skill-biases are
reduced and multiple ends of the labour market are targeted.

De Magalhdes and Santaeulalia-Llopis (2018) are concerned with nexuses between
consumption, the most poor and income levels. Using panel-survey and cross-sectional data,
the authors provide novel empirical insights into nexuses between wealth, income and
consumption on three of the poorest nations in the world, namely: Malawi, Tanzania and
Uganda. The research contributes to the literature by establishing two main nexuses, notably:
(i) low accumulation or low transmission from inequality in income to inequality in wealth
and (ii) high consumption insurance or the low transmission from inequality in income to
inequality in consumption. The study further shows that differences between urban and rural
areas in SSA and between the United States and SSA reflect a negative nexus and by
extension, a trade-off between consumption and accumulation of insurance.

Sulemana and Kpienbaareh (2018) investigate connections between income inequality
and corruption. The authors contribute to the attendant literature by using an unbalanced
dataset of 48 countries in SSA for the period 1996-2016. The results depart from prior
findings in developed nations by showing that lower levels of corruption are linked with
higher levels of inequality in income. These findings reveal the changing nature of the nexus
between corruption and income inequality among countries with different income levels and
trajectories. A reverse causality is also established between corruption and income inequality.
Moreover, it is found that inequality in income is Granger-caused by corruption. A U-shaped
nexus is further established between corruption and inequality in income in lower-middle and
low income countries using ordinary least squares (OLS), fixed effects and random effects
regressions.

Asongu and Kodila-Tedika (2017) investigate whether the Ashraf and Galor (2013)
“Out of Africa Hypothesis” withstands empirical scrutiny in an exclusive African context.
Accordingly, the research assesses if there is poverty in the African gene by revisiting the
results of Ashraf and Galor (2013) and improving the “Out of Africa Hypothesis” to a
“Genetic Diversity Hypothesis” that enables an assessment of a “Within Africa Analysis”.
The research is positioned on five main critiques of Ashraf and Galor pertaining to:
restrictions in the understanding of space, a genetic diversity dummy for Africa, migratory
patterns that exhibit linearity and underpinnings of African genetic diversity. The conclusion
of Ashraf and Galor maintain that cross-country disparities in economic development can be
elicited by diversity in genes through an inverted U-shaped or a Kuznets pattern. The findings

of Asongu and Kodila-Tedika (2017) partly validate the attendant hypothesis within a
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contemporary analysis, although not in a historical analysis. The authors conclude that from a
within-Africa comparative context, poverty is not apparent in the African gene.

Asongu and le Roux (2019) attempt to understand the poverty tragedy of Africa from
the perspectives of dominant economic development models (i.e. the Washington Consensus
and Beijing Model). Accordingly, the authors assess if conclusions from qualitative studies on
a need to reconcile the Washington Consensus with the Beijing model withstand empirical
scrutiny, by testing the hypothesis that relative to middle-income nations, countries with low-
income are more likely to enjoy better levels of inclusive development by prioritizing
economic governance compared to political governance. The empirical evidence is premised
on fixed effects regressions that are non-interactive and interactive in SSA using data from
2000 to 2012. The investigated hypothesis is confirmed by the empirical analysis and the
authors recommend that in the post-2015 development agenda, low-income countries will
benefits more from inclusive development by prioritizing economic governance.

Tchamyou (2019a) assess the importance of access to finance in moderating the
incidence of lifelong learning and education in a sample of 48 countries in SSA using data for
the period 1996 to 2014. Lifelong learning in the study is appreciated as the combined
knowledge that is acquired in primary schooling, secondary schooling and tertiary schooling
while access to finance is measured in terms of financial allocation efficiency, financial
activity and financial depth. The involved indicators of inequality are: the Palma ratio, the
Atkinson index and the Gini coefficient. Using the GMM estimation strategy, the study
concludes that: (i) primary schooling interacts with the financial mechanisms to induce
negative impacts on the Gini coefficient; (ii) lifelong learning has net negative incidences on
the Gini index by means of financial allocation efficiency and financial deposit mechanisms
and (iii)other schooling levels largely do not affect income inequality significantly through
the engaged access to finance channels.

In another study, Tchamyou (2019b) examine the relevance of sharing information in
moderating the influence of financial access on income inequality using 48 countries in SSA
for the period 2004-2014. Public credit registries and private credit bureaus are proxies for
information sharing while financial mechanisms of depth, activity, efficiency and size are
taken on board. Using the GMM estimation approach, the research shows that a critical mass
of 18.072 public credit registries coverage (% of adults) is essential to modulate the
unconditional positive incidence of financial allocation efficiency on inequality. Concerning
the relevance of private credit bureaus on the depth of financial access, both conditional and

unconditional effects of financial depth are negative on inequality. In summary, the findings
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broadly show that income inequality can be mitigated if financial access is complemented
with information sharing offices.

Lorenzo and Coleridge (2019) focused on ways of working together to make inclusive
development a reality. They opined that inclusive development takes different forms in
different countries due to the diversity in economic, social, political, and cultural contexts.
The authors viewed disability as an additional layer of complexity in addressing injustice and
oppression over many generations. They proposed possible ways in making the vision of
inclusive, sustainable development achievable, listing: avoiding dominance, promoting
justice, and supporting positive identity as three enabling pillars for reciprocal relationships
between development practitioners and disabled people. The authors further pointed out that
inclusion and empowerment are the main strategies, as disabled people need to be seen as
active contributors in their communities and not just advocates for their own issues.

Lang, Schneider, Kett, Cole and Groce (2019) research on policy development
emphasised on disability inclusion in a range of African Union policies. This focus was
particularly in relation to disabled people in Africa and the relevance of contemporary debates
in international development regarding the non-tokenistic inclusion and participation of
marginalized groups in the policy-making process. They analysed nine policy or strategy
documents produced by the African Union, covering the policy domains of education, health,
employment and social protection which they identified as crucial to the inclusion of disabled
people in international development. The analysis was according to seven discrete elements
(rights, accessibility, inclusivity, implementation plans, budgetary allocations, enforcement
mechanisms or disaggregated management information systems) using a rating scale of one to
four, with four being the highest level of inclusion.

Their findings suggest poor levels of genuine inclusion as none of the policies reached
50% of the total possible score. ‘Rights’ had the highest rating but was still at a low level,
suggesting that there is recognition of the rights of disabled people to inclusion, but they
found that this is not generally integrated within inclusive implementation plans, budgetary
allocations, enforcement mechanisms or disaggregated management information systems for
monitoring. They identified three key themes arising from their analysis which will be
relevant for policy-makers and implementers, disabled people’s organizations and other
development organizations: (i) disabled people as key players in mainstream policy
development, (ii) use of consistent and clear definitions of disability and (iii) explicit mention
of disabled people as a targeted group. They concluded that the limited inclusion of disability

within African Union policies is a lost opportunity that should be reviewed and rectified.



In the second strand on “inclusive education”-centric literature, Hui, Vickery,
Njelesani and Cameron (2018) have focused on gender experiences of inclusive schooling for
children that are affected with disabilities in East and West Africa, notably, in: Malawi, Niger,
Togo, Zambia, Guinea and Sierra Leone. Interviews with stakeholders of policy, children and
members of communities are analysed thematically to assess intersections that exist among
education, disability and gender. The results show that girls and boys that have disabilities
witness the same experiences of social exclusion within academic circles. They also show that
girls victim of disabilities were also impeded by sexual abuse and societal biases which were
contrary to their education potential. Whereas boys with disabilities were ex-ante qualified as
being more able, however their experiences of physical and emotional violence were largely
overlooked. The study recommends that in order to reach heights of quality inclusive
education for all, policies that foster safe and inclusive schooling, boost the ambition of girls
with disabilities to unfold their educational careers and challenge negative attitudes of society
that impede opportunities of education, should be encouraged.

Clouder et al. (2018) have been concerned with the relevance of assistive technology
in renegotiating the engagement of students with handicaps in North African higher
institutions of learning, notably: two in Morocco and one in Egypt. The purpose of the study
has been to examine how future career opportunities and equal access to university education
can be enhanced for students with disabilities by means of accessible assistive technology. An
appreciative inquiry is employed by the authors to explore the incidence of outcomes and
process of the project. The authors show how emphasis on assistive technology promotes
collective study and individual agencies and by extension, tackles the invisibility of students
that are victim of disabilities. The emerging empowerment mode from students is traceable to
two principal characteristics that inform the wider debate on inclusive education, notably: the
importance of technology as a moderator of change and the relevance of both top-down and
bottom-up dynamics.

The perceptions of parents and teachers have been assessed by Magumise and Sefotho
(2018) who have focused on Zimbabwean primary schools. Based on data gathered from 12
teachers and 12 parents related to learners in inclusive education, the results showed that the
inclusive education perception of participants can be categorized into three groups, notably:
mixed, positive and negative perceptions. The findings are presented in both a model and a
tree diagram and discussed with implications for the plethora of concerned stakeholders.
Mutanga (2018) is concerned with the engagement of students that are victim of disabilities in

South African institutions of higher learning. From a qualitative research performed at the
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University of Venda and University of the Free State, 14 studies with disabilities are engaged
in order to explore their lives and academic experiences. The findings of the study highlight
some domains of inclusive development that policy makers need to pay attention to in order to
comprehensively address the needs of students with disabilities.

Majoko (2018) has been concerned with how inclusive and special teachings are
effective in early education. The author has investigated the effectiveness of inclusive and
special teachings in Early Childhood Education (ECE) in Zimbabwe. The descriptive research
builds on a purposive sample of 21 inclusive and special ECE teachers. Throughout the
analysis, a constant comparative data organization approach based on continual adjustment is
employed to make sure that the codes are consistent with the participants’ ranges in ideas.
Ultimately, participants had positive commitment and attitudes as well as understood the
stakes of their participation, although they were not adequately prepared in a professional
manner on the management of inclusive and special teaching including attendant behavioral
challenges specific in some children. Participants in the study institutionalized inclusive and
effective practices of teaching in ECE which included: child-centred pedagogy, teacher-made
tests, child placement information-based diagnosis, advocacy, collaboration, behavior
management, techniques, approaches and various strategies of teaching. The research
provides a springboard for future studies on the delivery of services in inclusive and special
education in ECE.

Tlale and Romm (2018) have focused on systematic thinking and practices that
enhance inclusive education by offering reflections from the interaction of research
participations with the purpose of consolidating systematic action and the goal of promoting
inclusive education in the rural area of South Africa’s Eastern Cape. The authors reflect on
how the engagements as well as the overall process are viewed by the participants, especially
in the light of feedback they received. The authors further point to how one of them (i.e.
Tlale) brings on board the idea of thinking systematically (to teachers, school governing body,
school management and a district officer) as bound to the possibility of gathering information
needed in a context of inclusive education that benefits learners in the school under

consideration.

3. Data and methodology
3.1 Data

10



In the light of the introduction, the research focuses on forty-two countries in SSA and
employs an unbalanced panel dataset of annual periodicity which spans from 2004 to 20142,
The motivations for the geographical and temporal scopes are determined by constraints in
data availability when the study was carried-out. The data come from two main sources. First,
the three inequality measurements are obtained from the Global Consumption and Income
Project (GCIP), namely: the Gini coefficient, the Atkinson index and the Palma ratio. The
Gini coefficient is complemented with the Palma ratio and Atkinson index because it fails to
capture extremities of the inequality distribution. This is not the case with the Palma ratio and
Atkinson index which have been documented to capture tails of the inequality distribution.
The employment of three measurements of inequality and corresponding justifications are
consistent with contemporary African-centric inequality literature (Meniago & Asongu, 2018;
Tchamyou, 2019a, 2019b; Tchamyou et al., 2019).

Second, the ICT, inclusive education and control variables are from the World
Development Indicators of the World Bank. In accordance with Efobi et al. (2018), three ICT
indicators are used, namely: mobile phone penetration, internet penetration and fixed
broadband subscriptions.

The inclusive education indicator used in the study is the “primary and secondary
enrolment” gender parity index®. The choice of this inclusive education indicator is motivated
by both considerations for lifelong learning and the relevance of these educational levels in
socio-economic development when countries are at initial stages of industrialization (Petrakis
& Stamatakis, 2002; Asiedu, 2014; Tchamyou, 2017; Asongu & Tchamyou, 2016, 2019a,
2019b).

One control variable is adopted essentially for technical reasons. It is worthwhile to
first all emphasize that the adoption of one control variable is not uncommon in the scholarly
literature because the adopted GMM estimation approach is designed such that, the
proliferation of instruments can substantially bias estimated coefficients. This is the case,
even when the “collapse” option is taken on board in the estimation process. Attendant studies
that have employed two control indicators or even no control variable in the GMM-centric

literature in order to avoid the proliferation of instruments include: Bruno, De Bonis and

2The 42 countries include: “Angola, Benin, Botswana, Burundi, Cabo Verde, Cameroon, Central African
Republic, Chad, Comoros, Congo Democratic Republic, Congo Republic, Céte d’Ivoire, Djibouti, Ethiopia,
Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritius,
Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome & Principe, Senegal, Seychelles, Sierra Leone,
South Africa, Sudan, Swaziland, Tanzania, Togo, Uganda and Zambia”.

3 “Primary and secondary education” and “inclusive primary and secondary education” are used interchangeably
throughout the study.
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Silvestrini (2012), Osabuohien and Efobi (2013) and Asongu and Nwachukwu (2017). The
control variable is anticipated to have a negative incidence on the outcome variable because
remittances have been documented in contemporary African development literature to
increase social exclusion because majority of those migrating abroad are from wealthier
segments of society (Asongu & Odhiambo, 2018b; Meniago& Asongu, 2018; Tchamyou,
2019a, 2019Db). This literature supports the view that remittances contribute to more income
inequality because most of the funds remitted back from abroad end-up further enriching
wealthier households. This assertion has been confirmed by Asongu and Odhimabo (2018a) in
recent gender inclusion literature. Appendix 1 provides the definitions and sources of the
variables whereas the summary statistics is disclosed in Appendix 2. The corresponding

correlation matrix is provided in Appendix 3.

3.2 Methodology

3.2.1 GMM Specification

Following recent empirical literature focusing the GMM estimation, this research adopts the
GMM estimation strategy for at least four main motivations (Tchamyou, 2019a, 2019b;
Tchamyou et al., 2019; Agoba, Abor, Osei & Sa-Aadu, 2019; Fosu & Abass, 2019). In the
first criterion, the number of cross sections is higher than the corresponding number of
periods in each country. In this case, the data structure is such that there are eleven periods
(i.e. 2004-2014) from forty-four countries. Hence, it is obvious that 11 years is higher than the
42 countries in terms of numerical value. From the second criterion, some degree of
persistence should be apparent in the behavior of data. In the light of the attendant literature,
inclusive education is persistent because the correlation value between its levels and first
difference series’ is 0.988 which is higher than the established rule of thumb for confirming
persistence (Asongu & Odhiambo, 2018c, 2019b). The third criterion pertains to the data
structure and from the panel nature of the dataset, it is apparent that the empirical exercise
accounts for cross-country differences in the estimation process. From the fourth criterion
related to the concern of endogeneity, two considerations are worthwhile. On the one hand, by
accounting for time-invariant omitted indicators, the estimation approach controls for the
unobserved heterogeneity. On the other, the instrumentation process allows for the
employment of internal instruments to control for simultaneity or reverse causality. Among
the possible GMM alternatives available in the empirical literature, the approach adopted in
this study is the difference GMM approach that has been improved by Roodman (2009a,

2009b) and established to limit the proliferation of instruments and restrict over-identification
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with an option that collapses instruments to mitigate instrument proliferation (Tchamyou,
2019a).

The following equations in level (1) and first difference (2) summarize the standard system
GMM estimation procedure.

E.=0,+0.E  +o,T +o,l +o, Tl +o,R +m+& +¢, (1)

E.-E. =01, —E )+ 0, (T, - T )+ ol = 1) + o (T =T1 )

(2)
+os(Ry — R )+ (& -8 ) + (e —60s)

where, E; represents an indicator of inclusive education (i.e. “primary and secondary

education”) of  country iin  period t, o,is a constant,T entails information

technology(mobile phone penetration, internet penetration and fixed broadband
subscriptions), | denotes an income inequality indicator (i.e. the Gini coefficient, the Atkinson
index and the Palma ratio), TI reflects interactions between information technology and
inequality indicators (“the Gini coefficient” x “mobile phones”; “the Atkinson index” x
“mobile phones”; “the Palma ratio”x“mobile phones”; “the Gini coefficient” x “the internet”;
“the Atkinson index” x “the internet”; “the Palma ratio”x“the internet”; “the Gini coefficient”
x “fixed broadband subscriptions”; “the Atkinson index” x “fixed broadband subscriptions”;
“the Palma ratio”x“ fixed broadband subscriptions”), R is remittances, r is the coefficient of
auto-regression which is one in this study because one year lag appropriately captures past

information, &, is the time-specific constant, 7, is the country-specific effect and ¢, the error

term.

3.2.2 ldentification and exclusion restrictions

In a GMM empirical strategy, the concepts of identification and exclusion restrictions are
paramount for a robust specification. It is important to clarify that the process of identification
entails the classification of variables in terms of predetermined and strictly exogenous
variables. Following contemporary GMM-oriented literature, all explanatory variables are
acknowledged as predetermined or endogenous explaining while years are considered to
exhibit strict exogeneity. These explanatory variables consist of the independent of variables
(i.e. information technology and inequality) as well as the control variable (i.e. remittances).
In view of this identification process, the exclusion restriction assumption is such that the
strictly exogenous indicator influences the outcome variable (or inclusive education)

exclusively through the predetermined channels or exogenous components of the independent
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variables of interest. This assumption underpinning the identification process is consistent
with contemporary GMM-centric literature (Asongu & Nwachukwu, 2016a; Tchamyou &
Asongu, 2017; Boateng et al., 2018; Tchamyou et al.,, 2019). Roodman (2009b) is
sympathetic to this approach because the author argues that time invariant variables can be
feasibly employed as strictly exogenous variables because it is unlikely for these strictly
exogenous variables to be endogenous upon a first difference series®.

In the light of the identification process above, the assumption of exclusion restriction
is investigated with the Difference in Hansen Test (DHT) for the exogeneity of instruments.
The alternative hypothesis of this test is the position that the adopted strictly exogenous
variables are not valid instruments in the light of the fact that they affect the outcome variable
beyond the proposed mechanisms or endogenous explaining variables. The null hypothesis of
this test is the stance that the identification assumption holds: the adopted strictly exogenous
variables affect inclusive education exclusively through the engaged independent variables of
interest and control variables. This clarification of the GMM strategy is not different from
more traditional GMM techniques which require that the alternative hypothesis of the
Sargan/Hansen test should be rejected in order for the adopted instruments to exhibit strict
exogeneity by influencing inclusive education exclusively through the proposed mechanisms
(Beck, Demirgii¢c-Kunt & Levine, 2003; Asongu & Nwachukwu, 2016b; Amavilah, Asongu
& Andrés, 2017).

4. Empirical results
The empirical findings are disclosed in this section in Table 1 which is divided into three
main sections. Each section is associated with an ICT dynamic, notably: mobile phone
penetration, internet penetration and fixed broadband subscriptions (in this order from the left-
hand side to the right-hand side). Each ICT-oriented specification is further characterized by
three sub-specifications pertaining to each of the three inequality variables, namely: the Gini
coefficient, the Atkinson index and the Palma ratio.

Four principal criteria of information are adopted to assess the validity of each

estimated model®. Following this model, with the exception of the sixth model for which the

4Hence, the procedure for treating ivstyle (years) is ‘iv (years, eq(diff))” whereas the gmmstyle is employed for predetermined variables.

5 “First, the null hypothesis of the second-order Arellano and Bond autocorrelation test (AR (2) in difference for the absence of
autocorrelation in the residuals should not be rejected. Second the Sargan and Hansen over-identification restrictions (OIR) tests should not
be significant because their null hypotheses are the positions that instruments are valid or not correlated with the error terms. In essence,
while the Sargan OIR test is not robust but not weakened by instruments, the Hansen OIR is robust but weakened by instruments. In order to
restrict identification or limit the proliferation of instruments, we have ensured that instruments are lower than the number of cross-sections
in most specifications. Third, the Difference in Hansen Test (DHT) for exogeneity of instruments is also employed to assess the validity of
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null hypothesis of the Hansen test is not rejected, the remaining estimated models are
overwhelmingly valid. It is important to put the invalidity of the corresponding models into
greater perspective. The Hansen test is traditionally preferred to the Sargan test because it is
more robust, although it is also weakened by the proliferation of instruments. Conversely, the
strength of the Sargan test is not attenuated by the proliferation of instruments. A measure of
dealing with the problem or conflicting information criteria is to prefer the robust test (i.e. the
Hansen) and limit instrument proliferation by ensuring that in the post-estimation diagnostic
analysis, in each specification, the number of cross sections exceed the corresponding number
of instruments.

Given the problem statement motivating this study (i.e. inequality thresholds that
dampen the relevance of information technology in promoting inclusive education), the
research follows Asongu (2018b) in the computation of critical masses at which further
enhancement of inequality engenders unfavorable relationships between ICT and inclusive
education. Therefore the research design is such that the established critical masses of
inequality should not be exceeded in sampled countries if ICT is to continue promoting
inclusive education. Therefore, this research expects positive unconditional effects from ICT
on inclusive education and negative conditional impacts (or interactive effects between ICT
and inequality) on inclusive education. Thus, with a negative interactive impact, there is a
critical mass or inflexion point at which further increasing inequality completely dampens the
positive unconditional effect of ICT on inclusive education.

As a point of illustration, in the fifth column of Table 1, 0.400 (0.002/0.005) represents the
critical mass of the Gini coefficient that should not be exceeded in order for internet
penetration to have a positive unconditional effect on inclusive education. In this
computation, 0.002 is the unconditional impact of internet penetration on inclusive education
whereas 0.005 represents the conditional effect from the interaction between the Gini
coefficient and internet penetration. It follows from the computed threshold that a Gini
coefficient of above 0.400 is not favorable for internet penetration to induce a positive effect
on inclusive education.

The following findings can be established from the results disclosed in Table 1. First, a Gini
coefficient and an Atkinson index of respectively, 0.400 and 0.625 are income inequality
thresholds that should not be exceeded in order for internet penetration to positively influence

inclusive education. Second, a Gini coefficient, an Atkinson index and a Palma ratio of

results from the Hansen OIR test. Fourth, a Fischer test for the joint validity of estimated coefficients is also provided” (Asongu& De Moor,
2017, p.200).
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respectively, 0.574, 0.676 and 9.000 are thresholds of income inequality that if exceeded,

fixed broadband subscriptions will no longer positively affect inclusive education. Third,

where the control variable is significant, an expected sign is consistently apparent.

Table 1: ICT, Inequality and Inclusive “Primary and Secondary School Education”

PSSE(-1)

Mobile Phone(Mob)
Internet

BroadBand

Gini Coefficient (Gini)

Atkinson Index (Atkinson)

Palma Ratio(Palma)
Mob x Gini

Mob x Atkinson

Mob x Palma

Internet x Gini
Internet x Atkinson
Internet x Palma
BroadBand x Gini
BroadBand x Atkinson
BroadBand x Palma

Remittances

Time Effects
Thresholds

AR(1)
AR(2)
Sargan OIR
Hansen OIR

DHT for instruments
(a)Instruments in levels
H excluding group
Dif(null, H=exogenous)
(b) 1V (years, eq(diff))
H excluding group
Dif(null, H=exogenous)
Fisher

Instruments

Countries

Dependent variable: Inclusive “Primary and Secondary School Education” (PSSE)
Internet Penetration

Mobile Phone Penetration

| Fixed BroadBand Subscriptions

Gini Atkinson Palma Gini Atkinson Palma Gini Atkinson Palma
0.983*** 0.969*** 1.033*** 0.994*** 0.974*** 1.013*** 0.961*** 0.950*** 0.991***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
0.0005 -0.00009 -0.0004*** -
(0.348) (0.791) (0.003)

0.002*** 0.005*** 0.00005
(0.008) (0.001) (0.763)
0.050%*** 0.023*** 0.009***
(0.000) (0.002) (0.000)
0.131* 0.029 0.168***
(0.053) (0.144) (0.000)
0.021 0.083** 0.074*
(0.514) (0.019) (0.069)
-0.002* -0.002** 0.002***
(0.068) (0.026) (0.000)
(0.213)
-0.00009
(0.854)
0.00003*
(0.081)
- - - -0.005%** - - - - -
(0.005)
- - - - -0.008*** - - - -
(0.001)
-0.00005**
(0.048)
- - —— — — — -0.087%** ... —
(0.000)
- - —— — — — — -0.034%*** —
(0.001)
- - - — — — — — -0.001%**
(0.000)
-0.00009 0.00002 -0.0002* - -0.0002 -0.0001 -0.00006 -0.0001 -0.0003***
0.0005***
(0.489) (0.910) (0.095) (0.001) (0.102) (0.412) (0.648) (0.369) (0.007)
Yes Yes Yes Yes Yes Yes Yes Yes Yes
na na nsa 0.400 0.625 na 0.574 0.676 9.000
(0.021) (0.022) (0.020) (0.025) (0.023) (0.029) (0.028) (0.028) (0.025)
(0.254) (0.252) (0.264) (0.112) (0.118) (0.114) (0.150) (0.152) (0.138)
(0.001) (0.008) (0.002) (0.000) (0.000) (0.000) (0.084) (0.067) (0.037)
(0.117) (0.153) (0.215) (0.363) (0.037) (0.387) (0.435) (0.391) (0.552)
(0.009) (0.022) (0.020) (0.041) (0.070) (0.086) (0.254) (0.108) (0.103)
(0.617) (0.528) (0.690) 0.777) (0.082) (0.659) (0.498) (0.617) (0.815)
(0.261) (0.014) (0.151) (0.346) (0.362) (0.149) (0.216) (0.643) (0.202)
(0.122) (0.624) (0.307) (0.359) (0.029) (0.545) (0.531) (0.293) (0.682)
347630***  984.40***  208817*** 2358*** 1342%** 786.18*** 92421***  4047.97***  1467.23***
28 28 28 28 28 28 28 28 28
33 33 33 33 33 33 31 31 31
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Observations 230 230 230 225 225 225 207 207 207

**k *% % significance levels at 1%, 5% and 10% respectively. DHT: Difference in Hansen Test for Exogeneity of Instruments Subsets. Dif:
Difference. OIR: Over-identifying Restrictions Test. The significance of bold values is twofold. 1) The significance of estimated coefficients
and the Wald statistics. 2) The failure to reject the null hypotheses of: a) no autocorrelation in the AR(1) & AR(2) tests and; b) the validity of
the instruments in the Sargan and Hansen OIR tests. 45.330, 7.676 and 0.643 are respectively mean values of mobile phone penetration,
internet penetration and fixed broadband subscriptions. na: not applicable because at least one estimated coefficient needed for the
computation of net effects is not significant. nsa: not specifically applicable because the conditional effect between ICT and inequality is not
negative.

5. Concluding implications and future research directions

This study has examined linkages between inequality, information and communication
technology (ICT) and inclusive education in order to establish inequality thresholds that
should not be exceeded in order for ICT to promote inclusive education in 42 countries in
sub-Saharan Africa for the period 2004-2014. Three indicators of inequality are employed,
namely: the Gini coefficient, the Atkinson index and the Palma ratio. Inclusive education is
gender parity “primary and secondary school enrolment”. Adopted ICT indicators are: mobile
phone penetration, internet penetration and fixed broadband subscriptions. The empirical
evidence is based on the Generalised Method of Moments. The following findings are
established. First, a Gini coefficient and an Atkinson index of respectively, 0.400 and 0.625
are income inequality thresholds that should not be exceeded in order for internet penetration
to positively influence inclusive education. Second, a Gini coefficient, an Atkinson index and
a Palma ratio of respectively, 0.574, 0.676 and 9.000, are thresholds of income inequality that
if exceeded, fixed broadband subscriptions will no longer positively affect inclusive
education. As a main policy implication, the established inequality thresholds should not be
exceeded in order for ICT to promote inclusive education in sampled countries. It is
worthwhile to discuss this main policy implication with more specific details.

As established from the findings, income inequality inhibits access to information
technology and such interaction has ramifications on inclusive access to education.
Obviously, the ultimate incidence on inclusive education is negative because the positive
responsiveness of inclusive education to information technology is a negative function of
inequality. In other words, while information technology can promote the enrolment of more
girls in primary and secondary schools, growing income inequality would negatively affect
the enrolment of more girls in these institutions of learning. Two logical channels can be used
to elucidate this tendency, which by extension also double as implications. On the one hand,
the findings provide credence to the Fosu conjecture on nexuses between income, inequality

and inclusive development (Fosu, 2008, 2009, 2010a, 2015). The conjecture maintains that

17



the promotion of inclusive development in Africa is hampered by existing levels of
inequality®.

On the other hand, the findings have cultural implications that are consistent with
existing stereotypes on male education vis-a-vis female education. Accordingly, it can be
deduced from the results that when income inequality levels have surpassed established
thresholds, less girls are enrolled in primary and secondary schools most probably because in
poor households, the education of the male child is prioritized over the education of the
female child, granting that, the girl is considered as the property of another family after
marriage (Elu, 2018). Hence, growing income inequality has a higher negative incidence on
the education of the girl child compared to the male child. In what follows, other implications
are discussed in the light of Sustainable Development Goals (SDGSs).

It is relevant to emphasize that education is closely attached to other SDGs, notably:
education is fundamental in the achievement of almost all SDGs and other dimensions of
SDGs exert positive effects on education. For examples: minimal conditions of social
wellbeing are required for the realization of SDG-1 pertaining to least poverty; SDG-2 on
hunger, SDG-3 on health, SDG-5 related to gender equality, SDG-8 concerning employment
and SDG-10 on economic equality. Hence, considerable setbacks in any of these SDG targets
can substantially diminish the ability of pupils and students to receive quality education.
Furthermore, worse damage can result from cumulative deprivation in these underlying
SDGs.

SDG-4 on quality education is also connected to other SDGs because it is the source
of specialized knowledge and awareness that are linked to sustainable environmental
management and exhaustible resources. Accordingly, conducive education programs can be
carefully tailored to promote SDG-6 on sanitation and water management, SDG-7 on the
efficient use of energy and SDG-13 on climate change and SDG-15 on the prevention of
variations on the ecosystem. Hence, education engenders a multitude of externalities that
address potential adverse consequences on associated SDGs for better social conditions that

contribute towards the mitigation of hunger, unemployment, disease, poverty, inter alia.

6To put this Fosu conjecture into more perspective: ~ “The study finds that the responsiveness of poverty to
income is a decreasing function of inequality” (Fosu, 2010b, p. 818); “The responsiveness of poverty to income
is a decreasing function of inequality, and the inequality elasticity of poverty is actually larger than the income
elasticity of poverty” (Fosu, 2010c, p. 1432); and “In general, high initial levels of inequality limit the
effectiveness of growth in reducing poverty while growing inequality increases poverty directly for a given level
of growth” (Fosu, 2011, p. 11).
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Ultimately, inclusive education systems that are accompanied with better education
quality could create the relevant knowledge economy that is essential for the SDG-17 on
Global Partnership for Sustainable Development. The discussed complementarity between
inclusive education and other SDGs can be more conveniently achieved if inequality levels
are maintained as low as possible. Accordingly, we have established negative interactive
effects between income inequality and ICT which is an indication that income inequality
levels should be kept as low as possible, given that socio-economic development externalities
from economic growth are higher when income inequality levels of low, compared to when
income inequality is high (Asongu & Kodila-Tedika, 2018).

The positive unconditional effects of ICT on inclusive education is a further indication
that the penetration of information technology should be enhanced in sampled countries in
order to promote inclusive development and by extension, other related development
externalities. Given the context of this study on gender equality, ICT policies that are
designed to encourage universal access and reach of information technology should be
tailored to ensure that females are endowed with equal opportunities to ICT as their male
counterparts. In summary, the findings in this study are broadly consistent with the scholarly
and policy literature, notably: the importance of gender inclusion in sustainable development
(Robison, 2015); the relevance of information technology in unlocking the potential for
women (World Bank, 2015) and the importance of ICT in female participation in the formal
economic sector (Efobi et al., 2018).

It will be worthwhile for future studies to consider other indicators of inclusive
education in order to extend findings in this study. Moreover, given the panel evidence, in
order to provide more room for policy implications, relevant estimation techniques should be
considered within the framework of country-specific studies. Accordingly, the main
shortcoming of the GMM estimation approach is that country-specific effects are theoretically
and practically eliminated in the modeling exercise in order to control for the endogeneity
pertaining to the correlation between the lagged inclusive education variable and country-
specific effects. Moreover, future studies can also examine if the established thresholds
withstand empirical scrutiny using alternative threshold methodologies such as the Panel
Threshold Regression (PTR) method proposed by Hansen (1999) because while it requires a
balanced dataset, the dataset in this research is unbalanced. Moreover, within this alternative
framework, categorizing countries in terms of initial levels of inequality can produce more
policy thresholds. Accordingly, sub-sampling in terms of inequality levels within the GMM

framework will lead to estimated coefficients that do not pass post-estimation diagnostic tests,
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owing to instrument proliferation, even when the option of collapsing instruments is involved

in the specification exercise.

Appendices

Appendix 1: Definitions of Variables

Variables Signs Definitions of variables (Measurements) Sources
School enrolment, primary and secondary (gross), WDI

Inclusive Education PSSE gender parity index (GPI)

Mobile Phones Mobile Mobile cellular subscriptions (per 100 people) WDI

Internet Internet Internet users (per 100 people) WDI

Fixed Broad Band BroadB Fixed broadband subscriptions (per 100 people) WDI

Gini Index Gini “The Gini index is a measurement of the income GCIP

distribution of a country's residents”.

Atkinson Index Atkinson “The Atkinson index measures inequality GCIP
bydetermining which end of the distribution
contributed most to the observed inequality”.

Palma Ratio Palma “The Palma ratio is defined as the ratio of the richest GCIP
10% of the population's share of gross national income
divided by the poorest 40%'s share”.

Remittances Remit Remittance inflows to GDP (%) WDI

WDI: World Bank Development Indicators of the World Bank. GCIP: Global Consumption and Income Project.

Appendix 2: Summary statistics (2004-2014)

Mean SD Minimum  Maximum  Obs
Primary & Secondary School Enrolment 0.919 0.111 0.600 1.105 307
Mobile Phone Penetration 45.330 37.282 0.209 171.375 558
Internet Penetration 7.676 10.153 0.031 54.26 453
Fixed Broad Band 0.643 1.969 0.000 14.569 369
Gini Coefficient 0.586 0.034 0.488 0.851 461
Atkinson Index 0.705 0.058 0.509 0.834 461
Palma Ratio 6.457 1.477 3.015 14.434 461
Remittances 4.313 6.817 0.00003 50.818 416

S.D: Standard Deviation.
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Appendix 3: Correlation matrix (uniform sample size: 141)

| ICT Dynamics | Inequality |
PSSE Mobile Internet BroadB Gini  Atkinson Palma Remit

1.000 0.450 0.503 0.349 0.408 0.320 0.389 0.285 PSSE
1.000 0.811 0.654 0.154 0.147 0.177 0.007 Mobile

1.000 0.827 0.141 0.059 0.078 0.008 Internet

1.000 -0.025 -0.052 -0.065 -0.107 BroadB

1.000 0.809 0.914 0.145 Gini
1.000 0.939 0.318  Atkinson

1.000 0.245 Palma

1.000 Remit

PSSE: Primary and Secondary School Enrolment. Mobile: Mobile Phone Penetration. Internet: Internet Penetration.
BroadB: Fixed Broadband Subscriptions. Gini: the Gin coefficient. Atkinson: the Atkinson index. Palma: the
Palma ratio. Remit: Remittances.
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