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Abstract— The effects of ICT and human capital on sustainable
development in sub-Saharan Africa (SSA) were examined in this
study by employing a panel data set of 41 SSA countries for the
period 2000-2021. The study employed several panel estimation
techniques, including the pooled ordinary least squares (POLS),
random effect and fixed effect estimators as baseline techniques,
while the Generalised Method of Moments (GMM) was employed
as the main estimation technique. Results indicated that ICT
promotes sustainable development in SSA. The study also found
that human capital stifles sustainable development in the region.
The study, therefore, recommends that policymakers in SSA
should ensure that there is sufficient access to quality education,
vocational training and skill development programs to enhance
human capital. The study also recommends that policymakers in
SSA must address the disparities in access to education and
training, otherwise human capital may not contribute to
sustainable development.

Keywords— ICT, Human Capital, Sustainable Development,
GMM, sub-Saharan African

I. INTRODUCTION

Promoting sustainable economic growth and development is
a key macroeconomic objective of governments worldwide.
Unfortunately, sub-Saharan Africa (hereafter, SSA) continues to
face significant challenges that may prevent the realization of
Sustainable Development. In particular, as revealed by the
Africa Sustainable Development Goals Index and Dashboards
Reports, Africa might be the least likely region to achieve
Sustainable Development targets. The recent COVID-19
pandemic has further exacerbated the situation, pushing millions
of Africans into poverty [1]. More particularly, SSA is
characterized by a large population and predominantly low-
income countries, where a larger proportion of the population
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lacks access to quality education and healthcare services. These
might result in underdeveloped human capital that hinders
productivity and thereby contributes to the region's relative
poverty [2].

Available evidence shows that human capital development
is critical in promoting economic growth and development [3],
[4], [5] and [6]. Sadly, in SSA, education and healthcare, which
are critical to human capital development, are typically
underfunded, which might lead to poorly trained and
underdeveloped human capital [7].

In the economic literature, Information and Communication
Technology (ICT) has also emerged as a vital catalyst that
promotes sustainable development. It reduces poverty,
inequality and unemployment [8]. It also serves as a channel
through which human capital can be developed. Unfortunately,
the adoption of ICT in SSA remains low which may be due to
high costs and inadequate ICT infrastructure.

Although several studies [9-12], have been done to provide
a clear understanding of the effects of ICT and human capital on
sustainable development in SSA, the empirical evidence
presented so far suffers a major shortcoming. Existing studies
relied on either GDP or carbon emissions as measures of
sustainable development. Evidence from [13], has shown that
these proxies wholly considered economic growth or ecological
factors and do not account for the multifaceted disposition of
sustainable development. It has been recognized that economic
growth, social and ecological factors are the entire
characteristics of sustainable development [14]. Therefore,
relying on economic growth or ecological factors alone may
prevent us from correctly understanding sustainable
development in SSA.
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This study hence adds to the literature in the following way:
Unlike previous studies which have concentrated on either GDP
or carbon emissions as measures of sustainable development,
this study utilises an all-inclusive sustainable development index
that accounts for the multifaceted nature of sustainable
development in terms of economic growth, social and ecological
factors.

This study found that ICT is an effective tool for promoting
sustainable development in SSA. The study also found that
human capital stifles sustainable development in the region. The
literature review section examines previous research on the
topic. The research method adopted in this study is explained in
the methodology section. This is followed by the results section
which presents the findings of the research. The discussion
section presents the interpretation of the results, and finally, the
concluding section summarizes the key findings, their
implications, and conclusion.

II. A BRIEF LITERATURE REVIEW

An empirical review of the literature on information and
communication technology, human capital, as well as
sustainable development, is presented in this section.
Information and communication technology serve as a powerful
tool for reducing poverty, inequality, and unemployment in
Africa [15]. Information and communication technology
improve engagement and knowledge retention in the
educational sector by providing the needed platform for E-
learning. Information and communication technology also
enhance collaboration among scholars both at the local and
international levels by removing the barriers of distance and
space while enhancing human capital development.

The disproportionate impact of internet access on economic
growth in Sub-Saharan African countries was carefully studied
by [16]. Information and communication technology were
assessed through internet access, while economic growth was
measured by the annual percentage growth rate of per capita
gross domestic product. Using Hansen's threshold models, the
study examined the existence of inflexion points in the
relationship between internet access and economic growth in 42
sub-Saharan countries for 11 years. Some major findings were
discovered in the study. The study established a significant
internet threshold effect on economic growth. Internet access
has been found to have a positive, favourable, and statistically
significant influence on economic growth within countries
situated in sub-Saharan Africa, but this is limited by the laws
and import duty regimes practised by the governments of such
countries.

Reference [17] underscored the significance of information
and communication technology in conjunction with the financial
sector for fostering economic growth. They identified three
primary  pathways through which information and
communication technology catalyzes growth: ICT improves
efficiency, creates new jobs, and bridges economic inequality.
Exploring the immediate and long-run patterns of economic
growth, financial inclusivity, and information and
communication technology in India, a total of 20 states were
tested in their study. An investigation into the presence of a

cointegrating relationship among the economic variables was
conducted through the application of the Johansen cointegration
test. Furthermore, an analysis employing the fully modified
ordinary least squares (FMOLS) method was employed,
alongside a vector error correction mechanism (VECM) to
gauge the speed at which the variables readjusted towards
equilibrium.

The study by [18] examined both the direct and indirect
relationship between ICT diffusion and financial development
utilising panel data for the period 1980 to 2019 comprising 42
African countries. Using a dynamic system GMM, results from
the study indicate that financial access is a component of
financial development. If improved in tandem with the spread of
ICT throughout Sub-Saharan Africa, this will result in greater
availability of public goods and services, as well as enhanced
access to knowledge and skills. Ultimately, this will contribute
to fostering inclusive growth and development in the region.

Reference [19] recognised and identified the issues
concerning sustainable development and the key barriers facing
it, particularly the use of information and communication
technology. Some of the difficulties stem from the lack of
consensus on the precise impact of information and
communication technology on economic growth and
development. In their study, [20] examined the effect of
information and communication technology on sustainable
development. This was done by utilising a composite sustainable
development index encompassing data from 140 countries. The
collected data consists of the sustainable development index as
the dependent variable. Information and communication
technology is measured using metrics such as the number of
mobile telephone subscribers per 100 people, the internet
penetration rate, and the number of fixed telephone subscribers.
From the findings, ICT has a positive and significant impact on
sustainable development. According to the study, when
developing measures for the 2030 agenda for socioeconomic
development, policymakers should consider information and
communication technology and the benefits it provides since
ICT would enhance industrial productivity and economic
activities, as well as increase access to foreign markets for their
products.

In their research, [21] investigate if the proliferation of
information and communication technology has a positive
impact on inclusive human development in a dataset
encompassing 49 African nations during the period spanning
from 2000 to 2012. To account for the short set of dependent
variables, they employed a Tobit model in their analysis. Using
a double-censored Tobit regression estimate approach, the
findings show that policies focused on promoting information
and communication technology usage, if implemented, would
lead to more inclusive development. Furthermore, the study
revealed that non-oil exporting countries appear to be the driving
force behind the observed synergy in mobile phone penetration.

Reference [10] examines the state of human capital
development in Nigeria and its implications for sustainable
development. The study highlights the significance of human
resources in achieving the Sustainable Development Goals
(SDGs) and identifies Nigeria's current challenges in this regard.
Using available evidence and the SDG index, the study reveals
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Nigeria's low ranking and inadequate progress in human-capital-
related SDGs, specifically goals 3 and 4. The study concludes
by recommending the implementation of appropriate policies,
such as increased funding for education and healthcare, training
and apprenticeship programs, migration policies, and special
initiatives to enhance managerial capabilities. These measures
are crucial for accelerating sustainable development in Nigeria
by fostering the development of human capital.

III. METHOD

A. Data and Model Specification

Panel data from 41 sub-Saharan African countries are
collected and tested in this study for a period from 2000 to 2021.
The data used in this study are sourced from the World
Development Indicators (WDI) of the World Bank [22] and [13]
except otherwise stated. Principal component analysis (PCA) is
used in this study to get a suitable composite index for ICT
which has three proxies used in the study. The PCA is a typical
statistical approach for reducing a larger collection of correlated
variables into a smaller number of uncorrelated variables known
as principal components, which account for the majority of the
variance in the original data set [17], [23-24]. The PCA should
be used if the Eigenvalue of the various components is equal to
or greater than one.

The dependent variable is the sustainable development index
(SDI) sourced from Hickel 2020.

The SDI is formulated as shown in (1):
HDI};
Elly;

SDIit =

€]

Where:

(SDI;)= Sustainable development index

(HDI;))= Human development index

(Elliy= Ecological impact index

The model specifies a direct function as shown in (2)

SDI = f(ICT,HC,X) )
The model is further specified as:
SDIiy = ¢o + 911CTy + @ HCy + X'y + it (3)

@, 1s the constant term; ¢4- ¢, are the coefficient; i =1,
2, 3..., N and it represents the 41 countries (cross-sectional
dimension); t =1, 2, 3, ..., T. It represents the time dimension

(22 years), € represents the error term. The variables used in
this study are presented in Table 1.

Table 1. Variable Measurement and 4 priori Expectations

S/N Variables Expected Sign Source
Sustainable
1 development NA (Hickel, 2020)
index (SDI)
5 ICT adoption N Researcher’s computation
index (ICT) by using PCA
Mobile telephone
2.1 subscribers + WDI (2022)
(MTS)
Fixed telephone
22 subscribers (FTS) " WDI(2022)
Internet  access
23 (INTACC) + WDI (2022)
Human  Capital
3 Index (HC) + Penn World Table 10.0
Foreign  Direct
4 Investment (FDI) - WDI (2022)
5 Population (POP) + WDI (2022)
6 Trade (TRD) + WDI (2022)

Source: Author’s Compilation, 2024

B. Estimation Techniques

This study employs the Generalised Method of Moments
(GMM) as the main estimation technique. Pooled ordinary least
squares (POLS), the fixed effect, and the random effect are the
baseline estimations. The POLS approach has gained popularity
among researchers, and it has been widely employed in recent
studies. Among the researchers who have recently employed its
use include, [25], [26]. POLS estimation pools all data
observation across different times and sections.

The generalised model is denoted in (4) as follows:

Yie =a; + BZ'ie + 0, + (0; + &it) 4

where, Y;; is represents the dependent variable, in this case, the
sustainable development index, «; is the constant, BZ';; is the
vector of all regression coefficients, ¢;; is the unobserved error
term, d, denotes the unobserved time-dependent error term
while n; representing the unobserved country-specific effects.

The POLS model is specified in (5) as:
SDIyy = a; + B1ICTy + BrHCip + B3X'ic + 0 + (1 + &i) (5)

The fixed effect is another estimation technique that shall
be explored in the study. Intercepts in the fixed effect (FE)
model are cross-section specific (in this case, they differ from
country to country), although they may or may not change over
time as a result of the model's assumptions. As a result of the
possibility that every cross-sectional unit possesses some
qualities or characteristics, the fixed-effect model helps account
for the effect of country heterogeneity. The fixed effect method
accounts for all of the time-constant, unobserved factors that
have an impact on the dependent variable (sustainable
development). 7; which is constant over time will have its
effect differenced out to remove the country-specific effects 1;
by transformation.
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In cases where the number of counties exceeds the time period
(N > T), as is the case with this research, the Generalized
Method of Moment (GMM) estimator can be an appropriate
estimation technique [27]. A Generalized Method of Moments
(GMM) model is a statistical model that aims to estimate the
parameters of a model by minimizing the difference between
the sample moments and the corresponding population
moments.

SDIjy = SDIy_1 + @X'yy + 1 + 0, + & (6)
Where:

SDI;;_, 1is the lag of the dependent variable (sustainable
development)

IV. RESULT AND DISCUSSION

This section presents and discusses the results from the
various data analyses performed in this study.

A. ICT index using PCA

To measure ICT, a composite index for information and
communication technology will be created using PCA and the
eigenvalues are reported in Table 2.

Table 2: Principal Components Eigen Value Estimates

Component PCM 1 PCM 2 PCM 3
Eigenvalue 2.11 0.72 0.17
Difference 1.40 0.55 -

Source: Author’s Computation, 2024

In agreement with [28] and as postulated by [29], some
criteria must be available before PCA can be used. Prominent
among these criteria is that the value of the component must be
greater than one. Only component one meets the requirement by
[29] for retaining components and is retained in this study. The
eigenvalue of component 1 is greater than one while component
2 and component 3 do not meet this requirement.

B. Baseline Estimation

Table 3 and Table 4 present the baseline estimation results
for pooled ordinary least squares, the fixed effect and random
effect estimations in SSA. The result indicates both positive and
negative impacts on SDI contingent on the analysis used.
However, this result is not discussed here as this estimation
technique does not control for certain biases and is limited due
to issues such as endogeneity, heteroscedasticity and serial
correlation among others.

Table 3: Pooled OLS results for Full and Sub-Sample (Dependent Variable:

SDI)
@ (2) 3) “@ ()
Variables CAC EAC SAC WAC SSA
ICT 0.054%**  0.064*** 0.030%** 0.028*** 0.035%**
(6.69) (12.77) (4.50) (13.13) (12.24)
HC 0.134%** -0.008 -0.172%%* 0.166%** 0.073%***
(5.97) (-0.68) (-8.63) (22.72) (10.89)
FDI - - 0.008*** -0.000 -0.001***
0.002%**  (.005%**
(-3.50) (-7.11) (03.50) (-0.28) (-2.95)
POP 0.012%** 0.019%** 0.029%** 0.005%** 0.009%***
(2.44) 4.14) (5.32) (4.35) (4.78)
TRADE 0.001%**  0.002%** -0.001*** 0.000%** 0.000%***
(4.64) (6.76) (-5.96) (2.66) (4.40)
Constant 0.063 0.155* 0.602%*** 0.124%%* 0.215%**
(0.59) (1.91) (5.62) (5.82) (6.52)
Observations 132 230 102 262 726
R? 0.76 0.63 0.64 0.86 0.48

ARk ORER ¥ are statistically significant at 1%, 5% and 10%
significance level respectively. T-statistics are in parentheses ().
SSA is the full sample while the sub-region sample is divided

into CAC, EAC, SAC and WAC. Source:

Computation, 2024

Author’s

Table 4: Random Effect (RE) and Fixed Effect (FE) Results

[ RE | FE Panel B (FE)

Panel A(SSA) CAC EAC  SAC WAC
0.016%** -0.002 0.001 -0.007 0.031%** 0.0122*
(8.75) -0.85 | ICT (0.003) (0.005)  (0.008) o

(0.002)
0.0854%** 0.035%** HC -0.076*** 0.077 0.043* 0.0401*
(8.66) (3.19) (0.013) (0.024)  (0.025) *
0.017)
0.0003 0.0004* FDI -0.0002 0.000 -0.001 0.001**
(1.42) (1.92) (0.000) (0.000)  (0.002) *
(0.000)
0.075%** 0.229%%** POP 0.264%** 0.236 -.00]%** 0.151%*
(13.3) (22.61) (.0010) 0.021)  (0.000) *
(0.0127)
1.21e-05 -0.0001* TRADE -0.0000 0.000 -.355%%* 0.000
(0.16) (-1.74) (.0000) (0.000)  (.096) (0.000)
-0.852%** -3.228*** | Constant | -3.589%%* -3.576 5.907%%* -
(-9.37) (-20.39) (0.160) 0333 (1.437) 1.998%*
*
(0.193)
726 726 Obs. 132 230 102 262
0.61 0.93 R? 0.95 0.78 0.42 0.90

xRk Rk ¥ are statistically significant at 1 per cent, 5 per cent
and 10 per cent significance level respectively. T-statistics are
in parentheses ( ). Source: Author’s Computation, 2024
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C. Generalized Method of Moments (GMM)

Estimating parameters from economic data is often a
challenging task due to the complexity and heterogeneity of
the underlying models. One widely used method for
addressing these issues is the Generalized Method of
Moments (GMM), which relies on instrumental variables
and moment conditions to obtain consistent and efficient
estimates. In this study, the GMM is applied to estimate the
parameters of the economic model based on the sample data.
The difference Generalized Method of moment developed
by [30] is used to estimate the model while controlling for
the problem of endogeneity

Table 5 presents the differences GMM result using the
sustainable development index as the dependent variable.
The result indicated that ICT has a positive and statistically
significant impact on sustainable development at the 1 per
cent level of significance in both the one-step and two-step
estimators. The result shows that human capital is
statistically significant at 1 per cent significance levels. Both
the one-step and two-step difference GMM estimators show
that it has a negative effect on sustainable development. This
implies that a change in human capital by one unit will
reduce sustainable development by 0.0945 and 0.105 using
the one-step and two-step difference GMM estimates
respectively.

For the control variable, FDI TRADE and POP were all
statistically significant, but at different levels. FDI and POP
are both highly significant at the 1% level, except for the
one-step difference estimator, which found FDI to be
insignificant. In contrast, TRADE was found to be
statistically significant at the 10% level. FDI and POP have
a positive influence on sustainable development, whereas
trade has a negative association with the sustainable
development index. The absence of second-order
autocorrelation as indicated by the non-significance of the
AR (2) coefficients in the specification diagnostics is a
positive sign for the validity of the model. It implies that the
errors in the model are not systematically related to their past
values, which is an important assumption of the GMM.
Furthermore, the outcome of the Hansen statistic suggests
that the instrument sets are not over-identified, which is
another crucial assumption of the GMM.

Table 5: Difference GMM

Variables One-Step Two-Step
L.SDI 0.387%*** 0.367***
(3.32) (5.26)
ICT 0.0159%** 0.0140%**
(6.67) (4.44)
HC -0.0945%** -0.105%**
(-6.48) (-3.31)
FDI 0.000103 0.000115%**
(1.60) (5.95)
TRADE -6.34e-05* -3.20e-05*
(-1.88) (-1.74)
POP 0.142%*%* 0.163%**
(5.05) (5.61)
Observations 659 659
No. of Groups 34 34
No. of Instruments 23 23
AR(1) 0.611 0.750
AR(2) 0.070 0.128
Sargan Test 0.000 0.000
Hansen Test - 0.309

kA KE X gre statistically significant at 1 per cent, 5 per cent
and 10 per cent significance level respectively. T-statistics are
in parentheses ().

Source: Author’s Computation,2024.

D. Discussion of Results

The findings of the study suggest that ICT can be an effective
tool for promoting sustainable development in Sub-Saharan
Africa. The positive impact of ICT on sustainable development
implies that countries in SSA should prioritize the adoption and
use of ICT to enhance their competitiveness and economic
growth. At the regional level, the study found that the ICT
indicator was statistically significant and positively associated
with sustainable development. This means that the more
countries in the region adopt and utilize ICTs, the more likely
they are to achieve sustainable development. However, it is
important to note that the effectiveness of ICT in promoting
sustainable development may vary across different sectors and
sub-regions within SSA. Therefore, it is crucial to tailor ICT
interventions to specific needs to achieve the desired impact.
The findings are in line with the study of [20], [31].

The study also discovered that human capital exerts a
negative but significant impact on sustainable development in
SSA. This suggests that the development of human capital in
SSA can undermine sustainable development. These findings
imply that sustainable development efforts in SSA may be
hampered due to a lack of adequate knowledge and skills
required to address the environmental, social, and economic
challenges of sustainable development. Furthermore, in
developing countries, workers tend to have lower-quality
education and health, which may limit the impact of human
capital on economic growth. Therefore, these countries must
invest in human capital development and allocate government
funds towards improving human capital to foster sustainable
development [32]. This finding is consistent with [33-35], who
found human capital to have a negative impact on sustainable
development.

Furthermore, the extent of this contribution varies by region.
The study found that human capital in Central Africa (CAC) and
West Africa (WAC) had a positive impact on sustainable
development, while human capital in East Africa (EAS) and
Southern Africa (SAC) had a negative impact. This suggests that
the development of human capital alone may not be enough to
ensure sustainable development, and other factors such as
natural resources, governance, and social and economic policies
may also play a role.

V. CONCLUSION AND POLICY IMPLICATION

The study investigates the effect of ICT and human capital
on sustainable development in SSA. The findings indicate that
ICT is an effective tool for promoting sustainable development
in SSA. The study, however, found that human capital stifles
sustainable development in the region which may be due to
human capital voids, or the prevalence of very low levels of
skills among individuals in SSA. The study therefore
recommends the following: First, given that ICT (measured as
mobile telephone subscribers, fixed telephone subscribers and
Internet  access) enhances  sustainable  development,
governments in SSA should increase phone ownership (both
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mobile and fixed) and expand broadband availability. Second,
policymakers in SSA must see the development of human

capital as an immediate policy priority.

In particular,

governments in SSA must increase investment to strengthen the
quality of education and health which would enhance human
capital in SSA. The government may then adopt the Private
Public Partnership model to increase the pace of improving
human capital.

(1]

[10]

[1

—

[12]

[13

—

REFERENCES

R. A. Ambrose, E. Karoubi, O. Dushime, G. Fuller, E.N. Twinoburyo,
and A. Simkoko, ‘“The Sustainable Development Goals Center for Africa
and Sustainable Development Solutions Network: Africa SDG Index and
Dashboards Report 2020°’, 2020

UNICEF-AUC., Transforming Education in Africa: An evidence-based
overview and recommendations for long-term improvements, 2021, 1-49.

E. M. Ahmed, “ICT and Human Capital Spillover Effects in Achieving
Sustainable East Asian Knowledge-Based Economies - Journal of the
Knowledge Economy,” SpringerLink, Dec. 217, 2016.
https://link.springer.com/article/10.1007/s13132-016-0430-4

J. Duasa, J. and N.M. Jais, Information Communication Technology,
Human Capital and Economic Growth In Malaysia: An Empirical
Analysis. The Turkish Online Journal Of Design, Art And
Communication-TOJDAC, 2018, Special Ed(September), 1415-1419.
http://tojdac.org/tojdac/volume8-sptmspcl_files/tojdac_ vO80SSE189.pdf

M. A. Oyinlola, A. A. Adedeji, and O. Onitekun, “Human capital,
innovation, and inclusive growth in sub-Saharan African Region,”
Economic Analysis and Policy, vol. 72, pp. 609-625, Dec. 2021, doi:
10.1016/j.eap.2021.10.003.

A. A. Onabote, B. O. Ohwofasa, and R. A. Ogunjumo, “Government
sectoral spending and human development in Nigeria: Is there a link?,”
Heliyon, vol. 9, no. 7, p. el7545 Jul. 2023, doi:
10.1016/j.heliyon.2023.e17545.

S. A. Keji, “Human capital and economic growth in Nigeria - Future
Business Journal,” SpringerOpen, Nov. 16, 2021.
https://fbj.springeropen.com/articles/10.1186/s43093-021-00095-4

M. A. Nchake and M. Shuaibu, “Investment in ICT infrastructure and
inclusive growth in Africa,” Scientific African, vol. 17, p. €01293, Sep.
2022, doi: 10.1016/j.sciaf.2022.e01293.

J. O. Ogunjobi, O. Eseyin, and O. Popoola, “Human capital and energy
infrastructure: implications for economic growth in Nigeria,”
International Journal of Energy Economics and Policy, vol. 11, no. 3, pp.
149-154, Apr. 2021, doi: 10.32479/ijeep.10066.

R. S. Dauda, ‘‘Human capital for sustainable development: where does
Nigeria stand?,” African Journal of Sustainable Development, vol. 7,
no.3,113-135, 2019.

J. Eggoh, H. Houeninvo, and G. A. Sossou, ‘‘Education, health and
economic growth in African countries’’. Jourmnal of Economic
Development, vol. 40, no. 1, p. 93,2015.

H. Haini, “Examining the impact of ICT, human capital and carbon
emissions: Evidence from the ASEAN economies,” International
Economics, vol. 166, pp. 116-125, Aug. 2021, doi:
10.1016/j.inteco.2021.03.003.

Hickel, “The sustainable development index: Measuring the ecological
efficiency of human development in the Anthropocene,” Ecological
Economics, vol. 167, p- 106331, Jan. 2020, doi:
10.1016/j.ecolecon.2019.05.011.

W. J. Rankin, Sustainability, In Treatise on process metallurgy, pp. 1376-
1424, Elsevier, 2014..

M. A. Nchake and M. Shuaibu, “Investment in ICT infrastructure and
inclusive growth in Africa,” Scientific African, vol. 17, p. €01293, Sep.
2022, doi: 10.1016/j.sciaf.2022.01293.

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

1. A. Abdulgadir and S. A. Asongu, “The asymmetric effect of internet
access on economic growth in sub-Saharan Africa,” Economic Analysis
and Policy, vol. 73, pp. 44-61, Mar. 2022, doi:
10.1016/j.eap.2021.10.014.

R. P. Pradhan, M. B. Arvin, M. S. Nair, J. H. Hall, and S. E. Bennett,
“Sustainable economic development in India: The dynamics between
financial inclusion, ICT development, and economic growth,”
Technological Forecasting and Social Change, vol. 169, p. 120758, Aug.
2021, doi: 10.1016/j.techfore.2021.120758.

1. K. Ofori, D. B. Osei, and 1. P. Alagidede, “Inclusive growth in Sub-
Saharan Africa: Exploring the interaction between ICT diffusion, and
financial development,” Telecommunications Policy, vol. 46, no. 7, p.
102315, Aug. 2022, doi: 10.1016/j.telpol.2022.102315.

A. Fernandez-Portillo, M. Almodovar-Gonzalez, M. C. Séanchez-
Escobedo, and J. L. Coca-Pérez, “The role of innovation in the
relationship between digitalisation and economic and financial
performance. A company-level research,” European Research on
Management and Business Economics, vol. 28, no. 3, p. 100190, Sep.
2022, doi: 10.1016/j.iedeen.2021.100190.

T. N. Nchofoung and S. A. Asongu, “ICT for sustainable development:
Global  comparative evidence of globalisation thresholds,”
Telecommunications Policy, vol. 46, no. 5, p. 102296, Jun. 2022, doi:
10.1016/j.telpol.2021.102296.

S. A. Asongu and S. Le Roux, “Enhancing ICT for inclusive human
development in Sub-Saharan Africa,” Technological Forecasting and
Social Change, vol. 118, pp. 44-54, May 2017, doi:
10.1016/j.techfore.2017.01.026.

World Bank, World Development Indicators,.https://data.worldb
ank.org/indicator/SH.XPD.CHEX.GD.ZS?locations=ZG

M. B. Arvin, R. P. Pradhan, and M. Nair, “Uncovering interlinks among
ICT connectivity and penetration, trade openness, foreign direct
investment, and economic growth: The case of the G-20 countries,”
Telematics and Informatics, vol. 60, p. 101567, Jul. 2021, doi:
10.1016/j.tele.2021.101567.

J. L. Igwilo, and A. B. Sibindi, ““ICT Adoption and Stock Market
Development in Africa: An Application of the Panel ARDL Bounds
Testing Procedure’” 2021.

M. Khalid Anser et al., “Social Inclusion, Innovation and Food Security
in West Africa,” Sustainability, vol. 13, no. 5, p. 2619, Mar. 2021, doi:
10.3390/su13052619.

N. Adeleye and C. Eboagu, “Evaluation of ICT development and
economic growth in Africa,” NETNOMICS: Economic Research and
Electronic Networking, vol. 20, no. 1, pp. 31-53, Mar. 2019, doi:
10.1007/s11066-019-09131-6.

D. Roodman, “How to do Xtabond2: An Introduction to Difference and
System GMM in Stata,” The Stata Journal: Promoting communications
on statistics and Stata, vol. 9, no. 1, pp. 86-136, Mar. 2009, doi:
10.1177/1536867x0900900106.

B. O. Obasaju, W. K. Olayiwola, H. Okodua, O. Eseyin, and A. V.
Ahmed, “Intermediate tariffs and intraregional intermediate exports:
Implications for regional value chains in ECOWAS,” Cogent Economics
& Finance, vol. 7, no. 1, p. 1622179, Jan. 2019, doi:
10.1080/23322039.2019.1622179.

H. F. Kaiser, “An index of factorial simplicity,” Psychometrika, vol. 39,
no. 1, pp. 31-36, Mar. 1974, doi: 10.1007/bf02291575.

M. Arellano and S. Bond, “Some Tests of Specification for Panel Data:
Monte Carlo Evidence and an Application to Employment Equations,”
The Review of Economic Studies, vol. 58, no. 2, p. 277, Apr. 1991, doi:
10.2307/2297968.

P. Jayaprakash and R. Radhakrishna Pillai, “The Role of ICT for
Sustainable Development: A Cross-Country Analysis,” The European
Journal of Development Research, vol. 34, no. 1, pp. 225-247, Feb. 2021,
doi: 10.1057/s41287-021-00369-1.

L. Hoeriyah, N. Nuryartono, and S. H. Pasaribu, “Economic Complexity
and Sustainable Growth in Developing Countries,” Economics
Development Analysis Journal, vol. 11, no. 1, pp. 23-33, Feb. 2022, doi:
10.15294/edaj.v11i1.47294.

Authorized licensed use limited to: Durban University of Technology. Downloaded on August 16,2024 at 11:15:15 UTC from IEEE Xplore. Restrictions apply.



[33] Z. Ahmed and Z. Wang, “Investigating the impact of human capital on from Nigeria,” Studia Universitatis Babes-Bolyai Oeconomica, vol. 67,

the ecological footprint in India: An empirical analysis,” Environmental no. 1, pp. 63-76, Apr. 2022, doi: 10.2478/subboec-2022-0005.

Science a.md Pollution Research, vol. 26, no. 26, pp. 26782-26796, Jul. [35] A. H. Payab, P. Kautish, R. Sharma, A. Siddiqui, A. Mehta, and M.

2019, doi: 10.1007/s11356-019-05911-7. Siddiqui, “Does human capital complement sustainable development
[34] J. K. Olowookere, W. D. Olanipekun, G. M. Sokunbi, and T. A. Aderemi, goals? Evidence from leading carbon emitter countries,” Utilities Policy,

“Human Capital Development and Sustainable Development: Evidence vol. 81, p. 101509, Apr. 2023, doi: 10.1016/j.jup.2023.101509.

Authorized licensed use limited to: Durban University of Technology. Downloaded on August 16,2024 at 11:15:15 UTC from IEEE Xplore. Restrictions apply.



