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ABSTRACT

This paper used panel data for the period 2000 to 2017 for 38 SSA
countries to examine the link between infrastructure and economic
growth. Most previous studies did not disaggregate information
communications technology while some of them used government
expenditure on ener gy/power to captureelectricity infrastructure. This
paper departs from previous studies by using internet usage and
cellular phones to capture information communications technology
and electricity access. The variants of infrastructure used have
significant and direct effect on the economic growth of SSA. However,
electricity accessibility was not significant. It is recommended that
policy should be put in place to encourage government efforts to
improve the variants of infrastructure used in this paper.
Furthermore, government should improve on mobile phones and
internet infrastructure policy by increasing the quantity and quality
of thisinfrastructure.
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1. Introduction

Infrastructure is vital to the socio-economic development of any nation or
region. Inadequate infrastructure denies the citizens access to markets and other
opportunities. Aschauer (1989) popularized the importance of infrastructure to

Volume 63, No. 2 (2021) 187



188 Nigerian Journal of Economic and Social Studies, Volume 63, No. 2, 2021

economic growth as adequate infrastructure is critica to growth and
development. In sub-Saharan Africa, ailmost all dimensionsof infrastructurerank
low compared to other devel oping economies (Calderén, Canti & Chuhan-Pole,
2018). Mobile phones are used by many peoplein SSA to communicate and get
information about happenings around the world (Calderon et al., 2018).
Storeygard (2016) argued that inadequate infrastructure could reflect the high
population density and poor maintenance culture in SSA. As at 2014, 633
million people did not have electricity access talk less of addressing electricity
problems (OXFAM, 2017). Thisreduceseconomic opportunities hence poverty,
which may lead to premature death because of inability to meet health demands.
The IEA (2016) noted that due to poor electricity supply and access in SSA,
people are forced to use charcoal from woods for cooking. Households,
businesses and public institutions may not perform efficiently where there are
poor internet facilities. For example, households can use internet facilities to
source for opportunities in business and other life opportunities.

Infrastructure in this paper refersto physical infrastructure such as accessto
internet usage, energy in particular, electricity access, and mobile phone usage.
Public infrastructure can provide services that may augment capital and labour
in production (Ayogu, 2017). Ajakaiye and Nkube (2010) noted that effective
utilization of infrastructure enhances human development through improved
productivity and sustainable economic growth.

Previous literature were country-specific studies such as Loayza and
Odawara (2010); Keho and Echui (2011); Oyeniran and Onikosi-Alliyu (2016);
Owusu — Manu, Jehuri, Edwards, Boateng and Asumadu (2019) for Ghana;
Bogetic and Somogo (2005); and Calderon and Serven (2003a) among others,
werefor apanel of countries. Since studies on internet usage and mobile phones
are not common, this paper examines the link between infrastructure and
economic growth of SSA. It is different from other related empirical literature
because it disaggregates ICT to internet usage and mobile cellular phone usage
such that their individual effects on economic growth are established. Following
section 1, section 2 presents the review of relevant literature and discusses the
growth performance of infrastructure and economic growth performancein SSA.
The methodology is explained in section 3 and section 4 presents the estimated
resultsand interpretation while section 5 isthe conclusion and recommendations.



Infrastructure Development and Economic Growth in Sub-Saharan Africa 189

2. Literature Review
2.1 Infrastructure and economic growth performancein SSA

On the average, SSA had an annual real gross domestic product per capita
growth rate of 2.5 percent from 2005 to 2009 (Heston, Summersand Aten, 2011)
and as at 1990 to 1994, it became negative, ranging from -0.43 percent in 1990
to -1.52 percent in 1994. This represents, on the average, a growth rate of -2.30
percent. Thisbecame positivefrom 0.62 percent in 1995 to 0.88 percent in 1997.
Considering 2009 to 2017, the average growth rate of GDP per capita in SSA
was 1.09 percent (WDI, 2017) as shown in figure 1. Chen and Ravallion (2010)
noted that the growth performance was impressive because for over forty years,
real gross domestic product per capita growth in SSA averaged less than 0.5
percent per annum. Infrastructure deficiency may have been the cause of these
low growth rates over time.
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Figure 1. GDP Per Capitafor SSA 1990 - 2017.
Source: WDI (2017).

Between 1995 and 2005, there was rapid expansion in the ICT industry in
SSA because privateinvestorsand operatorsinvested about $25billion. Calderon
et al. (2018) noted that between 1998 and 2002, only seven SSA countries had
fixed broadband services. However, between 2008 and 2012, M auritiustook the
lead in Africawhile Ethiopia, Malawi, and Guineawere behind. Calderon et al.
(2018) further noted that the median number of fixed and mobile phone lines per
1,000 people in SSA increased significantly from about threein 1990 to 736 in
2014.

The WDI (2017) documented that in the period 1990 to 1999, mobile
cellular phone subscription by the population of SSA was less than one percent
asshownin figure 2. Though, the increase in subscription rate was rapidly high,
this was on the average 4.03 percent between 2000 and 2004, it increased
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significantly between 2013 and 2017 to an average of 70.81 percent. Global
System for Mobile Association, GSMA (2017) noted that therewere 420 million
unigue mobile subscribers as at the end of 2016, representing a penetration rate
of 43 percent. In 2016, mobile technologies and services generated $110 billion
in the region and this is about 7.7 percent of total GDP. Adoption of mobile
phones in SSA was about 25 percent at the beginning of this decade but as at
2017, it increased to 44 percent (GSMA, 2017).
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Figure 2. Mobile Cellular Subscription in SSA between 1990 — 2017.

According to the World Economic Forum (2018), electricity installed
capacity in the region was 96 gigawatts in 2015, compared with 325 gigawatts
and 1,519 gigawattsin Indiaand Chinarespectively. Agrawal (2015) noted that
SSA makes up 13 percent of theworld’ s population, yet about 48 percent of her
population has no electricity access compared to South Asiawhich is made up
of 23 percent of the world’s population and relatively fewer people have no
access to electricity.

While several SSA countries have made progress in expanding access to
electricity, the overall status of African electrification is still far from what is
required to achieve economic growth and development (World Bank,
2019). Castellano, Kendall, Nikomarov and Swemmer (2015) noted that on the
average, it will take about 25 years to get from 20 to 80 percent electrification
of households which is about 2.4 percent per year. While Vietnam took only 9
years, Brazil took morethan 40 years. Between 1990 and 2017, electricity access
in SSA has been on the increase, though less than 43 percent of the population
have access. Asshown in figure 3, between 1990 and 1995, access to electricity
by the population was on the average 18.55 percent while thisincreased to 29.17
percent in 2003. Between 2013 and 2017 in SSA, access to electricity by the
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population was on the average 40.35 percent. Thisimpliesthat most households
in SSA still do not have access to electricity.
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Figure 3. Accessto Electricity in SSA between 1990 — 2017.
Source: WDI (2017).

Internet usage has been on the increase in SSA, from 0.07 percent in 1996
to 22.12 percent in 2017. Between 1996 and 2002, less than one percent of the
population embraced internet usage. This increased slightly to 3.89 percent in
2008 and increased further to 22.12 percent in 2017 asrevealed in figure 4. SSA
is yet to have universal access to internet (Mahler, Montes and Newhouse,
2019). According to ITU (2013), between 2006 and 2010, the average growth
in the number of internet users in sub-Saharan Africa was about 35 percent,
though with significant disparities among countries. For example, the average
growth for the Central African Republic was 160 percent, Angola was 106
percent, Malawi was 106 percent, Nigeriawas 103 percent and M ozambique, 99
percent. Also, between 2006 and 2010, the number of internet users per hundred
inhabitants showed that for all countriesin SSA, only Cape Verde crossed the
bar of 30 users per 100 inhabitants. While Cape Verde was 30 users per 100
inhabitants, Seychelles was 41 users per inhabitant. Nigeriaand Mauritius were
28 and 25 users per 100 inhabitants respectively. The ITU (2017) documented
that in SSA, only 1 in every 5 persons used the internet in 2017, whereas more
than 50 percent of the population used the internet in South Africa. In West
Africa, users were close to 30 percent but only about 10 percent in Central
Africa. These figures show that physical infrastructure like electricity, internet
access and mobile telephoning are still not well developed in SSA.
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Figure 4. Internet Usage in SSA from 1996 — 2017.

2.2 Empirical literaturereview

Several studiesexist in theliterature. Antle (1983) examined the contribution of
transportation and communication industries per square kilometre of land area
in 47 developing and 19 developed countries respectively to factors of
production. He established that transportation significantly contributed to
production in both countries. Aschauer (1989) used datafrom 1949 to 1985 and
noted that publicinfrastructure stock was asignificant determinant of total factor
productivity in the USA. He further established that highways, airports and
electrical facilities and sewers were very significant in the determination of
productivity. Cronin, Parker, Colleran and Gold (1991) used the Granger and
modified Sims test to establish the existence of feedback process in which
economic activities and growth stimulate demands for telecommunication
services. As the economy grows, more telecommunications facilities were
needed to support the increased business transactions. Norton (1992) used data
from 47 countries and estimated the effect of the average stock of telephones
between 1957 and 1977 on the mean of annual growth rate. He established that
telecommunications infrastructure reduces transactions costs.

Canning and Fay (1993) used panel data from 152 countries for the period
1950 — 1995 to establish the effect of different infrastructure on economic
growth. They found that telephone and paved roadswere generally the most vital
variables that promote growth, but these were either over-supplied or
undersupplied in some countries. Stephan (1997) carried out a study of growth
differential between Eastern and Western Germany. He noted that other
exogenous factors, though not stated, were more relevant than the growth of
length of paved road which he used as proxy for road stock in explaining total
factor productivity. Kneller, Bleaney and Gemmell (1999) examined expenditure
on some infrastructure on economic growth in 22 OECD countries. They found
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that government expenditure on transport and communication enhanced growth
while non-productive ones like social security and welfare did the contrary.

Fernald (1999) carried out a study on the contribution of infrastructure to
different industries in the USA between 1953 and 1989. He found that roads
contributed significantly to productivity growth in the different industries.
Canning and Pedroni (1999) used length of paved roads, kilowatt per hours of
electricity generating capacity for 100 devel oping and devel oped countries. They
found no evidence of worldwide infrastructure shortage of telephones or paved
roads. Felloni, Wahl, Wandschneider and Gilbert (2001) examined the
importance of infrastructure on productivity in China. They found that road
density per hectare of agricultural land lead to significant economic growth
through positive and significant impact of agricultural production.

Fan and Cham-K ang (2005) examined road development, economic growth
and poverty in rural China. They found that road investment yielded the highest
economic returns in the Eastern and Central regions of China. Destefanis and
Sena (2005) applying panel data of the Southern regions of Italy to establish the
impact of some infrastructure on total factor productivity, found that roads,
airports, habours, railroads, water, electricity and communications significantly
impacted total factor productivity. Demurger (2001) used panel data of 24
provinces and autonomous regions within the period 1985 — 1998 to examine
infrastructure and productivity growth and found that transport and
telecommunication were significant for productivity growth. Calderon and
Serven (2003a) used GMM and cross-country panel data set for Latin America
to establish the link between infrastructure and growth. They found that
telecommunication, transport and power contributed significantly to growth.
Kim and Hague (2003) used a dynamic panel approach to examine the link
between public infrastructure investment and economic growth and found that
public investment in transport and communication has delayed impact on
growth.

Fedderke, Perkins and Luiz (2005) examined the effect of public
infrastructure on long-run growth in South Africa. They used VECM and found
that infrastructure investment directly and indirectly contributed to growth.
Bogetic and Fedderke (2005), in asimilar study in South Africa, concluded that
infrastructure does not contribute significantly to productivity. They further
concluded that new investment in infrastructure is needed in South Africa to
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reverse the investment decline of the past several years. Bogetic and Sanogo
(2005) found that poor infrastructure, like poor road network, constrained
productivity in both primary and tertiary industriesin Coted’ Ivoire. They opined
that this may be because of the problem involved in transporting goods from
urban to rural areas. Loayza and Odawara (2010) examined infrastructure and
economic growth in Egypt using data from 1960 to 2007 and the methodology
of regression analysis. They found that the variants of infrastructure used had a
positive relationship with economic growth in Egypt.

Keho and Echui (2011) used different estimation techniques to examine
investment in transport infrastructure in relation to sustained economic growth
in Coted’Ivoire. They used data that covered the period 1970 to 2002 and found
that public and private investments in transport infrastructure and economic
growth have a long-run relationship. They also found a one-way causality
between publicinvestment in transport and economic growth with causality from
economic growth to transport investment. Ahmed and Ridzuan (2013) used the
panel estimation approach to examinetheimpact of ICT on the economic growth
of eight East Asian countries with data from 1975 to 2006. They found a
significant and positivelink between ICT and economic growth in the economies
of the eight East Asian economies.

Oyeniran and Onikosi-Alliyu (2016) used data from 1980 to 2012 and the
ARDL bounds approach to examined thelink between investmentininformation
and telecommunication infrastructure and economic growth in Nigeria. They
found that foreign direct investment in ICT impacted positively and significantly
on economic growth in Nigeriacompared to government investment. Kondonga
and Ojah (2016) used data for the period 2000 - 2011 on 45 SSA countries to
explain the impact of infrastructure on economic growth. They used the GMM
estimation methodology and found a significant link between infrastructure
spending and economic growth for developing economies but not for the
relatively more developed economies. Calderon et al. (2018) provided a
scorecard on the quantity, quality and access of telecommunications, electric
power, transportation, and water and sanitation in SSA over time. They found
that thereisalargeinfrastructure gap, though the magnitude of the gap depended
on the sector, dimension, and country/group. Owusu—Manu et al. (2019) used an
ARDL framework and datafrom 1980 to 2016 to consider the short and long-run
impacts of the selected infrastructure on the economic growth of Ghana. They
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found that the capacity to generate electricity has significant positive impact on
economic growth while the el ectricity distribution loss has a significant negative
effect on economic growth in both the short run and long run.

The empirical studies showed mixed results among countries and regions.
Thismay be as aresult of the methodology used, the data set and the number of
observation. While most of the studies used only transport infrastructure as it
relates to sector specific like commerce and industry, some used airport
infrastructure as it relates to productivity; road and electricity as they relate to
agricultural output and some others were on infrastructure investment. It isalso
important to note that most of the previous studies used infrastructure stock
rather than infrastructure access and usage as used in this paper.

3. Methodology

3.1 Theoretical framework, model specification and estimation technique
The basic theoretical framework for infrastructure and economic growth was
first developed by Arrow and Kurz (1970) through public capital while Domar

(1946) examined the role of resource factorsin growth and noted that growth of
the economy depends on three factors which were modelled as:

Yu:f(Kﬂ’I'tr’Rm) (1)
where:

K = productive capital;

L = labour; and

R = resource factors used to increase production.

Asopined by Thong and Hao (2019), thelink between economic growth and
capital needs to be established by considering the relationship among savings
(S), investment (1), productive capital (K) and production capacity (Y). Harrod-
Domar argued that savings and investment lead to increased capital stock and
productive capital which influences economic growth. The neoclassical growth
model also known asthe Solow (1965) and Swan (1956) growth model extended
the Harrod—Domar (1946) model to include labour as one of the factors of
production. The neoclassical model assumesthat capital issubject to diminishing
returns to scale and can be written as:
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Y(if) = FI:K;-Z (A;:Lr'.-‘ )TI

(2)
where:
Y = output;
K = capital stock;
(AL) = augmented labour;

subscriptf = time frame; and
F = level of the technology that transforms the inputs to output.

The neoclassical growth theory posits that in the short run, the rate of
economic growth is determined by the accumulation of capital, which is
influenced by the savings and depreciation rates. On the contrary, long-run
growth is determined by technological progress and labour force growth as a
result of change in population and shocks in infrastructure stock that can have
only temporary effects on income. Following Solow (1965) and Mankiw,
Romer, and Weil (1992) and following from equation (2), the simplest form of
the endogenous growth (AK) model can be written in Cobb—-Douglas form as:

¥ =4 K50 (3)

S

where: a and [ are the shares of capital and labour in output and A is constant.

To determine the link between infrastructure and economic growth, this
study uses production functions asthey relate to growth as modelled in equation
(3) and includes infrastructure as the main variable that impacts economic
growth. In the static panel, the three categories of models used are the pooled
regression, fixed effect model and random effect model. This is necessary in
order to check the consistency of results obtained. However, the results and
interpretation are based on the most appropriate model which is determined on
the basis of the results of the Hausman and Wald tests. Therefore, to estimate the
impact of infrastructure on economic growth in SSA, an endogenous growth
model as used in the study by Kondongo and Ojah (2016) can be formulated.

Pooled regression or pooled least squares:
Ye=a+ %, + 1 (4)



Infrastructure Development and Economic Growth in Sub-Saharan Africa 197

Fixed effect model:

yy=o+ f'x, + 1, (5)

where unobserved heterogeneity is captured by ¢,.
Random effect model:

Ye= G+ Blx + g (6)
where:

¥, isthelog of per capita GDP proxy for economic growth;

x, isvector of infrastructure variables

U is random disturbance characterizing country i.

In thismodel, it is assumed that individual effects are not correlated with other
explanatory variables, hence, E(X.u)=0.
Based on the theoretical framework, the log of equation (3) can be modelled as:

LNY, = LNA, + aLNK, + SLNL, 7)

Recall that the paper is basically considering the impact of infrastructure on
economic growth, and from equations (3) and (4), A is assumed to be constant.
The final model estimated can be written as:

LNGDPPC, = & + &, LNELAC, + &, LNINTUS,, + a,.LNMOCE + 11, @

where:
LNGDPPC= Log of real per capita GDP, proxy for economic growth
LNELAC = Log of access to electricity, proxy for electricity
infrastructure
LNINTUS = Log of internet users, proxy for ICT infrastructure

LNMOCE = Log of mobile cellular subscription, also proxy for ICT
infrastructure
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A priori, it is expected that all the independent variables will have positive
impact on the economic growth of SSA.

3.2 Data sources

The dataset is an unbalanced panel, consisting of 38 countries and 18 years of
observations between 2000 and 2017. All the data were sourced from the WDI
(2017).

3.3 Estimation techniques

The study tested for panel unit root and started with a pooled estimation,
followed by fixed and random effect estimations. The pooled estimation takes
the intercepts of the countries in the estimation to be the same and does not
control for country-specific factors. In the panel dataanalysis, the Hausman and
Taylor (1981) test helpsto choose the better between the fixed effect model and
the random effects model while the Wald test helps to choose between the fixed
effect model and the pooled regression.

4. Resultsand Interpretation
4.1 Descriptive statistics

Descriptive statistics presented in table 1 show basic characteristics within the
series. These are reported and explained below.

Table 1. Descriptive Statistics for Pooled Sample

Std.
Mean Max. Min. Dev. Skewness J-B stat Prob.
GDPPC 2145 22742 1113 3337 2921 3784.9 0
ELAC 36.51 100 0.01 27.02 0.752 68.503 0
INTUS 8.167 58.76 0.005 12.01 2.238 1176.7 0
MOCE 43.13 176.5 0.018 41.6 0.907 106.29 0

Source: Estimation from Eviews 9.

Fromtable 1, average GDPPC growth rate is about 2145 for the period. This
is however unstable due to the high standard deviation value of 3337. The
skewness is relatively low compared to the mean and standard deviation,
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indicating that GDPPC growth rate figures lie to the left (are less than) of the
mean value. The J-B has ahigh value of over 3784 and it passes the significance
test at the 1 percent level. Thisindicates that the density function of the seriesis
non-normally distributed. With respect to electricity access (ELAC), the mean
value is about 36.51for the period. Thisisrelatively stable due to the relatively
low standard deviation value of 27.02 compared to GDPPC. The skewnessvalue
of 0.75 is low indicating that the ELAC growth rate figures lie to the left (are
less than) of the mean value. The J-B of over 68.5 passes the significance test at
the 1 percent level. Thisalso showsthat the density function of the seriesisnon-
normally distributed.

Again, the mean value of internet users (INTUS) isabout 8.16 for the period.
Thisis stable due to the low standard deviation value of 12.01. The skewnessis
low showing that the INTUS growth rates lie to the left (are less than) of the
mean value. Also, the high J-B statistics of 1176.7 passes the significance test
at the 1 percent level. This shows that the density function of the seriesis non-
normally distributed. Lastly, the mean value of mobile cellular subscription
(MOCE) isabout 43.13 for the period. Thisisfairly stable dueto therelative low
standard deviation value of 41.60. The skewness is also low showing that the
MOCE growth rateslieto theleft (are less than) of the mean value. The high J-B
statistics of 106.29 passes the significance test at the 1 percent level. This once
more shows that the density function of the series is non-normally distributed.

4.2 Panel unit root

The panel unit root resultswere based on the methods proposed by the Fisher-PP
tests of Maddala and Wu (1999). The main advantage of thistest is that it does
not require abalanced panel asin the case of the IPStest. Furthermore, different
lag lengths can be used in the individual ADF regression (Maddala & Wu,
1999).

4.3 Panel stationarity result

Table 2 presents the panel stationarity results using the PP — Fisher Chi -square
panel unit root test results
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Table 2. PP — Fisher Chi —square Panel Unit Root Test Results

Individual Effects Individual Effects, Individual Linear Trends
Variable Statisic ~ Probability ~ Remark Statistic Probability Remark
LNGDPPC 233.93 0.0000*** 1(0) 186.616 0.0000*** 1(0)
LNELEC 731.813  0.0000*** 1(0) 350.379 0.0000%** 1(0)
LNINTUS 398.427  0.0000*** 1(0) 268.7 0.0000%** 1(0)
LNMOCE 559.826 0.0000*** 1(0) 272.136 0.0000*** 1(0)

(***) significant at (1%)
Probability for Fisher tests are computed using an asymptotic Chi-square distribution.

Source: Author’s computations.

Using the individual effects as well as individual intercept and trend, the
variables were stationary at levels, hence they are al 1(0), implying that
cointegration among the variables may not exist.

4.4 Panel least squares estimate

The panel least squares estimation techniqueisamodified Ordinary least squares
(OLS) technique with common constant, fixed and random effects as variants.
Theresult of the panel least squares showsthat only mobile cellular subscription
was not significant in the determination of economic growth in SSA, though, it
had a positive relationship as expected. The results (panel A) reveal that a 10
percent increase in mobile cellular subscription will increase economic growth
by about 0.5 percent while a 10 percent increase in access to electricity and
internet users will increase economic growth by about 4 percent and 2.5 percent
respectively as revealed in table 3. Both are significant at 1 percent levels of
significance. The coefficient of determination revealed that more than 56 percent
of the dependent variable was determined by the independent variable. The F-
statistic shows that al the variables are jointly significant in the determination
of economic growth in SSA.
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Table 3. Panel Estimation Results

Dependent Variable: LNGDPPC
Sample: 2000 — 2017
Total observations. 676

Independent variables (A) (B) (©)
Panel Least Squares Random Effect Fixed Effect
LNELAC 0.395796*** 0.064774*** 0.036499
(0.0000) (0.0150)** (0.1809)
LNINTUS 0.238866*** 0.141966*** 0.138269***
(0.0000) (0.0000) (0.0000)
LNMOCE 0.052097 0.099306* ** 0.104891
(0.1450) (0.0000) (0.0000)
Constant 5.254359*** 6.265353*** 6.350854***
(0.0000) (0.0000) (0.0000)
R? 05587 0.580987 0.930071
%
R 0.55673 0.579116 0.925666
F-statistic 283.5911 310.5896 211.1413
Prob (F-statistic) 0 0 0

Figures in parentheses are the probability values

*xx(**) Significant at 1(5) percent levels of significance

Source: Author’s computation E-Views 9.0.

4.5 Random effect estimation result

The result from table 3 panel (B) shows that access to electricity (LNELAC) is
statistically significant and positively related to economic growth (LNGDPPC)
to the tune of about 0.064. The coefficient of internet users (LNINTUS) shows
a positive relationship with economic growth. The result also shows that all the
variables used are significant and positive in the determination of economic
growthin SSA. It showsthat al percentincreasein all theindependent variables
will lead to a less than 1 percent increase in the dependent variable. The R-
square and the adjusted R-square values of 0.58 (58%) and 0.57 (57%) show that
more than 58 percent of the dependent variable is explained by the independent
variables. The F-statistic value of over 310 also showsthe overall good fit of the
explanatory variablesin the model as shown in table 3.



202  Nigerian Journal of Economic and Social Studies, Volume 63, No. 2, 2021

4.6 Fixed effect estimation result

The result from table 3 (panel C) shows that all the independent variables are
positively related to economic growth, though the electricity variable is not
significant. An increase in the infrastructure variable by, say, one percent will
increase economic growth by less than one percent. The R-square and the
adjusted R-sguare values of 0.93(93%) and 0.92 (92%) attest to the explanatory
suitability of the regressors with respect to variation in the dependent variable.
The F-statistic value of over 211 also showsthe overall good fit of the regressors
in the model.

4.7 Correlated random effect — Hausman test

It is important to state that the choice of the appropriate model to use between
fixed and random effects is determined by the Hausman test. The Hausman test
is the standard test to check for correlation between the unique errors and the
regressors in a model. It helps to reveal the preference for the random effects
model compared to the fixed effects model. The Hausman test for random
argument reveal s that the Chi-square statistics of 37.6 (with a probability value
of 0.00) is greater than the critical Chi-square value of 3 as shown in table 4.

Table 4. Correlated Random Effect — Hausman Test

Correlated Random Effects — Hausman Test

Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.

Cross-section random 37.645039 3 0

This provides a strong argument against the null hypothesis that there is no
misspecification when the random effects model is employed and thus provides
thejustification for therejection of therandom effectsestimates. Theimplication
of thisisthat the random effects model will be biased and inconsistent as shown
in table 4.

4.8 Wald test
Since from the Hausman test, the fixed effect was better than the random effect,

the need arose to chose between the fixed effect and panel least squaresusing the
Wald test as shown in table 5.
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Table5. Wald Test

Test Statistic Value df Probability
F-statistic 326.6183 (3,672) 0
Chi-square 979.8549 3 0

The results of the Wald test revealed that the fixed effect model is the most
appropriate for pooled regression. Therefore, both the Hausman and the Wald
tests revealed that fixed effect estimation is the most appropriate. Therefore, on
the basis of the fixed effect model, the result revealed that access to electricity
(LNELAC) isin line with a priori expectation and positively related to per
capita GDP, though not significant at the conventional one percent, 5 percent
and 10 percent respectively. The result revealed that if electricity infrastructure
is increased say, by 10 percent, economic growth will increase by about 0.4
percent. The result obtained confirms the earlier one obtained by Aschauer
(1989) and Calderon and Serven (2003a) but is contrary to the one obtained by
Calderon and Serven (2003b). Electricity infrastructureisamajor contributor to
the economic growth and development of any region or country. It is used to
propel most aspects of our daily livesand is also one of the sources of energy for
so many sectors of the economy. It is used in hospitals, airports, and for
agricultural activities which contribute to overall economic growth.

With respect to internet and mobile phone usage, both are significant at 1
percent level of significance and they are positively related to economic growth.
Theresultsarein line with the one obtained by Norton (1992); Canning and Fay
(1993); Cadot, Roller and Stephen (1999). Studies like Roller and Waverman
(2001) and Ahmed and Ridzuan (2013) noted that ICT influences economic
growth through the provision of an effective and efficient information
production process.

5. Conclusion and Recommendations

This paper examined the link between infrastructure and the economic growth
of SSA countries with panel data for the period 2000 to 2017. While the study
showed that infrastructure development has improved in SSA, it has been at a
relatively slower pace when compared with other regions of the world. All the
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variantsof infrastructure used in the study revealed positive linkswith economic
growth, though, electricity access was not significant. Also, in the empirical
analysis, it was found that on the average, the elasticity of output with respect
to the variants of infrastructure used were positive but less than one. The paper
opined that electricity has not impacted the economic growth of SSA
significantly compared to internet usage and cellular phones. This implies that
ICT isgrowth-enhancing in the region. It is recommended that policy should be
put in place to encourage government efforts to further improve on the variants
of infrastructure used in this paper. Furthermore, government should pursue
mobile phone and internet infrastructure growth policy by increasing the
guantity and quality of thisinfrastructurein SSA.
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