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Abstract
The paper considered electricity, ICT infrastructure and their growth impact on Gambia, Ghana and 

Nigeria for the period 1990 and 2017. There were mixed results among the variants of ICT infrastructure used. 
The negative impact of electricity access to economic growth of Nigeria may have a spillover effect to the 
other West African countries in the estimation and a two-way effect on economic growth. It may increase the 
income of the sellers of electricity generator and that of solar energy panel installers through increased demand 
thereby impacts positively on economic growth. On the other hand, it may reduce purchasing power of the 
buyers, hence the negative effects on economic growth may outweigh the positive effect, thereby impact of 
economic growth negatively. The control variables have positive and significant effect on economic growth. The 
country specific estimations showed no consistent results among the variants of infrastructure. Among others, 
government should ensure that the bottleneck and corruption in the electricity sector be controlled. Internet 
usage should be encouraged through price reduction in all the countries except Gambia where internet usage 
has negative link with economic growth. Official development assistant should be encouraged.
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Introduction
The importance of infrastructure to the socio-economic advancement of a country or region 

cannot be overemphasized. Insufficient infrastructure restrains access of institutions to economic 
and social opportunities as well as individuals to means of survival. Aschauer (1989) noted 
that when infrastructure is sufficiently and efficiently supplied, it propels economic growth. 
Storeygard (2016) opined that low population density could reflect insufficient infrastructure.  
Infrastructure in the context of this paper refers to physical infrastructure like ICT (access to 
internet usage and mobile phone usage) and electricity access. In modern business transactions, 
ICT infrastructure and access to electricity are essential conditions needed to engage other 
infrastructure like transportation and education as well as other economic activities which can 
impact economic growth positively (Koutroumpis, 2009).
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Within the period 2012 and 2015, several West African economies had high growth rate 
but fell to an average of 0.5 percent in 2016 and increased to the average of 2.5 percent in 2017 
(West Africa Economic Outlook, 2018). The Nigeria’s economy fell to -1.58 percent in 2016 due 
to recession and as at 2017, it re -bounced to 0.83 percent (Kazeem, 2018). In Gambia, growth rate 
was 4.8 percent in 2017 compared to 0.4 percent in 2016 and the economy relies mostly on tourism, 
rain-dependent agriculture, remittances, trade and construction, as well as improvements in 
electricity provision (World Bank, 2019). Ghana’ growth rate in 2017 was 8.5 percent compared to 
3.6 percent in 2016 (Dontoh&Vuuren, 2018).  

According to the World Economic Forum (2018), poor state of the infrastructure like bad 
roads, severe electricity shortages and inefficient ports increase transaction costs for businesses in 
West Africa region in spite of the huge population advantage. Therefore, there is a need to regain 
the growth momentum through infrastructure development. Hirschman (1958) suggested that 
infrastructure development can be used as an initiative for economic growth. However, empirical 
studies in this area are not common for panel of countries like Gambia, Ghana and Nigeria. 
Furthermore, the growth in these countries has not been proven to the best of my knowledge to 
result from infrastructure development, hence the paper intends to consider empirically, electricity 
and ICT link with economic growth of the three countries. The choice of these three countries is 
basically due to data availability within the period considered. 

Review of Literature 
The contribution of variants of infrastructure to economic growth has been analyzed with 

different econometric methodologies and data set. Mahyideen and Ismail (2012) examined the link 
between information and communication technology and economic growth in five Asian countries 
using the data for the period 1980–2009. They employed panel dynamic ordinary least squares 
estimation and found that fixed line, mobile phone subscribers and internet users impacted 
positively and significantly on economic growth in the five Asian countries. Onyeisi, Odo and 
Attama (2016) used causality approach and VECM and data for the period 1980 to 2015 to examine 
the relationship between power generation capacity and the economic growth of Nigeria. They 
established that power generation has no significant relationship with economic growth and no 
causality was found between them. They also found that openness and education have significant 
impact on economic growth.  

Pradhan, Mallik and Bagchi (2018) examined ICT infrastructure and economic growth 
among G-20 countries for the period 2001 to 2012. The panel dynamic ordinary least squares 
and the panel fully modified ordinary least squares estimations showed a positive relationship 
between information and communication technology infrastructure and economic growth in 
the G-20 countries. It is noted that ICT infrastructure Granger caused economic growth in the 
G-20 countries. Best and Burke (2018) considered the precondition for faster economic growth 
using electricity availability and the use of panel data for ten year, 1996 to 2006 and a total of 170 
countries. They established that availability of electricity strongly determined economic growth. 
The control variables, education and openness have significant link with economic growth with 
negative and positive parameter estimates respectively. 

Toader, Firtescu, Roman, and Anton (2018) identified and evaluated the effect of ICT 
infrastructure on economic growth in 28 countries of European Union for the period 2000 – 
2017 using panel data estimation techniques. They established a positive and significant impact 
of ICT infrastructure on economic growth, though, the magnitude of the impact of the different 
ICT infrastructure used varied. Raboloko (2019) used the ARDL estimation method to examine 
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the link between infrastructure and economic growth of Botswana. It was found that health care 
infrastructure impacted economic growth in the long run while electric power consumption 
impacted growth positively and significantly in the short run. Nkalo and Agwu (2019) reviewed 
the impact of electricity supply on economic growth in Nigeria with the use of questionnaire using 
Umudike environment in Abia State as case study. They found that within the period of 1983 to 
2017, power supply improved in Umudike area; hence economic growth improved through small, 
medium and large-scale businesses within the areas of study. They noted that in other parts of 
Nigeria, power supply is still epileptic due to increased load and poor maintenance culture.  

Stern, Burke and Bruns (2018) examined macroeconomic perspective of electricity 
infrastructure and economic growth. They used the weighted least squares for 136 countries 
and data for 2014 as well as 86 developing countries and found that electricity use per capita 
significantly determined economic growth but contrary to that of 1971. Javid (2019)investigated 
the link between investment in infrastructure and economic growth at the aggregate and the 
industrial, agriculture, and services sectors in Pakistan using data from 1972 to 2015 and the use 
of the fully modified ordinary least squares. The author found that on the average, investment 
in public infrastructure had a larger impact on economic growth than investment in private 
infrastructure. Ntebo, Mathe and Ayorinde (2019) examined the impact of power infrastructure 
development on the socio-economic situations in Sub-Sahara Africa. They used questionnaire 
collected within the region and descriptive statistics and found that power infrastructure created 
wealth and job as well as reduced the cost of production which led to the growth of the economy. 

 Khurriah and Istifadah (2019)used panel data from 34 provinces in Indonesia within the 
period 2011-2017 to examine the relationship among four types of infrastructure viz, roads, 
energy, water, and telecommunications and economic growth with the use of the generalized 
method of moment estimation. They found that water and telecommunication had a positive 
and significant link with economic growth while road negatively and significantly impacted 
economic growth in the provinces. Aworinde and Akintoye (2019) examined the relationship 
among institutions, infrastructure and economic growth in Nigeria with the use of data from the 
period 1984 to 2015. The result showed that, in the short run, trade openness, infrastructure and 
institution were statistically insignificant. In the long run, infrastructure impacted negatively and 
significantly on economic growth. 

Bahrini and Qaffas (2019) evaluated the impact of ICT on the economic growth of selected 
developing countries in 14 Middle East and North Africa region as well as 31 Sub-Saharan Africa 
regions. They used the GMM estimation method for the period 2007–2016 and found that the 
ICT infrastructure had a statistically negative link with the economic growth in MENA and SSA. 
Gachunga and Kuso (2019) examined the contribution of infrastructure to the economic growth in 
Africa. While they noted that poor physical infrastructure in Africa has been the main hindrance 
of development, the generalized least squares regression showed that infrastructure impacted 
the economic growth positively and significantly. Ng, Law, Jakarni, and Kulanthayan (2019)
analyzed the contribution of road infrastructure development and other socio-economic factors 
to the economic growth using cross sectional data for 60 countries spanning from 1980 to 2010. 
They found that road infrastructure has positive relationship with the economic growth. From 
the literature, no consensus has been reached on the relationship between ICT infrastructure, 
electricity and economic growth and no known study has examined the link among ICT, electricity 
infrastructure and the economic growth of West Africa.     
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Model Specification and Estimation Technique

Model Specification 

Given an aggregate production function with infrastructure as input and non-infrastructure 
variables as previously used by Bretschger (2015) and later by Best and Burke (2018): 

Yt = f(It, Vt)     (1)

Yt = Ht[It]
ρ (Vt)

λ]    (2)

LnYt = ln Ht + ρ  ln It + λ ln Vt   (3)

Where:

Y = GDP per capita

H = Electricity infrastructure

I = ICT infrastructure

V = Control variables

The final model estimated can be written as:

0 1 2 3= + + + + + +it it it it it it itLNGDPPC LNELAC LNINTUS LNMOCE LNNODA LNGFCα α α α µ   (4)

Where: 

LNGDPPC = Log of real gross domestic product per capita measure of 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 

LNNODA = Log of official development assistance

LNGFC = Log of gross fixed capital formation 

A priori, all the independent variables are expected to impact  economic growth positively. 

Data Sources
Dataset of the three countries (Gambia, Ghana and Nigeria); 1990 to 2017 were sourced from 

WDI (2018). 

Estimation Techniques
The panel stationarity tests were based on the methods proposed by Levin, Lin and Chu (LCC) 

(2002), Im, Pesaran and Shin (IPS) (2003), Fisher-ADF and Fisher-PP tests of Maddala and Wu 
(1999) while long run relationship among the variables was carried out with Kao (1999) test. The 
Johansen Fisher panel co integration test was also used to confirm the result by Kao (1999) while 
the pool least squares and the random effect models were used for the estimation.
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Results and Interpretation
The stationarity results for each of the variables are presented in Tables 1a and 1b.

Table 1a: Panel Stationarity Results

Series LNGDPPC LNELAC LNGCF

Intercept
Trend & 
Intercept

Intercept
Trend & 
Intercept

Intercept
Trend & 
Intercept

Level

LL&C 0.11569 0.36913 -4.67670 -0.34104 -2.15855 0.55709

IP & S -0.01028 0.51456 -1.66528 -0.57157 -0.70195 0.83300

ADF –Fisher 4.13824 3.01593 14.3152 7.83260 6.74625 3.14853

PP-Fisher 3.97792 2.68788 18.9826 16.1634 10.7541 5.21963

First Difference

LL&C -4.67934*** -3.97470*** 0.97209 2.71079 -5.57827*** -6.33818***

IPS -3.48020*** -2.39961*** -4.90560*** -4.97050*** -6.06108*** -6.66206***

ADF –Fisher 23.1334*** 15.7691*** 33.8141*** 31.8197*** 39.2820**** 40.3505***

PP-Fisher 41.2623*** 31.7602*** 81.5683*** 169.336*** 60.1356*** 71.6949***

 Note: (**) and (***) denote rejection of the null of non-stationary at (5%) and (1%) levels of significance.

Table 1b: Panel Stationarity Results

Series LNINTUS LNMOCE LNNODA

Intercept
Trend & 
Intercept

Intercept
Trend & 
Intercept

Intercept
Trend & 
Intercept

Level

LL&C -2.66201 0.73359 -1.55640 1.15125 0.08898 -1.20381

IP & S -0.65691 1.66371 -0.73901 1.08848 0.41597 -1.07687

ADF –Fisher 6.74377 2.71240 6.80470 2.55466 3.88883 9.13542

PP-Fisher 13.9845 0.29952 8.30843 3.07462 4.15037 6.71429

First Difference

LL&C -2.07943*** -3.05557*** -4.82330*** -4.41559*** -4.03310*** -3.30183***

IPS -2.41822*** -2.71976*** -3.90551*** -3.32521*** -4.01066*** -3.09670***

ADF –Fisher 18.7539*** 20.9078*** 26.1265*** 21.0745*** 27.1113*** 19.8383**

PP-Fisher 26.4110*** 55.2235*** 47.5746*** 38.8759*** 57.9528*** 50.2806***

 Note: (**) and (***) denote rejection of the null of non-stationary at (5%) and (1%) levels of significance.

Tables 1a and 1b show that all the variables follow I(1) process while the Kao residual based 
cointegration and the Johanson cointegration tests in Tables 2 and 3 showed that there is a long 
run relationship among the variables.

Table 2: Kao Long Run Test Result

ADF
t-Statistic Prob.

-1.683845  0.0461**

   ** denotes statistical significance at the 5% level of significance
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Table 3: Johansen Fisher Panel Co integration Test Result

Series: LNGDPPC LNELAC LNINTUS LNMOCE LNNODA LNGCF 
Sample: 1990 2017
Unrestricted Co integration Rank Test (Trace and Maximum Eigenvalue)

Hypothesized Fisher Stat.* Fisher Stat.*

No. of CE(s) (from trace test) Prob. (from max-eigen test) Prob.

None  117.7  0.0000***  63.61  0.0000***

At most 1  64.28  0.0000***  26.04  0.0002***

At most 2  43.55  0.0000***  18.63  0.0048**

At most 3  30.05  0.0000***  19.65  0.0032***

At most 4  16.53  0.0112  9.072  0.1695

At most 5  21.50  0.0015**  21.50  0.0015**

* Probabilities are computed using asymptotic Chi-square distribution.

Analysis of Panel Result
The panel results showed that random effect model is preferred based on the Hausman 

specification test result as in Table 4.

Table 4: Hausman Specification Result

Test Summary
Cross-section random

Chi-Sq. Statistic Chi-Sq. d.f. Probability. 

0.000000 5 1.0000

Table 5: Panel Results for Infrastructure impact of Economic Growth.

Dependent Variable: LNGDPPC

A B C D E

Variables Panel LS RE GAMBIA GHANA NIGERIA

Constant 
0.496785     
(0.5814)

-1.218622  
(0.5349)

2.617381  
(0.6051)

0.023335  
(0.9983)

-7.475988** 
(0.0989)

LELAC
-0.560306*  

(0.0845)
-0.146071  
(0.7435)

1.224524***  
(0.0010)

-5.324983*  
(0.0675)

-0.676602 
(0.1451)

LNINTUS
0.283959*** 

(0.0007)
0.242957**  

(0.0057)
-0.053859  
(0.4324)

0.569757**  
(0.0117)

0.026604 
(0.8323)

LNMOCE
-0.239148*** 

(0.3000)
-0.227886***  

(0.0011)
-0.034605  
(0.4324)

-0.295401*  
(0.0824)

-0.259739 
(0.6225)

LNNODA
0.364629*** 

(0.0000)
0.422642***  

(0.0000)
0.192753**  

(0.0174)
0.654845*  
(0.0703)

0.259723** 
(0.0070)

LNGCF
0.073021** 

(0.0123)
0.026291  
(0.6040)

-0.213395  
(0.3665)

0.478695  
(0.1925)

0.502539*** 
(0.00002)

LNGDPPC(-1) - - - 0.630891***  
(0.0001)

R2 0.631697 0.407806 0.546765 0.819324 0.814484

R-B Squared 0.608088 0.369845 0.443757 0.765124 0.772322

F-Statistics 26.75640 10.74272 5.307983 15.11581 1931761

Prob(F-Stat) 0.000000 0.000000 0.002392 0.000002 0.00000

  Figures in parenthesis are probability values. ***(**)* significant at 1%(5%)10% level
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Table 5 shows the panel result for the variants of infrastructure and economic growth. The 
variables were estimated in log while the results from panel A is the panel least squares (Panel 
LS), panel B is random effect (RE) while panels C, D, and E are the ordinary least squares results 
for country specific estimation; Gambia, Ghana and Nigeria. All these results (panel LS and RE) 
showed that Official Development Assistance (LNNODA) and the variants of ICT infrastructure 
used are significant in the determination of economic growth. However, internet usage and official 
development assistance as shown in panels A and B have positive impact on the economic growth. 
Electricity infrastructure (LNLELAC) has mixed results with respect to the signs of the parameter 
estimates.      

The baseline model, the panel least squares (panel A) show that all the variables are significant 
in the determination of economic growth in the selected countries. However, access to electricity 
and mobile cellular subscription did not meet the a priori expectation. Specifically, in the 
random effect result, surprisingly, access to electricity (electricity infrastructure) has negative 
impact on the economic growth. The negative parameter estimate of electricity may result from 
theft of electricity infrastructure equipment, the use of inferior materials during installations or 
even irregular supply of electricity by the authorities concerned which make access to electricity 
impact negatively on the economic growth. Also, the poor electricity access in Nigeria where 
some households rely on personal efforts to generate electricity through the purchase and use of 
generators as well as purchase and installation of solar energy system rather than the national grid 
may result in the negative impact on the two other countries in the panel, particularly, Nigeria. 
The West Africa population and its size dominate the region’s economic performance Africa 
Economic Outlook(2020). The negative impact may spill over to the other West Africa countries. 
The negative impact of access to electricity may, however, have a two-way effect on the economic 
growth. It may increase the income of the generator sellers as well as seller and installer of solar 
energy panels through increased demand thereby impact positively on economic growth. It may 
reduce purchasing power of the buyers, hence the negative effects on economic growth may 
outweigh the positive effect, thereby impact on economic growth negatively.

Internet users have positive and significant link with the economic growth at five percent 
level of significance. For example, a 10 percent increase in internet users will impact the economic 
growth by 2.2 percent. This is expected as the increasing rate of internet usage among youths 
provides opportunity for new jobs and expansion of new markets particularly electronic market.  
Filling of forms by job applicants, use of internet facilities by prospective students and those 
seeking admission into higher institutions and other related activities, use of internet facilities 
for underground business activities may impact economic growth positively. This means that the 
small business owners can easily expand the network marketing through the internet which may 
lead to an increased economic growth through increased income of the individuals.

Mobile cellular subscription has negative but significant impact on the economic growth in 
the panel of countries at one percent level of significance. Mobile phones have been empirically 
proven to impact the economic growth positively Rai(2001) in different countries. The negative 
impact may be because of lack of regular electricity to charge the mobile phones in the selected 
countries or phones and mobile lines are relatively too expensive to purchase because of the 
level of poverty in the countries. The official development assistance impacts positively and 
significantly on the economic growth at one percent level of significance while gross fixed capital 
formation is not significant, though, has a positive impact on the economic growth. A 10 percent 
increase in the official development assistance will increase economic growth by 3.6 percent. 
Generally, the panel least squares result is not significantly different from the random effect 
results. The coefficient of determination shows that about 41 percent of the dependent variable 
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is systematically explained by the independent variables while the F-statistic shows that all the 
variables put together are jointly significant in the determination of economic growth in the panel 
of countries.   

With respect to the individual country, in Gambia, only access to electricity and official 
development assistance are significant in the determination of economic growth. The result shows 
that a 10 percent increase in both variables will lead to 12 percent and 1.9 percent increase in the 
economic growth respectively. Contrary to the result obtained from the panel, internet users, 
mobile cellular subscription and gross fixed capital formation have negative and insignificant 
impact on the economic growth of Gambia. The coefficient of determination shows that about 55 
percent of the dependent variable is systematically explained by the independent variables while 
the F-statistic shows that all the variables put together are jointly significant in the determination 
of economic growth in Gambia. 

The result for Ghana is better than that of Gambia based on the value of the coefficient of 
determination. In Ghana, all the variables used are significant in the determination of economic 
growth except gross fixed capital formation. Access to electricity and mobile cellular subscription 
were found to impact the economic growth negatively. The coefficient of determination shows 
that about 82 percent of the dependent variable is systematically explained by the independent 
variables while the F-statistic shows that all the variables put together are jointly significant in the 
determination of the economic growth in Gambia.

In Nigeria, none of the infrastructure variable is significant in the determination of economic 
growth except official development assistance and gross fixed capital formation. Access to 
electricity and mobile cellular subscription has negative and insignificant impact on the economic 
growth. The result is not unexpected as there is significant epileptic supply of electricity in 
Nigeria. Also, the use of mobile phone becomes frustrating as most people in Nigeria cannot 
afford generator and the fuelling of the generator as alternative means of electricity (power 
supply) to charge mobile phones due to their level of poverty. The results show that assuming 
official development assistance and gross fixed capital formation are increased by 10 percent, 
economic growth will increase by 2.6 percent and five percent respectively. The coefficient of 
determination shows that more than 81 percent of the dependent variable is systematically 
explained by the independent variables while the F-statistic shows that all the variables put 
together are jointly significant in the determination of the economic growth in Nigeria.        

Conclusion and Recommendations  
This paper examined the impact of electricity and ICT infrastructure on the economic growth 

of West African countries using Gambia, Ghana and Nigeria as the panel of countries covering 
the period 1990 to 2017. The paper showed that on an average, the elasticity of output with 
respect to the variants of infrastructure used are less than one, though,  access to electricity and 
mobile cellular subscription is negative in all the estimations. However, internet users have 
positive impact on the economic growth in all the estimations. This implies that mobile cellular 
subscription is growth enhancing and, therefore, be encouraged through price reduction of the 
cost of mobile phones and its accessories. The results obtained from the country specific estimation 
is inconsistent. The irregularities and corruption in the electricity sectors should be curbed so that 
electricity can adequately and significantly impact the growth of the West African countries.
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