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Introduction 

 

A simple definition of capital is wealth used 

to create more wealth. Human capital, 

therefore, can be referred to as a kind of 

wealth used to create more wealth in an 

economy. This suggests that human capital is 

a relevant component for developing an 

economy. This assertion has been empirically 

proven in the literature (Jones, 1996; Barro, 

2001). Given that human capital is this 

relevant, it will be logical to postulate that 

improving the level of human capital, 

particularly through education, is vital to 

achieve economic growth as well as 

sustainable development. This also has been 

Abstract 

 

Given the role human capital plays in driving economic growth, as validated in the literature, it 

is imperative to examine factors that enable the development of human capital, particularly, in 

terms of enrolment in schools. This study identifies ICT as one of those factors that can be 

responsible for enabling school enrolment and access to education. Thus, ICT can facilitate 

inclusive growth by making education more accessible. This study, therefore, examines the role 

of ICT in facilitating school enrolment at the primary, secondary, and tertiary levels of education 

in Sub-Saharan Africa (SSA). The baseline model for this investigation is a knowledge economy 

framework for which panel data for 32 SSA countries that spans from 2001 to 2012 is used. 

Using the system generalized method of moments (SGMM) technique, it was discovered that ICT 

played a more significant role in facilitating school enrolment at the secondary and tertiary 

levels of education unlike at the primary level. It was also found out that a statistically 

significant and direct relationship exists between ICT infrastructure and usage and school 

enrolment in SSA. 

 

Keywords: Economic Development; Education; ICT; Sub-Saharan Africa 

 

JEL Codes: F63; I20; I25; N37: O10; O14 



Journal of Economics Studies and Research                                                                                                           2 

__________________________________________________________________________________________________________________ 

______________ 

 

Stephen O. Oluwatobi, Isaiah O. Olurinola and Oluwadamilola Taiwo (2016), Journal of Economics Studies and 

Research, DOI: 10.5171/2016.564389 

validated by the literature (Oluwatobi and 

Ogunrinola, 2011; Jaiyeola, 2015). It, 

therefore, means that the more education is 

made accessible and the more avenues are 

established for its distribution in means that 

are affordable, the more people will be 

educated and the more inclusive growth and 

development will be achieved. 

 

The issue, therefore, is delivering education 

to as many people as possible in order to 

achieve development that is inclusive. This is 

based on the argument that there is a direct 

correlation between the level of education 

and the income of an individual. This 

suggests that people are able to increase 

their income and welfare as they improve on 

their human capital through education. We 

draw from the postulations of Sen (1999) to 

corroborate this argument. He posited that 

when people are deprived of what improves 

their human capabilities, they are deprived of 

welfare, which results in poverty, inequality 

and unemployment. It can therefore be 

asserted that any means that makes 

education, which is a process of developing 

human capital, more accessible to more 

people is an avenue that supports inclusive 

growth and development. One avenue 

examined by this study is information and 

communications technology (ICT). 

 

ICT refers to technologies that enable the 

distribution and easy accessibility of 

information as well as communications. It 

can basically be defined by personal 

computers, mobile devices, and the Internet. 

Given the enabling capabilities of ICT, this 

study postulates that it has a significant role 

in delivering education to all at lost. In order 

to achieve education for all, development of 

relevant education content, its awareness 

and distribution are vital. Education content 

is available; and people are aware. However, 

its distribution is hampered for reasons such 

as low teacher-to-student ratio as well as 

high costs of textbooks, transportation, 

school infrastructure and maintenance. 

These further add to the rising cost of 

education. The study posits that ICT has a 

role to play in mitigating these costs. This is 

why this study examines the role ICT plays in 

human capital development. 

Evidence from the literature has shown that 

Sub-Saharan Africa (SSA) is one of the least 

developed and least innovative regions in the 

world; yet it currently ranks the second most 

populous region out of five regions in the 

world. This, thus, raises concerns as to 

whether the people that make up the region 

are assets or liabilities to be bordered about. 

Statistics show that 63 percent still live in 

rural areas and the adult literacy rate is still 

within fifty percent excluding South Africa. 

These suggest that the human capital 

capacity of the people may be insufficient to 

drive economic development in the region. 

The challenge usually has been that 

education, which is required to improve the 

human capital of the populace is expensive 

and rising. This study therefore examines the 

role ICT plays in enabling the human capital 

development process in SSA. 

 

The argument here is that ICT enables the 

delivery of education in ways that are more 

affordable and accessible than conventional 

means. Leveraging on ICT will, therefore, 

enable more people access education SSA, 

thus, leading to increase in the level of 

human capital in the region; and since human 

capital is a core requirement to achieving 

inclusive growth, it can be posited that ICT is 

an enabling factor for achieving sustainable 

development. 

 

The rest of this paper is segmented as 

follows: After the introduction is section two, 

which is an overview of ICT and human 

capital development in SSA. Section three 

presents a review of existing literature on the 

subject of ICT and human capital 

development. The methodology employed for 

the study is discussed in section four. Section 

five presents the results and its discussion 

while section six concludes the paper with 

policy implications and recommendations. 

 

Overview of ICT and Human Capital 

Development in SSA 

 

This section reveals some stylized facts of 

ICT and its usage in SSA in relation to other 

regions of the world. The section also 

discusses the implications of the ICT trends 

on human capital development in SSA in 
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terms of the degree of enrolment at the 

primary, secondary and tertiary levels. 

The fact about the use of ICT in SSA is that it 

has been on the increase. Mobile 

subscription, for instance has increased 

twenty-four folds. However, when compared 

to other regions of the world, SSA still lags 

behind. Figure 1 depicts a picture of the 

position of SSA as the least most subscribed. 

This is a clear indication of the need to bridge 

the technology gap in SSA. It is expected that 

as mobile subscription increases, the use of 

mobile technology to deliver services 

inclusively will also increase, and vice versa. 

Education can, therefore, be effectively 

delivered in SSA in a way that is inclusive. 

 

 
 

Figure 1: Mobile Subscription (per 100 people) 
Source: World Bank 2015 

 

Pakistan and Afghanistan, for instance, have 

taken advantage of mobile technology to 

deliver education to children and youths 

affected by conflicts and crises. Hence, they 

can equitably deliver education services 

(Carlson, 2013). These are clear indications 

of mobile technologies’ benefits of helping to 

achieve inclusive development. Thus, SSA can 

benefit from such privilege given the 

potentials indicated by the rising trend of 

mobile subscription in the region. 

 

The Internet is another technology that 

defines ICT. Its advent has opened the door 

to limitless knowledge and information 

required to educate as well as improve 

numeracy and literacy without restrictions. 

This is done usually at little or no cost. A 

student can leverage on the Internet to get an 

answer to a question like a teacher would. 

This technology has given access to a pool of 

knowledge that will enable students to be 

less dependent on their teachers’ knowledge 

capacity. With its use, students can contact 

their teachers outside class hours, 

collaborate with their colleagues, download 

study materials and learn concepts not 

taught in the classroom. 

 

SSA has benefited tremendously from this 

technology. As shown in Figure 2, the 

percentage of Internet usage in the region is 

on the increase. This indicates the increasing 

number of Internet users as well as increase 

in the level services being delivered through 

the technology. However, the percentage of 

Internet users in SSA falls below other 

regions except South Asia. This reveals the 

presence of a digital divide. 
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Figure 2: Internet Users (per 100 people) 
Source: World Bank 2015 

 

The low percentage of Internet usage may be 

as a result of the limited Internet 

infrastructure in the region. Figure 3, which 

shows the amount of secure Internet servers 

per a million people, indicates limited level of 

Internet infrastructure in the region. SSA and 

South Asia are noted to be the bottom of the 

chart for the period reported. The flatness of 

the SSA curve in the diagram also depicts the 

limited and slow growth in the level of 

Internet infrastructure. This may limit the 

level of Internet usage and limit the 

productivity of the facility given the pressure 

of increasing Internet usage that will be 

mounted on the limited Internet 

infrastructure. 

 

 
 

Figure 3: Secure Internet Server (per one million people) 
Source: World Bank 2015 

 

Figure 4, which is a trend of the percentage 

of Internet subscription across the regions of 

the world, depicts SSA as the region with the 

least subscription. The subscription growth 

rate in SSA is also very low as shown by the 

flatness of the curve. These are indications of 

inadequate Internet infrastructure in SSA. 
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Figure 4: Internet Subscription (per 100 people) 
Source: World Bank 2015 

 

Review of Literature 

 

Various studies have been conducted on the 

subject matter of development, human 

capital, ICT as well as the relationships that 

exist amongst them (Jones, 1996; Barro, 

2001; OECD, 2005; Oluwatobi and 

Ogunrinola, 2011; Jaiyeola, 2015). It is also 

notable to highlight here that the literature 

provides evidence on the effect ICT has on 

human capital (World Economic Forum, 

2009). In reviewing this, it is good to note 

that human capital is an ingredient for 

achieving inclusive growth and development 

(Sen, 2013; Asadullah, Savoia, and Mahmud, 

2014; Joshi, Hughes, and Sisk, 2015). Sen 

(1999) also pointed out that wealth is easily 

distributed and inequality minimized when 

people’s capabilities are improved through 

education and health care. With their 

capabilities improved, they can be 

instrumental and contributive to the 

economic development process of a society. 

This explains the instrumental role of human 

capital in achieving inclusive growth and 

development. 

 

ICT is also relevant to achieving inclusive 

growth and development. This assertion is 

based on findings from the literature on how 

ICT enables the delivery of basic and 

essential services (such as financial services, 

health care and education) to the bottom 

billion in ways that are accessible and 

affordable (Bertot, Jaeger, & Grimes, 2010; 

Naik, Joshi, & Basavaraj, 2012). 

Evidence from the literature also proves that 

ICT has a role to play in facilitating human 

capital development (Ilmakunnas and 

Miyakoshi, 2013; Martin, Ciovica, and 

Cristescu, 2013; Cheng, Mitomo, Otsuka, and 

Jeon, 2015). The potential of ICT in enabling 

human capital development is reflected in 

how higher institutions, independent 

organizations and alliances invest in online 

and distance learning programmes, 

massively open online courses (MOOCs), and 

infrastructure such as smart boards and 

educational mobile devices (Obiri-Yeboah, 

Fosu, and Kyere-Djan, 2013; Sanda, Binuyo, 

and Oduyoye, 2013; Armey and Hosman, 

2015). 

 

All these studies validate the fact that a 

relationship exists between human capital 

and ICT. However, very few studies have 

been conducted on this in SSA. More 

specifically, a study is yet to be identified on 

how ICT affects the level of school enrolment 

in SSA. This is the gap this study tries to fill. 

 

Methodology 

 

This study is based on a knowledge economy 

framework that postulates that ICT is an 

enabler and the distribution platform for the 

dispersal of information. It sets the stage for 

the free flow of information that educates, 

improves the level of human capital and 

facilitates school enrolment (Chen and 

Dahlman, 2005; Kaynak and Arslan, 2012; 
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Asongu, 2013; Jiang, 2014). The model that captures this relationship is as follows:
 

�����_���	
���,�
= �� + �������_���	
���,�−� + ������,� + �����
_����,� + �����
	
�
	����,�
+ � ��!�,� + "�,� 

 

Where �����_���	
�� is measured by 

school enrolment, ��� is measured by real 

GDP, ���
_��� is measured by government 

expenditure on education and ��! is 

measured by the number of mobile 

subscriptions, the number of Internet 

subscriptions,  the number of telephone lines 

and the amount of Internet servers. Data for 

these were sourced from 2001 to 2012 for 32 

SSA countries from the World Development 

Indicators and the Worldwide Governance 

Indicators. 

 

This study employed the system generalized 

method of moments (SGMM) as an 

estimation technique. The purpose of this 

choice is to address the likely deficiencies 

that may arise if endogeneity and 

heterogeneity problems are not catered for. 

As postulated by Arellano and Bond (1991), 

Arellano and Bover (1995) and Blundell and 

Bond (1998), SGMM is one of the reliable 

techniques; and its reliability and efficiency 

is based on its ability to explain  

idiossyncratic time invariant country effects 

and cater for endogeneity among the 

variables.  
 

Results and Discussions 
 

The variables used to capture ICT in this 

study include the number of mobile 

subscriptions per 100 people, the number of 

Internet subscriptions per 100 people, the 

number of Internet users per 100 people, the 

number of telephone lines per 100 people 

and the number of Internet servers per one 

million people. 

 

This subsection is a presentation of the result 

of the impact of ICT on primary school 

enrolment in SSA. Table 5.1 clearly shows the 

result in five models numbered from 1 to 5. 

Model 1 validates the importance of income 

in determining the degree of school 

enrolment at the primary level as indicated 

by the statistical significance of Real GDP. 

However, the coefficient of the variable has a 

negative sign, thus, indicating that an inverse 

relationship exists between the variable and 

primary school enrolment. This relationship 

is consistent in all the five models in Table 

5.1. This is an indication that the value of 

economic output in SSA may not be a reason 

strong enough to encourage school 

enrolment at the primary level. This is 

contrary to theoretical expectation. This 

result could mean that the majority in SSA 

tend to see increase in economic output as an 

opportunity for wealth building rather that 

encouraging basic education. The non-

significance of Government Education 

Expenditure as a percentage of GDP for all the 

five models buttresses this concern. This 

result indicates that the portion of GDP the 

government expends on education hardly 

affects primary school enrolment. 

 

Model 1 in the table shows the importance of 

institutions in facilitating primary school 

enrolment. The result shows that an 

improvement in Regulatory Quality by 1 

percent increases primary school enrolment 

by 25 percent in SSA. Governments of SSA 

countries can therefore take advantage of 

this to regularize the transmission 

mechanism of how economic output will 

substantially trickle to affect basic education. 

Hence, it is not sufficient to make laws that 

basic education is compulsory as most SSA 

countries have done. Much more important is 

the implementation of such laws. This will 

help to minimize the abnormal use of 

children (for activities such as trading and 

trafficking) and in turn increase their 

attendance in schools to improve on their 

capabilities and secure their future. 

 

Mobile Subscription, Internet Subscription, 

Internet Servers and Telephone lines were not 

statistically significant, thus, indicating that 

availability and subscription of ICT in SSA 

have not substantially been instrumental in 

advancing basic education in SSA. These 

results also suggest that the availability and 

the subscription of ICT is not sufficient to 
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enable basic education; it has to be used. This 

is indicated by the positive relationship 

between Internet Users and primary school 

enrolment as shown in model 3 of Table 1. 

The result shows that an increase in the 

usage of Internet technology by 1 percent 

increases primary school enrolment by 13 

percent. Thus, ICT can be useful beyond its 

basic purpose. Policy makers in SSA can 

therefore promote the usage of ICT for 

educational purposes as well as the delivery 

of basic education. 
 

Table 1: Primary School Enrolment and ICT in SSA (SGMM Result) 
 

 Dependent Variable: Primary School Enrolment 

VARIABLES 1 2 3 4 5 

Primary School Enrolment (-1) 
-0.177 -0.226 -0.173 -0.601** -0.244 

(0.265) (0.397) (0.215) (0.270) (0.192) 

Real GDP 
-0.0701*** -0.0907*** -0.000539 -0.0511*** -0.0632*** 

(0.0117) (0.0265) (0.0356) (0.0133) (0.0195) 

Government Education Expenditure 
0.0654 0.186 -0.00882 0.379 0.133 

(0.242) (0.206) (0.0754) (0.280) (0.0966) 

Regulatory Quality 
0.247** 0.461 -0.0985 0.105 0.216** 

(0.106) (0.294) (0.195) (0.0958) (0.102) 

Mobile Subscription 
0.0284     

(0.0399)     

Internet Subscription 
 -0.0744    

 (0.0578)    

Internet Users 
  0.125***   

  (0.0482)   

Internet Servers 
   0.0157  

   (0.0239)  

Telephone lines 
    0.00641 

    (0.0190) 

AR(1) 0.142 0.272 0.896 1.000 0.199 

AR(2) 0.633 0.319 0.501 0.836 0.683 

Hansen (P-values) 0.215 0.159 0.189 0.551 0.255 

Observations 162 107 162 121 159 

Standard errors are in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

Table 1 is a presentation of the econometric 

results of examining the relationship 

between ICT and school enrolment at the 

secondary level. Model 1 of the table shows 

the significance of economic output to 

secondary school enrolment. However, an 

inverse relationship also exists between the 

two. This can be an indication that secondary 

education is yet to be inclusive in SSA and the 

majority is yet to benefit from it. This is a 

clear call for sound and qualitative 

regulations and institutions. The signs of the 

coefficients of Regulatory Quality are positive 

for all the models and the variable was 

statistically significant in models 1, 2 and 5. 

This buttresses the fact that institutional 

quality is vital in enabling school enrolment 

at the secondary level. Quality institutions 

will discourage misallocation and 

misappropriation of public funds and help to 

divert resources to productive sections such 

as education. 
 

The result clearly shows that ICT is 

instrumental in secondary education in SSA. 

For instance, an improvement in mobile 

subscription increases school enrolment by 

59 percent. This is not farfetched given that 

there is a higher degree of maturity and 

exposure for children within the secondary 

school age bracket, when compared to 

primary school children. Thus, they can 

engage mobile technology for learning and 

educational purposes. This will not only 

improve capabilities but increase the need to 
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enroll in school. Further, ICT can be engaged 

to deliver secondary education affordable as 

indicated in the result. This is an indication of 

the possibility that secondary school 

students can learn remotely while saving 

transportation costs. Moreover, secondary 

schools can save administration costs as well 

as costs on additional infrastructure via ICT. 

Model 2 of Table 2 shows that the use of the 

Internet advances the level of secondary 

school enrollment. Thus, as people use the 

Internet, they get more informed and 

enlightened. These inform them on the need 

for education and enrollment to further their 

studies and those of their children. 

 

Table 2: Secondary School Enrolment and ICT in SSA (SGMM Result) 
 

 Dependent Variable: Secondary School Enrolment 

VARIABLES 1 2 3 4 5 

Secondary School Enrolment (-1) 
-0.190*** 0.160 -0.198 -0.215*** -0.334*** 

(0.0716) (0.661) (0.164) (0.0702) (0.108) 

Real GDP 
-0.0619** -0.200 0.0645 -0.00893 -0.0140 

(0.0268) (0.130) (0.0765) (0.0425) (0.0426) 

Government Education Expenditure 
-0.186 1.388** 0.279 1.639*** 0.779*** 

(0.335) (0.675) (0.478) (0.407) (0.238) 

Regulatory Quality 
0.214* 1.590** -0.0102 0.195 0.230* 

(0.110) (0.727) (0.255) (0.134) (0.125) 

Mobile Subscription 
0.589***     

(0.0719)     

Internet Subscription 
 -0.0724    

 (0.133)    

Internet Users 
  0.426***   

  (0.0707)   

Internet Servers 
   0.248***  

   (0.0301)  

Telephone lines 
    0.210*** 

    (0.0347) 

AR(1) 0.223 0.187 0.305 0.891 0.738 

AR(2) 0.098 0.730 0.755 0.835 0.712 

Hansen (P-values) 0.309 0.458 0.266 0.997 0.914 

Observations 99 66 99 75 99 

Standard errors are in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

Models 3 and 5 of Table 3 reveal that there is 

a direct relationship between economic 

output and tertiary school enrolment in the 

SSA region. This is a clear indication that the 

level of human capital in an economy 

advances with the growth of that economy. 

Thus, education can be made more accessible 

as the wealth of the economy expands. The 

concern, however, is the inverse relationship 

between government education expenditure 

and tertiary school enrolment as depicted in 

models 1 and 5 in Table 3. Much more of the 

concern is the magnitude of the coefficients 

in models 1 and 5. This suggests that 

government education expenditure in SSA 

has a negative impact on tertiary school 

enrolment in SSA. This could mean that 

education at the tertiary level is hardly 

funded by the government and mostly 

funded from private pockets in SSA. The 

inverse relationship between regulatory 

quality and tertiary school enrolment, as 

indicated in models 3 and 5 of Table 3, is an 

indication that there are unfavourable 

regulations where tertiary school enrolment 

in SSA is concerned. Thus, there could be 

regulations that restrict substantive 

enrolment rate at the tertiary level. The case 
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of Nigeria, for instance, is that the majority of 

those enrolling into tertiary education 

institutions may have to write the JAMB 

entry level examination more than once 

despite that the examination is conducted 

once a year. 
 

All the ICT variables in Table 3 are 

statistically significant and their coefficients 

have the positive signs. This is a clear 

indication of the vital role ICT plays in 

enabling human capital and its development 

in SSA. An improvement in mobile 

subscription by 1 percent increases tertiary 

school enrolment by almost the same degree 

(0.937). This is a signal that subscribing to 

mobile technology and the use of mobile 

phones in SSA are becoming broad channels 

for educating and transferring information. A 

significant relationship also exists between 

Internet subscription and tertiary school 

enrolment. This explains the importance of 

ICT in enabling the delivery of education at 

the tertiary education level in SSA. Model 3 

shows that enrolment at the tertiary 

education level is enhanced as Internet 

technology is used. This is an insight into the 

fact that ICT infrastructure is relevant in 

promoting access to education in SSA. This is 

not farfetched given that ICT facilitates the 

delivery of basic and essential services such 

as education in ways that are accessible and 

affordable. Thus, locations in SSA where 

there are little or no institutes of higher 

learning, education can easily be delivered to 

them via ICT. Moreover, those seeking such 

education to improve their capabilities will 

save transportation costs required to attend 

distant physical learning centres. In addition, 

school proprietors will be able to save costs 

of addition services responsible for rising 

costs of education; costs covering elements 

such as the construction and maintenance of 

classrooms, administration of units, utilities, 

to mention a few. 

 

 

Table 3: Tertiary School Enrolment and ICT in SSA (SGMM Result) 
 

 Dependent Variable: Tertiary School Enrolment 

VARIABLES 1 2 3 4 5 

Tertiary School Enrolment (-1) 
-0.212 1.272 -0.0147 0.183 -0.533 

(0.612) (1.157) (0.477) (0.685) (0.516) 

Real GDP 
0.195 -0.105 0.278** 0.442 0.502*** 

(0.144) (0.325) (0.123) (0.449) (0.154) 

Government Education Expenditure 
-0.974* 1.841 -0.693 0.190 -1.219*** 

(0.527) (1.622) (0.659) (1.560) (0.325) 

Regulatory Quality 
-0.0638 0.241 -0.627** -0.853 -0.954** 

(0.213) (0.727) (0.315) (0.726) (0.443) 

Mobile Subscription 
0.937**     

(0.442)     

Internet Subscription 
 0.379***    

 (0.0849)    

Internet Users 
  0.829***   

  (0.106)   

Internet Servers 
   0.637***  

   (0.115)  

Telephone lines 
    0.571*** 

    (0.0547) 

AR(1) 0.344 0.409 0.987 0.718 0.432 

AR(2) 0.341 - 0.746 0.946 0.778 

Hansen (P-values) 0.378 0.811 0.548 0.344 0.769 

Observations 71 47 71 54 69 

Standard errors are in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Conclusion, Policy Implications and 

Recommendations 

 

ICT usage in SSA has been on the increase 

over the years, but when compared with 

other countries of the world, SSA countries 

still lag behind. Hence, there is a need to 

bridge the technology gap that exists in SSA. 

This is because ICT enables the delivery of 

education in ways that are more affordable 

and accessible than the conventional means. 

Leveraging on ICT will enable more people 

access education in SSA thereby leading to an 

increase in the level of human capital in 

achieving inclusive growth. 

 

Using panel data for 32 SSA countries that 

span from 2001 to 2012 with the system 

generalized method of moments (SGMM) 

technique of estimation, it was discovered 

that an inverse relationship exists between 

government expenditure on education and 

school enrolment, a proxy for human capital. 

It was also seen that a positive relationship 

exists between Internet usage and enrolment 

in primary, secondary and tertiary education. 

In addition, there is a clear indication that the 

level of human capital in an economy 

advances with the growth in that economy 

and ICT plays a vital role in enabling human 

capital development in SSA. 

 

Based on these findings, this study 

recommends that governments in SSA 

countries should not only make laws that 

make basic education compulsory, but 

should also focus on the implementation of 

such laws. This will minimize the increase of 

school enrolment, which improves 

capabilities and helps secure the future. 

Further, policy makers in SSA should 

encourage the usage of ICT for educational 

purposes as well as for the delivery of basic 

education. This can be done by making 

available adequate ICT infrastructure, 

particularly, secure Internet servers. This 

will increase the level of ICT usage and 

promote the delivery of services, such as 

education, via the infrastructure. In addition, 

policy makers in the region should make 

available other supporting infrastructure, 

such as electricity, to enable the usage of ICT 

and maximize it for the delivery of education. 
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