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ABSTRACT 

 

The need for an efficient, modern telecommunication sector is now regarded as crucial to economic growth in 

transition countries. Various studies have given conflicting findings on the relationship between economic 

growth and telecommunication. This calls for a thorough investigation on the role, relationship and, direction of 

causality between mobile telephone growth and economic growth. The objective was of the study was to 

determine the relationship between mobile teledensity and economic growth. To achieve the objectives, the 

study adopted the neoclassical growth model developed by Solow and Swan (1956).Using relevant diagnostic 

tests, Generalized Method of Moment (GMM) method of estimation was used on the panel data from 44 of Sub-

Saharan Africa countries (1988 to 2010), the study found out a two-way causality for mobile teledensity and 

economic growth. The study proposes that the respective governments of sub-Saharan countries should 

implement policies that enhance the development of the telecommunications sectors in their respective 

countries.  

 

Keywords:  

Penetration: Refers to the number of telephones per 100 inhabitants (people)  

Mobile Telephone (cellular) subscribers: Users of portable telephones subscribing to an automatic public 

telephone service which provides access to the Public Switch Telephone Network (PSTN) using 

cellular technology. 

Digital Divide: The lack of access to Information and Communication Technology. 

Teledensity: Index of numbers of telephone lines, indicating a measure of telephone availability expressed as the 

number of main lines per 100 inhabitants in a country. 

Mobile (cellular) Telephone service: Service provided by means of portable hand held radio communication 

devices that are linked to telephone exchange through other fixed radio-communication apparatus 

called Base Transmitter Stations (BTSs).  

3rd Generation (3G): is a generation of standards for mobile phones and mobile telecommunication services 

fulfilling specifications by International Telecommunication Union (ITU)  

Telecommunication infrastructure: Is the index of teledensity, index of numbers of telephone lines, indicating a 

measure of telephone availability expressed as the number of main lines per 100 inhabitants in a 

country. 

 

 

1. INTRODUCTION 

1.1. Telecommunication Infrastructure in Sub-Saharan Africa. 

Basic conventional telecommunications was first used in Africa during the pre-independence era by trading 

firms in West Africa. It is also believed that similar communication was available in Eastern Africa at around 

the same period. In Eastern Africa, a legal creation of a postal and telecommunication entity was made in 1893. 

Major development activities in this field, though, started in Africa in the 1960s (Aloo, 1988).  

 
African telecommunications sector changed significantly from late 1990s, the continent experienced a 

considerable development in the mobile telecommunication sector compared to the fixed line system where 

countries such as Nigeria, Uganda and Cote d’lvoire had more mobile telephony than fixed line (ITU, 2006). 

The development was as a result of technological revolution, development of wireless mobile 

telecommunication and economic reforms in Africa as from the early 1990s. 

http://www.businessjournalz.org/efr


Economics and Finance Review Vol. 4(01) pp. 01 – 16, December, 2014                        ISSN:  2047 - 0401 

Available online at http://www.businessjournalz.org/efr 

 

2 

In Africa, fixed line telephone services were often in the hands of government owned monopolies whereas the 

mobile telephone market was generally in private hands. In 93.3 percent of the economies in Africa, there were 

partial or full competitive systems and 83 percent had established a regulatory authority for telecommunications 

(ITU, 2007). By 2010 many African countries were approaching full universal access to all inhabited rural areas 

with a mobile signal. Countries with mobile rural coverage of over 90 percent include Comoros, Kenya, 

Malawi, Mauritius, Seychelles, South Africa, and Uganda. By the end of the year 2015 other countries in the 

process of increasing rural mobile coverage should have reached their goals (Enowbi, 2008). These countries  

include; Burundi, Cape Verde, Guinea, Namibia, Rwanda, Senegal, Swaziland and Togo, all of which have rural 

mobile population coverage rates above 50 percent. 

 

In order to create a competitive market between the different operators and allow customers benefit from the 

competition, it was important to institute an independent and regulatory authority which would oversee the 

smooth functioning of the telecommunication sector.About 83 percent of the African economies had established 

such an authority by the end of the year 2006. This was intended to regulate the telecommunications market and 

to create competition through lower prices, better quality of services and openness to innovation in a regulated 

telecommunications market. However, according to ITU (2008), the continent still lagged behind compared to 

other developing regions such as Asia and Latin America. Worldwide fixed line telephones were 1,270 million. 

Africa had less than 2 percent of these compared to 48 percent in Asian countries and Brazil alone (ITU, 2007). 

In general, the fixed line penetration was 3.1 per 100 inhabitants in Africa compared to 32.4 fixed line 

penetration per 100 inhabitants in America, 39.7 per 100 inhabitants in Europe and with a world average 

penetration rate of 19.5 per 100 inhabitants, which is six times higher than the penetration rate in Africa (ITU, 

2008). 

 

Figure 1.1 shows the distribution and the trend of telephone subscriptions across Africa for the period 2000-

2007.  

 

 
                    Figure 1.1  Mobile telephone subscriptions in Africa, 2000-2007 

                    Source: World Telecommunication/ICT indicators database (2008). 

 

Figure 1.1 shows that by the year 2007, Africa had 280 million total subscribers. Of these subscribers, 260 

million (over 85 percent) were mobile telephone subscribers. This meant that Africa was the continent with the 

highest ratio of total mobile telephone subscription in the world. In 2000, the total subscribers in Africa were 21 

million. This number grew to 50 million in 2003, 200 million in 2006 and 280 million in 2007. Regionally, Sub-

Saharan Africa had taken a larger share of subscriptions, especially from the year 2003 to 2007 (ITU, 2008). 

The growth in mobile telecommunication subscription is an indication of the vast investment in the 

telecommunication sector by various key players including the government and the private sector.  

 

1.2 Telecommunication and Economic Growth 

Introduction of new and advanced technology and new innovations in technology is making it possible for the 

world to turn into a global village.  The widely spread economic activities, both in real estate and commodities 

as well as in credit facilities, has been enhanced with the use of modern technology to communicate. This is a 

fact: that the world is rapidly moving towards an economic system based on the continuous and ubiquitous 

availability of information.(Waverman et al.,2001) 
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There has been a sustained growth in telecommunications sector as well as rapid progress in policy and 

technology development. The factors contributing to this include privatization, opening of markets to 

competition, and the establishment of telecommunication regulatory authorities at both regional and national 

levels. Globally, mobile telephony has continued to grow surpassing fixed telephony (ITU, 2006).The 

importance of mobile  telephone services from both an economic and a sociological perspective cannot be 

understated. Consumers have benefited enormously from mobile communication, and the industry has generated 

considerable wealth for shareholders in a relatively brief period of time (Zahra et al., 2008). Many consumers 

now view mobile  telephone services as essential to their daily lives, particularly as a growing number of 

innovative services that go well beyond voice communication become available. Moreover, rapid growth of 

mobile telephony has non-trivial positive spillover effects on the economy.  

 

An adequate supply of infrastructure services has long been viewed as a key ingredient for economic 

development, both in academic literature as noted by Aschauer (1989), as well as in the policy debate by World 

Bank (1994). Increasing attention has also been paid to the impact of infrastructure on poverty and inequality 

(Estache, Foster and Wodon, 2002; World Bank, 2003; 2006). While the empirical literature on these two topics 

is far from unanimous, on the whole, a consensus has emerged that under the right conditions, infrastructure 

development can play a major role in promoting growth and equality and, through both channels, reduce poverty 

(World Bank, 2003). 

 

In most dimensions of infrastructure performance, sub-Saharan Africa ranks at the bottom of all developing 

regions (World Bank, 2006). So the emphasis on infrastructure is hardly surprising. Some intrinsic features of 

Africa’s economies make the potential role of infrastructure for the region’s economic development more 

critical than elsewhere in the world. Evidence from sub-Saharan Africa suggests that economic recovery over 

time has been influenced by positive economic environment, either directly or indirectly by improvements in 

macroeconomic policies and structural reforms (Enowbi, 2008). Figure 1.2 shows the trend of economic growth 

and teledensity for Africa over the period between 1975 and 2005.    

 

 
            Figure 1.2 GDP and Teledensity Growth in Africa (1980-2004) 

            Source: International Telecommunication Union (ITU) Databases(2007) and World bank (2008).  

  

From figure 1.2, in the years between 1983 and 1988, there was increased growth in GDP while the rate of 

teledensity growth was on the decline. Between 1982 and 1995, both GDP growth and Teledensity growth rate  

changed but at different rates. The GDP growth dropped while teledensity continued to rise between year 2000 

and 2005. This inconsistent trend as observed by Enowbi (2008) cast doubt on whether telecommunication 

infrastructure growth aids economic growth. 

 

1.3 Statement of the problem 

The major contributor to economic growth in the World has been the agricultural sector, followed by the 

manufacturing and services sectors (World Bank, 2004). Globally, all these sectors have become competitive 

and a need arises for different countries to produce goods and services efficiently. The advent of 

telecommunication has led to ease in the flow of information from producers through different stages of 

production to the point where the goods or services reach the final consumer. Further, the advancement of 
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telecommunication services has led to a new market mechanism with low cost structure and expanded value 

chain of firms. This means that the telecommunication sector is indispensable for economic growth. A number 

of studies  have hypothesized that ICT (including telecommunication) infrastructure lowers both the fixed costs 

of acquiring information and the variable costs of participating in markets (Norton, 1992). As the ICT 

infrastructure improves, transactions costs reduce and output increases for firms in various sectors of the 

economy (Röller and Waverman, 2001). Thus, investment in ICT, including telecommunications infrastructure 

and their derived services, provides significant benefits to the economy. 

   

There are empirical investigations that have focused on how telecommunication infrastructure affects economic 

growth in the developed OECD economies, taking into account the two-way causation between them. Röller and 

Waverman (2001) and Waverman, Meschi and Fuss (2005), found that mobile telephony had a positive and 

significant impact on economic growth. Lei and Kingsley (2004) found a one-way causality between 

telecommunication and economic growth. Karner and Onyeji (2007) examined the contribution to economic 

growth by telecommunications investment and found it to be positive but not significant. From the trends 

indicated in figure 1.2 and from the work of Enowbi (2008), there is doubt as to whether growth in 

telecommunication causes economic growth.  

 

While these  studies attested to the fact that telecommunications infrastructure investment has correlation with 

economic, few studies have investigated the role that telecommunication specifically has played  in economic 

growth in Africa and in particular  sub- Saharan Africa, especially where a disproportionate rate of growth of 

mobile telecommunication is juxtaposed to the level of landline telephony. There is therefore need to investigate 

the role played by mobile telephone in economic growth. The purpose of this study was to investigate the 

relationship between mobile telephone and economic growth in sub-Saharan Africa.  

1.4 Research Questions  

What is the relationship between mobile teledensity and economic   growth in sub-Saharan Africa? 

1.5  Objectives of the study 

The general objective of this study was to analyze the relationship between mobile telephone and economic 

growth in sub-Saharan Africa. 

 

2. LITERATURE REVIEW 

The Neo-Classical growth model was developed by Solow (1956) and Swan (1956). The model according to 

Romer (2006) focuses on four variables; output (Y), capital (K), labour (L), and knowledge or the effectiveness 

of labour (A). At any time the economy has some amounts of capital, labour and knowledge, and these are 

combined to produce output. The production function takes the form  

𝑌(𝑡) = 𝐹(𝐾(𝑡), 𝐴(𝑡), 𝐿(𝑡))…………………………………………….(2.1) 

 

Where t denotes time  

 

The central assumptions of the model are based on  the properties of the production function and include the 

following; constant returns to scale, the production function combines labour and capital with diminishing 

returns, savings are a fixed fraction of output, and technology improves at an exogenous rate. 

 

According to the Neo-Classical theory, if land is held fixed, growth takes place in three ways: increase in labour 

supply, increase in capital stock and increase in productivity (Romer, 2006). If more people take part in a 

country’s production, either through migration or joining of a labour force by people who were not initially part 

of it, there is increase in labour supply.  Capital increase can be divided into two parts, that is, increase in 

physical and human capital. Physical capital increases output because it enhances the production of labour and 

provides valuable services directly. A productive increase can be said to take place when there is investment in 

equipment like computers and machinery which may reduce labour hours. 

 

Human capital promotes economic growth because people with skills are more productive than those without 

them. Investment in human capital is made through education and job training. Productivity increment is the rise 

in output that can be explained by increase in inputs of  labour and capital. Productivity of input can be affected 

through a number of factors. These include first, financing or supplying directly to those investments that the 

private sector would not supply in adequate quantities. Second, efficiently supplying certain basic public 

services that are necessary for entrepreneur activity and  third, long-term investment and financing its own 

activities in the manner that minimizes distortions to private sector savings and investment decision and to 

economic activities more generally (Burda and Wyplosza, 2001). Within this framework, government 
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expenditure in principle could impact growth by affecting capital and/or labor, as well as by the generation 

and/or assimilation of technological progress reflected in total factor productivity (TFP). 

 

Following Age’nor (2005), the model is extended to account for other externalities associated with 

telecommunication infrastructure; Output (Y) is produced with private physical capital (Kp) and public 

infrastructure services (GI), consisting of spending on roads, power plants and telecommunication infrastructure 

among others. This extension of the neo-classical model and introduction of telecommunication infrastructure 

has been supported by Levine and Renelt (1992), Mankiw et al., (1992), Barro and Sala-i-Martin (2003) and 

Waverman, Meschi and Fuss (2005). To fully internalize the long run effects of telecommunication 

infrastructure on economic growth, the endogenous growth theory is important. The endogenous growth theory 

elaborates the Neo-classical theory which forms the basis of the study. 

 

3. METHODOLOGY 

This study used the neoclassical model developed by Solow and Swan (1956). The Solow model focuses on four 

variables: output (Y), capital (K), Labour (L) and Knowledge or the effectiveness of labour (A). At any time, the 

economy has some amounts of capital, labour, and knowledge, and these are combined to produce   output. The 

production function takes the form   as shown in equation 3.1 

 𝑌(𝑡) = 𝐹(𝐾(𝑡), 𝐴(𝑡), 𝐿(𝑡))…………………………………………... (3.1) 

 

where t denotes time 

The technology does not enter the model directly, but only through K, L, and A. That is output changes over 

time only if the inputs to production change. In particular, the amount of output obtained from given quantities 

of capital and labour rises over time. There is technological progress only if the amount of knowledge increases. 

 

Notice also that A and L enter multiplicatively. AL is referred to as effective labour, also known as labour-

augmenting or Harrod-neutral. The central assumption of the Solow model concerns the properties of the 

production function and the evolution of the three inputs into production over time. The model is set in 

continuous time and the initial levels of capital, labour, and knowledge are taken as given. Labour and 

knowledge grow at constant rates as shown in equation3.2. 

 

�̇�(𝑡) = 𝑛𝐿(𝑡)……..………..…………………………………………………. (3.2) 

�̇�(𝑡) = 𝑔𝐴(𝑡)………………………………………………………………… (3.3) 

Where 𝑛  and 𝑔 are exogenous parameters and where a dot over a variable denotes a derivative with respect 

time. 

The growth rate of a variable refers to its proportional rate of change which is represented as  
�̇�(𝑡)

 𝑋(𝑡)
 , thus 

equation (3.2) implies that the growth rate of L is constant and equal to  𝑛, and equation (3.3) implies that A’s 

growth rate is constant and equal to 𝑔. Applying the result that a variable’s growth rate equals the rate of change 

of its log to equations (3.2) and (3.3) shows that the rates of change of the logs of L and A are constant and that 

they are 𝑛 and 𝑔, respectively. Thus  

 ln 𝐿(𝑡) = [𝑙𝑛𝐿(0)] + 𝑛𝑡………………………………………………….…. (3.4) 

 𝑙𝑛𝐴(𝑡) = [𝑙𝑛𝐴(0)] + 𝑔𝑡……………………………………………….……. (3.5)  

Where L(0) and A(0) are the values of L and A at time 0. Exponentiation both sides of the equation gives: 

 𝐿(𝑡) = 𝐿(0)𝑒𝑛𝑡…………………………………..…………………………. (3.6) 

 𝐴(𝑡) = 𝐴(0)𝑒𝑔𝑡………………...………………..…………………………. (3.7) 

Thus the assumption is that both L and A grow exponentially.  
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Output is divided between consumption and investment. The fraction of output devoted to investment, s, is 

exogenous and constant. One unit of output devoted to investment yields one unit of new capital. In addition, 

existing capital depreciates at rate  𝛿 thus:  

�̇�(𝑡) =  𝑠𝑌(𝑡) − 𝛿𝐾(𝑡)…………………….…………………………. (3.8) 

Because the economy may be growing over time, it turns out that it is easier to focus on the capital stock per 

unit of effective labour, k, than on the unadjusted capital stock, K. 

Since 𝑘 = 𝐾
𝐴𝐿⁄ , then  using chain rule the equation becomes 

 �̇�(𝑡) =  
�̇�(𝑡)

𝐴(𝑡)𝐿(𝑡)
−

𝐾(𝑡)

[𝐴(𝑡)𝐿(𝑡)]2 [𝐴(𝑡)�̇�(𝑡) + 𝐿(𝑡)𝐴̇ (𝑡)] ………..………………. (3.9) 

 𝐾
𝐴𝐿⁄  is the same as  𝑘. From equation (3.2) and (3.3),  �̇� 𝐿⁄  and,  �̇� 𝐴 ⁄  are 𝑛 and 𝑔, respectively. �̇� is given by 

equation (3.8). Substituting these facts into equation (3.9) yields 

 �̇�(𝑡) =  
𝑠𝑌(𝑡)−𝛿𝐾(𝑡)

𝐴(𝑡)𝐿(𝑡)
−  𝑘(𝑡)𝑛 − 𝑘(𝑡)𝑔   which  simplifies to  

 �̇�(𝑡) =  
𝑠𝑌(𝑡)

𝐴(𝑡)𝐿(𝑡)
 – 𝛿𝑘(𝑡) −  𝑛𝑘(𝑡) − 𝑔𝑘(𝑡) …………….………………… (3.10a)  

Using the fact that 𝑌 𝐴𝐿⁄  is given by 𝑓(𝑘), the equation thus becomes    

 �̇�(𝑡) =  𝑠𝑓(𝑘(𝑡)) – 𝛿𝑘(𝑡) −  𝑛𝑘(𝑡) − 𝑔𝑘(𝑡)…………………………… (3.10b) 

Where, s denotes the propensity to save, 𝑛 > 0 the exogenous rate of population growth and  𝛿 the rate of 

depreciation of physical capital and 𝑔 is the growth rate in technology. The model implies that countries with 

similar production technologies as well as comparable savings and the population growth rates should converge 

to similar steady state levels of per capita income. This convergence property means that poor countries starting 

with relatively low standard of living and a lower capital/labour ratio will grow faster during transition as they 

catch up with rich countries. Intuitively according to Agenor (2005), convergence occurs because, with 

diminishing marginal returns, each increment in capital stock generates large additions to output when the 

capital stock is initially small.  

According to Romer (2006), the neoclassical growth model led to “Sources of Growth” approach, a popular 

empirical methodology aimed at analyzing the determinants of changes in output. Considering equation 3.1 the 

study assumed that production function included labour-augmenting technological progress, and that the 

technology term 𝑇(𝑡), grows at constant rate 𝑥. Thus the condition for the change in the capital stock is: 

�̇� = 𝑠. 𝐹[𝐾, 𝐿. 𝑇(𝑡)] −  𝛿𝐾  ………………………….………………………(3.11) 

Dividing equation 3.11 by 𝐿 an expression for the change in time in k overtime becomes: 

�̇� = 𝑠. 𝐹[𝑘, 𝑇(𝑡)] − (𝑛 + 𝛿). 𝑘  ……………………………….……………(3.12) 

To compute per capita growth rate equation (3.12) is divided by 𝑘 to yield  

�̇� 𝑘⁄ = 𝑠. 𝐹[𝑘, 𝑇(𝑡)]/𝑘 − (𝑛 + 𝛿)  …………………………………………(3.13) 

Since s, 𝑛 and 𝛿 are  constants, equation (3.13) implies that the average product of capital, 𝐹[𝑘, 𝑇(𝑡)]/𝑘, is 

constant in the steady state. Because of constant returns to scale, the expression for average product equals 

𝐹[1, 𝑇(𝑡)/𝑘] and is therefore constant only if  𝑘 and 𝑇(𝑡) grow at the same rate. The output per capita is given 

by:  

𝑦 = 𝐹[𝑘, 𝑇(𝑡)] = 𝑘. 𝐹[1, 𝑇(𝑡)/𝑘] …………………………………… (3.14) 

The variable  𝑘 is the quantity of capital per unit of effective labor and  𝑦 is the quantity of output per unit of 

effective labour. Taking that technology T (t) grows at the rate 𝑥  the dynamic equation for k becomes  
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�̇� 𝑘⁄ = 𝑠. 𝑓(𝑘)/𝑘 − (𝑥 + 𝑛 + 𝛿) …………….……………………..… (3.15) 

The technology incorporated is assumed to be as a result of investment in telecommunication infrastructure. 

 

3.1 The Empirical Model  

This study focused on investigating the relationship between telecommunication infrastructure and economic 

growth using panel data. Roller and Waverman  (2001), indicated that when fixed effects are ignored in the 

model the importance of telecommunications in explaining productivity was too large to be true. Two step 

GMM dynamic panel model developed by Arellano and Bover (1995) and Blundell and Bond (1998) was used 

to analyze the telecommunication development effect on economic growth.  

 

The study estimated the growth equation for each country by following the cross section growth framework of 

Barro (1991) and Levine and Renelt (1992)  to examine the determinants of growth. To test conditional 

convergence hypothesis given by Solow and Swan (1956) and then endogenous growth theory, a Solow-

equation was used to show a set of variables reflecting differences in the steady–state equilibrium. The growth 

analysis was based on a pooled data set of cross country and time series observation of sub-Saharan countries 

over the period 1988-2010. The study further investigated the role of mobile telephone on economic growth and   

other variables stated in literature review. 

 

3.1.1 Model Specification  

To investigate the relationship between   mobile and economic growth, the study considered equation 3.14 and 

extended the equation to account for other externalities associated with output growth. Output growth is 

contributed by effective amount of labour (𝐿. 𝑇(𝑡)). The study assumes that mobile telephone services 

contribute to the efficiency in labour. The telecommunication infrastructure is represented by mobile teledensity. 

 

Using equation 3.14 where the growth rate is a function of capital growth (�̇�) and    technological progress 

𝑇(𝑡), the externalities stated in literature review and specifically by Barro (1991), Mankind et al. (1992) and 

Norton (1992) were incorporated and thus the equation was `generally stated  as: 

�̇� = 𝑓(𝐼, 𝐺𝑐 , 𝑀𝑇 , 𝐹𝐷 , 𝑂𝐹)…………………..…………………………… (3.16) 

 

Where �̇� =
𝑑𝑌

𝑌 
  is the economic growth rate, I gross domestic investment as a share of GDP, 𝐺𝑐  government 

consumption of goods and services as a share of GDP, 𝑀𝑇 number of mobile subscribers per 100 people, 𝑂𝐹  

country’s volume of trade (measured degree of openness) and 𝐹𝐷is the amount of investment from abroad. 

 

To capture the effects of mobile and telecommunications over time, a dummy  variable Dy , was added to the 

above specification so that: 

�̇� = 𝑓(𝛼𝑖 , 𝜂𝑡 , 𝑛, 𝐼, 𝐺𝑐 , 𝑀𝑇 , 𝐹𝐷, 𝑂𝐹 , 𝐷𝑦 )………………………………… (3.17) 

 

Where 𝛼𝑖  represents a country’s specific parameters, 𝜂𝑡 a country’s specific time parameters, and 𝑛  represent 

population growth rate of specific countries. 

 

To determine how the interaction between mobile teledensity affect the economic growth, the study used 

equation 3.14 and 3.15. The two equations showed that there was more than one way causality. Traditionally, 

equation 3.14 and 3.15 would have required structural model and identification, but instead the study followed 

Sims (1972) who argued that the model can be specified as follows 

 

𝑔𝑖𝑡 = 𝛼1 + ∑ 𝑎𝑚𝑇𝑖,𝑡−𝑚 + ∑ 𝑐𝑚𝑔𝑖,𝑡−𝑚  + 𝜐𝑖𝑡 … … … … … … … … . . . (3.18)

𝑀

𝑚=1

𝑀

𝑚=1

 

𝑇𝑖𝑡 =  𝛼2 + ∑ 𝑏𝑧𝑔𝑖,𝑡−𝑧 + ∑ 𝑑𝑧𝑇𝑖,𝑡−𝑧 + 𝑒𝑖𝑡 … … … … . … … … … … … . . (3.19)

𝑁

𝑧=1

𝑁

𝑧=1

 

 

𝑔𝑖𝑡 and 𝑇𝑖𝑡  refer to lagged real GDP and lagged  teledensity, while m and z indicate the levels of lags for these 

two variables. i represents the countries in the sample and t represents the time periods. The error terms are 

represented by  𝜐𝑖𝑡𝑎𝑛𝑑    𝑒𝑖𝑡   
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3.1.2 Estimation Techniques  

It was not possible to directly estimate this equation using Ordinary Least Squares (OLS) technique, thus this 

prompted the use of dynamic panel data model following Islam (1995). The model is more appropriate in taking 

into account the correlation between subsequent values of growth, besides accounting for separate country 

effects. A panel data regression in general known as dynamic  panel data model, has the function stated as 

 

�̇�𝑖𝑡 = 𝛼𝑖 + 𝑋𝑖𝑡
′ 𝛽 + 𝜇𝑖𝑡 ………………………………………………… (3.20) 

 

i=1, 2… N; t =1, 2…T    

 

With i denoting individual, countries and t denoting time. The subscript i, therefore, denotes the cross section 

dimension where t denotes the time series dimension, 𝛼 is a scalar, 𝛽 is a K×1 and Xit  is the ith observation on K 

explanatory variables. 

 

According to Pasha, Aslam and Abdullah (2007) in different economic relationships, the regressand depends not 

only on the pure exogenous variables as stated in the literature review, but also on its own lag values. The 

dynamic panel data model allows observing these dynamics of adjustment.  The functional form for dynamic 

panel data model is expressed as 

 

�̇�𝑖𝑡 = 𝛼 + 𝛿𝑦𝑖,𝑡−1 + 𝑋𝑖𝑡
′ 𝛽 + 𝜇𝑖𝑡 …………………………………………… (3.21) 

 

Where  𝛼 and 𝛿 are scalars,  𝛽 is a K×1 and 𝑋𝑖𝑡
′

  is the ith observation on K explanatory variables. The  𝑋𝑖𝑡
′  is 

expressed as  

 

𝑋𝑖𝑡
′ = [𝐼, 𝐺𝑐 , 𝑀𝑇 , 𝑛, 𝐹𝐷,𝑂, 𝐷𝑦]………………………………………….(3.22) 

 

Where 𝐼 is the investment, 𝐺𝑐 is the share of government consumption, 𝑀𝑇  is the mobile teledensity,  𝐹𝐷  is the 

foreign direct investment, n  is the population growth rate , O is the openness of the economy and 𝐷𝑦   is the 

dummy. 

 

Estimating equation (3.18) and (3.19) with OLS could be problematic due to inclusion of the lagged dependent 

variable as a regressor, because  𝑔𝑖𝑡 and 𝑀𝑇   are a function of the unobserved country specific effects. The 

correlation of a regressor with individual effects, may lead to biased and inconsistent OLS estimates. To deal 

with this problem Generalised Method of Moments (GMM) was used as suggested in Arellano and Bond 

(1991). The general idea was to use lags of the dependent and independent variables in each of the equations as 

instruments for lagged dependent variables. 

 

The study applied the dynamic panel data model to the complete data set based on the country’s per capita GDP. 

 

3.2 Definition and Measurement of Variables  

Economic growth (g) was the average annual growth rate of real GDP per capita. It was measured by change in 

GDP at constant prices and presented in percentage form. 

Investment (I) measures the share of fixed investment of the previous year in current GDP. It was measured in 

percentage. 

Share of Government Consumption (GC) was measured as the ratio of government purchases to GDP. It was 

expressed as a percentage.  

Population Growth rate (n) refers to the change in population over a time period. It was expressed as a 

percentage of the number of individuals in the population of a given country at the beginning of that 

period. 

Mobile Teledensity (MT) was the number of mobile telephone subscribers per 100 people. 

 Openness (O) was the share of trade in GDP (trade/GDP). It is used as a proxy for the level of openness of the 

economy. 

Foreign Direct Investment (FD)   was the amount of investment from abroad as a share of GDP. 

Dummy (Dy) was the dummy variable that represented the two periods; 1988-2000 and 2001-2010, 1 if the 

period was 1988-2000, and zero otherwise. The dummy captured the impact of mobile teledensity in 

the period 1988-2000 and 2001 -2010 on economic growth.  
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3.3 Data Type and Sources 

This study used balanced panel data to address the study objective. According to Cameron and Trivendi (2005), 

the panel data approach has the advantage as it makes the sample size large, which provides a good basis for 

obtaining more precise estimates. It can also facilitate analysis of common dynamic trends; help solve omitted 

variable and measure individual heterogeneity. The study used published data for the sub-Saharan countries over 

the period 1988 to 2010.  

 

3.4  Stationarity Analysis 

Panel unit root test was conducted to investigate whether there were any variables in the model that were non-

stationary. The Im-Pesaran-Shin (IPS) panel unit root was performed. The IPS estimates the t-test for unit roots 

in heterogeneous panels (Wicks-Lim, 2005). All variables were stationary at levels, except population growth 

rate and foreign direct investment which were only stationary at first difference (see appendixA.1). Population 

growth rate which was non-stationary at level became stationary at first difference for constant and constant plus 

time trend. The presence of trend showed that all the variables involved changed naturally with time.  

 

For all series, the null hypothesis of unit root test was rejected at either 1percent or 5 percent level of 

significance. Hence, based on IPS test, there was strong evidence that all the series were in fact integrated of 

order zero with the exception of foreign direct investment which became integrated at order one. Considering 

the various statistical tests that have been conducted, the model satisfies the key assumptions of GMM 

estimation and  is therefore an appropriate statistical generating mechanism. Moreover, the study applied the 

two-step estimator required to obtain the robust Sargan test, i.e., the (robust) Hansen J-test, which are not 

available in one-step estimation. 

 

3.5 Diagnostic tests  

The validity of the obtained results in two step GMM depends on the statistical diagnostics. Compared to the 

OLS model, two-step GMM does not assume normality and it allows for heteroskedasticity in the data. Dynamic 

panel models are known for having  a common problem with the heteroskedasticity of data, which can be 

controlled (Baltagi, 2008). Accordingly, robust standard errors consistent in the presence of heteroskedasticity 

and autocorrelation within the panel were reported ( see tables 4.2 and  4.3). 

 

The study reported two-step estimates that yield theoretically robust results.  The GMM approach assumes 

linearity and that the disturbance terms were not auto-correlated, or in other words the applied instruments in the 

model were exogenous. Consequently, an important procedure in testing the statistical properties of this model 

was testing for the validity of instruments, which required testing for the presence of first and, in particular, 

second-order autocorrelation in the error term. 

 

The AR (1) and AR (2) tests of first and second-order serial correlation in the first differenced residuals reported 

their p-values statistics. The p-values as shown in the tables 4.2 to 4.7 gave the probability of correctly rejecting 

the null hypothesis of no autocorrelation. It is required that the AR (1) tests of first-order autocorrelation rejects 

the null while the test for second-order autocorrelation fails to reject the null hypothesis of no autocorrelation 

(Arellano and Bond, 1991; 1998). Therefore, the system GMM estimator is consistent only when second-order 

correlation is not significant although first-order correlation need not be zero. 

 

3.6  Data Analysis 

The study objective which sought to determine the relationship between  Mobile teledensity and economic 

growth was achieved by estimating equation 3.18 and 3.19, and interpreting the coefficient of the variables. This 

study used dynamic panel data model to analyze the relationship between economic growth and 

telecommunication infrastructure. Gujarati (2004 ) and Cameron and Trivedi (2005) asserted  that in many 

econometric applications, the whole reason of using panel data  is to allow the unobserved  to be correlated with 

the explanatory variables. Horowitz and Lee (2002), however, argued that standard methods of estimating 

empirical models in economics rely on strong assumptions about functional forms and distribution of 

unobserved random variables. Aslam, Pasha and Abdulla (2007) noted that in different economic relationships, 

the regressand depends not only on the pure exogenous variables, but also on its own lags.  

 

4. EMPIRICAL FINDINGS 

4.1  Descriptive Statistics  

Table 4.1 reports the descriptive statistics of the main variables for the sample of 44 countries between 1988 and 

2010. 
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Table 4.1 Descriptive statistics  

Source: Constructed from the study data 

 

From the results shown in table 4.1 it is noted that the average growth rate for all sample countries over the 

study period is 1.374percent, ranging from a minimum of -9.485   percent to a maximum of 10.655 percent. It 

can  also be noted that, on average, the population growth rate was 2.47 percent over the study period. The total 

trade amounted to an average of 20.100 percent of GDP over the study period ranging from a minimum of 1.7 

percent of GDP to a maximum of 62.412 percent. Further, there was a wide variation in the government 

spending and investment of the sample countries. From 1988 to late 1990’s, the share of government spending 

and investment as a share of GDP were relatively high and specifically for the small countries. Examples 

include Lesotho, Equatorial Guinea and Seychelles. These countries had an average of 57.6 percent and 67.78 

percent of government spending and investment respectively. The rest of the countries had an average of 26.65 

percent and 21.20 percent. It’s important to note that the relative share of government spending and investment 

declined for all countries in the year 2000-2010.  

 

Average mobile teledensity for the sample countries over the study period was 5.1 percent, ranging from a 

minimum of 0 percent to a maximum of 29.7 percent. The mobile teledensity in the late 1980s and the 1990s 

was below 1 mobile telephone per one hundred inhabitants. This was attributed to the fact that it was around this 

time that policies were being put in place in many of the sub Saharan countries to make mobile telephones 

affordable. Over the years, there has been tremendous mobile teledensity growth in many countries (Datta and 

Agarwal, 2004). It was apparent that there had been some notable growth in the telecommunication sector. 

Equally, there has been some progression in terms of other macroeconomic variables considered in this study. 

 

The Hansen J-statistic tested the null hypothesis of correct model specification and valid over the identifying 

restrictions, i.e. validity of instruments (Baum, 2006). The rejection of the null hypothesis means that 

assumptions are questionable. Baum (2006) argued that the Hansen J- test is the most commonly used 

diagnostic test in GMM estimation for assessment of the suitability of the model. The Hansen test of over 

identifying restrictions does not reject the null at any conventional level of significance (see Table 4.2 to 4.3). 

Hence, it is an indication that the models estimated have valid instrumentations.        

4.2  Mobile Teledensity and Economic Growth 

The study employed two step GMM dynamic panel developed by Arellano and Bover (1995) and Blundell and 

Bond (1998).  The estimated model was for the period 1988-2010 and covered the full set of all countries in sub 

Saharan Africa. 

 

The estimation was done by regressing economic growth rate against its lag, foreign direct investment, 

investment, openness to trade, population growth, share of government consumption, mobile teledensity and a 

dummy. The dummy was introduced to represent the two periods; 1988 - 2000 and 2001 - 2010. The first period 

1988 - 2000 was synonymous with landline telephones. During this period mobile telephony penetration was 

quite low (below 1 mobile telephone out of every 100 inhabitants). The later period showed a robust mobile 

teledensity growth. For notation the dummy variable was equal to one (1) if 1988-2000 and zero (0) otherwise.   

Table 4.2  shows the results of a two step difference GMM estimation results 

 

 

 

 

 

Variable Mean Standard 

Deviation 

Minimum Maximum 

 

Economic  growth 1.374 6.184 -9.485 10.655 

Foreign  Direct investment  2.37e+08 7.35e+08 -1.30e+09 9.94e+09 

Share of Government Spending  26.654 11.301 5.82 82.081 

Investment  21.202 11.764 2.06 64.308 

Trade openness  20.100 13.709 1.7 62.412 

Population  growth rate  2.474 1.113 -7.533 9.770 
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Table 4.2 Two Step Difference GMM Estimation Results 

 

Note: **, *** denotes rejection of the hypothesis at  5%, and 1% significant level 

Source: Constructed from the estimation results 

 

Table 4.2 shows the results when the economic growth is the dependent variable. The independent variables 

include mobile teledensity, foreign direct investment, investment, population growth rate trade openness and a 

dummy.  

 

The coefficient of mobile teledensity was found to be positively correlated with the economic growth rate and 

the estimated coefficient was statistically different from zero at 5 percent. The significance of the coefficient for 

mobile teledensity shows that economic growth is enhanced where mobile teledensity is increased. However, 

the impact of mobile telecommunication was much less as compared with the lagged investment. The 

population growth rate coefficient was positive and significant at the 5 percent level. This shows that population 

growth rate registered a significant contribution to economic growth, An increase in population creates  demand 

for goods and services, leading to increased output.  

 

Though the coefficient of investment in the same period was not significantly different from zero, that of the lag 

of the investment was positive and significant at 5 percent. This implies that the growth of the economy depends 

on the investment made in the previous period as opposed to the current period. Therefore, past investment 

enhances increased economic growth in future.The coefficient of the current share of government expenditure 

was not an important determinant of the current economic growth. This was true when lagged by one period 

though contrary to the expectations. These findings imply that government expenditure was no longer a 

significant factor in promoting country’s economic growth in sub Saharan Africa. These findings were 

consistent with the study conducted by Lee (2007).   

Dependent variable :Economic Growth  

Independent variable  Coefficient  Standard Error  P>║z║ 

Lagged economic growth  -0.1050 0.1176 0.372 

Foreign direct investment  -4.10e-10    1.42e-09 0.773 

 

Share of government expenditure  

0.0165    0.1316 0.900 

First lag of share  of  the government 

expenditure 

-0.2016    0.2368 0.141 

Population growth rate  1.7957**    0.7772 0.021 

Mobile Teledensity  0.0449**  0.0193   0.020 

First lag of  mobile teledensity -0.0301**   0.0166 0.041 

Investment  0.0340 0.0485 0.484 

  First lag of Investment  0.3001**   0.1559 0.044 

 Dummy capturing theimpact  of  

mobile teledensity  

-3.2978***    1.2707 0.009 

 Trade Openness  0.1298 **   0.0605 0.019 

Constant  -0.4154    1.8542 0.823 

No. of observations 1012 

No. of groups(countries) 44 

Arellano-Bond test for AR(1) in first differences  

Ho :There is no first-order serial correlation in residuals  

z = -2.7667 

Pr>z = 0.0057 

Arellano-Bond test for AR(2) in first differences  

Ho: There is no second-order serial correlation in residuals 

z = 1.0877 

Pr>z = 0.2767 

Hansen J-test of Over identification 

Ho: Model specification is correct and all over identifying restrictions are correct. 

Chi2(14) = 122.59 

Prob> Chi2= 0.234 
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The coefficient of the lagged economic growth was not significantly different from zero. The coefficient of the 

share of trade in GDP was positive and significant. Since the variable was used as proxy, the results show that 

countries with greater global interaction achieve a higher economic growth. Hence increased trade was a key 

component to economic growth. 

 

The dummy capturing the effect of mobile teledensity in the period 1988-2000 and 2001-2010 in the regression 

had a negative coefficient which was significant at 1 percent level. The results imply that the contribution to 

economic growth by mobile teledensity was stronger in the second period. This period was characterized by a 

high level of mobile telephone penetration in sub-Saharan African countries compared to landline telephone 

penetration. This finding was consistent with the fact that cellular telephone technology was relatively easy to 

fund.  As a result mobile telephone penetrations had increased due to affordable handsets and competitive 

mobile telecommunications markets in the region. The  impact on economic growth by mobile telephone 

penetration was more pronounced when landline telephone expansion was low.  

 

4.2 Mobile Teledensity Equation  

Table 4.3 presents the results of estimation of mobile teledensity against its lag, economic growth rate, foreign 

direct investment, investment, openness to trade, population growth, share of government consumption and a 

dummy capturing  the impact of economic growth in the period 1988-2000 and 2001-2010 on mobile 

telecommunication infrastructure.  

 

Table 4.3 Two-Step Difference GMM Estimation Results 
 

Note: **, *** denotes rejection of the hypothesis at  5%, and 1% significant level  

Source: Constructed from the estimation results 

Dependent variable: Mobile teledensity   

Independent variable  Coefficient  Standard 

Error  

P>║z║ 

Lagged  mobileTeledensity   0.7703***    0.0804 0.000 

Foreign direct investment  2.78e-09**    2.44e-09 0.011 

Share of government expenditure  0.0456   0.0934 0.625 

 First lag(Share of  government 

expenditure)  

0.0741    0.0828 0.371 

Population growth rate  2.0660**    1.3137 0.016 

Economic growth 0.1714**    0.0935     0.047 

First lag of economic growth  0.0364    0.0628 0.562 

Investment  -0.1484    0.1518 0.328 

 First lag of investment  0.2293   0.1548 0.139 

Dummy capturing the impact of economic 

growth on mobile telecommunication 

infrastructure  

-7.7461***    2.0230 0.000 

 Trade Openness 0.2511**   0.1459 0.035 

Constant 0.1224      2.1786 0.955 

No. of observations 1012 

No. of groups (countries) 44 

Arellano-Bond test for AR(1) in first differences  

Ho :There is no first-order serial correlation in residuals  

z = -1.1412 

Pr> z = 0.2538 

Arellano-Bond test for AR(2) in first differences  

Ho: There is no second-order serial correlation in 

residuals 

z = -0.09714 

Pr> z = 0.9226 

Hansen J-test of Over identification 

Ho: Model specification is correct and all over identifying 

restrictions are correct. 

Chi2(14) = 2771.60 

Prob> Chi2= 0.456 

http://www.businessjournalz.org/efr


Economics and Finance Review Vol. 4(01) pp. 01 – 16, December, 2014                        ISSN:  2047 - 0401 

Available online at http://www.businessjournalz.org/efr 

 

13 

In the regression the coefficient of economic growth was found to be positive and significant at 5 percent level. 

The coefficient of the lagged mobile teledensity was positive and significant. The positive sign of the coefficient 

implies that a growth in teledensity depends on the teledensity growth from the previous period. This implied 

that people build on their past experience to participate more in the future. Foreign direct investment coefficient 

was positive and significant. This implies that increased foreign investments made in the sub-Saharan African 

countries contribute to growth of mobile teledensity. The teledensity had been dominated by foreign investors. It 

may also imply that capital requirement was huge hence only major investors could compete. Population growth 

rate coefficient was positive and significant at the 5 percent level. This implied that an increase in population 

means an increase in demand for mobile telephone services. The need for the services had created the need for 

expanded mobile telecommunication infrastructure.  
 

Investment which was represented as a share of GDP had a negative coefficient that was not significantly 

different from zero. The investment during the same period was not an important determinant of mobile 

teledensity growth. The first lag of investment coefficient was positive and insignificant.The insignificance of 

the coefficient showed that investment plays no role in the determination of growth of mobile teledensity in sub-

Saharan Africa. The coefficient of trade openness was positive and significant. The results showed that the trade 

acted as a major contributor to growth in mobile teledensity. The coefficient of government expenditure and its 

lag were positive but insignificant. Government spending did not play any significant role in the growth of 

mobile teledensity.  
 

The coefficient of the dummy capturing the impact of economic growth in the period 1988-2000 and 2001-2010 

on mobile telecommunication infrastructure was negative and significant at 1 percent level. This implied that the 

impact of economic growth on mobile teledensity was stronger in the period 2001-2010. This finding could be 

attributed to the fact that mobile telephone penetration was higher in the second period of the study (2001-

2000).  
 

5. CONCLUSION AND POLICY IMPLICATIONS  

5.1 Conclusions 

The study concluded that there exists a two way positive relationship between mobile teledensity and economic 

growth. An improvement in mobile teledensity leads to an increase in the growth of the economy.  Increased 

economic growth leads to growth in mobile telephone penetration. The study also concludes that, other than 

economic growth, population increase has led to the increase in demand for mobile telephones, while foreign 

direct investment has impacted positively on mobile telephone penetration. 

 

The study showed that the contribution of mobile teledensity to economic growth was stronger in the period 

2001-2010. This period was characterized by a high level mobile telephone penetration in sub-Saharan African 

economies compared to landline telephone penetration. The benefits of mobile telephone penetration to 

economic growth were quite substantial in the region partly due to affordable handsets and competitive mobile 

telecommunications markets in the region. The impact of economic growth on mobile telephone penetration is 

more pronounced when landline telephone expansion is low.  
 

5.2  Policy Implications 

The respective governments of sub-Saharan African countries should implement policies that enhance the 

development of the telecommunications sectors in their respective countries, develop complementary factors 

such as electrification specifically in rural areas and political stability may also lead to further increase in both 

economic and telecommunication growth. Pay more attention to measures that would increase mobile telephone 

penetration. The government in sub-Saharan Africa should therefore focus on measures that would attract more 

foreign direct investment, specifically to the telecommunication sector.  
 

The governments of respective countries in sub-Saharan Africa countries should allow more reforms in the 

telecommunication sector to allow more investment as investment was found to be an important in determinant 

in mobile teledensity growth in sub-Saharan Africa. The governments of the sub-Saharan countries should 

eliminate or reduce barriers to trade. This is because the result shows that removal of trade barriers increases 

trade amongst countries. In addition increased trade will see further usage of mobile telephone to transact 

business.  

 

5.3  Areas for Further Research 

This study sought to estimate the relationship between telecommunication and economic growth in sub-Saharan 

Africa. Future research may be undertaken in the following areas; Internet connectivity and determine its 

relationship with economic growth, the causality tests in individual countries and the effects of ICT on the 

productivity of firms in developing countries. 
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APPENDIX I:  Diagonistic  Tests 

 Appendix A.1: Panel Unit Root Test –Im, Pesaran and  Shin (IPS) 

 

Note:   *, ** indicates rejection of the null hypothesis that all panels contains unit roots at 1% and 5%, levels of 

significance 

Source: Constructed from the study data 

Variable  Constant Constant +Trend 

Economic  G Level -12.8931*** 

(0.000) 

-14.6801*** 

(0.000) 

Foreign  Direct investment (FDi) Level 1.5336 

(0.9374) 

-5.1786*** 

(0.000) 

Share of Government Spending (Gc) Level 2.0665** 

(0.0194) 

7.8633*** 

(0.000) 

Investment (It) Level -3.9522*** 

(0.000) 

-8.6184*** 

(0.000) 

Trade openness (Ot) Level 4.5739*** 

(0.000) 

8.5372*** 

(0.000) 

Population (n) Level 1.0496 

(0.1368) 

1.9412 

(0.9739) 

First difference -23.2657*** 

(0.000) 

-37.9172*** 

(0.000 

Mobile Teledensity (Mt) Level 42.8088*** 

(0.000) 

24.3008*** 

(0.000) 
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