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ABSTRACT 

 

This study examined the contribution of internet to economic growth in Africa and then 

measure technical efficiency of output. we used the endogenous theory and the 

stochastic frontier framework with a panel of 19 African countries from 2003 to 2014. 

Th results indicate that current level of internet penetration is not enhancing economic 

growth. Growth is significantly enhanced by secondary education while capital 

investment is negatively related to output. Internet penetration promotes economic 

growth through education and capital investment. The contribution of labor force 

participation to economic growth is insignificant but it enhances output through capital 

investment and life expectancy. Life expectancy is not affecting growth in the sample 

countries analyzed. There is an indication from the results that other forms of 

technology apart from internet penetration significantly influence output through the 

labor force and capital investment. For efficiency of production, the sample countries 

experience declining technical efficiency from 2007 to 2014. 

Key words: internet penetration, Economic growth, stochastic frontier model. 
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CHAPTER 1 

 

INTRODUCTION 

 

There have been a lot of economic researches attempting to discover factors that 

promote economic growth. Technology is one several factors identified to enhance 

economic growth (Solow and Swan 1956, Romer 1990).  Solow-Swan growth model 

asserts that the long run growth of the economy is determine by an exogenous 

technological change.  Other growth determinants identify by researchers are human 

capital (Romer, 1989 & 1990; Lucas 1988, Barro, 1991; Sach and Warner, 1997) and 

physical capital (Solow 1956, Rebelo 1990 and Barro (1990).   

Activities of government also affected to growth. Sachs and Warner (1997). 

Some researchers also stress that higher levels of inflation are negatively associated 

with growth (Clarke, 1993; Fischer, 1993; Levine and Renelt, 1992; Barro, 1996).  

Geography is also found to affect economic growth to some extent. Countries in the 

tropics grow more slowly than those in the temperate regions. (Gallup el al., 1998, 

Hall and Jones, 1997).   

The Neoclassical growth theory considers that technology is an exogenous, 

which contrast to the Endogenous Growth Theory proposed by Romer (1990). This 

theory considers technological change as a growth factor determine within the model.  

Romer (1990) asserts that economic growth is driven by technological change that 

arises from intentional investment decisions made by profit-maximizing agents.    

There are studies that investigated the effect of different forms of technology on 

economic growth since the emergence of the endogenus growth theory.  Examples are 

Holt and Jamison (2009) who found that ICT has positive effect on economic growth 
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in USA.   Oulton (2001) found that ICT contributed a fifth of overall GDP growth in 

UK.  Brynjolfsson and Hitt (1993) found that computer usage has positive effect to 

outputs.  Oliner and Sichel (2003) found that future increases in output per hour 

depend on advances in technology in the semiconductor industry and the extent to 

which products embodying these advances diffuse through the economy.  Aker and 

Mbiti (2010) found that mobile phones have the potential to benefit consumer and 

producer welfare and perhaps broader economic development in less developed 

countries in Africa.  Hardy (1980) stressed that telephone usage has significant 

positive impact on economic growth. Cronin et al. (1993) find a causal relationship 

between productivity growth and telecommunications and similar results were also 

obtained by Roller and Waverman (2001). These results are consistent with the 

Neoclassical growth theory, which stated that “the long-run growth of an economy or 

the long-run output is determine by technological change” (Solow, 1956).  

Businesses integrated internet into their management and operation which affects 

to the development of products and services.  Czernich (2009) also found that the 

internet, as a type of technology, has accelerated to economic growth by facilitating 

the development and adoption of innovation and development of new products and 

business models. 

Some researchers have identified the various channels through which internet 

affects economic growth. 1 First, at the firm level, the Internet has positive impacts on 

firm’s productivity across world regions and across different stages of development 

(Bertschek & Niebel, 2016). Second, Internet enhances competition in markets by 

                                                           
1 Also distance learning is on the rise due to internet connectivity.  An estimated 1.6 million 

students in the USA were enrolled in courses delivered through distance learning between 1997 and 

1998 (Harper et al., 2004).  From 2000-2008, the percentage of students enrolled in distance learning 

increase from 2 percent to 4 percent (Radford, 2011). Additionally, social networking provide platform 

for freedom of expression and quick sharing of information promoting good governance which affects 

growth. Internet reduces corruption and promote transparency in governance (Bertot et al., 2010) 
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providing accurate information and lower cost of entry (Freund and Weinhold, 2004). 

Third, internet provides an efficient and less expensive platform for marketing and 

advertising, the effectiveness of which has been recently boosted by the exponential 

increase in social networking, where customers can share their experience with other 

online users (Chukwu & Uzoma, 2014). Fourth, the internet facilitates faster and 

wider access to a lot of information that previously were expensive.   Similarly, the 

internet affects the educational system as most academic institutions have uploaded 

and are uploading increasing amounts of scholarly articles and technological 

innovations (Lenhart et al, 2001). 

According to Table 1.1, it shows that on the global level, out of about 7 billion 

world population, 49.2% have internet connectivity as at 2016 compared to 2000 

where internet penetration was 5.93 %. Most of the world’s internet users are located 

in Asia as shown below. 

 

Figure 1.1 Trend of internet penetration across regions worldwide. 

Source: Adapted from internet statistics.com data. 
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On average internet penetration is increasing across all regions.  However, Africa 

has been experiencing relatively higher growth rates of penetration than others (see 

Figure 1.2).  Current estimated growth rate of internet users in Africa is 7,415% 

followed by Asia with growth rate of 1,467% between 2000-2016. 

 

 

 

 

Table 1.2 shows the breakdown of penetration rates of individual African 

countries.  Internet penetration has more than quadruple over the past decade in these 

countries. For instance, two hundred thousand people use the internet in Nigeria in the 

year 2000.  This figure jumped to about ninety-two million in 2016.  Similarly, in 

Ghana, internet users increased from thirty thousand to seven million from 2000 to 

2016 respectively.  Eritrea has the lowest penetration rate of 1.0%. This is probably 
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Figure 1.2 Growth rates of internet penetration across region. 

Source: Adapted from internet statistics.com data. 
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due to the extreme limitations on freedom of expression and movement2.  Kenya has 

the highest internet penetration rate of 69.6%. Possible reasons for the high internet 

penetration are the liberalization of the ICT and the telecom sector of the economy. 

Since the liberalization in 1999, Kenya has recorded faster internet growth and ICT 

has been one of the drivers of economic growth. Since 2000, Kenya’s economy grew 

by 3.7 percent with ICT contributing about 0.9 of the 3.7% annual GDP growth 

(World Bank).  Additionally, freedom of expression makes it possible for citizens to 

use social media platforms3.   

Despite the increasing growth of internet users in Africa, (as shown in Figure 1.3 

below) empirical studies to determine its effect on economic growth is virtually 

nonexistent. Even though some African countries have been included in some studies 

as developing countries, as far as we reviewed, there is no published empirical 

research on the impact of internet on economic growth exclusively for Africa.  This 

empirical study will be a unique contribution to the limited internet and growth 

research in the context of Africa. The rapidly growing number of internet users in 

Africa has motivated the need to examine the contribution of internet to the 

development process. 

 

 

 

 

 

                                                           
2 Eritrea was ranked last in freedom of expression, even lower than North Korea since 2007 by the 

NGO ‘Reporters Without Borders’. Media outlets are state-run and tightly regulated. Private ownership 

of media outlet is prohibited. 
3 Kenya is ranked 95 out 180 in freedom of expression by Reported Without Borders 2016 ranking . 
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 Table 1.1. Internet penetration by regions 

Regions Population Estimate of 

2016(Percentage) 

Internet Users 

30June2016 

(Percentage to its 

population) 

Growth rate 

of internet 

usage 

(2000-2016) 

      

Percentage        

of Internet 

Users  

Africa   1,185,529,578(16.2%) 339,283,342(28.6%) 7,415.6% 9.4 % 

Asia  4,052,652,889(55.2%) 1,792,163,654(44.2%) 1,467.9% 49.6 % 

Europe 832,073,224(11.3%) 614,979,903(73.9%) 485.2% 17.0 % 

LatinAmerica/Caribbean  626,054,392(8.5%) 384,751,302(61.5%) 2,029.4% 0.7 % 

Middle East 246,700,900(3.4%) 132,589,765(53.7%) 3,936.5% 3.7 % 

North America  359,492,293(4.9%) 320,067,193(89%) 196.1% 8.9 % 

Oceania / Australia  37,590,704(0.5%) 27,540,654(73.3%) 261.4% 0.8 % 

WORLD TOTAL  7,340,093,980(100%)    3,611,375,813(49.2%) 900.4% 100% 

Source: internetworldstats.com 
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Figure 1.3 Trend of internet Penetration Rate in Africa from 2000 to 2016. 

Source: Adapted from ITU data.
 
  

 

http://www.internetworldstats.com/stats1.htm
http://www.internetworldstats.com/stats3.htm
http://www.internetworldstats.com/stats4.htm
http://www.internetworldstats.com/stats2.htm
http://www.internetworldstats.com/stats5.htm
http://www.internetworldstats.com/stats14.htm
http://www.internetworldstats.com/stats6.htm
http://www.internetworldstats.com/list2.htm
http://www.internetworldstats.com/
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Table 1.2 The Current State of Internet Penetration in Africa. 

Country     Population 

           (2016  Est.imate) 

            InternetUsers 

          31-Dec-2000 

          Internet Users 30-Jun-2016 

         (Percentage to its Popluation) 

Algeria  40,263,711 50,000 11,000,000(27.3%) 

Angola  20,172,332 30,000 5,951,453(29.5%) 

Benin 10,741,458 15,000 1,232,940(11.5%) 

Botswana  2,209,208 15,000 620,000(28.1%) 

Burkina Faso  19,512,533   10,000 1,894,498(9.7%) 

Burundi 11,099,298 3,000 526,372(4.7%) 

Cabo Verde 553,432 8,000 224,183(40.5%) 

Cameroon 24,360,803 20,000 4,311,178(17.7%) 

Central African Rep.  5,507,257 1,500 224,432(4.1%) 

Chad 11,852,462 1,000 387,063(3.3%) 

Comoros 794,678 1,500 59,242(7.0%) 

Congo 4,852,412 500 357,471(7.4%) 

Congo, Dem. Rep. 81,331,050 500 3,101,210(3.8%) 

Cote d'Ivoire 23,740,424 40,000 5,230,000(22.0%) 

Djibouti 846,687 1,400 105,163(12.4%) 

Egypt 90,067,793 450,000 33,300,000(37.0%) 

Equatorial Guinea 759,451 500 181,657(23.9%) 

Eritrea 6,674,489 5,000 67,000(1.0%) 

Ethiopia 102,374,044 10,000 4,288,023(4.2%) 

Gabon 1,738,541 15,000 670,197(38.5%) 

Gambia 2,009,648 4,000 373,865(18.6%) 

Ghana 26,908,262 30,000 7,958,675(29.6%) 

Guinea 11,780,162 8,000 770,000(6.5%) 

Guinea-Bissau 1,726,170 1,500 70,000(4.1%) 

Kenya 45,925,301 200,000 31,985,048(69.6%) 

Lesotho 1,947,701 4,000 250,000(12.8%) 

Liberia 4,195,666 500 348,240(8.3%) 

Libya 6,411,776 10,000 2,400,000(37.4%) 

Madagascar 23,812,681 30,000 1,100,000(4.6%) 

Malawi 17,715,075 15,000 1,080,620(6.1%) 

Mali 16,955,536 18,800 1,186,888(7.0%) 

Mauritius 1,339,827 87,000 803,896(60.0%) 

Morocco 33,322,699 100,000 20,207,154(60.6%) 

Mozambique 25,303,113 30,000 1,503,005(5.9%) 

Namibia 2,212,307 30,000 470,000(21.2%) 

Niger 18,045,729 5,000 351,892(2.0%) 

Nigeria 181,562,056 200,000 92,699,924(51.1%) 

Reunion (FR) 867,687 130,000 380,000(43.8%) 

Rwanda 12,661,733 5,000 3,216,080(25.4%) 

Sao Tome & Principe 194,006 6,500 48,806(39.9%) 

Senegal 13,975,834 40,000 7,260,000(25.2%) 

Seychelles 92,430 6,000 50,220(51.9%) 

Sierra Leone 5,879,098 5,000 260,000(54.3%) 

Somalia 10,616,380 200 500,000(4.7%) 

South Africa 54,777,809 2,400,000 26,841,126(49.0%) 

Sudan 36,108,853 30,000 9,307,189(25.8%) 

Swaziland 1,435,613 10,000 389,051(27.1%) 

Tanzania 51,045,882 115,000 7,590,794(14.9%) 

Togo 7,552,318 100,000 430,482(5.7%) 

Tunisia 11,037,225 100,000 5,408,240(49.0%) 

Uganda 37,101,745 40,000 11,924,927(32.1%) 

Zambia 15,066,266 20,000 2,711,928 (18.0) 

Zimbabwe 14,229,541 50,000 6,759,032 (47.5) 

TOTAL AFRICA 1,158,355,663 4,514,400 330,965,359(28.6%

) 

Source: internetworldstats.com 

http://www.internetworldstats.com/africa.htm#dz
http://www.internetworldstats.com/africa.htm#ao
http://www.internetworldstats.com/africa.htm#bj
http://www.internetworldstats.com/africa.htm#bw
http://www.internetworldstats.com/africa.htm#bf
http://www.internetworldstats.com/africa.htm#bi
http://www.internetworldstats.com/africa.htm#cv
http://www.internetworldstats.com/africa.htm#cm
http://www.internetworldstats.com/africa.htm#cf
http://www.internetworldstats.com/africa.htm#td
http://www.internetworldstats.com/africa.htm#km
http://www.internetworldstats.com/africa.htm#cg
http://www.internetworldstats.com/africa.htm#cd
http://www.internetworldstats.com/africa.htm#ci
http://www.internetworldstats.com/africa.htm#dj
http://www.internetworldstats.com/africa.htm#eg
http://www.internetworldstats.com/africa.htm#gq
http://www.internetworldstats.com/africa.htm#er
http://www.internetworldstats.com/africa.htm#et
http://www.internetworldstats.com/africa.htm#ga
http://www.internetworldstats.com/africa.htm#gm
http://www.internetworldstats.com/africa.htm#gh
http://www.internetworldstats.com/africa.htm#gn
http://www.internetworldstats.com/africa.htm#gw
http://www.internetworldstats.com/africa.htm#ke
http://www.internetworldstats.com/africa.htm#ls
http://www.internetworldstats.com/africa.htm#lr
http://www.internetworldstats.com/africa.htm#ly
http://www.internetworldstats.com/africa.htm#mg
http://www.internetworldstats.com/africa.htm#mw
http://www.internetworldstats.com/africa.htm#ml
http://www.internetworldstats.com/africa.htm#mu
http://www.internetworldstats.com/africa.htm#ma
http://www.internetworldstats.com/africa.htm#mz
http://www.internetworldstats.com/africa.htm#na
http://www.internetworldstats.com/africa.htm#ne
http://www.internetworldstats.com/africa.htm#ng
http://www.internetworldstats.com/africa.htm#re
http://www.internetworldstats.com/africa.htm#rw
http://www.internetworldstats.com/africa.htm#st
http://www.internetworldstats.com/africa.htm#sn
http://www.internetworldstats.com/africa.htm#sc
http://www.internetworldstats.com/africa.htm#sl
http://www.internetworldstats.com/africa.htm#so
http://www.internetworldstats.com/africa.htm#za
http://www.internetworldstats.com/africa.htm#sd
http://www.internetworldstats.com/africa.htm#sz
http://www.internetworldstats.com/africa.htm#tz
http://www.internetworldstats.com/africa.htm#tg
http://www.internetworldstats.com/africa.htm#tn
http://www.internetworldstats.com/af/ug.htm
http://www.internetworldstats.com/africa.htm#zm
http://www.internetworldstats.com/africa.htm#zw
http://www.internetworldstats.com/africa.htm
http://www.internetworldstats.com/
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1.2 Objective of Study 

The purpose of this study is to estimate the effect of internet to the economic 

output  

of African countries and also to measure the technical efficiency of macro   economic 

production. 

1.3   Significance of Study 

This study is important as it will provide empirical evidence on the role of 

internet on economic growth. It will also provide evidence on how effective are 

resources being used to promote economic growth in Africa.  Recommendation from 

this study would help in shaping policy directed to internet infrastructure development 

in Africa.  Additionally, it will provide reference point on the debate of the magnitude 

of impact of internet on economic growth in African countries.  

1.4 Scope of Study 

The scope of this study is the nineteen (19) African countries with estimated 

population of 500 million. Majority of these countries are classified as lower middle-

income countries by the World Bank Country and Lending Group with the rest labelled 

as low-income countries except South Africa and Mauritius which are in the upper 

middle-income category.  
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CHAPTER 2 

 

CURRENT ECONOMICS SITUATION AND INTERNET PANETRATION IN 

AFRICA 

 

Africa is the world’s second fastest growing economy after East Asia.  

According to the data from the African Economic Outlook 2016, Growth in real GDP 

is estimated at 3.6%, higher than the 3.1% for the global economy and 1.5% for the 

euro area. The African Economic Outlook report indicated that in 2015, East Africa 

experienced the highest growth rates of 6.3% more than the continental average, 

followed by sub-Saharan Africa at 4.2%. Growth in Central, North and West Africa 

was above 3%, while Southern Africa grew by an average of 2.2%. According to the 

World Bank projections, average growth in Africa is expected to remain moderate at 

3.7% in 2016 but could accelerate to 4.5% in 2017. This forecast depends on the 

strength of the world economy and a gradual recovery in commodity prices.  In terms 

of internet penetration, as at June 2016, an estimated 28.6% of Africans use the 

internet.  The growth rate of internet users is estimated at 7,145 %, the highest in the 

world. 

The World Bank classified countries into four groups based on GNI per capita 

calculated using the Atlas method for the 2017 fiscal year. Economies with GNI per 

capita of $1,025 or less in 2015 are classified as low-income economies. Lower 

middle income countries are defined as those with GNI per capita between $1,026 and 

$ 4,035. Upper middle income economies have GNI per capita between $ 4,036 and $ 

12,475 and high income economies are those with GNI per capita of $12,476 or more. 

The next section discuses the current economic situation and internet penetration rates 
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in the African countries considered for this study based on the classification 

mentioned above. 

 

2.1 Current Economic Situation and Internet Penetration in African Countries. 

2.1.1 Upper Middle Income Group 

1. Mauritius 

Current Economic Situation: According to the World Economic Forum Global 

Competitiveness index, Mauritius is the best performing economies in Africa 

with growth rates sustained over the past three years. The economy grew by 

3.7% in 2015, slightly higher than the 3.6% recorded in 2014. It is projected to 

grow by 3.8% in 2016 and 3.7% in 2017. In 2015, growth was driven by the 

information and communication technology sector, the financial and the 

insurance sectors. Current account deficit fell to 4.9% in 2015, compared with 

5.9% in 2014. 

Internet Penetration: Mauritius has one of the highest penetration rates in 

Africa. Internet penetration is 60%, meaning out of the 1.3 million people in 

that country, eight hundred thousand use the internet. 

2. South Africa 

Current Economic Situation: GDP growth slowed from 1.5% in 2014 to 1.3% 

in 2015, and is expected to decline further to 0.7% in 2016. Electricity 

shortages, low commodity prices and low consumer and business confidence 

continue to restrain the growth of economic activity. Inflation remained in 

2015 within the target range of 3% to 6%. High unemployment rate at 52.6% 
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among the youth is the main cause of the widening income inequality, as 

shown by a Gini Coefficient of 0.69, which is one of the highest in the world. 

Internet Penetration: Less than half of the population use the internet, quite 

unexpected as South Africa is regarded as the largest economy in Africa. 

Current internet penetration rate is 49.0% 

 

    2.1.2 Lower Middle Income Group. 

1. Cameroon 

Current Economic Situation: Real gross domestic product growth rate of the 

Cameroon economy was 5.9% in 2014 slowing slightly to 5.7% in 2015 led 

mainly by the secondary sector which recorded a growth rate of 8.4%. Growth 

is projected to decline to 5.3% due falling oil prices and slowdown of growth 

in China. 

Internet Penetration: About four million people representing 17.7% of a total 

population of twenty-four million use internet as at June 2016. This 

penetration rate is one of the highest in the central African region. The 

situation was different in 2000 where only twenty thousand people are 

connected to the internet.  

2. Ghana 

Current Economic Situation: Ghana’s growth rate decline from 4.0% in 2014 

to 3.7% in 2015 due partly to severe electricity shortages, rising fiscal debt 

and low market prices for oil and gold. Growth is expected to recover to 5.8% 
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in 2016. The service sector is and will continue to be the main driver of 

growth as indicated in 2016 forecast. 

Internet Penetration: Penetration rate is 29.6%. About 7 million people use the 

internet out of the 2016 estimated population of 26 million. In 2000, less than 

fifty thousand people use the internet when the population was 18 million. 

3. Kenya 

Current Economic Situation: Real GDP growth was 5.3% in 2014, with a rise 

in 2015 by 5.5%. It is projected that the economic would expand at 6.0%, and 

6.4% in 2016 and 2017 respectively.  In 2014 and 2015, the economy 

experienced a stable macroeconomic environment, with single-digit inflation 

despite a 10.0% currency depreciation in 2015. 

Internet Penetration: Kenya has the highest rate of internet penetration in 

Africa. About 32 million people representing 69.6% of a population of about 

45 million use internet as at July 2016. The situation was difference in 2000 

where only two hundred thousand people are connected to the internet. 

      4. Mauritania 

Current Economic Situation: Mauritania’s economy experienced a downward 

turn from 6.6% in 2014 to 3.1% in 2015 due to falling prices of iron ore which 

is the country’s main export and gross investment. In 2015, there was a 

significant drop in the mining industry’s share of GDP to 7.4%, from 12.8% in 

2014. Inflation has fallen from 3.5% in 2014 to 1.5% in 2015 due to reduction 

in international food prices. Unfortunately, inflation is projected to rise again 

from the current 1.5% to 6.7% by the end of 2016. In terms of fiscal 

discipline, the overall balance deficit is 3.7% in 2014 and 2.9% in 2015. 
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Internet Penetration: The current population is estimated at 3.5 million of 

which 12.7% use the internet. Internet penetration is reported to be 

concentrated at the fast-growing urban areas. 

5.Morocco  

Current Economic Situation: Real gross domestic product (GDP) growth in 

2015 was 4.5%, against 2.4% in 2014. The economy performed well in 2015 

with overall budget deficit at 4.3% of GDP and improvement in foreign 

reserves due to strong export sector and a reduction in imports. However, 

growth is projected to decline sharply to 1.8% by the end of 2016 due to low 

rainfall at the beginning of the year. The agricultural sector contribution to 

GDP is expected to reduce drastically. 

Internet Penetration: More than half of the total population of Morocco have 

access to the internet. In the 2016 estimates of internet users in Morocco, 20 

million people are connected to the internet out of 33 million people living in 

that country.  

6. Sudan 

Current Economic Situation: Sudan’s economy grew by 5% in 2015 and is 

projected to increase further to 6% and 6.2% in 2016 and 2017 respectively. 

Growth is driven mainly by agriculture and extractive industries and supported 

by improved macroeconomic policies. Inflation was as high as 36.8% in 2014 

but declined sharply to 16.9% in 2015. 

Internet Penetration: current rate of internet penetration is at 25.8% 

representing 9 million out of the 36 million people living in that country. 
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7. Tunisa 

Current economic situation: GDP growth slow down sharply from 2.3% in 

2014 to 0.5% in 2015 as a result of decline in oil production. However, the 

economy is expected to bounce back with growth projected at 2.0% and 2.4% 

for 2016 and 2017 respectively. The governement’s fiscal discipline is 

yielding fruit as the budget deficit is steadly declining- 4.2% in 2015 to 3.9% 

in 2016. College unemployment is still very high (31%) despite increase in 

public sector employment. Inflation is on the decline since 2014 (5.5%) and is 

estimated to decline further to 5.0% by the end of 2016. 

 

    2.1.3 Low Income Group 

1. Burundi 

Economic situation: Political instability and social unrest that followed 

disputed presidential elections since early 2015 has slow economic growth. 

Burundi’s economy grew by 4.7% in 2014 and 4.3% in 2013 however, the 

story was different in 2015 where real gross domestic product (GDP) growth 

fell sharply to -4.1%. This negative growth is attributed to the decline in 

economic activitities in the secondary sectors. Despite the downturn in growth, 

inflation remained fairly stable at an average of 5.5% in 2015 (4.4% in 2014) 

due to fallen oil prices and good weather conditions that favored agricultural 

production. 

Internet penetration: Though internet connectivity is growing steadly in 

Burundi, it’s still far below the Africa average. Only estimated 4.4% of the 

total population are using the internet as June 2016.  
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2. Burkina Faso. 

Economic Situation: Burkina Faso’s economy grew by 4.8% in 2015. 

Economic prospect looks good with growth projected to rise to 5.0% and 5.9% 

in 2016 and in 2017 respectively. This rise is attributed to recovery from 

mining and strengthening of democratic institutions. Inflation is also projected 

to rise from -0.3% in 2014 to 0.8 % and 2% in 2015 and 2016 respectively. 

Internet Penetration: internet penetration in Burkina Faso is one of the lowest 

in West Africa. In 2000, less than one percent (0.09%) of the population are 

connected to the internet. However, internet penetration rate rose rapidly over 

the past five years with 9.7% of the population having access to the internet. 

3. Malawi 

Current Economic Situation: Growth is 5.7% in 2014. The economic growth 

decline sharply to 2.9% in 2015 partly because of external and internal shocks 

to the economy, but growth may rise to 4% in 2016. High inflation in 2015 

continued to undermine Malawi’s prospects for economic growth and poverty 

reduction. 

Internet Penetration: Internet penetration is quite low in Malawi with single-

digit rate of penetration. Current internet users are estimated at 1 million out 

17 million population of Malawians. 

4. Namibia 

Current Economic Situation: Gross domestic product (GDP) growth decline 

from 4.4% in 2015 from 6.4% in 2014 due partly to weak commodity prices 

and severe drought that hit the country. Growth is expected to remain at 4.2% 
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in 2016 but rise to 6.2% in 2017 as new mines start producing and exporting. 

Sound monetary policy and low global oil prices has reduced inflation, from 

5.3% in 2014 to 3.5% in 2015. 

Internet Penetration: Internet penetration rate is 21.2%. This may appear low 

but it is a vast improvement since 2000 where the penetration rate was 1.6%. 

5. Niger 

Current Economic Situation: Economic growth was 7.0% in 2014 but slowed 

sharply to 3.6% in 2015 because of bad weather for agricultural production 

and the fall in world prices of uranium and oil, the country’s major exports. 

However, growth is projected to rise to 5.0% and 5.5% in 2016 and 2017 

respectively. Despite the good outlook for 2017, the Boko Haram Islamic 

rebels’ incursion into the country may have adverse effect on trade and food 

production. Similarly, resources for investing in infrastructure maybe use for 

managing the flow of refugees and displayed people and for military 

operations. 

Internet Penetration: Internet penetration is one of the lowest with only 2.0% 

of the population using the internet. 

6. Rwanda 

Current Economic Situation: Real GDP grew by an average of 6.9% during 

the first three quarters of 2015. It is projected to decrease slightly to 6.8% in 

2016 rising to 7.2% in 2017. It is reported that the indicators for rule of law, 

political rights and civil liberties, participation and inclusiveness improved. 

Internet Penetration: current internet penetration rate is estimated at 25.4%. 
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7. Uganda 

Current Economic Situation: Uganda’s real GDP growth is expected slowly to 

5.1% in 2016, compared to 5.3% in 2015. Growth will be driven by strong 

performances in the industry and services sectors, and by public infrastructure 

investment. Inflation is projected to increase from 4.5% in 2015 to 5.2% in 

2016. Uganda’s Human Development Index (HDI) improved slightly to 0.483 

in 2014, from 0.478 in 2013. This still falls below the 0.502 average for the 

world’s least developed countries (LDCs), and the 0.518 average for sub-

Saharan Africa. 

Internet Penetration: More than a quarter of the population have access to the 

internet. Internet penetration rate is 32.1% in 2016, implying that 11 million 

out of the 37 million population use the internet. 

8. Mali 

Current Economic Situation: Real gross domestic product GDP declined in 

2015 to 5.2% from 5.8% in 2014 due to poor agricultural sector performance. 

The current account deficit improved to 3.6% of GDP from 5.7% in 2014 due 

to lower oil prices and more volume exports of gold, improving the terms of 

trade to 15.2% (from 5.3% in 2014). Growth is projected at 5.2% in 2016 and 

5.0% in 2017, driven partly by more public investment and foreign aid and by 

the agricultural and service sectors. But the current account deficit is expected 

to widen to 4.1% of GDP in 2016 and 5.2% in 2017 due to lower gold 

production and poorer terms of trade. 
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Internet Penetration: Internet penetration rate is quite low compare to other 

African countries. Currently, 7.0% of the population have internet 

connectivity. 

9. Mozambique 

Current Economic Situation: The Mozambique has been resilient over the past 

ten years with average growth rate hovering around 7%.  GDP growth fell 

slightly to 6.3% in 2015. Decline in export, public spending and foreign direct 

investment partly contributed to the downturn in economic growth. Economic 

activity is expected to pick up again in 2016 and 2017 with growth estimated 

at 6.5% and 7.5% respectively. This depends on increase in production and 

foreign direct investment inflows. Inflation decline from 2.3% in 2014 to 2.0% 

in 2015 but it is projected to rise to 5.7% by the end of 2016. Budget deficit 

decline from 6.6% in 2014 to 5.4% in 2015 and estimated to decline further to 

3.7% in 2016 and 2.4% in 2017. 

Internet penetration: Only 1.5 million people use internet out of about 25 

million population. 

10. Chad 

Current economic situation: Over dependency on oil revenue is likely to 

cripple economic growth due to fallen oil prices in the international markets. 

Reported GDP growth was 6.3% in 2014. This has decline slowly in 2015 and 

is projected to fall further to 2.6% by the end of 2016. Persistent low oil prices 

could worsen the economic conditions further leading to decline in public 

investment. Lack of rainfall and Bokom Haram insurgency in the rural areas is 

likely to reduce agricultural production derailling revenue targets. Current 



19 

 

inflation figures show a decline (2.7%) but it is expected to rise sharply to 

4.0% in 2017. 

Internet penetration: The number of internet users in Chad is relatively low 

compared to its neighors.   

 

Table 2.1. Summary of Economic Outlook of countries included in this study (2015 

and 2016). 

Country Region Real GDP per 

capita growth 

Inflation Current 

account (% 

GDP) 

Main export 

commodity 

  2015 2016 2015 2016 2015 2016  

Burkina Faso West 1.8 2.1 0.8 2.0 -4.5 -5.3 Cotton 

Burundi East -7.4 0.0 5.5 7.5 -4.5 -6.0 Coffee 

Cameroon East 3.2 2.8 2.7 2.2 -14 -14.6 Oil 

Ghana West 1.4 3.5 17.2 10.2 -8.2 -7.7 Cocoa 

Kenya East 2.9 3.4 6.0 6.0 -7.9 -6.3 Tea 

Lesotho South 2.2 1.4 3.8 3.9 -8.4 -6.5 Animals 

Malawi East -0.2 0.9 12.2 18.1 -6.0 -6.1 Tobacco 

Mali West 2.2 2.1 2.0 2.7 -3.6 -4.1 Tuna 

Mauritania West 0.7 1.0 1.5 6.7 -22.2 -20.3 Iron 

Mauritius East 3.3 3.4 1.3 2.8 -4.9 -4.7 Textiles 

Morocco North 3.2 0.5 1.8 1.4 -2.7 -0.7 Seafood 

Mozambique East 3.5 3.7 2.0 5.7 -44.0 -46.1 Shrimps 

Namibia South 2.1 1.9 3.5 3.9 -8.1 -11.3 Diamond 

Niger West -0.5 0.9 1.0 1.3 -21.2 -21.9 Uranium 

Rwanda East 4.7 4.5 2.5 3.0 -12.3 -11.9 Coffee 

South Africa South 0.3 -0.2 4.6  6.8 -4.3 -4.1 Gold 

Sudan North 3.1 3.9 16.9 13.1 -6.5 -6.4 Gold 

Tanzania East 3.9 4.0 5.6 5.9 -9.4 -8.2 Coffee 

Tunisia North -0.6 0.9 5.0 4.0 -7.6 -5.9 Clothing 

Uganda East 2.0 1.8 4.5 5.2 -9.1 -9.1 Coffee 

Source: African economic outlook report  
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CHAPTER 3 

 

LITERATURE REVIEW 

 

3.1 Studies on Determinants of Economic Growth 

Economic Growth determination had been studied by economists, this section 

will review the essential part of the growth literature.  

Mankiw, Romer and Wei (1989b) investigated the determinant of growth using 

the augmented Solow model. They found out that accumulation of physical capital 

has greater effect on income per capita. They argued that a higher saving leads to a 

higher income in steady states which subsequently lead to higher human capital 

accumulation, even if human-capital accumulation is unchanged.  Additionally, they 

indicated that population growth lowers income because the available income must be 

distributed among the population of workers. 

Romer (1990) studied the impact of human capital on growth across countries 

while controlling for investment and government spending. Using literacy rate as a 

proxy for human capital, Romer found out that initial level of literacy and its rate of 

growth has positive effect on per capita income growth. Investment has a robust 

positive relationship with growth while the level of government spending on items 

other than investment has negative effect on growth. 

Barro (1991) using the endogenous growth theories as a guide investigated 

further the determinant of economic growth using 89 countries from the period 1960 – 

1985. Barro asserts that growth is positively related to starting level of human capital 

measured by school enrollment rates. The implication is that poor countries tend to 

catch up with the rich ones if they have high human capital per person in relation to 
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their per capita GDP. Barro also identified a negative association between political 

instability (proxy by figures on revolutions, coups and political assassinations) and 

economic growth.  Growth is negatively related to the ratio of government 

consumption to GDP.  An interpretation is that government consumption brings 

distortions such as higher tax rates but does not provide offsetting stimulus for 

investment.  In this study, distinction is made between productive government 

expenditure e.g on education, health and infrastructure and un-productive spending. 

Barro and Sala-i-Martin (1991) studied convergence condition among states in 

America using the neoclassical framework with 48 contiguous states. Their study 

provided an evidence of convergence. This implies that poor economies tend to grow 

faster than the rich economies in per capita terms when they are further below the 

steady-state position. They concluded that holding region and measures of sectorial 

composition constant, the speed of convergence is around 2 per cent per year.  

Barro and Sala-i-Martin (1995) found no relationship between growth and 

primary education among 97 countries studied.  However, they found a positive 

relationship between male secondary schooling and growth.  In a related work, Barro 

(1999) indicated that female education affect growth indirectly through its impact on 

fertility rate, child mortality rate and nutrition.  

Easterly and Robelo (1993) studied fiscal policy and economic growth and 

identify a strong association between development level and fiscal structure. The 

authors stress that poor countries rely on taxes from international trade while income 

taxes are important in the developed countries. Addtionally, fiscal policy is influenced 

by the scale of the economy, measured by the population of the countries. The study 

used historical data, cross-sectional data and panel data from 1970 to 1988 for about 

28 countries.  
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Speigel (2000) investigated the relationship between financial intermediary 

development and growth using a cross country data. Results showed that finance 

affect economic growth through a third variable which can be total factor 

productivity, investment, physical capital accumulation or higher savings rate. 

   Table 3.1 Summary of Empirical Studies on Determinants of Economic Growth. 

Authors     Independent  

     Variable 

Dependent variable Countries  Econometrics 

 Methodology 

Instrumental 

Variables 

Results 

Solow (1956) labor, capital Real GDP n/a n/a n/a Positive (all variables) 

 

Romer (1989)  

 

government consumption, 

investment, life expectancy, 

population (% literate) 

 

Real per 

Capita income 

 

82 

 

OLS, 2SLS 

 

Lag value of  

regressors  

 

 

Positive-investment, 

 life expectancy,  

population 

Negative- government 

consumption 

Lucas (1988) Physical capital, human capital,  

trade  

Per capita income 

growth 

n/a n/a  n/a Positive 

 (all independent  

variables) 

Barro &  

Sala-i- Martin             

(1989) 

Schooling, government  

expenditure, public 

Investment 

Real per capita 

income 

48 States 

 in  

America 

OLS n/a Positive-schooling,  

public investment 

Negative-government 

expenditure 

Romer (1990) Capital, labor, human capital,  

index of technology 

Per capita income 

Growth 

n/a n/a n/a Positive-capital, 

labor, human capital,  

index of technology  

Easterly and  

Robelo (1993) 

Income taxes, custom Taxes, 

 population, Investment in transport, 

Government revenue, 

Per capita GDP 28 OLS, pooled 

Cross-section, 

Panel  

estimation 

n/a Positive-investment 

in Transport, 

government Revenue 

Barro (1996) Schooling, life expectancy,  

fertility rate, inflation, government 

consumption, rule of law, trade 

Real per capita  

GDP 

100 OLS, 3SLS Lag values of 

regressors 

All Positive except 

inflation, government 

consumption and 

fertility which are 

negative 

Benhabib & Spiegel 

(2000) 

Technology diffusion, openness Human Capital 85 OLS n/a Positive (all 

variables) 



23 

3.2 Studies on Internet and Economic Growth 

Since the wide spread use of internet in the 1990s, some researchers have 

attempted to identify its influence on economic growth.  

Altig and Rupert (1999) examined the effect of internet on growth and indicated 

that doubling the internet usage increases output by four percentages. The study used 

two stage least square estimation with data covering 48 states in America.  

Kenny (2003) took a slightly more skeptical look at the likely impact of the 

Internet on long-term economic growth rates in developing countries.  Kenny gives 

several reasons for his assertion. For instance, language skills gap, with perhaps half 

of the populations of the least developed countries not able to speak an official 

language of their own country—let alone English, the predominant language of the 

Internet.  He argued further that, weak institutional capacity has been found to 

correlate across countries with lower access to networks and lower host site 

development. Weak institutions also lower consumers trust in e-commerce, perhaps 

the most important factor in determining willingness to purchase online. He 

concluded that internet might not have the expected impact on economic growth 

especially in less developed countries.  

Freund and Weinhold (2004) found out that Internet development help to explain 

trade growth and bilateral trade patterns from 1997 to 1999. Using gravity equation of 

trade among 56 countries, they concluded that, the Internet contributed to about 1 

percentage point increase in annual export growth from 1997 to 1999 for the average 

country in their sample analyzed. They also suggested that the effect of internet on 

trade has been stronger for poor countries that rich countries.  

Czernich et al (2009) estimated the effect of broadband infrastructure on 

economic growth in the panel of OECD countries from 1996 – 2007. Using 

instrumental variable model, they find that 10 percentage point increase in the 
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broadband penetration increase per capital gross domestic product by 0.9-1.5 

percentage points. They indicated that results are robust to country and year fixed 

effects and controlling for linear second -stage effect of the instrument variables.  

Choi and Hoon Yi (2009) studied the impact of internet on economic growth 

using cross-country panel data of 207 countries from 1991 to 2000. Based on the 

growth model proposed by Romer and Barro, Choi and Hoon Yi asset that when the 

Internet user ratio increases by 1% point, the growth rate turned out to increase by 

between 0.049 and 0.059%-point controlling for country fixed effects and time fixed 

effects.  

Koutroumpis (2009) investigated whether there is economic impact of broadband 

infrastructure on growth. He examined 15 European Union countries from the period 

2003 to 2006 using data from the Eurostat online resource, OECD statistics and 

international Telecommunication Union statistics. In order to avoid spurious 

regression, found in previous studies, the study use simultaneous equation model 

endogeniousing broadband investment by incorporating broad supply, demand and 

output equations which is then jointly estimated with macro production function to 

account for simultaneity effects. He found out that there are increasing return to 

broadband telecommunication investment. He provided evidence of a critical mass 

phenomenon in broadband investment at the level of 20%. 

Holt and Jamison (2009) analyzed the relationship between ICT and economic 

growth as well as the connection between broadband Internet and economic growth. 

The study supported the positive impact of broadband deployment and adoption on 

economic growth in the USA.  

Choi (2010) estimated the effect of the Internet on service trade among 151 

countries from 1990 to 2006 using panel GMM estimation to account for endogeneity 
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by the independent variable. The study revealed significant positive relationship 

between the number of the Internet users and total service trade. It was concluded that 

a 10% increase in the number of Internet users results in an increase in service trade 

of between 0.23% and 0.42%. 

Thompson and Garbacz (2011) studied the economic impact of mobile and fixed 

broadband using two stage least square estimation among 46 countries. The identified 

mobile broadband as having direct effect on growth. In the model with high and low 

income samples, low income countries derive significantly more benefit from mobile 

broadband.  

Hadavand (2011) examined the effect of internet on economic growth using a 

panel of 33 upper- middle income countries and found out that 10% increase in the 

internet user ratio would increase output by 0.84% for the sample of countries 

analyzed. 

Meah (2012) identified a positive relationship between internet usage and 

economic growth using a panel of 244 countries from 1990 – 2011. He further 

estimated the effect of internet on South East Asian countries and found out that 

internet has negative relationship with per capita gross domestic product in these 

countries. In his investigation, a 10% increase in the internet users among South East 

Asian countries decrease per capita GDP by -4.65% which is statistically significant 

at 5%. 

Chu (2013) studied the relationship between internet, economic growth and 

recession using the production function with OLS regression and concluded that a 

10%-point increase in the internet penetration rate increases real GDP per capita by 

0.6% when the economy is not in recession for 201 countries analyzed from 1988 to 

2010.  
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Najarzadeh et al. (2014) investigated the effect of the Internet on labor 

productivity using data for a panel of 108 countries for the period 1995-2010. 

Employing the pooled OLS and fixed effect estimation methods found a positive and 

significant relationship between Internet use and labor productivity.  

Gruber et al. (2014) estimated the returns from broadband infrastructure for the 

period 2005-2011 and also assessed the cost of broadband roll out under different 

assumptions of 6 technical performances among the European Union countries. Their 

findings contrasted with the forecasted benefits from the expansion of broadband 

coverage. However, the study also found that the future benefits to be reaped from a 

broadband roll out project outweigh the investment involved therein for the highest 

performance technologies. The study recommended public subsidies to promote 

building high speed broadband infrastructure.  

On the micro level, Paunov & Rollo (2015) analyzed data from 46,000 firms 

surveyed in 117 nations over a five-year period, 2006 to 2011. Using a firm’s use of 

email to communicate with suppliers and customers as a measure of internet access, 

they found out internet adoption had a positive impact on productivity in a broad 

range of regions and at firms at different development stages. The study further 

stressed that firms that were more productive initially benefitted more from Internet 

adoption, perhaps because these firms had higher “absorptive capabilities” from the 

outset.  The benefits were as much as three times higher than those seen by less-

productive firms.  

Bertschek & Niebel (2016) studied the effect of mobile internet use on firm 

productivity using cross-sectional data containing 2143 German firms in the year 

2014. The results show that firms' labor productivity significantly increases with the 

share of employees with mobile internet access. They indicated that the instrumental 
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variables approach suggests that mobile internet use does cause higher labor 

productivity. 

Grimes, Rens & Stevens (2009) investigated the impact of internet speed on firm 

productivity on a sample of about 6,051 firms in New Zealand. Using a probit model, 

their study indicated that Broadband-enabled firms are more likely to use the internet 

in their commercial transactions. In particular, they are more likely to have a 

webpage, to purchase goods and services over the internet, to enter new export 

markets and to make sales over the internet than firms without broadband. 

Canzan et al (2004) explored the effect of high speed internet on firm 

productivity from 2010 to 2012 in the province of Trento-Italy. Their estimates of an 

intention-to-treat effect suggest that one additional month of exposure to broadband 

infrastructure is associated with a 4.7-percent increase in annual sales volume. Fifteen 

months of exposure are associated with a 19-percent increase. The study stressed that 

results are robust in specification accounting for firm heterogeneity.
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Table 3.2 Summary of Studies on Effect of Internet on Economic Growth 

Author Independent variables Dependent variable Countries 
Econometric 

Method 

Instrumental 

Variable 
Results 

Altig and 

Rupert (1999) 
Broadband speed, Labor 

force participation, 

investment, education, 

Real per capita GDP 48 States 

in 

America 

OLS OLS OLS n/a Positive 

Oulton (2001) ICT, Consumption, 

government spending, 

investment, net export 

Real GDP UK Growth 

Accounting 

Approach 

n/a Positive 

Freund and 

Weihood 

(2004) 

Number of web 

host/internet users, 

Population, distance, 

colonial heritage, language, 

free trade area 

Trade 56 OLS n/a Positive 

Choi and 

Hoon Yi 

(2009) 

Internet users, Investment, 

inflation, government 

consumption 

Real per capita GDP 207 OLS, GMM 

Panel Fixed 

Effect 

lagged of 

independent 

Variables 

Positive 

Koutroumpis 

(2009) 
Broadband penetration, 

Tertiary education, R&D, 

labor force 

Real per capita GDP 15 EU 

countries 

2SLS, 

Nonlinear 

GMM 

Urbanization, 

Research and 

Development, 

Broadband price 

Positive 

Choi (2010) Internet users, GDP, 

Population, financial depth 

Trade (services) 151 OLS, GMM 

Panel fixed 

Estimation, 

Log(Internet)t-2 Log 

(GDP)t-2 

Log(Population)t-2 

Log(M2/GDP) t-2 

Log(M2/GDP) t-2 

Positive 

Thompson 

and Garbacz 

(2011) 

Broadband speed, 

Investment, labor force 

participation, tertiary 

enrollment, economic 

freedom index 

GDP (ppp) per 

household 

46 2SLS GDP per capita, 

Telecom 

Investment, Mobile 

Phone & Telephone 

penetration 

Positive 

Hadavand 

(2011) 
Internet users, Government 
consumption, inflation, 

Fertility rates, education 

trade openness, life 

expectancy, 

Real GNI per Capita 33 OLS, Panel 

estimation 

n/a Positive 

Meah (2012) Internet users, Labor force 

participation rate, 

government consumption, 

government spending on 

education, exports, Life 

expectancy, fertility rates 

Real per Capita GDP 244 

Countries 

& South 
East 

Asian 

Countries 

OLS Panel 

Fixed Effect 
n/a Negative 

(South 

east 

countries) 

Chu (2013) Internet users, Labor force 

participation rate, gross 

fixed capital formation, 

labor force with secondary 

education 

Real Per capita GDP 201 OLS n/a Positive 

Najarzadeh et 

al. (2014) 
Labor force participation, 

education, Investment 

GDP per capita 80 OLS n/a Positive 

Gruber et al. 
(2014) 

Broadband penetration, 

Tertiary education, R&D, 

labor force 

Per capita GDP EU 
countries 

2SLS, 

Nonlinear 

GMM 

Broadband price Positive 

Canzan el al. 

(2004) 
internet speed, labor, 

capital 

Firm productivity Province 

in Italy 
Difference-in-
Difference 

estimation 

n/a Positive 

Bertschek 

And Niebel 

(2016) 

Mobile internet, Labor, 

Capital 

Firm’s Labor 

productivity 

2143 

German 

Firms 

2SLS Average mobile 

internet (51 firms), 
Number of years 

Employees own a 

smart phone 

Positive 
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3.3 The Stochastic Production Frontier Model 

The stochastic frontier model was proposed by Aigner, Lovell and Schimit 

(1977) and Meeusen and Van den Broeck (1977). The stochastic frontier model is 

able to distinguish the impact of variation in technical efficiency from the external 

stochastic error on the output of firms. Stochastic analysis assumes that a firm 

potentially produce at a level less than it would have produce due to inefficiency. The 

model has been widely accepted and modified to different sectors using both cross 

sectional and panel data. 

 

3.3.1 Literature Review on Technical Efficiency Estimation using the 

Stochastic Frontier Model. 

Many researchers have attempted to estimate technical efficiency of production 

units using the stochastic frontier model since its inception. 

Bigsten al et (1998) studied exports and firm-level efficiency in manufacturing 

sector of four African countries using panel data. They measure firm-level efficiency 

using stochastic frontier model with data from 1992 to 1995. The results of both 

random effect and time-variant effect productivity models show that exporters are 

more efficient than non-exporters. They stressed further that even for firms which 

have previously been exporting, additional year of exporting increases efficiency in 

the next period by 4% controlling for other factors. Their study concluded that 

whether or not there are efficiency gain from exporting depends on the market 

environment in which the firm is located- smaller markets with least technology gain 

more. 

Eling and Luhnen (2007) measured the performance of 3710 insurance 

companies from 37 countries using panel data from 2002 to 2006. They compare 
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different methodologies, countries, organization reforms, distribution systems, lines of 

business and company sizes. They identified a steady growth in efficiency in the 

international insurance markets from 2002 to 2006 with large differences across 

countries. In a cross-country comparison in terms of efficiency, Japan and Denmark 

were identified as the most efficient while insurers from the Philippines have the 

lowest efficiency values. They also find that efficiency of large insurers is higher than 

efficiency of small insurers which is an evidence of economies of scale. They found 

no evidence of economies of scope in the international insurance markets. Using a 

conditional mean analysis, they revealed that organizational type and line of business 

are strongly associated with efficiency. 

Ferrantino and Ferrier (1995) analyzed panel data of 239 sugar mills for the 

period 1980/81 to 1984/85, and analyzed the technical efficiency of Vacuum-Pan 

Sugar industry of India using the technique of stochastic frontier approach (SFA). The 

study concluded that the smaller sugar factories and firms with access to sweater cane 

are more efficient. Further, public-owned firms are found to be less efficient than the 

private and co-operative sugar firms. 

Battese and Coelli (1995) examined the technical inefficiency using stochastic 

frontier model in which the non-negative technical inefficiency effects are assumed to 

be a function of firm-specific variables and time. The study used ten years of panel 

data observed in 14 paddy farmers from a small Indian village. The null hypotheses, 

that the inefficiency effects are not stochastic or do not depend on the farmer-specific 

variables and time of observation, are rejected for these data. The implication is that 

the model for technical inefficiency effects involving constant term, age and 

schooling of farmers and year of observation, is a significant component of the 

stochastic frontier production function. 
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Hassine (2007) studied the technical efficiency of agriculture sector of fourteen 

Mediterranean countries involve in global markets liberalization. The study used 

stochastic frontier model to a set of six different crops and for each product a panel 

data set covering the period 1990 – 2005 is used with different econometric results 

obtained. The empirical results show presence of important inefficiencies in 

Mediterranean agricultural production with significant diversities across countries and 

crops. EU countries on average appear to have higher technical efficiency levels than 

SMC, among which some countries such as Algeria, Morocco, Tunisia and Jordan 

display substantial misallocation of resources. The results indicate that there exists 

scope for increasing crop production up to 50% in some regions through expanding 

irrigated areas, encouraging the mechanization of the farmers and combating the land 

fragmentation. 

Essilfie el at (2010) estimated the technical efficiency of small scale maize 

production in Mfantseman municipality in the central region of Ghana using 

stochastic frontier approach. A multistage sampling techniques was used to gather 

data from 100 maize farmers in four villages. The empirical results reveal that the 

mean technical efficiency of small scale maize production in the study area is 58%; 

however, this ranges from 17 to 99%. There is distinct and inter gender variability in 

technical efficiency in the maize producing villages. In addition, the number of years 

of school the farmer has had in formal education, age of the farmer, household size, 

and off – farm income activities of the farmer impact on technical efficiency. 

Thabethe (2013) investigated the technical, economic and allocative efficiencies 

of sugar cane production in a small district in South Africa. The study obtained data 

through a survey of 231 small-scale sugar cane farmers in the Nkomazi region of 

South Africa for 2009/2010 sugar growing season. The empirical results reveal that 
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labor, herbicides and fertilizers have significant positive effect on sugarcane 

production for the period analyzed according to the stochastic production frontier 

model employed in the study. The mean technical, allocative and cost efficiency 

estimates are 68.5%, 61.5% and 41.8% respectively. This means that the small-scale 

sugarcane farmers lack considerable technical, allocative and cost efficiency. In the 

Tobit regression analysis age, level education and gender are significant determinants 

of technical efficiency while level of education, off-farm income, land size and 

experience are significant determinant of allocative efficiency. Level of education, 

land size and experience are significant determinants of cost efficiency in sugarcane 

production under the period investigated. 

Baten el at (2009) studied the technical inefficiencies in the tea industry in 

Bangladesh using fifteen years of panel data from seven tea regions. The study 

employed the stochastic frontier approach with translog production function. The 

results indicate that area and labor input variables significantly affect the amount of 

yield in tea regions of the tea industries. The variables labor, time, square terms of 

time, interaction of time and labor and interaction of time and area are found to be 

insignificant meaning that these variables do not affect the yield of tea significantly. 

The study identified the mean technical efficiency of Bangladesh Tea Industry during 

the period 1990 to 2004 as 0.51 and it ranges from a minimum of 0.29 to a maximum 

of 0.92 in the tea regions. This implies that 51% of potential yield is being realized by 

the tea industry.  

Kitila and Alemu (2014) studied the technical efficiency of small-holder maize 

farmers. The data were obtained from a random sample of 120 maize farmers from 

three purposively selected potential maize producers of the zone, over the 2011/12 

cropping year and analyzed using a Cobb-Douglass stochastic production frontier 
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function. The results show that maize producers in the study area are technically 

inefficient and average farmer achieves only 66% efficiency and lies 26 % below the 

efficiency levels achieved by best performing farmers in the sample. This means that 

substantial scope exists for improving maize productivity and enhancing food security 

by just adoption of the management practices of best performing farmers. The 

analysis also reveals that age, the educational level of the farmer, land fragmentation, 

extension contact, involvement in off-farm activity and total land holding of the 

farmer are the major socioeconomic variables significantly influencing farmers 

‘technical efficiency. 

Nawuru el at (2006) examine the technical efficiency of credit and non-credit 

user crop farmers in Imo state, Nigeria. A random sample of 132 arable crop farmers 

with 57 credits using and 75 non-credit using farmers were analyzed using the 

stochastic frontier production function. The results reveal that credit using farmers are 

more technically efficient than non-credit using farmers. Variables such as, age of 

farmer, size of household, level of formal education, farming experience and 

membership of cooperatives have significant positive impact on technical efficiency. 

The estimated technical efficiencies range between 0.311 to 0.951 for credit using 

farmers and 0.311 to 0.941 for non-credit using farmers. The study found the mean 

technical efficiency of 10 worst performing farmers as 0.157 for credit users and 

0.185 for non-users. Additionally, mean technical efficiency of 10 best performing 

farmers are 0.749 for credit users and 0.8886 for non-credit users. The study 

concluded that it would take an average credit using farmer 64% cost savings and an 

average non-credit using farmer 50 % cost saving to become the best performing 

farmer in their respective groups. 
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Rosko & Chilingerian (1999) studied factors affecting hospital efficiency using a 

two-stage approach in a stochastic frontier analysis. A translog cost-function is used 

to estimate inefficiency scores in the first stage followed by the second stage where 

inefficiency scores are regressed on independent variables to test the hypothesis from 

the X-inefficiency Theory. Results from the first stage reveal that mean inefficiency 

scores ranging from 0.075 to 0.180. The second stage results indicate inefficiency has 

negative relationship with regulatory pressure and industry concentration. The study 

based on 1989 data for 195 Pennsylvania acute care hospitals. 

Ueasin el at (2015) studied the technical efficiency of rice hust power generation 

plants in Thailand using both data envelope analysis and stochastic frontier approach. 

The study is based on data from 57 biomass power plants collected from the power 

policy bureau of Thailand in 2012. The results suggested that the average efficiency 

scores range from 72-88% which are below the maximum efficiency score. The study 

reveal that inefficiencies are caused by input surplus with inefficiency scores in the 

range of 12-28%. Comparing the descriptive statistics from the CRS-DEA, VRS-DEA 

and SFA models, the study asserts that SFA model provide the best results as it 

determined the association between the dependent and independent variables used. 

Pattnayak & Chadha (2009) estimated the technical efficiency using stochastic 

frontier production for 76 Indian pharmaceutical firms for the period 1991 -2003.  The 

study finds evidence of time-varying technical efficiency in the pharmaceutical 

industry in India. For the sub-sample of patenting firms, the analysis revealed an 

increasing return to scale implying firms that engage in R&D activities get higher 

returns in India. The study concluded that strong patent laws may incentivize 

patenting firms to invest more in R&D in order to compete with MNCs and at the 
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same time stimulate non-patenting firms to become more research oriented and 

efficient in the long run. 

Sun el at (2015) investigated technical efficiency using unbalanced panel data 

from 442 salmon farms in Norway covering a period of 14 years. Flexible stochastic 

cost frontier model was used where the technology parameters were unknown smooth 

functions of firm-and -time effects and non-neutrality shift the cost frontier. The 

model separated inefficiency into firm and time-specific parts. Variable inputs are 

labor and feed while capital and fish at the beginning of the year are treated as quasi-

fixed inputs. Output is the kilogram of fish harvested plus the change in stock of live 

fish in the pens during the year. Results from the analysis indicate that learning effect 

led to technical inefficiency which together with technical change increase 

productivity and these contributions have varied over time in a flexible pattern. 

Tanako and Hailu (2015) analyzed the technical efficiency of the Ethiopian 

manufacturing firms using the “true” random effects stochastic frontier model for 

establishment-level census panel data over the period of 2000 to 2009. The study 

found a significant gap in efficiency estimates between the “true” random effects 

model and the fixed and random effects models, implying considerable heterogeneity 

of manufacturing firms in Ethiopia. The study further asserts that the production of 

the Ethiopian manufacturing sector is largely responsive to changes in intermediate 

inputs compared to labor and capital inputs. The estimated technical efficiency varies 

across firms within an industry suggesting a significant potential for improving 

efficiency in the sector. The study commented that the major problem for the variation 

in efficiency is that firms were not able to operate at their full production capacity, 

which was mainly caused by shortfalls in the supply of raw materials. 

 

 



36 

CHAPTER 4 

 

THEORETICAL FRAMEWORK AND MODEL 

 

4.1 Theoretical Framework. 

The basic framework for this study is based on two growth theories; the 

neoclassical growth theory and the endogenous growth theory. 

 

4.1.1 The Neoclassical Growth Theory 

This emerged in 1950s and is based on the work of Robert M. Solow. Solow’s 

(1956) theory suggested three sources of economic growth: capital accumulation, 

labor and technological progress. The theory emphasized the importance of saving. 

Higher saving rate leads to increase investment and subsequently to higher levels of 

production.  

The theory argued that increase in the labor force is good for sustained economic 

growth if such increases is accompanied by increase in investment. Thus, countries 

with higher population growth rates without corresponding increase in capital stock 

would have lower capital-labor ratio and hence lower incomes. 

For Solow, technological progress means qualitative changes in production, 

which is the increase in educational level of workers, organizational improvements 

and increase in production.  The dependent variable used in the model is output (y*) 

and the independent variables are capital (K) and labor (L), thus from Solow (1956);  

y* = A(t) F(K, L),                                                                      (1)  
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where A(t) is the technological change which is considered exogenous.  This implies 

that the isoquant map remains unchanged but the output attached to each isoquant is 

multiplied by A(t).  

 

4.1.2 Endogenous Growth Theory 

One of the basic concepts of endogenous theory is the disaggregation of capital 

into physical capita and human capital.  Early theories of endogenous growth 

identified human capital as a very important determinant of growth (Romer, 1989b). 

According to Romer’s theory, economic development is directly determined by the 

value of human capital, focused on acquiring new knowledge and therefore countries 

with higher accumulation of human capital would experience rapid economic growth. 

Another concept is technological change, unlike neoclassical growth theory, is 

considered endogenous growth factor generated by internal means, Romer (1990) 

asserts that economic growth is driven by technological change that arise from 

intentional investment decision made by profit-maximizing agent.  The implication is 

that final output y* (or the maximum output attainable in an economy) is a function of 

primary inputs-human capital (H), labor(L), physical capital(K) and technological 

change(A). That is  

y* = f(H, L, K, A)                                                              (2) 

Barro (1996) concluded that the growth rate of per capita GDP is enhanced by 

male secondary and higher schooling and life expectancy both proxies for human 

capital, by better maintenance of the rule of law, smaller government consumption, 

and lower inflation. Growth is also stimulated by greater starting levels of life 
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expectancy, by lower fertility rates, and by improvements in the terms of trade (Barro, 

1996). 

 

4.1.3 Estimation of Technical Efficiency 

The stochastic frontier model was proposed by Aigner, Lovell and Schimit 

(1977) and Meeusen and Van den Broeck (1977) under a fundamental concept that 

deviations from the production frontier could be due to factors or conditions that are 

not under the control of the firm.  Such factors might be unexpected equipment 

failure and bad weather conditions. The stochastic frontier model is made up of three 

components; the deterministic production function, the idiosyncratic error and the 

inefficiency error.  

Given that f(x; β) is the production frontier, which might be derived from the 

endogenous growth theory, x is a vector of inputs, and β is a vector of their 

parameters.  Then the technical efficiency (TE) can be derived from  

TE  =  
𝑦

𝑓(𝑥;β)
                                      (3) 

where y is the actual output  
𝑦

𝑓(𝑥;β)
  < 1 means that the actual output y is inefficient or 

we can increase the amount of output without changing the level of inputs; while 

𝑦

𝑓(𝑥;β)
  = 1 means that actual output is efficient for a given level of inputs, the actual 

output is on the frontier.  We may define the output inefficiency as 

TE =  exp(−𝑢)   or     ln TE =  u                                                       (4) 

If uit = 0 implies ouput is efficiency; on the other hand, uit > 0 implies inefficiency. 

Combine equation (3) and (4), we can write a stochastic frontier function as follows 
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y = f(x; β)exp(𝑣 − 𝑢)                                                              (5) 

Output-oriented technical efficiency is represented by u, where u ≥ 0 and v is 

stochastic disturbance term, which is independent and identically distributed with 

mean zero and variance δ2.  The equation (5) can be rewritten as 

ln yit = ln f(xit; β)  uit + vit                                   (6) 

Where the subscript it represents for cross section unit i at time period t. 

 

4.2 Model  

We will use the stochastic frontier of the equation (6) along with the 

Endogenous Growth theory to study how the internet affect to economic growth in 

Africa.  The stochastic frontier approach basically assume that a production unit 

produce less than it would have produce due to inefficiency. Separating this 

inefficiency component (which are sometimes beyond the control of the production 

unit) would help us estimates the true contribution of the inputs to the final output. 

Some studies use the stochastic frontier model to analysed cross country 

variations in efficiency of productivity in the agricultural sector (Hassine, 2007) and 

health care sectors (Medeiros & Schwierz 2015, Ogloblin 2011, WHO 2010). Using 

the same arguments and assumptions, we apply the stochastic frontier approach to 

estimate the effect of inputs on the economic output and measure the efficiency of 

productivity at the macro level. 

In this study, the dependent variable yit is output, which is measured by real GDP 

per capita.  We use the labour force participation rate (Lit) to measure the input labour; 

real gross fixed capital formation (Kit) to measure the physical capital; life expectancy 
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at birth (LIFEit) and the number of the population with secondary education (EDUCit) 

to measure the quality of human capital and number of internet users (NETit) to 

measure the technology input. Time trend (trend) is added to the model to account for 

other forms of technology and innovations that also enhance output apart from 

internet penetration. The subscript it represents for country i at time period t. 

To estimate the paremeters in the stochastic frontier of equation (6), we use the 

translog function form, which is flexible and widely adopted in most studies.  This 

function can be express as follow: 

 ln yit  =  β0 + βL ln Lit + βKln Kit  + βLIFE ln LIFEit   + βEDUC ln EDUCit    + βNET lnNETit  

+ βtt + βLK ln Litln Kit + βLLIFE ln Litln LIFEit + βLEDUC ln Litln EDUCit + βLNET ln Lit 

ln NETit + βLt ln Litt + βKLIFE ln Kitln LIFEit + βKEDUC ln Kitln EDUCit + βKNET ln Kit 

ln NETit + βLt ln Kitt+ βLIFEEDUC ln LIFEitln EDUCit + βLIFENET ln LIFEitln NETit  + 

βLIFEt ln LIFEitt+ βEDUCNET ln EDUCitln NETit + βEDUCt ln EDUCitt + 0.5βLsq ln2 Lit 

+0.5βKsqln
2 Kit +0.5βLIFEsq ln2 LIFEit+ 0.5βEDUCsq ln

2 EDUCit    + 0.5 βNETsq ln2 NETit+ 0.5 

βtsq ln2t  + vit   uit                                                               (7) 

 

4.3 Determinant of Technical Efficiency in Africa. 

Stochastic frontier models have been used often at the micro level to determine 

technical efficiency of firms and farms. In recent years, some researches have 

attempted to estimate technical efficiency at the macro level across countries but often 

these attempts are concentrated on agricultural and helath sectors. Cross countries 

anlysis of efficiency in terms of overall economic output is limited and virtually non-

existent for African countries. As African countries trive to expand economic output 
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and to create wealth, it’s imperative to know how efficient resources are being used to 

attain this goal. This study is one of the first kind in the context of Africa. 

Technical efficiency of the economic output is determined by the number of 

labor force, quality of the labor force (measured by education and life expectancy), 

physical capital and level of technology (measured by internet penetration) 

Technical ineffciecny effects can be defined by the following factors; age 

structure, geographic location, corruption, fertility rate and export. 

Age Structure: Economic behavior of the population of a country varies at 

different stages of life, changes in a country’s age structure can have significant 

effects on its economic performance. For instance, countries with a high proportion of 

children are likely to devote a high proportion of resources to take care of them, 

which tends to slow the pace of economic growth. However, if most of a nation’s 

population falls within the working-ages, the added productivity of this group can 

produce an increase in the economic output. Additionally, if a large proportion of a 

nation’s population consists of the elderly, similar to a very young population; a large 

share of resources is needed by a relatively less productive segment of the population, 

which can also negatively affect economic output (Boldea 2012). 

Geographic location: According to Gallup et al (1999) location and climate have 

large effects on income levels and income growth through their effects on transport costs, 

disease burdens, and agricultural productivity.  Regions located far from coasts and 

ocean-navigable rivers face high transport costs of international trade and tropical 

regions bear a heavy burden of diseases. As a result, relative to temperate regions, 

tropical regions are hindered in development by higher disease burdens and limitations 

on agricultural productivity. 
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Corruption: Murphy, Shleifer, and Vishny (1993) asserts that corruption may cause 

misallocation of talents. Because corruption represents a higher return to rent-seekers, 

talent flows out of the innovation sector to the rent-seeking sector. Since the pace of 

technological progress is determined by the talent pool of the innovation sector, growth 

rates drop in societies in which corruption is widespread. Also, innovators or 

entrepreneurs are hit hardest by corruption as they must obtain government-supplied 

goods such as licenses and permits to start, whereas established producers do not. It is 

also indicated by many researchers that corruption creates the opportunity for increased 

inequality and reduces the return to productivity. 

Fertility rate:  it is argued that higher fertility rates reduces efficiency of 

production because resources for capital investment and enhancing the innovative 

capacity of the workforce is channel into child care. This results in lower capital-labor 

ratio. Similarly, in countries with high fertility, women spend more time in child care 

than production (Plane 1988, Brander & Dowrick 1994, Barro 1997) 

Export: There is a general consensus among researches that exporting enhances 

the efficiency of firms; by extension developing countries with more exporting firms 

can be regarded to be more efficient than those with less firms exporting. Bigsten el at 

(1998) asserts that exporting firms are more efficient than non-exporters for the 

sample of African firms analysed. Similar result was found by Zhou (2014) for five 

African countries studied. 
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4.4 Data 

Data of the nineteen African countries started from 2003 to 2014 are obtained 

from the World Development Indicators (WDI) of the World Bank.  The detail for 

each variable are as follows. 

Real Gross domestic product per capita (yit): It is the gross domestic product 

(constant 2010 US$) per capita. The per capita GDP is especially useful when 

comparing one country to another, because it shows the relative performance of the 

countries. 

Internet users (Netit): Internet is the main variable to be tested. It is defined as 

the number of people who use the internet from any location over the past twelve 

months. Internet can be used through a computer, a mobile device or other electronic 

devices. One likely limitation of the internet user variable is that user intensity is 

might not be accounted for.  A user is an individual who has access to the Internet 

from any location. This indicator does not record use, or frequency of use, but only 

access. In order to have access, the hardware equipment must be in working 

conditions, the Internet subscription service must also be active. The hardware 

equipment may or may not be owned by the individual/household. There are no age 

limits, so an Internet user can be of any age.  

Life expectancy (lifeit): Life expectancy at birth indicates the number of years a 

new born infant would live if prevailing conditions remain the same. 

Education (Educit): it is the number of of the population with secondary 

education. Both secondary education and life expectancy serve as a proxy for human 

capital. 

Physical capital (Kit):  is the gross fixed capital formation (constant 2010 US%). 
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Fertility rate (fertitiyit): Fertility rate which is the total births per woman is used 

to account for the growth of the population. High fertility is detrimental to growth as 

more resources will be allocated to new born and not into the production process. 

Labor (Lit): It is the actual labor force partication rate. 

Corruption (corruptit): is the abuse of entrusted power for private gain. It is 

measured by how public organizations are perceived to be corrupt. The index ranges 

from 0-10. The most corrupt country is ranked close to zero and most clean country 

scores close to ten. 

Age (ageit): is the number of people aged 15-64 of the population. 

Location (Locit): location is the geographic location of the country (a dummy 

variable assigned 1 if the country has a port and 0 if landlocked)  

Export (exportit): is the exports of goods and services (constant 2010 US$) 
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CHAPTER 5 

 

 RESULTS 

 

5.1 Descriptive Statistics  

African countries included in this study are put into three group based on World 

Bank Country and Lending Group classification. There are four groups of countries 

according to gross national income per capita; lower income, lower middle income, 

upper middle income and high income. However, only three groups would be 

considered for this study since no African country fall into the high-income category. 

Low income countries included in this study are Burundi, Burkina faso, chad, Malawi, 

mali, Mozambique, Rwanda and Uganda. The lower middle income countries are 

Cameroon, Ghana, Kenya, Lesotho, Morocco, Mauritania, Tunisia, Niger and sudan. 

South Africa and Mauritius are the only two upper middle economies included. The 

descriptive statistics of all sample and the various income groups is shown below. 

Table 5.1 Descriptive statistics of all sampled countries. 

Variable unit  mean  maximum minimum std.Dev 

y  USD  1724.02  8837.61                 205.07  2117.28 

Net  millions  2.34  26.49      0.13  4.62 

K          billions (usd)    8.3                   8.52      2.46  1.61 

L  millions   4.98  11.795      3.11               3.08 

Educ  millions 3.29  15.75      2.398                      2.12 

Life  years  58.07  74.60     43.53                      7.79 

Age  millions  10.54  35.38     82.97                      7.93 

Corrupt  index  3.11  5.70     1.10                     0.99 

Fertility  na  4.82  7.72     1.43                 1.68 

Export          billion (usd)              11.2  120      0.98      2.43 
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                     Table 5.2 Descriptive statistics of low income countries 

Variable unit  mean  maximum minimum std.Dev 

y  USD  501.7458 965.8489 205.0720 185.8473 

Net  millions 0.62  6.69  0.015  1.172 

K         billions(usd)  2.00  6.9  0.246  1.54 

L  millions 5.36  11.696  2.452  0.25 

Educ  millions 1.78  5.12  3.53  1.08 

Life  years  54.59  63.97  45.88  3.92 

Age  millions 8.07  18.57  3.74  3.39 

Corrupt  index  2.8  5.3  1.6  1.6 

Fertility  na  6.2  7.7  3.9  0.9 

Export     billions (usd)  1.95  5.8  0.98   1.45 

 

Table 5.3 Descriptive statistics of lower middle income countries 

Variable          unit                  mean  maximum minimum std.Dev 

y         USD  1705.754 4243.733 838.7173 1000.172 

Net         millions  3.49  19.47  0.013  0.50 

K          billions(usd)                8.45  31.9  0.34  8.06 

L       millions  4.56  11.79  0.46  3.16 

Educ        millions  4.0  12.85  0.27  3.09 

Life        years  60.7  74.6  43.5  8.7 

Age         millions  11.88  24.73  1.04  7.69 

Corrupt        index  3.1  5.0  1.1  0.96 

Fertility        na              3.98  5.46  2.02  1.12 

Export   billion usd 10.2  35.0  0.726  9.25 
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Table 5.4 Descriptive statistics of upper middle income countries 

Variable Unit  Mean  Maximum Minimum StDev 

y  USD  7297.278 8837.612 6004.930 723.2688 

Net  millions  5.57  26.49  0.15.  8.33 

K          billions(usd)                36.1  85.2  1.69  35.9 

L  millions  4.975  10.50  0.31  4.76 

Educ  millions  7.27  15.75  0.24  7.19 

Life  years  63.37  74.19  51.56  9.92 

Age  millions  16.31  35.38  0.83  15.85 

Corrupt  index  4.74  5.70  4.10  0.46 

Fertility  na  2.10  2.76  1.43  0.47 

Export   billion usd 56.7  120.0  3.61  53.6 
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Figure 5.1 Real per capita gross domestic product from across income groups from 

2003 to 2014. Source: Adapted from WDI data. 
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Figure 5.3 Real gross domestic fixed capital formation across income groups in     

Africa from 2003 to 2014. Source: Adapted from WDI data. 

 

Figure 5.2 Number of internet users across income groups in Africa from 

2003 to 2014. Source: Adapted from WDI data. 
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Figure 5.5 Labor force participation across Africa from 2003 to 2014. 

Source: Adapted from WDI data. 

 

Figure 5.4 Secondary school enrollment from 2003 to 2014. 

Source: Adapted from WDI data. 
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From the descriptive statistics above, the average real per capita gross domestic 

product of upper middle income (UMI) countries seems to be increasing steadly across 

the years compared to other income groups. The average per capita gross domestic 

product in low income (LI) countries is $ 501 and there is no visible increase in real per 

capita domestic product from 2003 to 2014 (Fig.5.1). 

The number of internet users in upper middle income countries is 1.6 times that in 

lower middle income countries. Similary, average internet users in lower middle income 

(LMI) countries is 5.7 times that of low imcome countries. Interestly, a closer look at 

Figure 5.2 shows that the average number of internet users in 2003 is virtually the same 

in both LI and LMI groups. From 2004 to 2008, there is no variation in average number 

of internet users in UMI countries. Additionally, average number of internet users in 

UMI and LMI countries are the same. However, LMI countries recorded higher number 

of internet users from 2008 to mid 2009.While investment (measured by real gross 

domestic capital formation) in UMI countries decline from 2008 to 2010, possibly due to 

the ‘2008 recession’, that in the LI and LMI countries increased steadly over the the 

same period. On average, investment in LMI countries is approximately 4 times that of 
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Figure 5.6 Life expectancy across income groups in the selected African countries 

from 2003 to 2014.  Source: Adapted from WDI data. 
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LI countries. The same is true of UMI countries where investment is 4 times that in LMI 

countries. 

The average number of people in the labor force in both LMI and UMI groups is 

fairly similar. Though the number of people in the labor force increased gradually over 

the years in LI and LMI countries, it declined sharply in UMI group during 2008 to 2010. 

It is also interesting to note that average labor force in LMI and UMI countries is the 

same in 2008 for the African countries included in this study.  

Secondary school enrollment in LI is 2.2 times that in LMI countries while 

enrollment in LMI is 1.8 times that in UMI countries. Perhaps the most striking 

observation from Fig. 5.3 is that there is a tendency for the LMI countries to catch up 

with UMI ones in terms of secondary school enrollments. 

Average life expectancy varies across the various income groups. Life expectancy 

in LI countries is 54.6 years, 60.7 years in LMI and 63.4 years in UMI countries. 

However, the maximum life expectancy in both LMI and UMI is 74 years.  

 

5.2 Fixed Effect Estimation Result 

Fixed effect approach is preferable in stochastic frontier estimation because it 

eliminates the need for distributional assumptions for the ui's, and it is not necessary to 

assume that the inefficiency terms are unrelated to the independent variables (Greene 

2002). Since there are other unmeasurable economic factors that influence the overall 

ouptput. These unobserved factors are assumed to be included in disturbance term, (vit).  

For instance, Cross-country variation in governance and economic policies are likely to 

affect inputs that generate economic growth. One would expect that countries with 

favourable policies towards internet adoption and expansion are more likey to record 

higher number of people using the technology for personal and corporate purposes. The 
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fixed effect estimation results of the translog stochastic frontier production are shown in 

Table 5.5 below. 

          Table 5.5 Fixed effect estimation result. Dependent variable: lnGdppc 

Variable   coefficient  Std. Error  St. Prob. 

Constant    -2.0242809  0.851101  0.0173 

Lnlabor    0.065147  0.067651  0.3367 

Lncapital   0.021510  0.062693  0.7319 

Lnlife    0.789904  0.506023  0.1202 

Lneduc    0.035438  0.093370  0.7216 

Lnnet    -0.078686  0.041680  0.0605 

Lnlabor.lncapital   -0.001440  0.002608  0.5816 

Lnlabor.lnlife   -0.005615  0.015735  0.7216 

Lnlabor.lneduc    0.005003  0.005343  0.3502 

Lnlabor.lnnet   0.000876  0.001539  0.5701 

Lncapital.lnlife   0.000875  0.010007  0.9304 

Lncapital.lneduc   0.002031  0.002957  0.4929 

Lncapital.lnnet   0.0000496  0.001564  0.9747 

Lnlife.lneduc   -0.014590  0.019139  0.4468 

Lnlife.lnnet   0.016298  0.008487  0.0562 

Lneduc.lnnet   0.001434  0.002158  0.5066 

Ln2labor   -0.006290  0.004550  0.1684 

Ln2capital   0.001358  0.002026  0.5036 

Ln2life    -0.182569  0.131640  0.1670 

Ln2educ    -0.008123  0.007768  0.2970 

Ln2net    -0.001877  0.001619  0.2477 

@trend    -0.0000905  0.006568  0.9890 

@trend*Lnlabor   -0.000372  0.000321  0.2479 

@trend*Lncapital   -0.000468  0.000271  0.0861 

@trend*Lnlife                          0.000760                      0.001237                      0.5400 

@trend*Educ   0.000608  0.000400  0.1301 

@trend*Lnnet   0.000269  0.000288  0.3511 

  0.5*(@trend)^2      8.30E-05   8.10E-05      0.3064                                
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The results of the fixed effect estimation above indicate that most of the parameter 

estimates are insignificant.  Labor force, fixed capital formation and education are all 

have insignificant positive effect on the economic output of the African countries 

included in this study. This is in contrast to the findings from the literature (Lucas 1998, 

Romer 1992, Barro 1996,).  The coefficienct of internet penetration is signicant but 

negatively related to output. This prompted the need to reexamine the model. As a result, 

autocorrelation and heteroskedasticity test are conducted. 

 

Autocorrelation Test 

Autocorrelation is tested in the model by regressing the residuals on its lagged 

value, that is e_fet = ρe_fet-1 + ԑt. the null hypothesis of no autocorrelation (H: ρ = 0) 

is rejected at 0.05 significant level. The presence of autocorrelation in the model 

means that the errors are correlated across time periods resulting in incorrect standard 

error estimates. 

Table 5.6 Autocorrelation test. 

Variable coefficient  std. error  prob. 

E_FE (-1) 0.569299  0.048329  0.0000 

 

Heteroscedasticity Test 

The White test proposed by White (1980) is used to test for heteroskedasticity in the 

model. The White test examines heteroskedasticity by assuming that it’s a linear function 

of the independent variables, a function of their cross-products and a function of their 

squared values hence the white test is appropriate for this analysis. The results of 

regressing the squared of the residuals on the independent variables is shown in Table 

5.11. Since the probability value of the F-statistic (0.000) is less than level of significant 

(0.05), the null hypothesis of homoscedasticity is rejected and as such heteroskedasticity 



54 

is present in the model. The presence of heteroskedasticity means that errors are not 

independently and identically distributed. As a result, our standard errors estimates are 

correct. 

Table 5.7 Heteroskedasticity test. Dependent variable: E_FE2 

Variable Coefficient  Std. Error  prob. 

Constant    -2.042809   0.851101   0.0173 

Lnlabor    0.065147   0.067651   0.336 

Lncapital    0.021510   0.062693   0.7319 

Lnlife    0.789804   0.506023   0.1202 

Lneduc    0.035438   0.093370   0.7047 

Lnnet    -0.078686   0.041680   0.0605 

Lnlabor.lncapital   -0.001440   0.002608   0.5816 

Lnlabor.lnlife   -0.005615   0.015735   0.7216 

Lnlabor.lneduc    0.005003   0.005343   0.3502 

Lnlabor.lnnet   0.000876   0.001539   0.5701 

Lncapital.lnlife   0.000875   0.010007   0.9304 

Lncapital.lneduc   0.002031   0.002957   0.4929 

Lncapital.lnnet     4.96E-05  0.001564   0.9747 

Lnlife.lneduc   -0.014590   0.019139   0.4468 

Lnlife.lnnet   0.016298   0.008487   0.0562 

Lneduc.lnnet   0.001434   0.002156   0.5066 

Ln2labor    -0.006290   0.004550   0.1684 

Ln2capital   -0.001358   0.002026   0.5036 

Ln2life    -0.182569   0.131640   0.1670 

Ln2educ    -0.008123   0.007768   0.2970 

Ln2net    -0.001877   0.001619   0.2477 

@trend    -9.05E-05    0.006568   0.9890 

@trend*Lnlabor   -0.000372   0.000321   0.2479 

@trend*Lncapital   -0.000468   0.000271   0.0861 

@trend*Lnlife   0.000760   0.001237   0.5400 

@trend*Educ   0.000608   0.000400   0.1301 

@trend*Lnnet   0.000269   0.000288   0.3511 

  0.5*(@trend)^2      8.30E-05   8.10E-05      0.3064   

Prob (F-statistic)   0.000003 
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5.3 Fixed effect Generalized least square estimation. 

Unequal variances and correlation in the error is dealt with using the Generalized 

Least Square Estimation (GLS). The GLS method can transform the model such that the 

new model has errors which are not correlated and have equal variances. Using GLS 

helps us to obtained correct estimates of the standard errors without knowing the nature 

of the heteroskedasticity or the autocorrelation. The results of the GLS estimation is 

shown below.  

Table 5.8 Results of the GLS estimation. Dependent variable: Real per capita GDP 

Variable   Coefficient  Std Error   Prob. 
 

Constant   0.803088   14.25213   0.9551 

Lnlabor   1.811165   1.170300   0.1235 

Lncapital   -1.211843   0.488751   0.0141** 

Lnlife   -9.795377   7.758104   0.2083 

Lneduc   3.114159   1.011448   0.0024*** 

Lnnet   0.176145   0.380754   0.6442 

Lnlabor.lncapital  0.076161   0.025269   0.0029*** 

Lnlabor.lnlife  -0.812256   0.250828   0.0014*** 

Lnlabor.lneduc   -0.011672   0.054759   0.8314 

Lnlabor.lnnet  -0.040955   0.016216   0.0124** 

Lncapital.lnlife  0.239397   0.105391   0.0243** 

Lncapital.lneduc  -0.074867   0.031827   0.0197** 

Lncapital.lnnet  -0.056882   0.015623   0.0004*** 

Lnlife.lneduc  -0.820876   0.243775   0.0009*** 

Lnlife.lnnet  0.032595   0.079164   0.6810 

Lneduc.lnnet  0.098711   0.020113   0.0000*** 

Ln2labor   0.038416   0.079995   0.6316 

Ln2capital   0.042362   0.021529   0.0506* 

Ln2life   7.117208   2.028875   0.0006*** 

Ln2educ   0.048915   0.073442   0.5062 

Ln2net   0.010353   0.014566   0.4781 

@trend   -0.047895   0.102047   0.6394 

@trend*Lnlabor  0.012532   0.003931   0.0017*** 

@trend*Lncapital  0.006063   0.003377   0.0743* 

@trend*Lnlife  -0.003151   0.018311   0.8636 

@trend*Educ  -0.015925   0.004987   0.0017*** 

@trend*Lnnet  -0.003151   0.002873   0.8328 

  0.5*(@trend)^2     -0.002551   0.000827     0.0024***                                

Where *, **, *** means significant at 10, 5 and 1 percent significant levels respectively. Trend represents 

other forms of technology apart from internet penetration. 
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5.4 Discussions 

The coefficient of Labor is positive but insignificant. This is in contrast to the 

findings from the literature (Lucas 1988, Romer 1989, Aghion 1990) who find growth-

enhancing significant effect of labor on economic output. It can be argued that increasing 

labor force participation does not necessary translate into increasing employment. In a 

particular case of some African countries where unemployment is very high, increasing 

labor force participation rate might mean increase in active job seekers. This means that 

only a small proportion of the increasing labor force is engaged in the production 

process. 

From the previous discussions labor as a variable is statistically insignificant and 

capital alone is negative and statistically significant, but the interaction between labor 

force and capital is significant and positively related to output with estimated coefficient 

of 0.076. This means capital formation and labor should play a complementary role in 

driving economic growth. The interpretation is that the rate of increase in output with 

respect to labor depends on capital. Likewise increase in output per capital depends on 

the labor force. Some researches stressed that output would increase rapidly when capital 

to labor ratio is higher than when is the reverse. 

The impact of labor and life expectancy on output is significantly negative at 1 

percent significance level with estimated coefficient of 0.812. This means that increasing 

labor force participation would result in lesser effect of life expectancy on economic 

activity with output declining by 0.812%.The estimated coefficient of interaction 

between labor force participation and internet penetration is negative and significant at 5 

percent significance level. Economic output is estimated to fall by 0.041% if labor force 

participation increase resulting in lesser impact of internet penetration on growth. In 

other ways, labor force participation would have greater impact on economic growth of 

African countries if it is accompanied by increasing internet penetration. 
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The combined effect of labor and education on output is positive but statistically 

insignificant.  Increasing secondary education is not enhancing the skill and quality of the 

workforce hence the insignificant combined effect of this variables on economic growth. 

The interaction between trend and labor is positive and statistically significant. This 

suggest that the rate of change of output with respect to technology depend on the 

number of labour.  Similarly, the rate of change of output with respect to labor depend on 

the level of technology. In the words, increase in output per labor depends on the level of 

technology and how it’s been used in the production process all else been equal. This is 

in line with earlier submissions (Solow 1956, Swan 1956,) who argued that the long run 

growth of economic output depends on technological change. 

Real gross domestic capital formation is negatively related to economic output and 

is significant at 0.05 significant levels.  The estimated coefficient is interpreted as a 

percentage increase in investment would result in output declining by 1.21 perecent. In 

instances where political patronage determines the location, size and frequency of 

government investment, most of these investments could be misplaced and benefits 

accrued from them below the optimum. Keefer and knack (2007) provided proof that 

public investment is particularly higher in governments with low- quality governance and 

limited political checks and balances, the reason being that public investment is 

conducive for rent-seeking.  Many researchers (Khan 1996, Barro & Sala-i- Martin 1989, 

Easterly and Robelo 1993,) have found beneficial impact of public investment on 

economic growth but some argued that excessive investment spending may lead to 

increase taxes or reduce availability of credit for private investment with accompanying 

inflation which create uncertainty about the expected benefits from the investments. 

The effect of capital and life expectancy is positive and statistically significant at 1 

percent level. Increasing capital investment would enhance the contribution of life 
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expectancy to economic growth. Output is estimated to increase by 0.24%. The intuition 

is that increased investment spending without much improvement in health outcomes 

would not be beneficial. 

Education as a separate variable is greatly growth-enhacing while the interaction of 

capital and education is negative and statistically significant. The intuition is that capital 

investment is not impacting the contribution of secondary education to economic growth. 

Better still, secondary education is not enhancing output per capital. Economic output is 

estimated to decline by 0.074 due to ineffective interplay between capital formation and 

secondary education. 

The estimated coefficient of the interaction of capital and internet is -0.0568 

meaning output would decline by 0.0568 percent if increasing capital formation is not 

accomopanied by inmprovement in internet penetration. In other words, output per 

internet penetration is likely to decline due to lesser effectiveness of investment 

spending. 

The interaction of trend and capital is positively significant at 10 percent 

significance level. This means the rate of change of output with respect to capital depend 

on the level of technology. Output per capital is likely to improve if technology is use 

and manage well. In the case of the African countries under study, the effectiveness of 

capital in increasing economic output would decline if technology is not applied and 

organized properly in the production process. 

Life expectancy does not have any significant effect and it’s negatively related to 

growth.   Findings from the literature on the effect of life expectancy are varied. 

While some researchers found positive effect (Bloom, Canning and Malaney, 1999; 

Aghion, Howitt and Martin, 2010; Barro 1996, Ecevit 2013), others had negative 

results (Acemoğlu and Johnson, 2007; Hadavand 2011). Some researches argued that 
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long life expectancy is indicative of the quality of health and that healthy workforce 

enhances growth, while others contend that large chunk of scarce resources are 

allocated to care for elderly to the detriment of productive sectors of the economy. 

Similarly, higher life expectancy leads to large adult population. This has the 

likelihood of lowering wages since there is more time to work hence increasing the 

labor supply.  

Secondary education has significant positive effect on economic output for the 19 

African countries under consideration which is consistent with the literature. The 

estimated coefficient (3.11), which is quite high means that increasing secondary 

education by 1 percent would increase economic output by 3.11 percent. Petrakis & 

Stamatakis (2002) contends that the impact of primary and secondary education on 

growth is greater in developing countries than developed ones.  The results of this study 

are consistent with sections of the empirical literature Artadi and Sala-i-Martin (2003); 

education has significant positive impact on per capita GDP growth of African countries 

and MRW (1992); education has positive impact of sample of 88 countries.  

The positive effect of internet and education on economic growth is statistically 

significant at 1 percent level. The estimated elasticity of output with respect to internet 

and education is 0.098711. This is in line with the empirical literature. The implication is 

that the rate on increase in output with respect to education depends on the internet 

penetration rate. Simply put, improvement in the education would enhance the 

contribution of internet penetration to economic growth. 

The interaction of trend (technology) and education is negative and statistically 

significant at 1 percent sigficant level. This means that education is not contributing to 

output per technology. In other words, secondary education is not enhancing the 

effectiveness of technology in increasing output. it can be argued that secondary 
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education alone is not enough to bring about technological change through innovation 

and research and development.  

Internet penetration is found to be positively correlated with output but is not 

statistically significant. The implication is that the current level of internet penetration in 

Africa is not enough to generate economic growth meaning more increase in internet 

penetration would enhance growth. A possible reason why current level of internet usage 

is not increasing output is that internet adoption by businesses is quite low and e-

commerce is limited because consumers do not have confidence in online purchase.  

Most of the earlier researchers (Choi & Hoon Yi, 2009; Chu, 2013; Koutroumpis 2009; 

Thompson & Garbacz 2011) have found significant positive effect of internet penetration 

on economic growth. 

 

5.5 Results of the technical efficiency estimation. 

The technical efficiency of the economic output of the nineteen countries included 

in this study were calculated (see Table 5.7). As mentioned earlier, these countries are 

grouped in low income, lower middle income and upper middle income groups.  
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 Table 5.7 Technical efficiency (TE) of the various income groups. 

                  Year               LI Group LMI Group UMI Group 

                   2003 0.844703937 0.871609075 0.842270922 

2004 0.888877232 0.907782131 0.888870829 

2005 0.930054579 0.941186799 0.931704167 

2006 0.967371916 0.971316263 0.96998979 

2007 0.96991768 0.967662488 0.972812535 

2008 0.959692184 0.95278612 0.962315281 

2009 0.956601027 0.946544339 0.958550559 

2010 0.960553756 0.948752987 0.96142046 

2011 0.971692634 0.959488889 0.971009231 

2012 0.944356264 0.933578947 0.941618602 

2013 0.909312115 0.901174139 0.904001287 

2014 0.87120961 0.866581944 0.862723005 
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Figure 5.7 Technical efficiency score of the various income groups in Africa from 

 2003-2014.  Source: Author’s  
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Table 5.7 recorded the technical efficiency estimate for low income, lower 

middle and upper middle income countries respectively. A closer look at the table 

shows there is variation in the estimated technical efficiency of the countries in the 

various income groups included in this study.   The lowest technical efficiency score 

recorded is 84.2% in 2003 and the highest of 97.3% in 2007.  The TE scores of all 

income groups follow the same pattern. The scores increase sharply from 2003 to 

2006 and became stable in 2007 through to 2010. TE scores of all income groups 

again decline sharply from 2011 to 2014 (see Figure 5.7). 

In 2003, the TE scores of LMI group is 87.2 percent meaning economic output is 

12.8 percent below the maximum feasible output. In other words, LMI countries could 

produce additional output of 12.8 percent of the production frontier. For the same year, 

LI and UMI countries have similar efficiency scores of 84.4 and 84.2 percent 

respectively. This means these groups could increase their output by 15.6 and 15.8 

percent respectively. 

In 2004, both LI and LMI group recorded an improved TE score of 88.8 percent. 

Actual output produced fell short of the production frontier by 11.2 percent. UMI 

countries obtained an efficiency score of 90.7 percent. This means these countries could 

produce 9.3 percent more output of the production frontier. 

Efficiency of production among all income groups in 2005 looks for promising 

compared to the previous years. The estimated TE scores are 93.0, 94.1 and 93.1 percent 

for LI, LMI and UMI groups respectively. The implication is that, there is a possibility of 

increasing economic output by 7.0, 5.9 and 6.9 percent of the production frontier 

respectively.  

TE scores are fairly stable from 2006 to 2010. Production could increase in 2006 

by 4.3 percent among LI countries, 2.9 percent in LMI and 4.1 percent among UMI 
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countries of the production frontier. In 2007 the recorded TE scores are 97.0, 96.8 and 

97.3 for LI LMI and UMI respectively. Though production is close to the frontier, output 

could increase by 3.0, 3.2 and 2.7 percent of the production frontier respectively. Similar 

TE scores are obtained through 2008 to 2010.  

In 2011, the TE scores of LMI group is 95.9 percent meaning economic output is 

4.1 percent below the maximum feasible output. In other words, LMI countries could 

produce additional output of 4.1 percent of the production frontier. For the same year, LI 

and UMI countries have similar efficiency scores of 97.2 and 97.1 percent respectively. 

This means these groups could increase their output by 2.8 and 2.9 percent respectively. 

In 2012, all income groups recorded a declining TE score of 94.4, 93.4 and 94.2 

percent for LI, LMI and UMI countries respectively. The implication is that additional 

output of 5.6, 6.6 and 5.8 percent respectively is needed for the groups to be on the 

production frontier. There is not much difference in efficiency scores in 2013 as 

compared to 2012. However, in 2014 the scores decline sharply to 87.1, 86.7 and 86.3 

percent for LI LMI and UMI countries respectively. The implication is that these 

countries could increase their output by 2.9, 3.3 and 3.7 percent respectively.  
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CHAPTER 6 

 

 

CONCLUSION AND POLICY RECOMMENDATION 

 

6.1 Conclusion. 

The objective of this paper is to examine the impact of internet on economic growth 

of African countries and subsequently estimate the technical efficiency of the economic 

output. The Endogenous growth theory with the stochastic frontier model were used with 

data from the World Development Indicators of the World Bank covering 2003 to 2014. 

The results indicate that current level of internet penetration alone is not sufficient to 

drive economic growth for the 19 African countries included in this study. Additionally, 

Internet penetration positively affect economic through secondary education. 

Our results also indicated that government investment spending is not enhancing 

economic growth possibly because of rent-seeking and crowding out effect. Similarly, 

investment spending is not improving internet penetration rate as such the interaction 

between the variables is negatively related to output. Though life expectancy is not 

growth enhancing, it promotes economic growth through capital formation. This implies 

that as capital investment increase, the contribution of life expectancy to growth is more 

profound.    Labor force participation is not impacting growth due to the high level of 

unemployment in these African countries.  Secondary education is found to significantly 

enhance economic growth.  

Though the labor participation is not promoting growth, the interaction between 

labor and capital is significant and positively related to output, implying increase in 

output with respect to capital depends on labor force.  The interaction between 

technology and labor is positive and statistically significant. This implies that the rate of 

change of output with respect to labor depend on the level of technology. 
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In terms of efficiency of economic production, African countries are experiencing 

declining technical efficiency over the period from 2011 to 2014. The recorded 

efficiency score in 2011 for LI, LMI and UMI countries are 97.1, 95.9 and 97.1 percent 

respectively.  For 2014 the TE scores fell to 87.1, 86.7 and 86.3 for LI, LMI and UMI 

countries respectively. In 2011, there was possibility for economic output to increase by 

2.9, 4.1 and 2.9 percent of the production frontier among LI, LMI and UMI countries 

respectively. In 2014, output could increase by 2.9, 3.3 and 3.7 percent of the production 

frontier in LI, LMI and UMI countries respectively. 

 

6.2 Policy Recommendations 

Current level of internet penetration is not impacting output however it could 

generate economic growth through other factors such as secondary education. Policy to 

improve educational outcomes should be accompanied by efforts to increase internet 

penetration. Lowering the cost of internet subscription and providing cyber security can 

be useful in increasing penetration in Africa. 

Increasing investment spending is not having the desire effect on economic growth 

and it’s time African countries reconsider some aspects of this investments. These 

investments are likely crowding out the private sector leading to declining output and 

rising unemployment and inflation in most African countries. Governments should not 

rely on capital formation as a main driver of economic growth as this is not beneficial.  

The results also suggest that government investment spending would be beneficial if 

it should go hand in hand with increasing labor force. This means that investment in 

infrastructure that rely heavily on foreign labor to the detriment of the domestic 

workforce is not helpful. Also, investment spending should lead to increase in internet 

infrastructure and penetration. 
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Secondary education is not enhancing the contribution of other forms of technology 

(apart from internet penetration) to growth.   Possibly because the contribution of 

secondary education to research and development and innovation which is the bedrock of 

advancement in technology is limited. Nonetheless, secondary schooling can generate 

interest and provide the basic skills needed to be innovative. The focus therefore should 

be to use secondary schooling to develop the innovative capacity of school levers so they 

can use various forms of technology in the production process. 
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APPENDICES Countries included in this study 

 

Low income countries Lower middle income  

Countries 

Upper middle income                     

countries 

Burundi Cameroon Mauritius 

Burkina Faso Ghana South Africa. 

Chad Kenya  

Mali Lesotho  

Rwanda Mauritania  

Uganda Tunisia  

Malawi Morocco  

Mozambique Sudan  

Niger   

Source: www.africa.com 


