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This study analyzes the relationship between information and communication
technologies (ICTs) and labor productivity growth in sub-Saharan Africa over the
period 1975-2010. The results show that fixed-line and mobile telecommunications
have a positive and significant impact on growth after penetration rates reach a
certain critical mass. The thresholds are identified using nonparametric methods.
Penetrations rates of between 20% and 30% for telephones and 5% for internet
usage trigger increasing returns. FDI and openness are found to improve productivity
and to help ICTs boost growth. Financial development serves as a possible transmis-
sion channel for the growth-enhancing effects of ICTs.
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INTRODUCTION

The revolution in information and communication technologies (ICTs) that
gripped the developed countries in the 1980s and 1990s largely bypassed
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sub-Saharan Africa (SSA), leaving it on the wrong side of the global digital
divide. At the turn of the century, fewer than two out of 100 people in the
region subscribed to mobile cellular communication services, while only
one in 200 people had access to the internet. However, over the past decade,
SSA countries have experienced a dramatic surge in the usage of ICTs. By
2011, more than half of the population in the region had a mobile cellular
subscription and about 13% of the population was using the internet (see
Figure 1). Furthermore, the speed of internet access increased substantially
from 80 Gbps in 2008 to roughly 15.7 Tbps in 2012, although the number
of broadband subscriptions has been modest (International Telecom-
munications Union, 2012). Despite the fact that SSA still lags behind other
regions regarding ICTs indicators, the rapid growth in penetration rates
suggests that ICTs might play a role in improving productivity at the
aggregate level.

The main objective of this paper is to evaluate the impact of ICTs on
labor productivity growth in a sample of 43 SSA countries over the period
1975-2010. In particular, we estimate the effects of fixed-line telephone, mobile
cellular, and internet usage on productivity growth by employing system
Generalized Methods of Moment (SGMM). Some empirical studies (Roeller and
Waverman, 2001; Sridhar and Sridhar, 2007; Gruber and Koutroumpis, 2011)
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Figure 1: Trends in information and communication technology indicators in sub-Saharan African
countries (all income levels).
Data source: World Bank’s World Development Indicators Online Database, 2013.
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have explored this topic by adopting an annual production function frame-
work. By relying on annual data, this approach risks spurious estimates due to
measurement errors and endogeneity bias (Waverman et al., 2005). Another
group of studies has applied an alternative model based on Barro’s (1991)
endogenous technical change approach (Waverman et al, 2005; Kathuria
et al., 2009). It postulates that ICTs levels in a given year affect productivity
growth over following periods, which addresses the main issues associated
with the method based on annual data. Accordingly, in this study, we employ
Barro’s (1991) framework and set the ICTs variables at their initial values at the
beginning of each period.

Previous studies using cross-country data have established the presence of
nonlinear effects of ICTs on growth (Gruber and Koutroumpis, 2011; Hawash
and Lang, 2010; Vu, 2011), which are the result of network effects.! In line
with the literature, we explore this aspect by including polynomial terms into
the regression model. In addition, we use a nonparametric specification that is
more flexible and has the added advantage of allowing us to determine the
thresholds for the network effects.

Consistent evidence in literature points to the growth-enhancing effects of
ICTs in developing (Roller and Waverman, 2001; Sridhar and Sridhar, 2007;
Kathuria et al., 2009; Hawash and Lang, 2010) and developed (Oliner and
Sichel, 2000; Oulton, 2002; Jorgenson, 2003; Jimenez-Rodriguez, 2012) coun-
tries. While evidence from SSA is still scarce, the few existing studies have
found a positive linkage between growth and ICTs in SSA (Lee et al., 2012) and
in African countries in general (Andrianaivo and Kpodar, 2011; Gyimah-
Brempong and Karikari, 2010).

The nexus between ICTs and productivity change in SSA is worth
investigating for several reasons. First, the rapid penetration of mobile
cellular technology and the internet in these countries overlapped with a

! See Dedrick et al. (2013) and Papaioannou and Dimelis (2007) for an extensive review of the
related literature.

2 Network effects exist if consumers’ utility of using a given product or service increases with the
number of other users. These effects, especially in the telecommunication industry, not only increase
the sharing of data as the network expands (direct network effects), but also enable the use of
complementary services (indirect network effects) such as mobile internet applications (eg, e-bank-
ing, e-health, and other related mobile telephony platform applications). The economic growth effects
arise from these direct and indirect effects. However, in general, the network effects impact growth
through their influence on technology adoption and diffusion. Nonetheless, the bandwagon effect,
which results from the network expansion, is expected to drive output growth (Economides and
Himmelberg, 1995; Rohlfs, 2001; Shapiro and Varian, 1999). Other studies have shown that the
presence of network effects can have a chilling effect on growth for a number of reasons. For example,
if the required network threshold is not achieved, it can hamper technology adoption, growth of
complementary services, and new innovations (Birke, 2009; Farrell and Klemperer, 2007; Shy, 2001;
Stremersch et al., 2007).
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period of robust growth in the region. The boom in commodity prices on
world markets has certainly benefited many African countries that are
dependent on primary exports. Debt relief initiatives, better macroeconomic
policies, and a more stable political environment have also played a role
(World Economic Forum, 2013; Yonazi et al., 2012; Wamboye and Tochkov,
2014). But it is also reasonable to expect that the ICTs revolution has
contributed to this growth experience in SSA.

Second, there is ample anecdotal evidence of highly successful business
initiatives in SSA that rely on mobile cellular technology to boost productiv-
ity across entire sectors but estimates of these effects at the aggregate level
are rare. Over the past decade, mobile financial applications have emerged
across Africa that facilitate various financial transactions, such as storing
and transferring money and paying bills. For instance, the mobile platform
M-PESA, pioneered in Kenya, has spread across six other African countries
and allows users to create e-bank accounts and complete financial transac-
tions via their mobile phones. In Kenya alone, active bank accounts in
M-PESA have grown fourfold since 2007 (Yonazi et al., 2012). Another
sector that has been affected by the ICTs revolution is agriculture. In Niger, a
new platform allows irrigation systems to be controlled remotely via mobile
phone. Esoko, a mobile communication service from Ghana and its compe-
titor, M-Farm, from Kenya, provide users with agricultural market informa-
tion, such as up-to-date prices and their recent trends, weather forecasts
and alerts, and crop production levels that help farmers improve their
productivity.

Third, access to fixed-line telephones in SSA has barely doubled over the
last four decades and is among the lowest in the world, with an average of
one line per 150 people. Mobile communication, which requires significantly
smaller amounts of investment in physical infrastructure (relative to fixed-
line telephone), offers a unique opportunity to bypass many of the con-
straints that have prevented the diffusion of ICTs in developing countries.
However, other barriers that are more relevant with regard to productivity
gains remain. For instance, low levels of human capital, lack of healthy
competition on the ICTs market, and lack of information-oriented business
processes in SSA could hinder the adoption of modern technology (Kimenyi
and Moyo, 2011; World Economic Forum, 2013). This raises an important
policy concern on whether ICTs have indeed had a meaningful impact on the
observed growth in SSA.

The rest of the paper is organized as follows. The next section and
the section following it explain the methodology and data sources, respec-
tively. The penultimate section reports the results and the final section
concludes.
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METHODOLOGY

The effects of ICTs penetration on labor productivity growth are estimated for a
sample of SSA countries using the following baseline regression specification:

Ayt =g+ B1Vit—+PrICTs; +ﬁleT5§t7T +P4INVy o+ BsEDUy_ .+ pOPEN; _;
+B7EFDL_ + GOV + BoFINit o+ 1oINSTir— o + 1, + i+ €3¢ (1)

where y;, is the natural logarithm of real output per worker in country i at time ¢.
Country-specific and time fixed effects are denoted by »; and #,, respectively,
while ¢ is the standard error term. Ay, stands for the average annual growth
rate of output per worker in country i between the years t—z and t, where 7
takes the value of 3.> In line with the growth literature, we average labor
productivity growth across 3-year non-overlapping periods to control for the
reverse causality bias and to minimize the effects of short-run cyclical
fluctuations and outliers.* All independent variables in the model are specified
as initial values at the beginning of each 3-year period to capture the idea that
they affect labor productivity growth over subsequent years.” We follow
closely the standard growth literature (Barro, 1991; Levine and Renelt, 1992;
Sala-i-Martin et al., 2004) in selecting the core set of growth determinants.
Notwithstanding, our choice of variables is constrained by data availability,
limiting us to those core variables whose meaningful data is available during
the specified sampling period.

The main right-hand side variable is ICTs, which is measured by the
number of fixed-line telephone subscribers, mobile cellular subscribers, and
internet users, all expressed per 100 people. These three measures are used as
proxies for technology adoption. As suggested by previous studies, we take
into account the impact of network effects by including quadratic terms of the
ICTs variables into the model (Hawash and Lang, 2010; Ketteni et al., 2006).

3 Specifically:
Ayit =it = Yit-«
Vit =Vit—r =P Vit + Xue- S+ 0+ 01+ €1t
Vie =(B1 + D)Vir—o+ Xit—off+ 1, + 01+ €4t
Vit =61Vit—1+ Xit—off+ 1, + 0+ €
Therefore, f; =6, -1

The average annual growth rate of output per worker between the years t—z and ¢ is calculated as
= Y- /=

4 The standard approach in growth literature is to average the data over 3-5 years. However, due
to data limitations of most ICTs variables, this study restricts itself to a 3-year average to maximize the
data points.

®The only exception is the human capital measure, which is averaged over the 3-year period.
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Long-term private international capital flows, such as foreign direct
investment (FDI), have been viewed as complementary and catalytic agents in
building and strengthening domestic factor productivity with inherent tangible
and intangible benefits such as contributing to export-led growth, technology
and skill transfer, and employment creation. In addition, human capital
accumulation, proxied by education (EDU), directly adds to labor productivity
and indirectly leads to efficiency gains through more rapid adoption of
technology. A country with high levels of human capital is more likely to attract
investors, to have the capacity to absorb new ideas, and to engage in research
and innovations (Grossman and Helpman, 1991). While it is hard to ascertain
the sign of the human capital proxy prior to empirical estimations, we expect FDI
inflows to have a positive effect on productivity growth.®

Trade openness (OPEN) encourages competition on the global market,
which in turn drives the export sector to adopt the latest technology and the
most efficient practices of production, thereby increasing labor productivity
(Grossman and Helpman, 1991; Barro and Sala-i-Martin, 1995; Dollar and
Kraay, 2004). In addition, with increasing integration in the global economy,
countries can achieve productivity gains through specialization driven by
comparative advantage. The sign of the coefficient on trade openness variable
is, however, unpredicted prior to our empirical investigations.’

Our regression model further includes a fiscal policy variable proxied by
government consumption spending (GOV).® High budget deficits have been
found to have negative effects on productivity growth (Fischer, 1993). As a
fiscal policy instrument, government consumption expenditure can be used
during economic downturns to stimulate aggregate demand and, hence,
growth. Moreover, in some parts of developing countries, such as rural areas,
where ICTs infrastructure-related development has lower private sector
participation due prohibitive sunk costs, public sector participation implies
increasing government consumption spending. However, if the spending is
politically motivated or results in corruption, it could have negative conse-
quences on the medium- and long-run productivity growth. The proportion of
money supply (M2) in GDP is used as a proxy for the depth of the financial

©The role of human capital constraints has featured prominently in the debate on SSA countries’
inability to replicate East Asia’s growth miracle (Pack and Paxson, 1999; Wolf, 2007).

“While the success stories from the export-led growth of East Asian economies lend some
support to the beneficial effects of trade openness (Dollar, 1992), most SSA countries are net
importers. Unlike East Asian countries, their export sectors are characterized by primary commodity
production and agriculture-based manufacturing, with potentially neutral or detrimental effects on
productivity growth.

8n more general terms, inflation can be interpreted as a measure of macroeconomic stability,
while government consumption stands for the importance of government spending/investment in the
economy.
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market development (FIN), which has been shown to accelerate economic
growth (Beck et al., 2000; King and Levine, 1993). Furthermore, investment
spending (INV) is included to capture the effects of overall domestic invest-
ment activities on labor productivity growth.

In addition to economic variables, we also control for the effect of
institutional factors proxied by a measure of governance (INST). Good
governance, political stability, and high institutional quality have been shown
to provide conducive environment for economic and productivity growth
(Acemoglu et al., 2005; Rodrik et al., 2004; Beck et al., 2000).

The model in Equation 1 exhibits a number of methodological issues.
Endogeneity bias may arise due to the potential endogeneity of labor productiv-
ity growth determinants such as ICTs, human capital, and governance vari-
ables.” On the other hand, it is possible that low productivity growth may cause
low investment in ICTs, while increased investment in ICTs may cause high
productivity growth, or that both ICTs investment and productivity growth may
be jointly determined by a third variable. In such instances, the model will suffer
from reverse causality and simultaneity bias. Other biases that may affect the
consistency of the estimates include the heterogeneity (omitted variable) bias
and measurement error (in the independent variables).

A stylized approach in the literature to correct the endogeneity bias is to
use lagged instrumental variables. However, the problem of finding appro-
priate and strictly exogenous instruments that are correlated with the endo-
genous X-variables but are uncorrelated with the model error term, still looms
(Wooldridge, 2010). The System Generalized Method of Moments (SGMM)
approach of Arellano and Bover (1995) and Blundell and Bond (1998), on the
other hand, is used to control for the endogeneity bias, measurement bias,
unobserved country fixed effects, and heterogeneity bias.'” Relative to
difference GMM and other instrumental variable estimators, SGMM is robust
to weak instrument bias. It uses suitable lagged levels and lagged first
differences of the regressors as their instruments. Additionally, all our samples
meet Roodman’s (2006) requirement of large N and small T when using GMM
as the estimation technique. In accordance with GMM estimation techniques,
the Sargan test of over-identifying restrictions and the Arellano-Bond test that

% Several studies have attempted to establish the direction of causality between growth and ICTs.
A number of them (Dutta, 2001; Perkins et al., 2005; Wolde-Rufael, 2007) have arrived at the
conclusion of bi-directional causality for both developed and developing countries. Nonetheless,
other studies have also established a one-way causality, from growth to telecommunications
investment (Beil et al., 2005 for US).

1 GMM estimation technique has been employed in related studies such as Papaioannou and
Dimelis (2007) to control for the endogeneity bias. However Papaioannou and Dimelis (2007) use
difference rather than system GMM.
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the average autocovariance of residuals of order two is zero are reported. In all
specifications, time dummies are included to remove universal time-related
shocks from the errors (Roodman, 2006).

We conduct other diagnostic tests. We test for unit root in each variable in
the 1975-2010 sampling period using Im-Pesaran-Shin (1997) unit-root test.
The null hypothesis of unit root in all panels is rejected only in the real GDP per
capita growth variable. However, we could not reject the null hypothesis for
the rest of the variables. To solve this problem, we take a first difference on the
data. Unit-root tests based on the differenced data rejected the null hypotheses.
Consequently, all our regressions are based on the equations with the unit-root
corrected data.

DATA

The analysis is conducted using a sample of 43 SSA countries over two sampling
periods: 1975-2010 and 1995-2010. Mobile cellular subscriptions and the
number of internet users’ data are available from the early 1990s onwards.
Consequently, the 1995-2010 sampling period includes the mobile cellular
subscriptions and internet users as the two measures on ICTs adoption. In the
longer sampling period (1975-2010), we measure ICTs effects with fixed-line
telephones and the sum of mobile cellular and fixed-line telephone subscrip-
tions. All three ICTs indicators are expressed per 100 people and the correspond-
ing data were obtained from the World Bank’s African Development Indicators
online database. Data on human capital (measured as the gross enrollment ratio
for primary education), net inflows of FDI (as percentage of GDP), and financial
deepening (proxied by money and quasi money (M2) as percentage of GDP)
were downloaded from the World Bank’s World Development Indicators online
database.

Output per worker is expressed in purchasing power parity terms and
constant 2005 international dollars. Government consumption spending, trade
openness, and investment spending are measured as percentage of GDP. All
aforementioned variables were collected from the Penn World Table version
7.1 (Heston et al., 2012). Institutional factors are represented by the Polity
Index reported by the Polity IV Project (Marshall and Jaggers, 2011). The index
is measured on a scale ranging from — 10 (strongly autocratic political system)
to +10 (strongly democratic political system).

Table 1 contains the sample of countries used in the study. The descriptive
statistics and correlation/covariance matrix for selected variables are shown in
Tables 2 and 3, respectively.
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Table 1: List of sample countries

Angola Congo, Dem. Rep. Kenya Niger Uganda
Benin Congo, Republic of Lesotho Nigeria Zambia
Botswana Cote d'Ivoire Liberia Rwanda Zimbabwe
Burkina Faso Equatorial Guinea Madagascar Senegal

Burundi Ethiopia Malawi Sierra Leone

Cameroon Gabon Mali South Africa

Cape Verde Gambia, The Mauritania Sudan

Central African Republic Ghana Mauritius Swaziland

Chad Guinea Mozambique Tanzania

Comoros Guinea-Bissau Namibia Togo

Note: Eritrea, Sao Tome and Principe, Seychelles, Somalia and South Sudan are not included in the sample
due to inadequate data for the specified sampling periods.

Table 2: Descriptive statistics of the regression variables, 1975-2010

Mean Std. Dev Minimum Maximum N
Real GDP per worker growth 0.531 5.757 —23.528 46.491 516
Fixed-line telephone 1.420 3.191 0.010 28.750 493
Mobile cellular 4.533 12.886 0.000 92.230 515
Fixed-line+Mobile cellular 6.157 14.815 0.010 110.120 491
Internet 1.843 3.310 0.000 22.070 204
Investment 19.951 13.216 0.720 66.990 516
FDI 3.123 12.295 —82.890 145.200 460
Openness 62.589 33.556 7.590 182.130 516
Fin. Development 23.035 13.942 0.000 101.740 465
Prim. Schooling 70.197 37.340 0.000 168.507 516
Gov. Consumption 13.452 10.321 1.300 58.640 516
Governance (Polity2) —1.949 6.014 —10.000 10.000 511

Note: Labor productivity growth is averaged over 3-year non-overlapping periods. All independent
variables are initial values at the beginning of each period (with the exception of the Primary schooling
variable, which is averaged over the 3-year period).

RESULTS AND ANALYSIS

Tables 4 and 5 report the results of the baseline regressions for the 1975-2010
and 1995-2010 periods, respectively. The estimated coefficients of the control
variables are largely consistent with the findings in the growth literature. The
results provide evidence of f-convergence among SSA countries as the initial
level of real GDP per worker is negatively correlated with consequent growth
across all models. Where significant, the coefficients for good governance,
financial development and investment enhance growth, while government
consumption spending retards growth. These findings are consistent with
related literature discussed in the preceding analysis.
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Table 3: Correlation/covariance matrix for selected variables, 1975-2010
1 2 3 4 5 6
Growth (1) 1
Fixed-line tel (2) 0.201 1
Mobile cellular (3) 0.233 0.584 1
Fixed-line+Mobile cellular (4) 0.246 0.781 0.963 1
Internet (5) 0.203 0.761 0.902 0.946 1
Investment (6) 0.170 0.402 0.296 0.361 0.264 1
FDI (7) —0.096 —0.080 —0.053 —0.068 —0.061 0.335
Openness (8) 0.097 0.452 0.265 0.354 0.349 0.500
Fin. Development (9) 0.126 0.799 0.494 0.645 0.675 0.330
Prim. Schooling (10) 0.021 -0.215 —0.084 —0.136 —0.237 0.239
Roads (11) 0.168 0.812 0.434 0.603 0.574 0.359
Water (12) 0.125 0.651 0.407 0.530 0.444 0.437
Sanitation (13) 0.104 0.854 0.455 0.634 0.583 0.368
Gov. Consumption (14) —0.188 —-0.214 —0.144 —0.182 —0.118 0.002
Governance (Polity2) (15) 0.274 0.483 0.393 0.463 0.364 0.448
7 8 9 10 11 12 13 14
Growth (1)
Fixed-line tel (2)
Mobile cellular (3)
Fixed-line+Mobile cellular (4)
Internet (5)
Investment (6)
FDI (7) 1
Openness (8) 0.339 1
Fin. Development (9) —0.110  0.478 1
Prim. Schooling (10) -0.115 0.089 -0.173 1
Roads (11) —-0.102 0.394 0.643 -0.150 1
Water (12) -0.072 0.504 0.519 0.165 0.590 1
Sanitation (13) 0.011 0.475 0.687 -0.092 0.700 0.728 1
Gov. Consumption (14) 0.367 —0.066 —0.113 -0.137 -0.061 —0.172 -0.156 1
Governance (Polity2) (15) —0.088 0.215 0.456 0.009 0.344 0.220 0.260 -0.267

Note: Labor productivity growth is averaged over 3-year non-overlapping periods. All the variables are
initial values at the beginning of each period (with the exception of the Primary schooling variable, which
is averaged over the 3-year period.

In Table 4, we report the estimated coefficients of the two ICTs indicators
(fixed-line telephones and the sum of fixed-line and mobile cellular variables)
for which data are available over the period 1975-2010. In particular, an
increase by 10 percentage points in the penetration rate of fixed-line tele-
phones decreases productivity growth by approximately 3.17%-3.42% per
annum over the subsequent 3 years (columns 1 and 2). Doubling that rate
increases growth by roughly 0.12%-0.15% annually over the next 3-year
period. These increasing return effects on growth are also observed when the
measure of ICTs is specified as the sum of the mobile cellular and fixed-line
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Table 4: Information and communication technology effects on real GDP per worker growth (1975-2010,
3-year averaged)

(1) 2 (3) (4)
Real GDP/Worker —15.260*** —15.990*** —14.410%** —14.720***
(1.137) (1.055) (1.045) (0.938)
Gov. Consumption —0.054* —0.036 —0.065** —0.044
(0.032) (0.034) (0.030) (0.030)
Openness 0.091*** 0.084*** 0.100*** 0.088***
(0.017) (0.018) (0.019) (0.021)
Governance —0.005 0.008 —0.024 —0.007
(0.022) (0.024) (0.025) (0.027)
Fin. Development 0.027*** 0.018 0.042*** 0.031**
(0.010) (0.011) (0.010) (0.012)
FDI 0.055*** 0.056*** 0.060*** 0.060***
(0.006) (0.006) (0.005) (0.005)
Investment 0.025 0.0269** 0.020 0.017
(0.016) (0.014) (0.014) (0.012)
Fixed-line telephone —0.317** —0.342***
-0.131 —-0.131
Fixed-line telephone® 0.012** 0.015***
(0.005) (0.005)
Fixed-line+Mobile cellular —0.197*** —0.172***
(0.052) (0.052)
Fixed-line+Mobile cellular? 0.002*** 0.002***
(0.001) (0.001)
Prim. Schooling 0.008 0.008
(0.006) (0.006)
Observations 317 317 315 315
Number of countries 43 43 43 43
Sargan Test (Prob >4?) 0.209 0.298 0.215 0.316
Arellano-Bond (Pr>z) 0.267 0.304 0.287 0.323
Time Fixed Effects Yes Yes Yes Yes

Note: Labor productivity growth is averaged over 3-year non-overlapping periods. All independent
variables are initial values at the beginning of each period with the exception of Primary schooling, which
is averaged over each 3-year period. Standard errors are in parentheses. Arellano-Bond test that average
autocovariance in residuals of order 2 is zero has Hy: no autocorrelation. All values are based on a two-step
estimator.

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

telephones. The coefficients of the linear and quadratic terms have negative
and positive effects, respectively, with the magnitude of 1.72%-1.97% (linear)
and 0.02% (quadratic), for every 10% increase in the combined number of
subscribers of fixed-line and mobile cellular telephones (columns 3 and 4).
The social benefits of ICTs infrastructure and services, similar to education
and healthcare, outweigh the private benefits, whereby their values increase
with the size of the network. For example, the greater the number of people
immunized for tuberculosis in a society, the lower will be the infection rate.
Similarly, the larger the number of subscribers to, for example, mobile cellular
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Table 5: Information and communication technology effects on real GDP per worker growth (1995-2010,
3-year averaged)

(1 (2 €) (4)
Real GDP/Worker —34.380*** —34.170*** —30.700*** —30.540***
(2.985) (2.978) (2.699) (2.696)
Gov. Consumption —0.473*** —0.485*** —0.419*** —0.429***
(0.126) (0.127) (0.119) (0.120)
Openness 0.0005 —0.0004 —0.003 —0.004
(0.009) (0.009) (0.009) (0.009)
Governance 0.116* 0.124* 0.032 0.042
(0.069) (0.070) (0.063) (0.064)
Fin. Development —-0.022 —0.022
(0.036) (0.036)
FDI 0.503*** 0.510*** 0.438%** 0.446***
(0.081) (0.082) (0.073) (0.073)
Investment 0.041 0.050 0.049 0.057
(0.042) (0.043) (0.041) (0.041)
Mobile cellular —0.391** —0.408** —0.497*** —0.500%**
(0.166) (0.166) (0.132) (0.132)
Mobile cellular? 0.005** 0.005** 0.005*** 0.005***
(0.002) (0.002) (0.002) (0.002)
Internet 0.472 0.523 1.343*** 1.294***
(0.773) (0.776) (0.443) (0.447)
Internet? 0.001 —0.008 —0.024** —0.025**
(0.044) (0.045) (0.012) (0.012)
Prim. Schooling -0.014 -0.012
(0.010) (0.009)
Observations 123 123 124 124
Number of countries 43 43 43 43
Sargan Test (Prob >4?) 0.613 0.575 0.375 0.337
Arellano-Bond (Pr>z) 0.771 0.610 0.454 0.310
Time Fixed Effects Yes Yes Yes Yes

Note: Labor productivity growth is averaged over 3-year non-overlapping periods. All independent
variables are initial values at the beginning of each period with the exception of Primary schooling, which
is averaged over each 3-year period. Standard errors are in parentheses. Arellano-Bond test that average
autocovariance in residuals of order 2 is zero has Hy: no autocorrelation. All values are based on a two-step
estimator.

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

services, the more information will be shared and the wider will be the usage
of growth-enhancing mobile applications related to healthcare, banking, and
agriculture. Also, in countries where investments in ICTs are predominantly
driven by the private sector, the size of the network determines the quantity of
ICTs-related investments and innovations, and the variety of services pro-
vided. By implication, the network effects are relevant to the effectiveness of
ICTs on growth. Grace et al. (2003) warn that if indeed ICTs’ network effects
are at play, some poor countries might fall into a poverty trap. This is especially
true for SSA countries where many poor households have been found to
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allocate their limited resources toward mobile phones services at the expense
of traditional necessities. Moreover, from a macro perspective, a certain
network threshold is necessary to justify the initial ICTs investment-related
sunk costs.

Our findings above reveal that indeed there exists a robust nonlinear
relationship between growth and fixed-line and mobile cellular telephony,
consistent with the literature on network effects (Roller and Waverman, 2001;
Grace et al., 2003) and the conclusion arrived in Dedrick et al. (2013). Gyimah-
Brempong and Karikari (2010) found network effects for fixed-line telephony
in a sample of African countries, while Kathuria et al. (2009) reported such
effects for mobile cellular telephones in a sample of 19 Indian States.'!
Therefore, our results imply that if SSA countries want to benefit from the
productivity-enhancing effects of ICTs, they should boost investment in ICTs
and other complementary infrastructures (Dewan and Kraemer, 2000). In
addition, they should create universal service policies and appropriate compe-
tition-oriented regulation, which are necessary to lower the cost of the ICTs
services and increase the subscription rate. '

Furthermore, the estimates in Table 4 suggest that doubling the penetra-
tion rate of fixed-line telephones produces larger benefits for productivity
growth than mobile cellular (columns 1 and 3).The higher returns can be
explained by the strong correlation between fixed-line technology and other
key infrastructure indicators, such as paved roads (0.81), water (0.65), and
sanitation (0.85) (see Table 3). In contrast, the correlations between these
infrastructure variables and mobile cellular are 0.43, 0.41, and 0.46, respec-
tively. In general, fixed-line telephone access is more likely to be found in areas
with well-developed transportation and sanitation infrastructure. This is
especially true in SSA countries, where such infrastructures have a higher
penetration rate than mobile telecommunication in urban rather than rural
areas. In that case, the fixed-line telephone variable is acting as a proxy for a
broad array of infrastructure development. Therefore, doubling the number of
fixed-line telephone subscriptions signifies a general improvement in a
country’s level of economic development, which, in turn, promotes other
productivity-enhancing factors.

As previously noted, we evaluate the impact of mobile cellular subscrip-
tions over the 1995-2010 period. Results in Table 5 support robust increasing

! Andrianaivo and Kpodar (2011) did not detect the presence of network effects in a sample of
African countries, attributing it to their sampling period. They argued that network effects could not
be detected because African countries had not yet reached the necessary threshold by 2007, which
marks the final year of their sampling period.

12A study by Gebreab (2002) found that the number of mobile subscribers increases by
approximately 57 % with each additional service provider.
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returns effects similar to those observed with fixed-line telephone in Table 4.
An increase in the penetration rate by 10 percentage points dampens growth
by approximately 3.9%-4.1% per year over the subsequent 3-year period. In
addition, the increasing returns to growth from mobile cellular telephone are
robust across all specifications (columns 1-2). The magnitude of the coeffi-
cient for the quadratic term (0.05% growth increase for each 10 percentage-
point rise in the penetration rate) is relatively smaller than the one for fixed-
line telephones reported in Table 4 (columns 1 and 2), reinforcing the
argument made above."?

The other ICTs indicator, internet users, has neutral effects on labor
productivity growth in SSA countries, which can be attributed to the relatively
low number of current users, averaging 1.8% of the population (see Table 2).
The technology transfer indicators, openness and FDI, have growth-enhancing
effects that are robust across all model specifications for the 1975-2010
sampling period. A 10% increase in the GDP share of trade and FDI in GDP
boosts labor productivity growth by about 0.84%-1.0% and 0.55%-0.60%,
respectively. In the 1995-2010 period, the coefficient for FDI remains positive
and robust, while openness is no longer robust, suggesting that the latter
impacts growth over a longer period of time. Additionally, the magnitude of
the effect of FDI inflows on growth increases in the 1995-2010 period when the
internet users and mobile cellular subscription are included in the model as the
only ICTs adoption indicators. For example, a 10% increase in the GDP share
of FDI increases productivity growth by approximately 4.38%-5.10% per year
for the next 3-years. These findings suggest the efficiency gains to FDI activities
associated with ease of communication and accessibility of data via mobile
cellular technology and the internet, which in turn positively impacts growth
in these countries. Human capital, the technology absorptive capacity indica-
tor, exhibits neutral effects on growth irrespective of the sampling period.'*

What is the transmission mechanism from ICTs to growth?
An area that has received little empirical attention in this line of literature is the
channel(s) through which ICTs impact growth. As previously noted, ICTs,

13Using data from 63 developing countries over the period 1990-2001, Sridhar and Sridhar
(2007) showed that mobile telephones had a bigger impact on output than fixed-line telecommunica-
tion, which contrasts with our results. However, their estimates are likely to be biased because they
failed to include a quadratic specification in their model.

14 The neutral effects from human capital can be attributed to the proxy used, primary schooling,
which captures low-skill effects on labor productivity, rather than a general impact of human capital.
For example, it has been established that tertiary education rather than average years of schooling is
important for internet diffusion in developing countries (Kiiski and Pohjola, 2002). Unfortunately, in
this study, we did not have sufficient data on tertiary education for most countries in the sample.
Thus, these results should be interpreted bearing the proxy used in mind.
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especially mobile cellular, which is popular in SSA countries relative to fixed-
line telephone, may affect growth via a number of channels. Evidence of
increase in employment (Chéneau-Loquay, 2008), tax revenues (GSMA, 2008),
and exports (Clarke and Wallsten, 2006), among others, have been associated
with the spread of mobile cellular and the internet in SSA, and in low-income
countries in general. But the most intriguing of all is how mobile cellular
technology has revolutionized banking and access to financial services in
countries where banking infrastructure has been very weak and a large
percentage of the population has been marginalized from traditional banking.
The success and popularity of mobile banking platforms, such as M-PESA,
Ezypesa, WIZZIT, and CELPAY in Eastern and Southern African countries,
have made some scholars such as Andrianaivo and Kpodar (2011) to believe
that financial inclusion is one of the major channels through which mobile
cellular penetration impacts growth. For example, only 2 years after its launch
of a mobile banking platform - M-PESA - in March 2007, Kenya’s Safaricom
had a customer base of approximately 38% of Kenya’s adult population (Jack
and Suri, 2011).

Consequently, following Andrianaivo and Kpodar (2011), we also report in
Table 5 (columns 3-4) results in which the financial development variable is
excluded from the regression models. We compare these results with those in
columns 1-2 (Table 5) to assess the explanatory power of the mobile cellular
variable. An increase in the explanatory power in models excluding the
financial development variable signifies that financial inclusion is indeed one
of the possible channels through which mobile cellular penetration affects
growth in SSA countries.

Results reported in Table 5 (columns 3 and 4) show an improvement in the
explanatory power of the mobile cellular penetration variable. For example,
the coefficients for the linear and quadratic specifications are now significant at
the 1% level, which contrasts with the 5% significance for the models in
columns 1 and 2. In other words, when financial development is accounted
for, it claims part of the impact of mobile technology on growth as reflected in
the lower explanatory power of the mobile cellular coefficient. This concurs
with the findings of Andrianaivo and Kpodar (2011), implying that financial
deepening serves at least in part as a conduit for the effects of ICTs on growth
in SSA countries.

Thresholds of the network effects

The results in Tables 4 and 5 have shown that the effects of the ICTs variables
on growth are nonlinear. However, based on our empirical model we are
unable to determine the thresholds for the increasing returns of ICTs.
Furthermore, the quadratic term in the regression assumes the existence of
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only one threshold. To address these issues, we employ a nonparametric
regression, which has the advantage of being very flexible in that it relaxes all
assumptions about functional form and linearity. Its main disadvantage is the
‘curse of dimensionality’, which makes it difficult to fit a regression in the
presence of too many predictors. For this reason, we focus on three condition-
ing variables that were found to be significant in the parametric model (FDI,
openness, and financial development).

Given that the nonparametric regression does not yield scalar estimates of
marginal effects, the results are presented in three-dimensional plots, whereby
each axis denotes the average annual growth rate, the ICTs variable, and the
conditioning variable, respectively. Furthermore, we show the corresponding
two-dimensional growth curve profiles, which represent the nonparametric
regression line of the ICTs-growth relationship for three different levels of the
conditioning variable. These profiles allow us to identify the thresholds for
reversals in the sign of the marginal effect.

The results for the combined variable of fixed-line and mobile cellular
telephones over the period 1975-2010 are presented in Figure 2. The graphs
are largely in line with the parametric results but provide a number of
additional insights. For instance, higher levels of openness are associated with
a stronger growth-enhancing effect of the ICTs indicator. In addition, the more
open an economy is, the lower the threshold of the network effect. In
particular, openness levels of 100% cause the marginal effect of ICTs to turn
positive at around 80 fixed-line and mobile cellular telephones per 100 people.
For levels of 150%, this threshold is reduced to below 60. More FDI also
contributes to a larger marginal effect of ICTs on growth, but the threshold for
the network effect remains mostly constant at around 30 subscriptions per 100
people. This is also the case when financial deepening is used as a condition
variable. However, at moderate levels of financial development, ICTs seem to
exhibit decreasing returns.

Figure 3 presents the graphs for the 1995-2010 period. Each of
the three ICTs variables is examined separately with FDI as the sole
conditioning variable. The results indicate that fixed-line telephony does
not benefit growth for higher levels of FDI. In contrast, the slope of the
regression line for mobile cellular technology and the internet is generally
steeper at higher levels of FDI. However, the threshold effects of the
network effect differ between the two advanced ICTs indicators. For the
internet, the threshold is 5 users per 100, while for mobile cellular it is
around 20 subscriptions per 100. Given that the average number of internet
users in SSA at less than 2 users per 100 is below this threshold, it is not
surprising that we did not find a significant effect on growth in the
parametric regressions.
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Figure 2: Results of the growth effects of fixed-line plus mobile cellular telephone using nonparametric
regression, 1975-2010

Note: The 3D graphs on the left show the effects of fixed-line and mobile cellular telephones on growth,
conditional on various factors. The plots on the right are the corresponding regression lines at three
different levels of the conditioning variable.
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Figure 3: Results of the growth effects of fixed-line telephones, mobile cellular, and internet using

Growth regression, 1995-2010
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Note: The 3D graphs on the left show the effects of fixed-line telephones, mobile cellular, and the
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internet on growth, conditional on FDI levels. The plots on the right are the corresponding regression
lines at three different levels of FDI.
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Robustness checks

We conducted several robustness checks but restrict our discussions to the
notable results and abstain from reporting all the detailed estimates due to
space limitations. For example, we estimated the baseline equation with the
dependent variable averaged over 5 years using a longer sampling period,
1970-2010."° The increasing marginal effects of initial ICTs (fixed-line tele-
phone and sum of fixed-line and mobile cellular) on productivity growth were
robust but larger in magnitude than for the 3-year periods.

Next, under the assumption that improved infrastructure development
boosts ICTs penetration, thereby enhancing the network effects, we controlled
for the effects of infrastructure development. The results for fixed-line
telephone (Table 6, column 1) and fixed-line plus mobile cellular telephone
(Table 6, column 5) confirm our earlier argument that the fixed-line telephone
acts as a proxy for a broad array of infrastructure development in these
countries. For example, when the infrastructure development proxy is
included in the model, the increasing marginal effects of ICTs are present but
only the linear term is significant.'® Additionally, the negative effects are lower
in both cases by 7.3% and 18.3% for fixed-line and the sum of fixed-line and
mobile cellular, respectively.'” Moreover, increasing infrastructure develop-
ment in these countries by 10% boosts productivity growth by roughly 0.3 % -
0.5% annually in a 3-year period.

Further, we interacted the ICTs variables with the governance proxy. As
previously stated, good governance, associated with democratic leaning
governments, is assumed to promote a regulatory framework that enhances
competition, which is critical to the growth of ICTs market. As a result, we
expect the ICTs effects conditional on governance to have significant marginal
impact on growth with larger magnitudes in association with increasing
democracy. Our findings show significant effects only in two of the four

15Results based on this sampling period are not reported but are readily available from the
authors upon request.

1We used different proxies of infrastructure development for which meaningful data was
available - water, sanitation, and roads - and the results were consistently similar. However, the
reported results use sanitation (improved sanitation facilities as a percentage of the population with
access) as a proxy of infrastructure development due to data availability for this variable compared to
the other two variables. The water variable is defined as improved water sources as a percentage of
the population with access. Roads is defined as the percentage of paved roads in the country. The data
on all three variables were downloaded from the World Bank’s World Development Indicators online
database.

170n the contrary, the mobile cellular and internet effects remain unchanged relative to the
baseline regressions. Results for the mobile and internet variables are not reported but are available
from the authors upon request. Generally the internet effects remained neutral while the mobile
cellular coefficient maintained robust increasing return effects at 5% level of significance.
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Table 6: Information and communication technology, infrastructure, governance and legal origin effects on real GDP per worker growth (1975-2010, 3-year

averaged)
Fixed-line telephone Fixed-line+Mobile cellular telephone
©) 2 3) (4) (5) (6) ™) (8)

Real GDP/Worker —8.930*** —14.770*** —15.130*** —15.250*** —5.300 —14.170*** —14.810*** —14.610***

(1.780) (1.083) (1.149) (1.161) (8.379) (0.990) (1.203) (1.133)
Gov. Consumption —0.0005 —0.043 —0.053* —0.060* —0.048 —0.050* —0.053* —0.071**

(0.048) (0.028) (0.032) (0.033) (0.091) (0.030) (0.031) (0.033)
Openness 0.047* 0.080*** 0.094*** 0.091*** 0.034 0.089*** 0.098*** 0.099***

(0.025) (0.017) (0.017) (0.019) (0.044) (0.020) (0.020) (0.021)
Fin Development 0.021 0.010 0.030*** 0.025** 0.004 0.021** 0.057*** 0.032***

(0.015) (0.009) (0.010) (0.011) (0.019) (0.009) (0.017) (0.011)
FDI 0.059*** 0.055*** 0.056*** 0.059*** —0.005 0.059*** 0.057*** 0.066***

(0.007) (0.007) (0.007) (0.007) (0.028) (0.006) (0.007) (0.005)
Investment —0.028 0.017 0.025 0.025* —0.021 0.010 0.036 0.019

(0.018) (0.012) (0.016) (0.015) (0.039) (0.012) (0.022) (0.015)
Governance 0.046 —0.006 0.040 —0.042

(0.035) (0.023) (0.055) (0.031)
Infrastructure Dev. 0.031*** 0.045%**

(0.011) (0.013)
Telephone —0.294** —0.319** —0.161** —0.262***

(0.126) (0.125) (0.072) (0.079)
Telephone2 0.007 0.012** 0.001 0.003***

(0.005) (0.005) (0.001) (0.001)
dBritish —1.124%** 3.327

(0.281) (4.124)
dFrench —1.005*** 3.413
(0.206) (4.112)
Governance*Telephone —0.007 —0.005*
(0.007) (0.003)
Governance*Telephone? 0.0003 0.00003
(0.0003) (0.00003) o
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Table 6: (Continued)

9S1

3

Fixed-line telephone

Fixed-line+Mobile cellular telephone

(1) (2) 3) (4) (5) (6) (7) (8)
dBritish*Telephone —0.401*** —0.221***
(0.131) (0.070)
dBritish*Telephone? 0.014** 0.002**
(0.006) (0.001)
dFrench*Telephone —0.431** —0.144**
(0.220) (0.060)
dFrench*Telephone® 0.025* 0.002**
(0.015) (0.001)
Observations 270 317 317 317 268 315 315 315
Number of countries 43 43 43 43 43 43 43 43
Sargan Test (Prob >}(2) 0.14 0.205 0.193 0.239 0.248 0.438 0.113 0.212
Arellano-Bond (Pr>2z) 0.398 0.97 0.261 0.251 0.272 0.228 0.817 0.265
Time Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Note: Labor productivity growth is averaged over 3-year non-overlapping periods. All independent variables are initial values at the beginning of each period.
dBritish and dFrench are the dummy variables for British and French legal origin, respectively. Standard errors are in parentheses. Arellano-Bond test that average
autocovariance in residuals of order 2 is zero has Hy: no autocorrelation. All values are based on a two-step estimator.

*** p<0.01, ** p<0.05, * p<0.1.
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specifications. The first case with significant effects albeit at the 10% level is
the interaction with the linear term of fixed-line plus mobile cellular variable
(Table 6, column 6). The second case occurs in the model that includes the
mobile cellular as the only ICTs measure (Table 7, column 2), which provides
evidence of weak significant network effects at the 10% level for the linear
term and 5% for the quadratic term. These results suggest that contrary to
expectations, good governance has minimal impact on ICTs proliferation and
mainly on the mobile cellular technology.

Existing research has shown that differences in legal origin are relevant for
growth (Assane and Malamud, 2010; Beck et al., 2003) but their impact has not
been explored in the context of ICTs.'8 La Porta et al. (2008, 1997, 1998) argue
that a country’s legal origin can be a good predictor of the nature and efficiency
of its institutions and policy formulation environment, which can have real
consequences on the rate of adoption and diffusion of ICTs. French civil law,
relative to the English common law tradition, for example, is associated with
less-efficient contract enforcement, the heavy hand of government ownership
and regulation, and possibly higher corruption. As a result, we evaluate
whether the effectiveness of ICTs on productivity growth differ based on a
country’s legal origin by introducing the British (dBritish) and French
(dFrench) legal origin dummies in the baseline model as standalone arguments
and by interacting them with ICTs variables. We expect the impact of ICTs to
be larger in countries with British legal origin relative to those with French
legal origin. Also, we expect the British dummy to have positive effects on
growth. Results for fixed-line telephone (columns 3-4) and the sum of fixed-
line and mobile cellular (columns 7-8) are reported in Table 6, while those for
mobile cellular (columns 3-4) and internet (columns 7-8) are reported in
Table 7.

Contrary to the expectations, both dummy variables, where significant,
have a negative impact on growth, with the British dummy exhibiting a larger
magnitude relative to the French dummy (Table 6, column 3 and Table 7,
column 7). The marginal impact of ICTs conditional on legal origin provides
somewhat a compelling picture, especially for the internet variable. First, the
interaction terms of the dummies with fixed-line telephone (Table 6, column
4), fixed-line plus mobile cellular (Table 6, column 8), and mobile cellular
(Table 7, column 4) have robust increasing marginal effects, with the level of
significance and magnitude of the coefficients largely consistent with the

'8 In this paper we adopt a broader definition of ‘legal origin’, similar to La Porta et al. (2008), as
a style of social control of economic life. This definition encompasses assimilation of legal systems,
social institutions, and infrastructure introduced in the African countries through conquest and
colonization.
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Table 7: Information and communication technology, infrastructure, governance and legal origin effects on real GDP per worker growth (1995-2010, 3-year
averaged)
ICT Measure Mobile cellular Internet Mobile Mobile cellular
cellular*Internet +Internet
(1) 2 ®3) (4) (5) (6) @) (®) 9) (10)
Real GDP/Worker —29.220*** —29.100*** —29.100*** —29.180*** —33.800*** —32.560*** —34.480*** —33.990*** —29.100*** —33.020***
(2.351) (2.832) (2.389) (2.317) (3.029) (3.106) (3.077) (3.053) (3.554) (2.928)
Gov. —0.237***  —0.154** —0.232***  —0.224*** —0.433*** —0.441*** —0.446*** —0.429*** —0.383*** —0.415***
Consumption
(0.063) (0.072) (0.068) (0.060) (0.127) (0.126) (0.129) (0.128) (0.082) (0.084)
Openness —0.096*** —0.088*** —0.094*** —0.096*** 0.0001 0.014 0.004 0.005 0.006 —0.090***
(0.016) (0.018) (0.016) (0.015) (0.035) (0.035) (0.035) (0.036) (0.033) (0.022)
Governance —0.145** —-0.039 —0.121* —0.120* 0.162** 0.266*** 0.200*** 0.174** 0.089 —-0.026
(0.073) (0.081) (0.070) (0.069) (0.069) (0.091) (0.072) (0.071) (0.103) (0.091)
Fin. 0.025 0.001 0.020 0.019 -0.011 —0.009 —0.032 -0.019 —0.004 0.028
Development
(0.034) (0.038) (0.034) (0.035) (0.035) (0.031) (0.038) (0.035) (0.034) (0.033)
FDI 0.236*** 0.221%** 0.230*** 0.232%** 0.488*** 0.493*** 0.487*** 0.477*** 0.382*** 0.401***
(0.062) (0.055) (0.064) (0.061) (0.084) (0.084) (0.084) (0.084) (0.071) (0.057)
Investment 0.163*** 0.105* 0.164*** 0.170*** 0.0003 0.002 0.009 0.011 0.027 0.096*
(0.060) (0.055) (0.060) (0.060) (0.039) (0.039) (0.039) (0.041) (0.068) (0.057)
IcT —0.476*** —0.445*** —0.695 —0.436 —0.005* —0.363***
(0.110) (0.110) (0.532) (0.564) (0.003) (0.010)
IcT? 0.006*** 0.006*** 0.049 0.041 0.00001** 0.004***
(0.002) (0.002) (0.038) (0.039) (0.000007) (0.001)
Governance*ICT —0.021* —0.101
(0.012) (0.064)
Governance*ICT? 0.0003** 0.007
(0.0002) (0.005)
dBritish —1.607 —4.858**
(1.109) (1.992)
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dFrench —0.863

(0.894)
dBritish*ICT —0.589***
(0.122)
dBritish*ICT? 0.009***
(0.002)
dFrench*1CT —0.361***
(0.112)
dFrench*ICT? 0.005***
(0.002)
Observations 125 125 125 125
Number of 43 43 43 43
countries
Sargan Test 0.201 0.202 0.165 0.173
(Prob >4?)
Arellano-Bond 0.175 0.196 0.168 0.128
(Pr>z)
Time Fixed Yes Yes Yes Yes
Effects

124
43

0.72

0.734

Yes

124
43

0.660

0.800

Yes

—3.860**
(1.933)
—1.141*
(0.614)
0.081*
(0.046)
—0.398
(0.936)
0.041
(0.140)
124 124
43 43
0.665 0.699
0.762 0.744
Yes Yes

120
43

0.619
0.627

Yes

124
43

0.784
0.708

Yes

Note: Labor productivity growth is averaged over 3-year non-overlapping periods. All independent variables are initial values at the beginning of each period.
dBritish and dFrench are the dummy variables for British and French legal origin, respectively. Standard errors are in parentheses. Arellano-Bond test that average

autocovariance in residuals of order 2 is zero has Hy: no autocorrelation. All values are based on a two-step estimator.

**% p<0.01, ** p<0.05, * p<0.1.
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results of the baseline regressions. Second, when these dummy variables are
interacted with the internet users variable, significant effects are evident only
in the case of the British interaction, albeit at 10% level of significance.
Specifically, internet effects conditional on British legal origin exhibit robust
increasing marginal effects on growth of SSA countries. These findings imply
that legal origin matters when it comes to the impact of internet proliferation
on growth in these countries, possibly in terms of the government investing in
supportive infrastructure, enacting universal access policies and providing a
competition-oriented regulatory environment.

We also explored other models in which we introduced different specifica-
tions of the mobile cellular and internet variables. First, we evaluated the
mobile cellular effects on productivity growth without controlling for the
impact of the internet users in the same model and vice versa. Given the high
correlation coefficient (0.90) between the two variables, separating them
enables us to minimize the potential multicollinearity bias that might be
present in the baseline results reported in Table 5. Results from these new
specifications (documented in Table 7, columns 1 and 5 for mobile cellular and
internet users, respectively) do not differ, in terms of significance, from those
in Table 5 (column 1). Specifically, we find evidence of significant network
effects from the mobile telephony and neutral effects in the case of internet
users. The only major difference is the level of significance for the mobile
telephony coefficient, which increases from 5% to 1% when the internet
variable is excluded from the regressions. These findings suggest a very
minimal impact of the multicollinearity bias in the baseline results. After all, it
is well known that this bias does not reduce the predictive power or reliability
of the model as a whole.

Second, we specify the two variables as an interaction term and as a sum.
These specifications are based on the assumption that the proliferation of
advanced internet-enabled mobile telephony (first to third generation connec-
tions) in these countries enables the mobile cellular technology to offer more
advanced mobile services above and beyond the traditional services of basic
voice and text. Furthermore, the availability of communication media over the
internet such as Skype, Google talk, and other chat room platforms provides an
alternative to the mobile telephony especially for long-distance communications.

The results for the interaction (column 9) and the sum of mobile cellular
and internet users (column 10) specifications reported in Table 7 provide
evidence in support of significant network effects similar to those observed in
other ICTs specifications. The effects of the interaction term are weak at best,
with 10% and 5% levels of significance for the linear and quadratic specifica-
tions, respectively. On the other hand, the coefficients of the sum of the mobile
cellular and internet users show significant effects at the 1% level. In terms of
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Table 8: Information and communication technology effects on real GDP per worker growth (1975-2010,
3-year averaged), Fixed Effects Estimation

(1) 2 (3) (4)
Real GDP/Worker —26.41%** —26.66*** —26.55%** —26.58***
(2.437) (2.476) (2.439) (2.472)
Gov. Consumption —0.114 -0.113 —0.118 —0.118
(0.090) (0.090) (0.090) (0.090)
Openness 0.097*** 0.097*** 0.096*** 0.096***
(0.025) (0.025) (0.025) (0.025)
Governance 0.012 0.011 0.0001 0.0003
(0.094) (0.094) (0.094) (0.094)
Fin. Development 0.002** 0.002** 0.002** 0.002**
(0.001) (0.001) (0.001) (0.001)
FDI 0.010 0.011 0.009 0.009
(0.030) (0.030) (0.030) (0.030)
Investment 0.089* 0.090* 0.082* 0.082*
(0.047) (0.047) (0.047) (0.047)
Fixed-line telephone -0.878 —0.882
(0.535) (0.536)
Fixed-line telephone? 0.026 0.027
(0.019) (0.019)
Fixed-line+Mobile cellular —0.284** —0.282**
(0.136) (0.140)
Fixed-line+Mobile cellular? 0.003* 0.003*
(0.002) (0.002)
Prim. Schooling 0.008 0.008
(0.013) (0.014)
Constant —0.837 -1.3 -1.198 —1.247
(1.563) (1.749) (1.552) (1.753)
R? 0.359 0.359 0.363 0.363
Observations 393 393 391 391
Number of countries 43 43 43 43

Note: Labor productivity growth is averaged over 3-year non-overlapping periods. All independent
variables are initial values at the beginning of each period. Standard errors are in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.

the magnitude of impact, a 10 percentage-point increase in the number of
mobile plus internet users lowers productivity growth by 3.6% annually in a 3-
year period. Doubling that number boosts productivity growth by 0.04%
within the same period.

Fixed effects results

For additional robustness checks, we report results based on the fixed effects
(FE) estimation technique. FE estimation captures country-specific factors
influencing labor productivity growth not otherwise captured by the indepen-
dent variables. One assumption of the FE model is that the time-variant
characteristics are unique to each country and that they are not correlated
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Table 9: Information and communication technology effects on real GDP per worker growth (1995-2010,
3-year averaged) (Fixed effects estimation)

1 (2) (3)
Real GDP/Worker —40.710%** —45.740%** —46.850***
(4.514) (4.143) (4.414)
Gov. Consumption —0.607*** —0.493*** —0.694***
(0.129) (0.121) (0.137)
Openness —0.045 —0.123*** —0.053
(0.038) (0.031) (0.039)
Governance —0.021 0.312 0.668
(0.463) (0.473) (0.463)
Fin. Development —0.014 0.028 —0.066
(0.072) (0.061) (0.074)
FDI 0.615*** 0.559*** 0.683***
(0.100) (0.080) (0.101)
Investment 0.004 0.002 —0.005
(0.061) (0.066) (0.063)
Mobile cellular —0.388* —0.497***
(0.204) (0.174)
Mobile cellular® 0.004* 0.005**
(0.002) (0.002)
Internet 0.883 —0.723
(0.807) (0.807)
Internet? -0.026* 0.019
(0.014) (0.050)
Constant 0.903 1.901 -0.125
(2.773) (2.682) (2.261)
R? 0.707 0.749 0.739
Observations 121 125 124
Number of countries 43 43 43

Note: Labor productivity growth is averaged over 3-year non-overlapping periods. All independent
variables are initial values at the beginning of each period. Standard errors are in parentheses.
**% n<0.01, ** p<0.05, * p<0.1.

with another country’s characteristics. This assumption holds if the countries’
error terms are not correlated. However, if the error terms are correlated, the
assumption does not hold and the FE model cannot be used. Consequently, we
conduct the Hausman specification test for selected models in Tables 4, 5, and
7 in order to determine whether to use random or fixed effects. The test rejects
the null hypothesis that the difference in random and fixed effects coefficients
is not systematic in all the regressions. As a result, we report in Tables 8 and 9
estimates based on FE.

Results reported in Table 8 are based on models in Table 4 and the 1975-
2010 sampling period. Those in Table 9 are estimated using the shorter sampling
period, 1995-2010, with estimation equations corresponding to selected models
in Tables 5 and 7. In the presence of endogeneity bias, we expect FE estimates of
the endogenous variables to be biased upwards/overstated.
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As expected, the signs on most of the coefficients in all the specifications in
Tables 8 and 9 are similar to those in the baseline regressions reported in
Tables 4, 5, and 7. With reference to the ICTs variables, only the coefficients
for the sum of fixed-line and mobile cellular are robust, exhibiting increasing
returns (Table 8, columns 3 and 4), similar to those tabulated in columns 3 and
4 of Table 4. The magnitude in this case however is larger, consistent with the
presence of endogeneity bias. It is also worth noting that the results in Table 8
for openness, financial development, FDI, and investment are similar to those
in the baseline regressions in Table 4.

Moreover, the sign and robustness of the coefficients for the control
variables (government consumption spending, FDI) and the ICTs measures
(mobile cellular and internet) in Table 9 are largely consistent with those of the
baseline models in Table 5 (column 1) and Table 7 (columns 1 and 5). Overall,
these findings signify that our estimates are robust even when different
estimation techniques are used.

CONCLUSION

Over the past two decades, the economies of SSA have experienced robust
growth, which has coincided with the rapid spread of wireless communication
technology. This suggests that the penetration of ICTs might have contributed
to the strong economic performance in this region. This study explores the
nexus between growth and ICTs by analyzing the contributions of fixed-line
telephony, mobile cellular subscriptions, and internet usage on changes in
labor productivity in SSA. In addition, we investigate potential channels for the
transmission of the growth-enhancing effects of ICTs and test for the presence
of nonlinearities in the model using parametric and nonparametric methods.

Our findings show that fixed-line telephones and mobile cellular technol-
ogy have a positive and significant impact on labor productivity growth, but
only after penetration rates reach a certain critical mass. In particular, an
increase in the access to fixed-line and mobile communication technologies by
10 percentage points decreases annual productivity growth by between 3%
and 4% over the subsequent 3 years. However, doubling that rate boosts
annual growth by 0.12%-0.15% for fixed-line telephony and by 0.05% for
mobile cellular. The presence of these network effects also explains why
internet usage, which is still at relatively low levels in SSA, does not exhibit a
significant effect on growth.

Using nonparametric regression, we identify the thresholds of the network
effects for various ICTs indicators. For mobile cellular, the critical mass is
reached at levels above 20 subscriptions per 100 people, while the penetration
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rates required to achieve increasing returns for the combined fixed-line and
mobile cellular indicator are around 30%. For the internet, 5 users per 100
seem sufficient to trigger the network effect, but this is still more than twice the
current average in SSA. Our analysis further shows that FDI and openness not
only improve productivity but help ICTs boost growth.

Furthermore, the results suggest that financial development is a potential
channel for the transmission of the positive effect of ICTs on growth. This
concurs with evidence of the explosive spread of mobile platforms for financial
services in SSA in recent years. In addition, we also show that institutional
factors, such as legal origins, might play an important supporting role for ICTs
to promote productivity change. For example, we found that internet effects
conditional on British legal origin exhibited robust increasing effects on growth
in SSA countries. This suggests that countries associated with the common law
tradition relative to the civil law system are proactive in terms of their
governments investing in supportive infrastructure, enacting universal access
policies and providing a competitive-oriented regulatory environment.

From a policy perspective, our findings indicate that if SSA countries want
to sustain their growth performance in the future, they would need to continue
investing in mobile communication technology and its applications in the
financial sector. Increasing the penetration rates triggers network effects,
which in turn boost productivity. In this regard, there is still untapped
potential, especially in the case of internet usage. Lastly, governments in SSA
should continue their efforts to attract FDI, open their economies, invest in
supportive infrastructure, enact universal access policies, provide competition-
oriented regulatory environment, and improve their institutional environment
in order to benefit from the ICTs revolution.
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