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Abstract
In the attempt to establish new sources of economic growth in the West African
Economic and Monetary Union (WAEMU) countries except Gunea Bissau for sustainable growth of the region, this study aims to empirically assess the role of internet and revisit the impact of human capital in these countries based on panel data
from 2009 to 2014. We firstly use the principal component analysis technique to
build the internet network development index and the human capital index. Then we
estimate a Cobb-Douglas function under the neoclassical Solow model to establish
the relationship between gross domestic product and internet and human capital by
using the fixed effects estimation technique. The findings indicate that internet network development constitutes an important pillar for economic growth in WAEMU
countries at the current prevailing economic environment. In addition, they reveal
that the performance of human capital in terms of economic growth is weak, a result
which can be attributed to the poor quality of educational systems of the union.
Physical capital is another source of economic growth of the WAEMU countries established by this study. Policy message drawn from this study encourages strategies
aiming to strengthen internet network development in WAEMU countries.
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1. Introduction
The West African Economic and Monetary Union (WAEMU) is a West African regional organization comprised of eight countries that are: Benin, Burkina Faso, Cote
d’Ivoire, Guinea Bissau, Mali, Niger, Senegal and Togo. These countries share the same
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money (West African francs, CFA francs), the same monetary policies implemented by
the West African Countries’ Central Bank (BCEAO), a unique central bank, and the
same language (French). The main objective of the union is to promote regional economic integration and create common market. By doing this, WAEMU organization
policymakers seek good economic performances mainly in terms of economic growth.
However, the union is struggling to obtain a high and sustainable economic growth for
a relatively long period as one can easily deduct from Figure 1 below.
Thus, the traditional economic growth pillars seem insufficient to achieve this crucial
objective. Indeed, the recent efforts of the union in physical capital accumulation and
investment in human capital have not been associated with a sustained high economic
growth. For instance, while between 2008 and 2012 the physical capital accumulation
increased by 3.4 percent of the GDP, the economic growth decreased by 3.6 (BCEAO,
2015). Therefore, WAEMU needs to find new direction to shift the way of economic
growth, and the internet as an important component of communication technology information can serve this role given its potential benefits in terms of E-commerce, information dissemination and spillovers. Consequently, this paper investigates the impact of internet development on economic growth of WAEMU countries. To our
knowledge, such a study does not exist even though its findings could strongly guide
economic policy formulation of the union. In addition, because of the controversial effect of human capital, this study revisits the role the human capital plays in economic
growth performance of the region. In this study we refer to WAEMU countries except
Guinea Bissau as WAEMU_ and this notation is retained for the remaining of the paper
since Guinea Bissau is excluded from the study because of the lack of data regarding
this country.
The remainder of the paper is organized as follows: the following section presents the
related literature review, section 3 specifies the model while section 4 establishes theoretical relationship between GDP and the target variables. Variables construction and
data analysis are done in section 5. Section 6 discusses estimation results. The paper
ends with a conclusion.

2. Related Literature Review
2.1. Glance on Studies Related to Internet Impact on Economic Growth
Even though the empirical assessment of internet development impact on economic

Figure 1. Glance on WAEMU economic growth from 1998-2015
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growth in WAEMU_ countries is completely a new topic, several studies all over the
world have tried to explore the area but their findings are often contradictory.
Studies related to the impact of Information communication technology (ICT), including internet, on economic performance can be grouped into macro-level and micro-level. At the empirical macro-level, authors who focus on developing and emerging
countries examine different country groups and time periods. The study by [1] reveal
that ICT stock of capital have a positive impact on GDP only in developed countries.
For the authors, this finding is explained by potential missing of IT-enhancing complementarity factor such as human capital. Contrary to this previous finding of [1], [2]
study’s results support the hypothesis that there is not any relationship between ITC
and economic growth in neither developed nor developing countries. This finding is
possibly explained by the measurement of ICT which is approximated by the share of
nominal ICT investment in GDP. Indeed, this measurement is questionable because it
does not include any ICT quality improvement over time. According to the results of
the study of [3], ICT has a positive impact on labour productivity growth in both developing and developed countries but its effect is higher in developed countries. The
study of [4], based on data relative to upper-income developing and developed countries for the period 1994-2007, provide econometric evidence of the positive impact of
ICT on economic growth in developed and developing countries. Finally, the paper by
[5] reveals that ICT has positive impact on emerging, developing and developed countries taken as a whole. However, this positive effect disappears once regressions are
made for the subsample of developing, emerging and developed countries.
In addition to the previous macro-level studies mentioned above, a number of several studies exist on the role of ICT in economic growth. In his thesis, [6] analyses the
relationship between telecommunications and development in Cote d’Ivoire. Base on
his results, he concludes that telecommunications are valuable tools that can help build
development dynamics. [7] discusses the impact of the rapid diffusion of mobile phone
usage in Sub-Sharan Africa. [8] analyses empirically the impact of ICT capital on productivity of firms in Brazil and India. They find a positive impact. [9] studies the relationship between internet communication technology and economic growth in China
with the help of Cobb-Douglas function under slow model and concludes that internet
communication technology has a positive role in promoting economic growth in
China. In the same line, [10] analyses the impact of “internet plus” in Chinese economy
development and conclude that with “internet plus” time coming, China economy development will be related to internet tightly in current time and future.

2.2. Glance on Studies Related to Human Capital
Impact on Economic Growth
In studies of a wide range of countries, developed and developing, the common measures of human capital based educational performance appears to have in the long term,
a uniform significant positive effect on GDP and, transitory a positive effect on economic growth during the process of convergence toward the steady state [11]. This is
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the best effect a variable as human capital can have on economic growth in a neoclassical framework, because the long-term economic growth is only determined in this
model by the technological progress [12]. However, one of the most surprising results
of empirical studies of human capital and growth is that when the study sample is limited to OECD countries, the effect of human capital on economic growth is insignificant, null or even negative [13]. We find a good example in [11] in which the estimate
of the effect of human capital amounts to 0.0000 for a sample of OECD countries. This
negative result could be explained, among other factors, by the fact that we cannot directly measure human capital because, unlike other economic goods, human capital is
not commonly exchange in markets. This is why we usually measure human capital indirectly, approximating it by education levels and enrolment rates. However, these human capital indicators are not necessarily comparable on a transnational scale because
of the wide variety of educational systems around the world. It is not very easy, for example, to compare the Anglo-Saxon education system to the French one. In an article,
[14] has even asked "where has gone education?" He identifies three main explanations
of why the most robust econometric analyses do not provide a stable and positive relationship between human capital and economic growth, these are:
 The increase in individual salaries can lead to decay of the country if new graduates
are moving to "unproductive" sectors;
 If despite the increase in educated population, the private sector does not need new
skilled workers, what is most often the case in developing countries, an unexpected
drop in education yields can occur ex post and thus the contribution of individual
gain may be smaller than what would have been predicted ex ante.
 The quality of education can be so low that skills required to lead to economic
growth do not exist.
In a paper on the topic, [15] address the issue of data quality and conclude that the
effect of average schooling indicators on growth, adjusted for measurement errors, is
positive and significant in 21 countries of OECD.
Other studies have also analysed the impact of human capital on economic growth.
Thus, [16] show that investment in human capital and physical capital contributed in
explaining economic growth rates of the USA to nearly 83% between 1948 and 1986.
[17] also shows that a 1% increase in high school enrolment is associated with an increase of 2.5% to 3% of the GDP growth rate.
Similarly, a study in Togo shows that human capital has a significant effect on the
fluctuations of economic activity but does not influence the long-term growth [18].
Such a result of the impact of human capital on growth can be explained by either,
misuse of human capital accumulated, or by the brain drain, which should normally
constitutes this type of capital. However, this study presents considerable drawbacks.
Indeed, in the estimation of the growth model, the variable used as a proxy to measure
the impact of human capital on growth by the author is the secondary education. Such
a variable, although it can have an impact in some countries can have very mixed effects in developing countries especially where French secondary education remain gen1189
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eral. The result is that the skills and knowledge in such a system cannot be approximated by the size of the secondary education given its low productivity. Thus, use such
a variable as human capital proxy, in our opinion, may create a risk of underestimating
the actual contribution of human capital in the country's economic growth, which can
lead to biased conclusions.
[19] isolates the effect of human capital on economic growth in WAEMU countries
using endogenous growth model. Surprisingly, the author finds that human capital has
a significant negative effect on economic growth. This paradox is explained by the education quality problem. [20] discusses the role of human capital in developing countries
shifts attention to issue of school quality, area in which developing countries have been
much less successful in closing the gap with developed countries. The author recommends developing world to improve school quality in order to improve their economic
performance. [21] assesses the specific contribution of the various education levels to
economic growth in Togo for the period 1980-2012 using slow model. Based on the results, the author concludes that only the primary education has significant impact on
economic growth.

3. Model Specification
The empirical analysis of this study is based on the model used by [22]. This model is
constructed on the basis of classical Cobb-Douglas functional form. Education level of
labour force is accounts in human capital. The basic specification of the model is:
Yit = Ait ∗ K itα ∗ H itβ

(1)

Yit represents real GDP to capture economic growth, K it physical capital, H it is

the average educated years of the considered countries. Because this study aims to assess in addition to the impact of human capital, the role internet plays in driving economic growth, it is necessary to consider this factor in the model. In order to avoid
misleading results we included several control variables in addition. The control variables included are: R & D investment and transportation. Total Factor Productivity
technique is used to alter the basic model specified in Equation (2). The TFP
represented by Ait is defined as follow:
Ait = Ae ρ1Internet _ indexit + ρ2lntchit + ρ3lnTransit +γ i +ε it

(2)

Internetit _ index measures the internet network development, lntchit measures the

technology progress, lnTransit transportation capacity, γ i represents fixe effects
which is determined by country specific economic development. Applying log function
to the equations 1 and 2 and combining them leads to the final functional form specified bellow:
LnYit =
LnA + α LnK it + β LnHCit _ index + ρ1 Internetit _ index
+ ρ 2lntchit + ρ3lnTransit + γ i + ε it

Model 3 is used for empirical analysis.
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4. Theoretical Relationship between Variables of
Interest and Economic Growth
It is sound to look deeper into the relationship between human capital and economic
performances in terms of economic growth. This is to answer to the question: What are
economic implications of education for individuals who receive it? Growth theorists
make human capital accumulation one of the cornerstones of their models and deal
with different aspects of the role of human capital in growth [23]-[25]. Thus, the education-growth relationship has a theoretical foundation. Education gives workers greater
adaptability to any change and reduces obsolescence of labour. Human capital affects
economic growth and can help to develop economy through knowledge and the skills
of people. From this point of view, human capital is interpreted as an investment which
increases individual efficiency, hereby productivity and earnings.
The theoretical relationship between internet and economic growth has been well
developed in a recent article by [9]. Internet development, according to this author,
changes the way people work, socialize, create, share information and the way they organize transactions. Indeed, the internet firstly acts as an important incentive to the
development of E-commerce business. E-commerce service provides marketing services, consulting services, and all related services and, consequently, helps enterprises
and industries optimize the management of their activities. Secondly, the internet enhances the rapid dissemination of information and communication at low cost which is
a considerable asset of technical innovation providing at the same time a good channel
to the spread of new technologies. The third aspect of relationship between internet and
economic growth emerges from the possible spillovers. The internet development is
source of strong positive externalities since it constitutes a mean for industries and enterprises to learn from one another. Figure 2 below depicts explicitly these relationships.

5. Variables Construction and Data Analysis
The internet ( Internetit _ index ) is captured through a composite index named “internet network development index”. Indeed, we apply the Principal Component Analysis
(PCA) method to analyse three indicators related to internet (number of Internet users,
Investment in telecoms with private participation amount, the rate of secure Internet
servers) to construct a proxy of internet network development of each WAEMU_ country. This proxy is supposed to represent the overall internet development degree of the
considered country. We posit that the aggregation of these indicators reflects internet
network development. Both the Kaiser-Meyer-Olkin (KMO1) measure of sampling
adequacy and Bartlett’s test of sphercity [26] indicated that all the three variables included for the factor analysis were relevant. The variables included in the PCA come
from World Bank Database.
Kaiser-Meyer-Olkin (KMO) is a statistics that measures the adequacy of a variable to be included in factor
analysis based on correlation and partial correlation. There is a KMO statistic for each individual variable,
and their sum is the KMO overall statistic. KMO varies from 0 to 1.0 and KMO overall should be 0.60 or
higher to proceed with factor analysis. If it is not, the lowest individual KMO statistic values will be adopted,
until KMO overall rises above 0.60.
1
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Figure 2. Relationship between internet and economic growth. Source: Adapted from [9].

In order to capture the qualitative aspect of human capital in addition to the quantitative aspect, we built an index of human capital named human capital index
(HC_index) using also the principal component analysis technique. The indicators
considered in this exercise are: school expectancy, educational attainment of the population aged 25 years and older and the ratio of the number of teacher in primary school
to the number of enrolment in primary school, average years of schooling in primary,
in secondary and in higher school. These variables come from [27] [28] and the database constructed by [29]. The appropriate tests (Bartlett’s test of sphercity and KaiserMeyer-Olkin measure of sampling adequacy) run on this set of variables reveal that all
the variables included for human capital index construction were relevant.
The gross domestic product (GDP) comes from the [30], the technological progress
(measure by the investment in research and development), the transportation capacity
(measure by the road km) and the stock of physical capital are taken from [28] database. These last variables are all considered in log function in order to interpret the associated parameters in terms of elasticities. The descriptive statistics of the variables
used in this study are presented in Table 1 below.
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Table 1. The descriptive statistics.
Variables

Count

Mean

Max

Min

Sd

lngdp

42

10.63

13.73

9.34

1.35

lnK

42

27.73

28.72

26.32

0.57

Internet_index

42

3.47

5.02

0.48

1.96

HC_index

42

0.022

0.034

0.001

0.001

lntrans

42

3.17

7.40

2.13

1.17

lntch

42

4.39

19.37

0.26

4.81

Source: Author’s estimates based on data from WDI, 2016; PWT, 2015 and UNESCO, 2015.

Before proceeding to empirical estimations between GDP, Internet network development, human capital and other control variables, it is reasonable to figure out the
correlation between the dependent variable (GDP in log) and the variables of interest
(Human capital and Internet network development). Thus, Figure 3 provides insights
regarding the correlation between these variables. From this figure, one can note that
there is an explicit positive correlation between GDP and Internet network development, and between GDP and human capital. There seems however to exist outliers
when one observe Figure 3 mainly in the right box. In a blind estimation procedure
one would exclude them before estimating. In our case, it is likely that these seemingly
outliers are not outliers since they belong to the same country. The gap between these
values and others might be explained by country specific effects.

6. Estimation Results and Discussion
The choice between random and fixed effects models precedes estimation of panel data.
To discriminate between the two estimation models we run the Hausman specification
test where the null hypothesis is that the preferred model is the random effects versus
the alternative the fixed effects [31]. The results of this test applied to our study indicate
that the fixed effects model is superior to the random effects model (Prob (Chi2) =
0.0434 < 0.05). We consequently run the fixed effects model for analysis purpose. In
addition, for the sake of robustness analysis we estimate two types of models: with controls and without controls. Table 2 and Table 3 present the results of the two types of
estimations. Interestingly neither the type of variables having significant coefficient nor
the level of significance do vary between the two types of results. This is a strong signal
of the outputs robustness since the results obtained do not depend on the number of
variables includes.
From the estimations we can conclude that the internet network, the human capital
and the physical capital are economic growth drivers in WAEMU countries at current
prevailing economic environment. Let us note before moving forwards that because the
results presented in Table 2 are our preferred results, we will just concentrate on them
for in-depth analysis.
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Fitted values
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Figure 3. Relationship between the log function of GDP and the variables of interest. Source:
Author, 2016. Drawn based on estimates in SPSS. The data come from UNESCO, 2015; WDI,
2016 and PWT, 2015.
Table 2. Results of the regression with control variables.
Independent variables

Coef.

Std. Err

P > |t|

lnK

0.1162***

0.0288

0.000

HC_index

0.0285*

0.0152

0.071

Internet_index

0.8520***

0.2351

0.001

lntrans

0.2674

2.1847

0.903

lntch

0.0021

0.0022

0.340

Cons

−5.8746*

3.3393

0.089

Source: Author’s estimates based on data from WDI, 2016; PWT, 2015 and UNESCO, 2015. Note: ***significant at 1%
level, and *significant at 10% level.
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Table 3. Results of the regression without control variables.
Independent variables

Coef.

Std. Err

P > |t|

lnK

0.1175***

0.0279

0.000

HC_index

0.0285*

0.0142

0.071

Internet_index

0.8665***

0.2295

0.001

lntrans

-

-

-

lntch

-

-

-

Cons

−6.1196*

3.2422

0.068

Source: Author’s estimates based on data from WDI, 2016; PWT, 2015 and UNESCO, 2015. Note: ***significant at 1%
level, and *significant at 10% level.

Exactly going in-depth in the analysis, the results reveal that an increase of the internet network development index by 0.1 will trigger an increase of the real value of the
gross domestic product by 8.5% on average. Thus this study points out internet network development as an important source of economic growth for WAEMU_ countries.
This result confirms to some extent the findings of a recent study by [9] which establishes that an increases of internet development index by 0.1 increases economic
growth by 2.5% in the context of China. The higher impact found in the case of
WAEMU_ countries could be explained by the low internet development in these countries compare to Chinese context. The internet network impacts economic growth
through the three channels that are E-commerce, dissemination of information and
communication and positive externalities (the three channels are discussed in the Section 3).
The second source of economic growth established by this study is human capital.
Indeed, 0.1 increase in human capital index increases economic growth by 0.2% on average. This figure is lower compare to the general findings from similar studies. The
main reason could be that most of those studies ignore the qualitative aspect of human
capital, this is not the case of this study. Thus, the low performance of human capital in
terms of economic growth in WAEMU_ countries can be interpreted as the result of the
poor quality of education. An in-depth diagnostic of the quality of education policies in
these countries is consequently needed.
The physical capital accumulation is another economic growth driver established by
this paper. Considering the results of this study, 0.1 increases in physical capital increases real gross domestic product by 1.1% on average. This economic growth pillar
has been established by various studies long time ego. However, the accumulation of
physical capital is becoming more and more problematic, hence the search for new
economic growth sources such as internet network development as established in this
study.

7. Conclusion
To contribute to the search for new economic growth pillars in WAEMU countries except Gunea Bissau, this study investigated the role of internet network development in
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pursuing higher and sustainable economic growth and revisited the impact of human
capital on gross domestic product. Based on panel data from diverse sources, we estimated a Cobb-Douglas function under the neoclassical Solow model which included
constructed indices of internet network development and human capital by using fixed
effects estimation technique. From the estimation, internet network development appears to be the main pillar for economic growth reinforcement of the union in the current economic prevailing environment. Thus, WAEMU countries should continue to
increase infrastructure construction investment of internet communication technology,
such as the so called internet 3G. To strengthen the performance of the region in terms
of economic growth, the member states also need to revisit and improve the quality of
their educational systems. To improve the quality of the findings, future similar studies
have to include additional factors in the construction of the internet network development index since the development of the internet is a dynamic, complex and multifaceted problem.
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