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The aim of the study was to understand long run co-integrating and causal relationship between the real GDP per capita and 
ICT penetration, and to benchmark it against the country ranking presented by the Network Readiness Index (NRI). To 
achieve this, data for mobile, fixed and internet connections per 100 people is taken from World Bank for 144 countries 
which are selected through NRI. The sum of connections is defined as the ICT penetration, whereas the second variable real 
GDP per capita is taken from World Bank Database. Panel unit root tests are performed to assess level of integration 
between the variables. To find the cointegration relationship, a panel error correction model is used. Dynamic fixed effect 
model is used with a system GMM estimator to test for instruments and endogeneity, whereas Wald Tests provide 
information on causal relationship between the variables. The data set is divided into six panels; five based on rankings from 
NRI and one panel representing the complete list of 144 countries. Co-integrating relationship is observed only for very 
highly and highly ranked countries. Bidirectional Causality is observed only in very highly ranked countries, whereas 
unidirectional causality is observed from real GDP per capita to ICT in all other cases except in highly ranked countries 
where causality moves unidirectional from ICT to real GDP per capita. 
 
Index Terms- ICT, Network Readiness Index, Causality, Cointegration.  
 
I. INTRODUCTION 
 
In the previous years, several researchers have used 
the Westerlund [1] function to test the co-integrating 
and causal relationship between ICT and productivity 
[2][3]. The NRI has categorized countries based on 
key performance indicators such as their network 
infrastructure, political environment, innovation etc. 
It may be hypothesized that the countries with high 
weighted scores would show bidirectional causality 
between ICT and productivity. To assess the viability 
of the index and building onto Hilmi [2] and Shiu & 
Lam’s [3] research, we test the Westerlund [1] 
function on a subset of countries divided based on the 
NRI. 
 
II. DATA SOURCES AND SELECTION OF 
VARIABLES  
 
Panel data is taken for a period of 16 years (1996-
2012) for 144 countries. The initial number of 
countries used for estimation was 232, however due 
to the lack of data in certain countries listed in the 
Network Readiness Index reduced the list to 144 
countries with stable data entries across the time 
period.  Real GDP per capita is taken from the World 
Bank for the corresponding countries. Total ICT 
penetration is defined as the sum of mobile, fixed and 
broadband subscribers per 100 people in each 
country. The data for ICT is also taken from the 
World Bank Database.  
Natural logs of both GDP and ICT are taken to 
produce variables Lgdp and Lict which are the 
primary variables used for our empirical analysis.  

III. METHODOLOGY 
  
Since panel data is used, the first step has been to test 
for non stationarity in the levels of GDP and ICT. To 
perform cointegration tests, non stationarity must be 
removed, which can be done by first differentiating 
the variables, and it is a challenge to find the right test 
which caters for the unbalanced data at hand. 
Cointegration on first differenced variables can 
provide an idea on the cross sectional dependence 
across countries. Furthermore, using panel data helps 
include more degrees of freedom, and helps us 
control for the omitted variable bias. This reduces 
multi co-linearity amongst the variables [4]. When 
dealing with such data, Shiu and Lam [3] suggest 
using the dynamic fixed effects panel data model 
which will allow for assessing causality between the 
variables. Estimating the data using ordinary least 
squares (OLS) endogeneity problem. The preferred 
method in this case would be to use either the 
difference generalized methods of moments (GMM) 
[5] or the system GMM estimator [6]. Granger 
causality is determined by using Wald test on the 
variables.  
 
A. Panel Root Unit Tests  
Tests for unit roots have been common practice 
amongst researchers in analyzing time series data and 
have become a vital part of econometric analysis. 
With the advent of larger panel data, panel unit root 
tests have gained popularity and necessity within 
research. The earliest tests for time series include 
Dickey Fuller (DF), Phillips-Perron (PP) and 
Augmented Dickey Fuller (ADF).  
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When dealing with large macroeconomic data sets, it 
has been seen that the variables tend to show co 
movements along time. A second generation of panel 
unit roots tests were developed which rejected the 
hypothesis of cross sectional independence. These 
tests were of two types: factor structure approach [7] 
[8] [9] and covariance restrictions approach [10] [11].  
The reason these are important is that in our research 
we need to understand whether our panel variables 
are integrated at the same level, and whether they 
require differentiation. This is important in the next 
step to perform causality tests. In this case the Fisher- 
type tests 
based on the Dickey Fuller (ADF) and Phillips-
Perron (PP) are used [12] [13].  
B. Panel Cointegration Test  
Granger introduced the concept of cointegration for 
the first time in 1981, and was further developed by 
Engle and Granger [14], Johanson [15] and Phillips & 
Ouliaris [16]. Cointegration aims to explain that when 
two or more variables (in a time series) are integrated 
of order n, there exists a possibility that a linear 
combination of these variables are integrated in the 
lower order such that . In such a circumstance, the 
relationship between the variables indicates 
cointegration. The basic characteristics of 
cointegrated variables are that they have common 
trends and exhibit similar co movements over time. 
Cointegration can be observed in panel data as well, 
which is an extension from the time series 
cointegration tests within recent academic literature. 
The panel cointegration tests can be divided into two 
sub groups, based on their approach towards 
analyzing the hypothesis. McCoskey & Kao [17] 
suggest that the null hypothesis can be taken as the 
cointegration whereas Groen & Kleibergen [18] 
suggest that no cointegration can be assumed as the 
null hypothesis.  
Specific to this research, Westerlund’s [1] error 
correction based panel cointegration tests are used, 
using no cointegration as the null hypothesis. The 
dynamics indicate that there are no common factor 
restrictions. If the variables are integrated at the order 
1, then the following error correction model is 
observed: 

 

 
One of the reasons why Westerlund [1] function is 
used is that time series can be of unequal length. 
Cross sectional co relation may be observed and is 
suspected. While this exist, panel statistics and the 
mean cannot hold, but by using critical values 
generated through bootstrapping with xtwest 
Westerlund [1] function, this can be accounted for.  
C. Panel Causality  
Panel causality test is of vital importance as I am 
interested in finding out the difference of direction of 
the causality between the variables depending on the 
panel 
split by countries’ network readiness index rating. 
Cointegration tests only show us how the panel 
variables are following each other. It is seen that 
panel data allows for greater degrees of freedom and 
can deal with heterogeneity in the data from the 
countries [4]. To create our equation and model, I use 
Shiu and Lams [3] dynamic fixed effect model for 
time period t and the country i: 

 
In the above equations, l, m, n and k are the number 
of lags that are used within the regressions. Also we 
see i � 
and i ��are individual country specific unobserved 
effects. it e And it ��show the disturbances which 
are seen across the units having zero mean. Also seen 
are t ��and t ��which are used as dummy for the 
time periods. As mentioned before it would be 
difficult to use OLS, and by lagging the variables 
there will be a problem with endogeneity. Individual 
effects are removed by first differencing. i t n Lgdp 
����, and i t l Lict ����, are used to show the 
first differenced variables. We see that with the lag 
introduced, the errors are also in first differences 
given by it �e and it ���. Correlation between i t n 
Lgdp ����, and i t l Lict ����, will also exist. 
To cater for this, Arrelano and Bond [5] suggested a 
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first differenced estimator using GMM (generalized 
methods of moments). However, this method may 
have biases when the dependent variables are 
persistent. To introduce endogenous regressors as 
instruments, a system GMM estimator is used by the 
Stata command xtdpdsys [19]. The idea is to 
understand how Lict helps explain Lgdp by 
controlling for past values for Lgdp. It will also show 
how Lict causes Lgdp in the Granger Sense. Similarly 
it can also show how Lgdp causes Lict in the Granger 
sense. Two hypotheses are therefore developed: 

 
Where 1 H represents absence of having causality 
from Lict to Lgdp, while 2 H shows absence of 
causality from Lgdp 
and Lict. Wald tests are performed on the lagged 
variables, which will show whether coefficients of the 
lagged 
dependent variable i t n Lgdp ����, are greatly 
different than 0, indicating whether Lgdp is causing 
Lict in Granger sense or not and vice versa. 
 
IV. EMPIRICAL RESULTS 
 
A. Stationarity Results  
Lict and Lgdp need to be integrated of the same 
order. To test the level of integration, panel unit root 
tests are carried out. In table 1., we see the results for 
the three unit root tests, namely Fischer augmented 
Dickey Fuller test, Fischer PP and Pesaran CADF. 
We observe non-stationarity within the panel 
especially for Lgdp, and that the first differenced 
variables reject the null of non stationarity at 1% 
level of significance for all three tests. The p-values 
help us estimate if the null hypothesis can be rejected 
or accepted. 

 
Table 1. Unit root tests 

 
This means that the panel variables seem to be 
integrated of order one I (1) and we can proceed to 
measure 
cointegration and causality. 
B. Cointegration Tests 
Using Westerlund [1] function in STATA xtwest, we 
can now perform cointegration tests on the first 
differenced 
variables derived from the previous step. The 
countries are grouped by Network Readiness Index as 
either the whole panel of countries or in very high, 

high, medium, low or very low ranking groups. There 
are 6 panels in sum. 
Table 2. shows the results of the tests. ��G and 
��G represent the group mean statistics which 
analyze the null 
of cointegration of the complete panel benchmarked 
against the alternative hypothesis of cointegration for 
some 
countries within the panel, whereas ��P and ��P 
are panel statistics that analyze the null of 
cointegration against the 
panel as a whole instead of some countries. Looking 
at the results, the first thing we notice that the p-
values for all the panels except medium and very low 
(specifically ��G and ��P ) do not reject the null 
of cointegration at 1% level. This shows that concern 
for correlation is a real issue and to solve this, robust 
p-values must be generated using the xtwest function. 
These provide sturdier statistics for calculation. 
Looking back at table 2. and the results with 300 
bootstraps, we see that the null for cointegration is 
not rejected for the whole panel, medium ranked, low 
ranked and very low ranked. For very high ranking 
countries, the null can be rejected at 1% level of 
significance, and can be rejected at 15% level of 
significance for high ranked countries. So we can say 
that the very highly and highly ranked countries 
represent cointegration between log of ICT and GDP, 
whereas the whole panel, medium, low and very low 
ranked countries do not show any cointegration 
between the variables. 

 
Whole panel 

 
Very High Ranking 

 
High Ranking 
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Medium Ranking 

 
Low Ranking 

 
Very Low Ranking 

 
Table 2. Co-integration Tests 

 
A. Determining Causality  
The previous results show us the co-integrating 
relationship between variables using the Westerlund 
[1] function and provide an account for whether there 
exists a long term and steady state relationship 
amongst the variables. However it does not give 
information on the causality and its direction within 
the variables. The equations described in the panel 
causality section show how this relationship might 
exist within a dynamic fixed effect panel data model. 
We use the system GMM estimator performed 
through the Stata command xtdpdsys [19].  
To test the validity of the instruments, we use Hansen 
J tests. Looking at the results for the Hansen J test, 
we see that the number of instruments is not greater 
than the number of cross sectional units in the panel. 
To test for over identifying restrictions, we use the 
null whether the instruments are not correlated to the 
error terms..  
Table 3 shows that the null for no correlation between 
instruments to error terms can be rejected for all the 
groups except very high and high income groups. A 
severe 
problem for invalid instruments is not observed. 
Turning to the results from Arellano Bond Tests, the 
null of auto correlation is rejected in all cases at a 
significance level of 1% for the 1st order serial 
autocorrelation in the first difference residuals. The 
same can be observed for the 2nd order serial 

correlation Arellano Bond tests, showing that there no 
signs of serious auto correlation issues within the 
model. Now, to understand the causality between the 
variables, Wald tests are applied, testing the joint 
significance of the lagged dependent variables. 
Rejection of hypothesis H1 means that the Lict does 
not cause Lgdp in the Granger sense, and rejection of 
hypothesis H2 means that Lgdp does not cause Lict in 
the Granger sense. What we see is that directional 
causality only in the highly ranked country group. It 
is also seen that Lgdp is the primary cause for Lict in 
four of the six groups. Lict granger causes Lgdp only 
in the high ranked group and the entire panel. 
 

 
Table 3. Causality Tests 

 
CONCLUSION 
 
The results show interesting deviations from previous 
research. Hilmi [2] used 146 countries, ranking them 
based on World Bank indicators, as high income to 
low income countries. Their results showed 
bidirectional causality within the whole panel, high 
income and upper middle income countries whereas 
lower and low income countries showed 
unidirectional causality from real GDP to ICT. No 
case was observed where with ICT causing real GDP 
unidirectional. Similarly Shiu and Lam [3] observed 
that there was no causality at all for their entire panel 
between real GDP and ICT, whereas only 
unidirectional causality was observed between real 
GDP and ICT for a few cases.  
In our case, Wald Tests show that bi directional 
causality exists only in very highly ranked countries, 
whereas unidirectional causality from ICT to 
productivity only occurs in highly ranked countries. 
In all other cases uni-directional causality is observed 
from productivity to ICT. The results show that in 
highly ranked countries, with good infrastructure to 
support development, ICT services should be 
encouraged. However, in other countries, either a 
deeper analysis is needed to understand the causal 
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relationship, or a new means of classification beyond 
the NRI should be used to determine economic 
policies tailored to increase productivity. 
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