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Abstract - In this research analyzes the interactions between telecommunication infrastructure, foreign direct investment and 
economic growth in Indonesia, Cambodia, Malaysia, Philippines, Thailand, that countries are suitable and data available for 
the period 2000-2014.Using panel VAR model analysis first, and then for further study will use granger causality test, 
impulse response functions and forecast error variance decompositions. A panel VAR is the most appropriate methodology 
to use find the relationship between the three variables in this research. This study reveals that the telecommunication 
infrastructure of ASEAN-5 countries has a great impact on foreign direct investment and economic development. 
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I. INTRODUCTION 
 
Since the end of the Second World War, developing 
countries have been independent and rising, 
especially the rapid development of ASEAN 
countries' economy, and the ASEAN economy is a 
dazzling star of the world economic stage. In 2015, 
the Gross domestic product in ASEAN was 2,438.13 
billion US dollars, the growth of the gross domestic 
product was 4.83 percent, about 300 percent more 
than 2000. The rapid development of ASEAN 
economy is inseparable from foreign direct 
investment, and it has become the driving force for 
ASEAN economic development of the important 
power. By attracting foreign investment directly, 
ASEAN countries can attract large amounts of funds 
quickly and introduce advanced foreign technology 
and management experience to promote the 
optimization of domestic industrial structure and 
Upgrade, promote economic recovery and 
development.  
In 2014, ASEAN became one of the main 
destinations of global attracting foreign direct 
investment (FDI) again, FDI flows to the region rose 
about 5 times compared with 2001, is 135.03 billion 
US dollars, share about 6.20 % of GDP, making 
ASEAN the largest FDI recipient in the developing 
world. In December 2015, ASEAN announced the 
establishment of an economic community, which 
greatly increased the confidence of investors in the 
future development of ASEAN. More and more 
foreign investors have already made the ASEAN 
Economic Community one of the key reference 
factors for its next step in ASEAN's development 
strategy, and many investors are planning to expand 
their business to more ASEAN countries. Large 
multinational enterprises are the most important 
foreign investors in ASEAN, and they are expanding 
their investment in ASEAN in areas such as 

manufacturing, finance, infrastructure and other 
services.  
The importance of infrastructure to ASEAN Member 
States cannot be emphasized enough. In October 
2010, the 17th ASEAN Leaders' Meeting adopted the 
"Master Plan on ASEAN Connectivity”. ASEAN 
Connectivity, which contains the three pillars of 
Infrastructure connectivity, institutional connectivity 
and people-to-people connectivity, is a key strategy 
for implementing the ASEAN community. A 
‘connected ASEAN’ has important implications. It 
will increase further the competitiveness of the 
region, enhance production efficiency, reduce 
transaction costs and attract FDI. Member States in 
ASEAN region have been investing in infrastructure 
with varying degrees of spending and development. 
The private sector, domestic and foreign, has been a 
significant player in the region’s infrastructure 
development. In various infrastructure sectors, the 
presence of foreign multinational enterprises is highly 
visible. Investing in infrastructure to meet rapid 
growth in demand has been a challenge for most 
ASEAN Member States. Some ASEAN Member 
States have taken steps to liberalize their 
infrastructure industries, privatized infrastructure 
assets, such as those in telecommunication and power 
generation. 
The telecommunication penetration rates in some 
ASEAN Member States are among the highest in the 
developing countries, and the industry has attracted 
significant interest and participation from the private 
sector, which has contributed to the rapid growth of 
the industry in the region. The telecommunications 
sector in ASEAN grew rapidly in the last decade, 
particularly in access to mobile voice and data 
networks. The number of mobile subscriptions 
increased almost five times between 2005 and 2014. 
Today, mobile broadband is far exceeds than fixed 
broadband in subscriptions: in 2014, mobile 
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broadband penetration in ASEAN reached 43% of the 
population compared with only 3% for fixed 
broadband (ASEAN Investment Report 2015). 
Telecommunication service revenues have increased 
in parallel with the growth in access. The ASEAN 
telecommunication service market was worth 63 
billion US dollars in 2014, more than twice as many 
as ten years ago. Investment in telecommunication 
infrastructure has enabled more efficient telephony 
services, internet service and increased the degree of 
penetration, with more people able to use 
telecommunication service even in remote areas. This 
development has contributed to national and global 
connectivity, enhancing communication and ICT 
connections, and bringing remote areas into the 
modern information age. 
 
II. LITERATURE REVIEW 
 
In the recent literature, many researchers chose to 
work on telecommunication Infrastructure, foreign 
direct investment and economic growth on their 
studies, but those studies are mostly examined in bi-
variate relationship. Few studies were conducted by 
using the multivariate relationship among the three 
variables.  
Some researchers studied the relationship between 
telecommunication infrastructure and foreign direct 
investment, Nayyra Zeb, Fu Qiang and Muhammad 
Shabbir (2014) explores the telecommunication  
infrastructure in stimulating Foreign Direct 
Investment (FDI) in Pakistan, the results indicate the 
positive significant effect of infrastructure in 
attracting FDI to Pakistan[1]; Alice I. Rossignol 
(2015) examines the impact of changes in 
infrastructure on foreign direct investment (FDI) 
inflows in India, that state investment into larger and 
more reliable telephone networks could potentially 
encourage future foreign investment[2].  
Some researchers studied the relationship between 
telecommunication infrastructure and economic 
growth, Roeller, L.andWaverman,L.(2001) examined 
the impact of investment in telecommunication 
infrastructure on the GDP of 21 OECD countries, 
they find evidence of a significant positive causal 
link[3]; Cieslik, A. and Kaniewsk, M. (2004) 
establishes a link between telecommunications 
infrastructure and the regional level of income in 
Polish, they find there exists a positive and 
statistically significant causal relationship between 
telecommunications infrastructure and income at the 
regional level[4]; Lei and Kingsley (2004) empirically 
investigated the role of telecommunication 
infrastructure on regional economic growth in China, 
the results show that telecommunication was both 
statistically significant and positively correlated to 
regional economic growth in real GDP per capita in 
China[5]; Karner, J. and Onyeji, R.(2007) examined 
the contribution to economic growth of private 
telecommunications investment in African countries, 

their regression results indicated that the contribution 
was positive but insignificant[6]; Alice Shiu and Pun-
Lee Lam (2010) study the relationship between 
telecommunication infrastructure development and 
economic growth in 105 countries across the world, 
they find a bidirectional relationship between real 
gross domestic product (GDP) and 
telecommunications development  for European and 
high-income countries[7].  
Other researchers have studied the relationship 
between foreign direct investment and economic 
growth, Zhang, Kevin Honglin. (2001) examined FDI 
and economic growth for 11 developing countries in 
East Asia and Latin America, they find a positive 
relationship between FDI and growth[8]; Wang, M., 
(2009) found that total FDI inflows significantly 
affect economic growth in 12 Asian economies[9]; 
Jong Il Choe (2003) investigate how FDI and 
economic growth relate in 80 countries, they 
confirmed that FDI and economic growth are Granger 
causality for each other[10]; Li, X., and X. Liu (2005) 
investigated the relationship of foreign direct 
investment and economic growth in both developed 
and developing countries, and there was a strong 
complementary connection between FDI and 
economic growth[11]; Adewumi, S. (2006) studied the 
impact of FDI in developing countries, and it will be 
positive in most of the countries but not 
significant[12]; Abdul Khaliq, IlanNoy (2007) 
analyzed for 12 sectors in the economy of Indonesia, 
the effectiveness of FDI, in the aggregate level, FDI 
is observed to have a positive effect on economic 
growth[13]. These researchers are studied the 
relationship between the two variables, and in our 
paper, we will studying the relationship combine the 
three variables. 
 
III. DATABASE 
 
In this study, annual data for the 5 ASEAN 
developing countries: Indonesia, Cambodia, 
Malaysia, Philippines, and Thailand, spanning over 
2000–2014 were obtained from the World 
Development Indicators published by the World 
Bank. In this analysis, economic growth is 
represented by Gross domestic product per capita 
growth; Foreign direct investment is represented by 
foreign direct investment net inflows growth rate; 
Telecommunications infrastructure is represented by 
two possible variables using Principal component 
analysis: Investment in telecoms with private 
participation and Information and communication 
technology service exports. There are some other 
infrastructures that will interact with economic 
growth and foreign direct investment, such as 
electricity infrastructure, transport infrastructure, so 
we use Electric power consumption per capita growth 
rate and Transport services exports growth rate as 
control variables. Table 1 presents a definition of 
these variables. 
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Variable Definition unit 
TEL Growth rate of composite 

index of telecommunications 
infrastructure: Combining 
INTC and ICTE using 
principal component analysis 

% 

INTC Investment in telecoms with 
private participation 

US 
dollars 

ICTE Information and 
communication technology 
service exports 

US 
dollars 

GDP Gross domestic product per 
capita growth 

% 

FDI Foreign direct investment net 
inflows growth rate 

% 

ELEC Electric power consumption 
per capita growth rate 

% 

TRAE Transport services exports 
growth rate 

% 

Table 1: Variable Definition 
 
Notes: The variable INTC and ICTE are converted 
into the natural logarithms for this estimation. 

 
 
IV. METHODOLOGY AND EMPIRICAL 
RESULTS 
 
To reach the objective of the study on modelling of 
relationship among telecommunication infrastructure, 
foreign direct investment and economic growth, it is 
required to satisfy the five main stages of 
econometric approach. 
 
4.1.Principal Component Analysis 
Principal component analysis is a statistical procedure 
that uses an orthogonal transformation to convert a 
set of observations of possibly correlated variables 
into a set of values of linearly uncorrelated variables 
called principal components (or sometimes, principal 
modes of variation). The principal components 
maybe represented by the following system of 
equations: 
푇퐸퐿 = 푎 퐿푁퐼푁푇퐶 + 푎 퐿푁퐼퐶푇퐸                                
(1) 
Where TEL is the first principal component; A=[aij] 
for i=(1,2); and j=(1,2) are component loadings ; and 
X=[LNINTC, LNICTE] are original variables. The 
component loadings are the weights showing the 
variance contribution of principal components to 
variables. 
 
4.2.Panel Unit Root Test 
Panel unit root test is used to verify the property of 
the data and verify the integration order to avoid 
spurious estimation. There are two main processes of 
panel unit root test: Common unit root processes and 
Individual unit root processes. Two unit root tests 
utilized in this paper, Levin, Lin and Chu (2002) 
test,andIm, Pesaran and Shin (2003) test.The LLC 

test is based on the ADF test by assuming 
homogeneity in the dynamics of the autoregressive 
coefficient for all the time series across the cross 
section units. The IPS test is more flexible, accurate 
and powerful than LLC test because it is based on the 
assumption of cross-sectional independence and 
allows heterogeneity of coefficients across groups.   
Table 2 is the results of the panel unit root tests for 
each variable, with the existence of intercept and 
trend in the equation,based on the Schwarz Info 
Criterion (SIC). 
 

Level Series 
Variables LLC IPS 
TEL -6.94666*** 

(0.0000) 
-5.22864*** 
(0.0000) 

GDP -5.16268*** 
(0.0000) 

-3.21463*** 
(0.0007) 

FDI -7.51736*** 
(0.0000) 

-4.25691*** 
(0.0000) 

ELEC -8.61043*** 
(0.0000) 

-5.68790*** 
(0.0000) 

TRAE -795.486*** 
(0.0000) 

-313.515*** 
(0.0000) 

Table 2: Panel Unit Root Test Results 
 
Notes: The null Hypothesis: Series has a unit root; 
The values in parentheses refer to p. value;(***, **, 
and *) denote rejection of the null hypothesis at the 
1%, 5%, and 10% level of significance, respectively. 
The results are shown in the test of level series. Both 
LLC and IPS tests results display all of them are 
stationary at the 1% significant level. Hence, it 
indicates that the series are stationary at I (0), in the 
panel ASEAN-5. 
 
4.3.Panel VAR and Granger Causality Test 
The Panel Vector Autoregressive Model (PVAR 
Model) is preliminary Multivariable analysis of the 
economic cycle. This model resembles a structural 
connection between the variables from one variable 
that increases. All variables will be analyzed using 
this model to consider a variable that looks stagnant, 
called stationary.In the sense that all variables are 
assumed to be endogenous and interdependent. In 
2015, Michael R.M. Abrigo and Inessa Love 
introduced the Panel Vector Autoregressive model to 
predict the macroeconomics variables under the 
system of linear equations. The model following the 
following the panel VAR of order p in this study are 
presented by equations (2),(3),(4) below. 
 
퐹퐷퐼 = 푎 퐹퐷퐼 +⋯+ 푎 퐹퐷퐼 + 푏 퐺퐷푃 +
⋯+ 푏 퐺퐷푃 + 푐 푇퐸퐿 +⋯+ 푐 푇퐸퐿 +
푔퐸퐿퐸퐶 + 푘푇푅퐴퐸 + 훼 + 푒   (2) 
 
퐺퐷푃 = 푑 퐺퐷푃 +⋯+ 푑 퐺퐷푃 +
푒 퐹퐷퐼 +⋯+ 푒 퐹퐷퐼 + 푓 푇퐸퐿 +⋯+
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푓 푇퐸퐿 + 푙퐸퐿퐸퐶 + 푚푇푅퐴퐸 + 훽 + 휀            
(3) 
푇퐸퐿 = 푔 푇퐸퐿 +⋯+ 푔 푇퐸퐿 +
� 퐹퐷퐼 +⋯+� 퐹퐷퐼 + 푖 퐺퐷푃 +⋯+
푖 퐺퐷푃 + 푛퐸퐿퐸퐶 + 표푇푅퐴퐸 + 훾 + 휉           
(4) 
Defined that: 
푎 ⋯  푎 ,푏  ⋯푏 ,푐 ⋯ 푐 ,푑 ⋯푑 ,푒 ⋯푒 ,푓 ⋯푓 ,
푔 ⋯푔 ,� ⋯� ,푖 ⋯ 푖 ,푔,푘, 푙,푚,푛,표 are regression 
coefficients;훼 ,훽 , 훾  are fixed-effects;푒 ,휀 , 휉  are 
idiosyncratic errors. 
 
Firstly, to proceed PVAR model, needed to check the 
lag length order and the stationarity. Based on the 
results of lag order selection in Table 3, the results 
confirm lag order 2 are the optimal lag lengths for 
this model, and Figure 1 show that all AR roots are in 
the unit circle, indicating that the model is stationary 
and satisfies the conditions for establishing the 
impulse response function. 
 

Table 3: VAR Lag Order Selection Criteria 
 
Notes: * indicates lag order selected by the criterion. 
LR: sequential modified LR test statistic (each test at 
5% level);FPE: Final prediction error; AIC: Akaike 
information criterion;SC: Schwarz information 
criterion;HQ: Hannan-Quinn information criterion 
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Figure 1: AR Roots Graph. 

 
Then do the Granger causality test in PVAR 
model,the results are shown in Table 4: 
 
 Independent Variables (Sources of 

Causation) 

Dependent 
Variables 

TEL GDP FDI 

TEL  0.585976 
(0.7460) 

0.176001 
(0.9158) 

GDP 6.766258** 
(0.0339) 

 3.104729 
(0.2117) 

FDI 66.44963*** 
(0.0000) 

0.279953 
(0.8694) 

 

Table 4: Panel Granger Causality Test 
Notes:Wald statistic reports with independent 
variables;The values in parentheses refer to p-value; 
(***, **, and *) denote rejection of the null 
hypothesis at the 1%, 5%, and 10% level of 
significance, respectively. 
The results show that only exists unidirectional 
causality among the variables.TEL is the Grainger 
cause of GDP at the 5% level of significance; TEL is 
the Grainger cause of FDI at the 1% level of 
significance.  
 
4.4. Impulse Response Functions 
To complement the analysis, will using impulse 
response functions to trace the effect of a one-off 
shock to one of the innovations on the current and 
future values of the endogenous variables. The 
impulse responses offered additional insight into how 
shocks to variables capturing TEL, GDP and FDI 
impacted one another. 
 
The impulse response function of the panel vector 
autoregressive was a developed process from the 
matrix below. 
 

퐴̿ =

⎣
⎢
⎢
⎢
⎡
퐴 퐴 … 퐴 퐴
퐼 0 … 0 0
0 퐼 … 0 0
⋮ ⋮ . 0 0

0 0 … 퐼 0 ⎦
⎥
⎥
⎥
⎤

     (5) 

    
To be confirmed that the panel VAR model is stable 
if all moduli of the companion matrix A that are 
strictly less than one. 
 
The simple IRFs can be presented by Φ  

Φ =
퐼 , 푖 = 0

∑ Φ 퐴 , 푖 = 1,2,⋯                              (6) 

 

 

Lag LogL LR FPE AIC SC HQ 
0 -788.4  NA  4.9 35.4  35.8  35.6  
1 -785.6  4.8  6.5 35.7  36.4  36.0  

2 -735.2  80.6  1.1
* 

33.0
* 

35.0
* 

34.3
* 

3 -734.4  1.3  1.6 34.2  35.7  34.8  
4 -731.9  3.2  2.2 34.5  36.3  35.2  
5 -731.1  1.0  3.3 34.9  37.1  35.7  

6 -712.4  19.9
* 2.4 34.5  37.0  35.4  
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Figure 2: Impulse Response Graphs (Response to Cholesky 

One S.D. Innovations ±2 S.E.). 
 
As shown in Figure 2,we can see clearly ,that one 
standard deviation shock (positive) in returns of GDP 
affecting the of TEL is firstly positive way and then 
negative way, and finally tend to zero; One standard 
deviation shock (positive) in returns of TEL affecting 
the of GDP the first year is the maximum, and finally 
tend to zero; One standard deviation shock (positive) 
in returns of FDI affecting the of GDP is positive 
way, the second year is the maximum, and finally 
tend to zero, the impact is relatively small; One 
standard deviation shock (positive) in returns of TEL 
affecting the of FDI in positive way, the third years is 
the maximum, and finally tend to zero, it has greater 
impact; One standard deviation shock (positive) in 
returns of GDP affecting the of FDI is firstly negative 
way and then positive way, and finally tend to zero. 
 
4.5. Forecast Error Variance Decompositions 
In order to know more exactly the degree of mutual 
influence between TEL, GDP and FDI, and the 
contribution of various shocks to endogenous 
variables, variance decomposition will be used to 
further estimate the importance of various shocks. 
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The forecast-error variance decomposition formula 
for h-step ahead can be expressed as below： 
푌 − 퐸[푌 ] = ∑ 푒 ( )Φ                           
(7)  
Defined that: 
푌  = The observed vector at time t+h； 퐸[푌 ] = 
The h-step ahead predicted vector made at time t. 
 
 Period TEL GDP FDI 
TEL 10 99.01188 0.876261 0.111857 
GDP 10 12.09160 85.52780 2.380591 
FDI 10 51.74431 8.191033 40.06466 

Table 5: Variance decompositions Result 
 
The variance decompositions this model is presented 
in Table 5. Variance decomposition of TEL: Shock to 
returns of TEL accounted for 99.01 percent variation 
of the fluctuation in the returns of TEL (own shock); 
Shock to returns of GDP and FDI variation of the 
fluctuation are very small in the returns of TEL. 
Variance decomposition of GDP: Shock to returns of 
GDP accounted for 85.53 percent variation of the 
fluctuation in the returns of GDP (own shock); Shock 
to returns of TEL can cause 12.09 percent fluctuation 
in the returns of GDP. Variance decomposition of 
FDI: Shock to returns of TEL accounted for 40.06 
percent variation of the fluctuation in the returns of 
TEL (own shock); Shock to returns of TEL affected 
51.74 percent fluctuation in the returns of FDI; Shock 
to returns of GDP affected 8.19 percent fluctuation in 
the returns of FDI. 
 
CONCLUSIONS 
 
The objective of this paper is to discover the 
multivariate relationship between telecommunication 
infrastructure, foreign direct investment, and 
economic growth in ASEAN region. To reach the 
objective, based on panel Vector Autoregressive 
Model and use Granger Causality Test, Impulse 
Response Functions, Forecast Error Variance 
Decompositions to analysis. The granger causality 
test illustrate that TEL play an important role in 
economic booster of 5 ASEAN developing countries 
and TEL also has a promoting effect on attracting 
foreign direct investment. Impulse Response 
Functions illustrate that GDP has a positive impact of 
TEL at the beginning, and then is negative; TEL has a 
positive impact of GDP at the beginning, and then is 
negative; FDI has a positive impact of GDP; TEL has 
a positive impact of FDI; GDP has a negative impact 
of FDI at the beginning, and then is positive. But all 
of them are not a long term effects. Forecast Error 
Variance Decompositions illustrate that TEL is 
mainly affected by its own fluctuations; GDP is 
mainly affected by its own fluctuations, and TEL has 
a greater impact on GDP; FDI is mainly affected by 

TEL fluctuations, even more than the affected by its 
own fluctuations. 
In conclusion, the telecommunication infrastructure 
of ASEAN-5 countries has a great impact on foreign 
direct investment and economic development. The 
governments should adopt relevant policies according 
to its own national conditions and improve its 
telecommunication infrastructure level to attract more 
foreign direct investment and promote economic 
development. 
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