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Structural equation modeling: an application 
of broadband penetration and GDP growth 
in Asia
Tasneem Fatima Alam1, Nayeem Sultana2 and Md. Israt Rayhan1*

1 Introduction
Over the last decade, information and communication technologies (ICT) have grown 
into a pivotal part of our society. It has secured itself as a very powerful platform that 
has drastically changed the people’s way of life. With the rapid development in ICT and 
telecommunications area, the internet users continue to grow around the world. It has 
been reported that 49.7% of the world population is using the internet (World Internet 
Users and 2017 Population Stats). About 42% of the population in Asia Pacific region 
uses the internet. Most of the countries in South Asia have been experiencing a positive 
economic boost over the course of past few years, consolidating its position as the fast-
est growing region in last few years World Bank (2017).

Several empirical investigations exist in the literature which examines how telecom-
munications infrastructure affects economic growth in developed economies (Rӧller 
and Waverman 2001) and in developing economies (Sridhar and Sridhar 2007), assum-
ing a two-way causal link between them. However, this relationship has not been stud-
ied in the context of South Asia. Although the share of this region’s global consumption 
of ICT goods is gradually increasing over time, its share in global production has been 
relatively lower. South Asia comprises eight countries: Afghanistan, Bangladesh, Bhu-
tan, India, Maldives, Nepal, Pakistan and Sri Lanka. Due to the unavailability of data 
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high-speed internet has allowed the transferring of information in a way that was never 
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on Afghanistan, Pakistan and Nepalare excluded from this study, a panel data including 
five more Asian countries outside South Asia: China, Iran, Indonesia, Thailand and Tur-
key, are also considered here according to the uppermost GDP rank. Data are taken over 
15 years from 2001 to 2015 for a panel study with simultaneous equations approach to 
investigate the two-way causal relationship between broadband and economic growth.

The effect of fixed broadband penetration on Latin American economic growth 
is investigated by Alderete (2017) through implementing a simultaneous equations 
approach using panel data consisting of Latin American countries for 2010–2014 and 
found the important contribution of broadband penetration on economic growth. Haller 
and Lyons (2015) investigated how adoption of broadband service could affect the firm 
productivity and growth considering different speeds of the service. Prieger (2013) com-
pared the internet speed and broadband usage of rural and urban areas in the USA. The 
study illustrated a disparity of broadband usage between rural and urban households 
with low-income areas. Lee et al. (2012) looked into the effect of mobile cellular phones 
on the GDP growth applying GMM estimator and revealed that the technology mobile 
cellular phone is an important catalyst of the rate of economic growth in Sub-Saharan 
Africa. Koutroumpis (2009) investigated the effect of broadband penetration on econ-
omy using simultaneous approach in twenty-two European countries using 2SLS IV esti-
mation and 3SLS GMM method and claimed that broadband telecommunications lead 
to economic growth.

To investigate the relationship between telecommunications and the economic growth 
in developing countries, this study addresses the following questions: (1) Is economic 
growth accelerated by broadband service, (2) Does the overall economic growth create 
more demand for broadband service?

2  Data and methodology
A panel data from ten Asian countries are used in this study to model the relationship 
between broadband investment and economic output. Gross domestic product (GDP) of 
the countries has been considered as the economic growth indicator. The dataset con-
sists of annual data for a 15-year period 2001–2015 with 2015 as the base year. Accord-
ing to the availability of panel data, five South Asian and five Asian countries from 
top ranked GDP growth are taken as follows: Bangladesh, Bhutan, India, Maldives, Sri 
Lanka, China, Iran, Indonesia, Thailand and Turkey from World Development Indica-
tors (WDI). However, Japan, South Korea and Saudi Arabia were excluded due to una-
vailability of data. Table 1 contains the variables used in the model. The subscripts i and 
t correspond to country and time values, respectively.

The relationship between broadband infrastructure and the national output of econo-
mies is investigated. However, as a growing economy may lead to development in broad-
band infrastructure and services, the increase in the demand of broadband services may in 
return be a determinant of economic growth of a nation. Therefore, there exists a possible 
two-way causal relationship between these two variables. In order to measure this link, 
a simultaneous equation model is used, where the macro-production equation is jointly 
estimated with micro-models of supply and demand, thus incorporating the endogene-
ity effect of telecommunications investment and broadband penetration. These equations 
are estimated in several methods: two-stage least squares (2SLS), three-stage least squares 
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(3SLS), generalized method of moment (GMM) estimation and maximum likelihood esti-
mation. The simultaneous equations model used by Rӧller and Waverman (2001) has been 
adapted to build the system of equations. In aggregate production function, the national 
gross economic output (GDP) is related to the foreign direct investment (FDI), total labor 
force (LF), people receiving general secondary education program (EDUC) and broadband 
demand infrastructure penetration (PEN). Each of these variables is linked to productivity, 
which is supported by a large amount of the literature. In order to disentangle the two-way 
causal link between broadband and GDP, the micro-models of demand, supply and pro-
duction of broadband infrastructure are introduced. In the demand equation, broadband 
penetration is related to GDP per capita, urban population, people receiving secondary 
education of any age and mobile penetration. The supply equation states that investment 
in telecommunications with private participation is a function of GDP growth and total 
tax rate calculated as percentage of commercial profit. The infrastructure equation links 
the annual change in broadband penetration with investment in telecom sector during one 
year. As the variables are nonlinearly related and the disturbances may not be normally 
distributed, log-transformation of each variable is taken to construct linear regression 
models. Thus, the system of equations is depicted in Fig. 1.

Table 1 List of variables used in the model and description

Variables Description

GDPit GDP (current US$)

GDPCit GDP per capita (current US$)

GRit GDP growth (annual %)

FDIit Foreign direct investment, net inflows (current US$)

PENit Fixed broadband subscriptions (per 100 people)

URBit Urban population (total)

EDUit Enrollment in secondary education

LFit Labor force (total)

BBIit Investment in telecoms with private participation (current US$)

MOBit Mobile cellular subscriptions (per 100 people)

TAXit Total tax rate (% commercial profits)

Fig. 1 Structure of the system of equations
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The structural model used in this study is:

The structural equations are identified in this study using the rank condition (Gujarati 
2009) which is both a necessary and sufficient condition for identification. The fixed and 
random effect estimators (Baltagi 2008) have been used to estimate the coefficients in 
the equations.

3  Analyses and results
Figure  2 shows boxplots which compare the variability in broadband penetration for 
each country.

The boxplot exhibits the dispersion in broadband use in different countries. Each box-
plot represents the summary of broadband penetration for individual countries, display-
ing the variation over the study period. This variation is the highest for China, showing 
a rapid increase in broadband use relative to other countries. The range is also large 
for countries like Turkey, Iran, Thailand and Maldives. Figure 3 shows a radar chart of 
broadband penetration, mobile penetration, urbanization and GDP per capita for differ-
ent countries in 2015.

The chart shows that although broadband penetration is the highest in China in 2015, 
Maldives has the highest mobile penetration, which may have an effect on its having the 
highest broadband subscriptions in South Asia. As the world’s most populated country, 
China has the highest urban population, while Turkey possesses the highest GDP per 
capita among other countries.

log (GDPit) = α0 + α1 log (PENit)+ α2 log (EDUCit)+ α3 log (LFit)+ α4 log (FDIit)+ ǫ1it

log (PENit) = β0 + β1 log (GDPCit)+ β2 log (URBit)+ β3 log (EDUCit)+ β4 log (MOBit)+ ǫ2it

log (BBIit) = γ0 + γ1 log (GRit)+ γ2 log (TAXit)+ ǫ3it

log

(

PENit

PENi,t−1

)

= δ0 + δ1 log (BBIit)+ ǫ4it

Fig. 2 Boxplot showing broadband penetration by countries
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This study has performed the post-estimation test for consistent and efficient 
parameter estimates. Endogeneity causes inconsistency of the usual OLS estimates 
and requires instrumental variable (IV) methods like two-stage least squares (2SLS) 
to obtain consistent parameter estimates (Baltagi 2008). Under the null hypothesis 
that the specified endogenous regressors can actually be treated as exogenous, the 
results of the Hausman test for endogeneity (Wooldridge 2010) in the system are pre-
sented in the following table.

Table  2 indicates that broadband penetration and telecommunication investment 
are endogenous (p values are below 1% and 5% level of significance, respectively).

Using the rank condition (Gujarati 2009), it has been found that every equation 
in the structural model is over-identified. Table 3 presents the results of the single-
equation estimates of the production and demand equation by pooled, fixed effect 
and random effect estimation. In the production equation, all of the three estimates 
of coefficients of broadband penetration provide significant and positive output. 
The pooled regression generates the highest positive output which indicates that an 

Fig. 3 Radar chart of variables by countries in 2015

Table 2 Endogeneity test by Hausman proposed method

Variable χ2 p value

Broadband penetration 26.350 0.000

GDP per capita 1.111 0.292

GDP growth 0.752 0.386

Investment 3.931 0.047
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increase in broadband penetration has a positive impact on GDP growth. The stand-
ard error obtained from this estimate is also the smallest among the three estimates. 
Although labor force appears positive and significant in the fixed and random effect 
estimates, it does not appear in the pooled estimate. Again, education appears posi-
tive and significant in the pooled regression, while does not appear significant in the 
fixed and random effect estimates. FDI provides positive and significant estimates in 
the pooled and random estimates, but generates negative and insignificant estimate 
in the random effect model. It is notable that pooled, fixed effect and random effect 
regressions provide a high R2 which may be due to the autocorrelation present in the 
model over time.

Table 4 shows the reverse effect of economic growth on broadband penetration. The 
outputs from demand function show that GDP per capita has a positive and signifi-
cant effect on broadband penetration, validating the assumption of the reverse impact 
of economic growth on penetration. Nevertheless, education appears to be insignifi-
cant in all the estimates. Mobile penetration has a significant effect on broadband, 
which strongly justifies the inter-relationships of the technological development. 
In the supply equation, GDP growth appears to be insignificant in all the estimates. 
Again, the effect of tax rate does not provide significant output when controlling 
for heterogeneity or individual effects, which indicates a poor fitted model for sup-
ply equation. The last equation provides insignificant output with an R2 of only 0.016 

Table 3 Estimates of pooled, fixed effect and random effect 2SLS regressions (production 
and demand equation)

All variables are in log form

***1% significance level; **5% significance level; *10% significance level. Standard errors are in brackets

Variables Pooled regression Fixed effects Random effects

GDP

 Broadband penetration 0.351***
(0.051)

0.279**
(0.030)

0.277***
(0.027)

 Labor force − 0.117
(0.129)

0.329
(0.426)

0.619***
(0.15)

 Education 0.880***
(0.119)

0.135
(0.147)

0.238*
(0.139)

 FDI 0.250***
(0.061)

0.093**
(0.044)

0.010**
(0.045)

 Constant 8.807***
(0.502)

7.517***
(0.862)

9.398***
(0.945)

 R2 0.981 0.724 0.963

Penetration

 GDPC 0.833***
(0.182)

1.611***
(0.40)

1.357***
(0.306)

 Urbanization 0.009
(0.215)

1.704*
(1.011)

0.379
(0.397)

 Education 0.142
(0.236)

− 0.459
(0.524)

− 0.242
(0.419)

 Mobile subscriptions 1.438***
(0.12)

0.999***
(0.17)

1.217***
(0.145)

 Constant − 14.73***
(1.395)

− 12.58***
(2.841)

− 18.323***
(2.613)

 R2 0.818 0.584 0.795
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implying only 1.6% variability captured by the random and fixed effect model. Only 
the estimate for fixed effect model for telecommunications investment appears signif-
icant at 10% level. However, the pooled and the random effect models provide similar 
estimates indicating no difference between these models. It can be noted that both 
the supply and the infrastructure production equation include the variable telecom-
munications investment, which has the highest missing values in the dataset. Due to 
loss of information, these two equations may provide insignificant outputs and a low 
R2 for both the equations.

In the system of equations of this study, the error terms in one equation are likely 
correlated with the error terms in the other equations in the system, in which case the 
3SLS method may be more appropriate (Wooldridge 2010). However, under assump-
tions of system instrumental variables (SIV) estimation the GMM 3SLS estimator is 
consistent while the traditional 3SLS estimator is not. Again, under the assumption of 
the conditional normality of the dependent variable, given the independent variable, 
the maximum likelihood method gives more efficient estimates than GMM. When the 
MLE takes into account the missing values in the dataset, it is known as full-infor-
mation maximum likelihood (FIML) method. As our dataset contains some missing 
values, we were interested to observe the performance of the FIML method as well. 
Again, this method does not consider the heterogeneity or country-specific effects 
of the panel data similar to the GMM and 3SLS method. The three methods of 3SLS, 
GMM and MLE are all applicable under the above-mentioned different situations, 
and hence we compare these three models simultaneously in this study to compare 
their efficiency through the results.

Table 5 contains outputs of 3SLS and GMM estimation for the production equa-
tions and demand equation. The production function shows that broadband pene-
tration has a significant effect on GDP growth, which coincides with results obtained 
in the single-equation IV estimates. Here, for both 3SLS and GMM methods, for 1% 

Table 4 Estimates of  pooled, fixed effect and  random effect 2SLS regressions (supply 
and infrastructure production equation)

All variables are in log form

***1% significance level; **5% significance level; *10% significance level. Standard errors are in brackets

Variables Pooled regression Fixed effects Random effects

Investment

 Growth − 0.354
(0.338)

− 0.063
(0.107)

− 0.68
(0.111)

 Tax 1.186**
(0.465)

− 0.336
(0.276)

− 0.23
(0.245)

 Constant 14.18***
(1.784)

21.346***
(1.09)

20.26***
(1.235)

 R2 0.305 0.095 0.081

Δ penetration

 Investment 0.023
(0.031)

0.689*
(0.313)

0.023
(0.031)

 Constant − 0.112
(0.636)

− 0.217
(0.572)

− 0.155
(0.636)

 R2 0.0003 0.016 0.016
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increase in broadband penetration, GDP grows by 0.458%. Although the coefficients 
estimated by MLE are smaller, the coefficients obtained in this case are slightly 
higher than that for the single-equation estimates. Again, GDP per capita has a 
positive and significant effect on broadband penetration. Table  6 shows the sup-
ply equation, and the GDP growth has insignificant effect on telecommunications 
investment. The tax rate provides positive and significant coefficients. Although this 
output is opposite to what might be expected naturally, that is the expected signs of 
these coefficients are negative as it is assumed that increase in tax rate may discour-
age investment. Omitted variable problem might be one of the many reasons of this 
result (Kennedy 2005).

The infrastructure equation shows that telecommunications investment has a 
positive and significant effect on the change in broadband penetration as expected. 
That is, for 1% increase in GDP growth, change in broadband penetration grows 
by 0.065%. It is notable that both of the methods provide the same estimates of the 
coefficients, although GMM generates more efficient estimators. The full-informa-
tion maximum likelihood (FIML) method has taken into account the missing values 
in the dataset. Comparing to the GMM method, most of the estimates by the MLE 
appear more efficient due to smaller standard errors. For example, in the produc-
tion equation, GDP grows by an increase in broadband penetration. The more pupils 
were enrolled in secondary education, which has an intrinsic affirmative impact on 
GDP growth. Labor force is insignificant similar to the single-equation estimates. 

Table 5 3SLS GMM, 3SLS regression and MLE method (production and demand equations)

All variables are in log form

***1% significance level; **5% significance level; *10% significance level. Standard errors are in brackets

Variables 3SLS
Coefficients 
and standard error

3SLS GMM
Coefficients 
and standard error

MLE
Coefficients 
and standard 
error

GDP

 Broadband penetration 0.458***
(0.059)

0.458***
(0.056)

0.115***
(0.022)

 Education 0.669***
(0.114)

0.669***
(0.085)

0.673***
(0.097)

 Labor force 0.148
(0.131)

0.148*
(0.09)

− 0.045
(0.099)

 FDI 0.172***
(0.062)

0.172***
(0.055)

0.356***
(0.039)

 Constant 9.287***
(0.698)

9.287***
(0.556)

8.548***
(0.385)

Penetration

 GDPC 1.373***
(0.128)

1.373***
(0.112)

0.766***
(0.173)

 Urbanization 0.034
(0.137)

0.034
(0.106)

0.122
(0.218)

 Education 0.014
(0.159)

0.014
(0.125)

0.012
(0.024)

 Mobile subscriptions 0.574***
(0.151)

0.574***
(0.135)

1.41***
(0.115)

 Constant − 14.07***
(1.493)

− 14.07***
(1.383)

− 14.019***
(1.37)
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The demand function shows that for 1% increase in GDP per capita and mobile cel-
lular subscription per 100 people, broadband penetration increases by about 0.766% 
and 1.41%, respectively. The supply function provides a positive and significant esti-
mate of tax rate. None of the coefficients from the infrastructure equation appears 
significant.

With respect to significance, MLE produces outputs similar to GMM and 3SLS 
for the demand and production equation, whereas outputs of the supply and the 
infrastructure equations differ from that of the GMM and 3SLS estimates. The infra-
structure equation contains no significant coefficients indicating a poor fit of the 
model when taking into account the full information of the whole system.

This study finds that the OLS estimation is not appropriate as it fails to solve the endo-
geneity problem and capture the heterogeneity of the panel data. Although the two-stage 
least squares method by pooled, fixed effect and random effect regression provides evi-
dence of that broadband penetration has significant impact on economy and in turn it 
is highly influenced by the economic growth when considering the structural equations 
simultaneously, it does not take into account the covariance between the errors of the 
production and demand equations. Thus in order to solve the problems of endogene-
ity and the covariance of errors, the three-stage least square and 3SLS GMM were used 
to estimate the model, where GMM produces comparatively more efficient results than 
3SLS and generates consistent estimates under the orthogonality conditions (Wool-
dridge 2010). Again, under the conditional assumption of normality, the MLE was per-
formed to gain more efficient estimates of the coefficients. The advantage of using MLE 
was that it took the missing values in the account and utilized the full information in the 
dataset. Thus, with respect to missing values, it can be said that MLE succeeds to cap-
ture the true information provided by the data and provides an efficient estimates in the 
presence of the missing values.

Table 6 3SLS, 3SLS GMM and  MLE method (supply and  infrastructure production 
equation)

All variables are in log form

***1% significance level; **5% significance level; *10% significance level. Standard errors are in brackets

Variables 3SLS
Coefficients and standard 
errors

3SLS
GMM coefficients 
and standard errors

MLE
Coefficients 
and standard 
errors

Investment

 Growth − 0.279
(0.317)

− 0.279
(0.263)

− 0.344
(0.351)

 Tax 0.924**
(0.456)

0.924*
(0.521)

2.117***
(0.47)

 Constant 15.002***
(1.665)

15.002***
(2.09)

11.73
(1.731)

Δ penetration

 Investment 0.065**
(0.032)

0.065**
(0.024)

− 0.039
(0.029)

 Constant − 0.065
(0.032)

− 0.98*
(0.47)

1.249
(0.587)
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4  Conclusion
The results from the analysis suggest that broadband penetration in particular, broad-
band adoption contributes to the GDP growth of a country significantly, while economic 
growth also plays a vital role in the technological development as increasing broadband 
penetration encourages growth in telecommunications investment which leads to more 
development in this sector. A simultaneous model was estimated which includes endo-
geneity telecommunications infrastructure by specifying a demand and supply model. 
The model was estimated by both the single-equation and system equation method. 
By addressing the simultaneity error, both of these method show that the relationship 
between broadband penetration and economic growth is statistically significant. This 
result is consistent with the existing assumption and evidence regarding the impact 
of broadband on economy provided by the earlier researches. For example, Alderete 
(2017) found the evidence of a significant impact of broadband penetration on economic 
growth. Again, the important contribution of broadband usage to economic develop-
ment in rural areas of the USA was explored by Prieger (2013).

The use of broadband service is greater in the countries with higher GDP, and the 
increasing adoption of this technology in the developing economies creates great pros-
pects of economic thrive for these countries. The study shows that the rate of increase in 
broadband penetration is much slower for the South Asian countries than for countries 
with higher GDP outside this region, while the use of mobile phones across these coun-
tries does not show such discrimination. This indicates that developing countries are 
looking for technological development which can be achieved by an increasing access 
to as well as use of broadband. Thus for the economies with lower broadband penetra-
tion, a broadband strategy may be built nationally to promote competition in broadband 
investment and encourage its demand.
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