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1. Introduction 

The effects of broadband penetration on economic growth are similar to those of the 
spread of the infrastructure by increasing in the investment. However, the broadband 
is a general-purpose technology that affects the economy as a whole, not just the 
infrastructure (Qiang et al. 2009). Accordingly, the spread of broadband has ripple 
effects, as it improves companies’ productivity and creates new business opportunities 
by efficiently delivering information. Businesses can use the Internet to access new 
information and improve productivity by reducing transaction costs. In addition, 
companies that create new business models or transform the business models using 
the Internet can contribute to their productivity improvement and economic growth 
(Qiang. et al., 2009). Finally, the effects of broadband penetration, involving R&D and 
technological innovation, can appear throughout the economy.

Mobile broadband penetration offers potential positive impacts on the economy. The effects 
of mobile broadband can differ depending on the generation, because higher generation raises 
the productivity through increases in the upload/download speed. In this study, we analyze the 
effects of 3G/LTE mobile broadband on economic growth and employment, separately. Most of 
the existing studies have focused on the effects of fixed broadband, and no research has not yet 
estimated the effects of mobile broadband by dividing them into 3G/LTE. We show that 3G/LTE 
has positive effects on economic growth and employment, and find that LTE has greater effects 
on economic growth than 3G. Furthermore, the paper shows that the effect of LTE is greater in 
countries in which the information and communication technology (ICT) is used more in the 
business sectors. In other words, although the LTE dissemination itself has a positive effect on 
economic growth, the degree of utilization is a factor that determines the economic effect.
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Mobile broadband is defined as the mobile networks that provide download speeds of 
at least 256 kbit/s. Unlike the fixed broadband, the advantage of mobile broadband is 
to facilitates access the Internet from anywhere. In business, the mobile broadband can 
enable more efficient transactions by rapidly disseminating than the fixed broadband 
(Edquist et al., 2018). Therefore, it can play a role in reducing inefficiency and raising 
productivity by saving time and efforts to get information (Thompson and Garbacz, 2011). 
Also, the transition from 3G to LTE along with the development of mobile broadband 
can improve Internet access and download speed, and has more benefits on productivity. 
According to a survey by Arthur D Little (2012), 86% of respondents indicated that LTE 
enabled them to work while on the move, resulting in increased productivity.

This study analyzes the effects of 3G/LTE mobile broadband on both economic growth 
and employment, separately. Most of the existing studies have focused on the effects 
of fixed broadband, and none have yet estimated the effects of mobile broadband by 
categorizing it into 3G/LTE. Therefore, this study contributes to previous studies in that 
the effects on economic growth and employment are estimated by classifying generations 
into 3G and LTE. In doing so, I face the econometric problems such as endogeneity. 
The increase in mobile broadband penetration affects economic growth, but conversely, 
a causal relationship might arise in which the broadband penetration increases as the 
economy becomes more developed. Therefore, the effect of 3G/LTE proliferation on 
economic growth is estimated using the instrumental variable method. The analysis 
reveals that both 3G and LTE have positive effects on economic growth and employment, 
and LTE has a greater effect on economic growth than 3G. Furthermore, the effect of 
LTE is greater when information and communication technology (ICT) is used more 
in B2B and B2C. In other words, although LTE dissemination itself has a positive effect 
on economic growth, the degree of utilization is a factor that determines the economic 
effects. 

The remainder of this paper is organized as follows: I review the previous literature in 
Section 2. Also, I describe the data and empirical strategies in Section 3 and Section 4, 
respectively. The results are shown in Section 5. Finally, Section 6 provides conclusions.  

2. Literature Reviews 

Most of the previous studies have shown that the development of communication 
technology has a positive effect on economic growth (Hardy 1980, Roller and Waverman, 
2001, Waverman et al. 2005). Furthermore, the extant research shows that broadband 
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has beneficial impacts on GDP growth (Qiang et al, 2009, Thompson and Garbaz 2011, 
Koutrumpis 2009). However, most studies have analyzed the economic effects of fixed 
broadband, and there are not many studies on mobile broadband yet.

First, Qiang et al. (2009) reveal that broadband has a positive effect on economic 
growth using data from 120 developing countries and developed countries from 1980 to 
2006. When broadband penetration increases by 10%, the GDP of developed countries 
increases by 1.21pp, and that of developing countries increases by 1.38pp. Koutrumpis 
(2009) analyze the relationship between broadband penetration and GDP growth using 
data from 22 OECD countries from 2002 to 2007. To control endogeneity, a system 
of equations model based on Roller and Waverman (2001) is used. The increase in 
broadband penetration by 1% can raise GDP growth rate by 0.023%. It is revealed that the 
economic effect of broadband penetration expansion does not increase linearly, and that 
the effect is larger than before when the penetration rate reaches 30% or more.

Scott (2012) updates the study of Qiang et al. (2009) with the latest data and finds that for 
the increase by 10% in broadband penetration, the GDP in developed countries increases 
by 1.19% and the GDP in developing countries increases by 1.35%. In Atif et al. (2012), as a 
result of estimation using basic linear dynamic model, GDP per capita increases by 0.035pp 
when the broadband penetration rate increases by 10% using the data from 1998 to 2010 
in 31 OECD countries. Czernich et al. (2011) use data from 2002 to 2014 for 25 OECD 
countries, and find that when broadband penetration increases by 10%, GDP per capita 
increases by 0.9% to 1.5%. Koutrumpis (2018) finds that an 1% increase in broadband 
penetration from 2002 to 2016 in 35 OECD countries increases GDP by 4.64%.  

While most of the existing studies focus on the effects of fixed broadband, there are few 
studies that analyzed the effects of mobile broadband. Thompson and Garbacz (2011), 
which compare the effects of fixed and mobile broadband, find that fixed broadband has 
no statistically significant effect on economic growth, whereas mobile broadband has 
a positive effect on economic growth using data from 43 countries from 2005 to 2009. 
However, the study of Tompson and Garbacz (2011) do not fully reflect the effect of mobile 
broadband as the period in this study was until 2009, before the spread of LTE. Edquist et 
al. (2018) measure the economic effect of mobile broadband from 2002 to 2014 using data 
from 135 countries. In order to control endogeneity such as inverse causality, they analyze 
mobile phone subscribers as an instrumental variable. As a result of the study, economic 
growth increases by 0.8% when mobile broadband increases by 10%.
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3. Data

This study includes 147 countries among all 169 countries in the ITU, World Celluar 
Information Service (WCIS), and World Bank from 2003 to 2017. The 3G and LTE 
penetration rates, which are the main variables, are calculated by multiplying the mobile 
broadband penetration rates by the 3G and LTE market shares, respectively. For example, 
in a country where mobile broadband penetration is 80%, if 3G has a market share of 70% 
and LTE has a market share of 30%, the 3G penetration rate can be calculated at 56%, and 
LTE penetration rate is 24%. 3G includes W-CDMA and HSPA, and 4G includes LTE and 
LTE-A.

Table 1 Summary Statistics

Average Variance Minimum Maximum
Mobile broadband penetration 

rate 22.1 34.2 0.0 254.4

3G Penetration rate 20.9 22.8 0.0 99.3
LTE Penetration rate 3.7 11.2 0.0 79.4

Fixed broadband penetration rate 8.9 11.6 0.0 45.4
GDP per capita 13,521.3 19,033.1 0.0 119,225.4

Education 37.81 28.11 0.21 126.40
Employment 51.41 20.31 0.00 87.59
Capital Stock 4.56 1.99 -0.17 9.82

HHI 0.32 0.29 0.00 1.00

  As a variable to measure the level of education, we use the share of tertiary completion 
among the total population in World Bank. As a variable to measure the capital level, 
the value obtained by converting the IMF’s capital stock (capital level) into real units was 
used. The capital stock is the sum of private and public capital stock. The employment is 
defined as the proportion of the employed among the population aged 25 and over in ILF. 
<Table 1> reports the summary statistics for all the variables used in this study. 
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4. Estimation 

1) OLS

(1)

To estimate the economic effect of mobile broadband, we assume the Cobb-Douglas 
production function. It is a function of employment rate, capital stock and total factor 
productivity (TFP). It is assumed that technological progress has an exponential growth 
pattern.

(2)

λi,t is a parameter of technological progress, and if mobile broadband penetration is 
regarded as a general purpose technology, the broadband penetration rate can affect λi,t, 
so it is assumed as follows:

(3)

After substituting this into the equation (2), log values were taken, and dummy variables 
by education level and years are added to estimate the effect of mobile broadband.

(4)

Real GDP is used as the dependent variable, and the main explanatory variable is the 
mobile broadband penetration rate. The education level, employment rate and capital 
stock are included as control variables. First, we use the least squares estimation (OLS) 
and the fixed effects model to control the unobserved heterogeneity of the country, but the 
inverse causal relationship that is still unresolved. Thus, the instrumental variable method 
(IV) is used for resolving the inverse causal relationship. 

2) IV
The increase in mobile broadband penetration also affects economic growth, but 

conversely, there will be a causal relationship in which the broadband penetration rate 
increases as the economy becomes more developed. In order to control this reverse 
causality, the model is estimated using the instrumental variable method (IV). The 
instrumental variable method is used when an explanatory variable is correlated with 
the error term. In previous studies, tax deductions for ICT investment are used as 

Yi,t=Ai,tLi,t
βLKi,t

βK

Ai,t=A0eλi,t

λi,t=α+βMMBi,t

lnYi,t=lnA0+α+βLlnLi,t+βKlnKi,t+βMMBi,t+βEEdui,t+γDi,t+ci+εi,t
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instrumental variables, but it is difficult to include them in all countries (Abramovsky 
and Griffith 2006; Dettling 2013). In addition, Edquist et al. (2018) use the computer 
penetration rate and the number of mobile users as tool variables considering the 
characteristics of mobile broadband as a means to access the Internet.

In this study, HHI (Herfindal-Hershman Index), which is the degree of competition in 
the mobile market, is used as the instrumental variable. HHI is calculated by squaring the 
market share of each firm and summing it. This variable can affect the mobile broadband 
penetration, but do not relate to the economic growth or employment. 

In the first stage, we estimate the equation (5)

(5)

MBi,t is the mobile broadband penetration rate in country i at time t.  δi is the ceiling 
parameter which shows the highest levels of mobile broadband rate using the factors 
that affect the mobile broadband penetration in country i. γi is diffusion speed, and τ is 
inflection point of diffusion speed.

(6)

δi includes the time-invariant variables. gdpci0 is gdp per capita in 2007 when broadband 
first penetrated, hhii0 is the average HHI which shows the competition in mobile 
broadband market from 2007 to 2017. fixedi0 is the highest levels of fixed broadband 
penetration rates in the periods. The mobile broadband penetration rate spread curve is 
used in the non-linear first stage, and the second stage is estimated by substituting the 
predicted value of the estimated value into the estimation equation.

5. Results 

1) GDP 
The result using the ordinary least-squares (OLS) shows that both 3G and LTE have 

positive effects on economic growth, but those of LTE are higher than the effects of 
3G. When 3G increases by 1%, GDP increases by 0.680%, and when LTE increases by 
1%, GDP increases by 1.09% as shown in <Table 2>. The reason that the LTE effect is 
greater than that of 3G can be interpreted as the reason for the greater improvement in 
productivity. In addition to this, variables such as education level and capital stock were 
all found to have positive effects on GDP. 

MBi,t=                                 +εi,t
δi

1+exp[⎺ γi(t-τ)]

δi=θ0+θ1gdpci0+θ2hhii0+θ3fixedi0
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Table 2 The results using OLS 

(1) All (2) 3G (3) LTE
Dependent variable: log GDP

All
0.00659*** - -

(0.0005) - -

3G
- 0.00680*** -
- (0.0006) -

LTE
- - 0.0109***
- - (0.0015)

Education
0.00757*** 0.00818*** 0.0102***

(0.0005) (0.0005) (0.0007)

Capital Stock
0.976*** 0.976*** 0.969***
(0.0056) (0.0062) (0.0091)

Employment
0.0304 0.115 0.125

(0.0560) (0.0621) (0.0914)
N 1728 1338 671
R2 0.965 0.967 0.965

year effects control ○ ○ ○
1) Standard errors in parentheses.
2) * p<0.05, ** p<0.01, *** p<0.001

However, since OLS cannot control for unobserved heterogeneity of countries, in this 
study, a fixed effects model is used for the analysis to eliminate unobserved characteristics 
that affect economic growth. When the fixed effects model is used, the effects of 3G and 
LTE are smaller than those estimated using OLS. When 3G increases by 1%, the effect on 
economic growth is 0.09%, and an increase of 1% in LTE raises GDP by 0.2%, as shown 
in <Table 3>. However, there is still no change to in the result that LTE has a greater effect 
on economic growth than 3G. The results show that education variable has negative and 
insignificant, and this is the different results of OLS in <Table 2>. The results may be due 
to the limited variation of education over time. The share of tertiary completion among 
the total population has almost unchanged in the 20th century. 
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Table 3 The results using the fixed effects model 

(1) All (2) 3G (3) LTE
Dependent variable: log GDP

All
0.00162*** - -
(0.0002) - -

3G
- 0.000918*** -
- (0.0003) -

LTE
- - 0.00201***
- - (0.0005)

Education
-0.000538 -0.000416 -0.00109
(0.0004) (0.0006) (0.0013)

Capital Stock
0.948*** 0.945*** 1.147***
(0.0362) (0.0453) (0.0750)

Employment
0.667*** 0.580*** 0.0768
(0.1320) (0.1510) (0.2090)

N 1728 1338 805
R2 0.645 0.446 0.387

year effects control ○ ○ ○
1) Standard errors in parentheses.
2) * p<0.05, ** p<0.01, *** p<0.001

Lastly, to resolve the inverse causal relationship between mobile broadband proliferation 
and economic growth, we use the instrumental variable. If 3G increases by 1%, GDP 
increases by 2.32%, and LTE is found to increase GDP by 3.92% in <Table 4>. The result 
that the economic effect of LTE is greater than that of 3G is still maintained in the 
instrumental variable method. The analysis is performed using the fixed effect model 
with the instrumental variables in <Table 5>. In this case, the effect of LTE on economic 
growth is marginally greater than that of 3G. 

Table 4 The results using the IV 

(1) All (2) 3G (3) LTE
Dependent variable: log GDP

All
0.0150*** - -
(0.0009) - -
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(1) All (2) 3G (3) LTE
Dependent variable: log GDP

3G
- 0.0232*** -
- (0.0012) -

LTE
- - 0.0392***
- - (0.0033)

Education
0.00591*** 0.00497*** 0.00584***
(0.0005) (0.0005) (0.0009)

Capital Stock
0.984*** 0.982*** 0.981***
(0.0053) (0.0057) (0.0095)

Employment
0.130* 0.205*** 0.257**

(0.0539) (0.0577) (0.0940)
N 1728 1338 537
R2 0.968 0.971 0.969

year effects control ○ ○ ○
1) Standard errors in parentheses.
2) * p<0.05, ** p<0.01, *** p<0.001

Table 5 The results using the IV/fixed effects model  

(1) All (2) 3G (3) LTE
Dependent variable: log GDP

All
0.00365*** - -

(0.0004) - -

3G
- 0.00526*** -
- (0.0007) -

LTE
- - 0.00529***
- - (0.0011)

Education
-0.000564 -0.000619 -0.00423
(0.0004) (0.0006) (0.0023)

Capital Stock
1.044*** 1.131*** 1.513***
(0.0398) (0.0514) (0.1170)

Employment
0.679*** 0.564*** 0.111
(0.1310) (0.1480) (0.3180)

N 1728 1338 537
R2 0.65 0.469 0.469

year effects control ○ ○ ○
1) Standard errors in parentheses.
2) * p<0.05, ** p<0.01, *** p<0.001
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The development of ICT such as broadband affects economic growth in the form of 
capital accumulation, like infrastructures such as roads, at the time of dissemination. 
If this is applied to the penetration of mobile broadband, it can be predicted that the 
spread of LTE will have different economic effects in terms of activation of Internet use 
compared to the spread of 3G. Mobile data utilization started when 3G was introduced, 
but data utilization began to be activated in earnest after LTE was introduced. Mobile 
data traffic increased more than ten-fold over the periods from 2013 to 2019, when LTE 
was first introduced (Ericsson 2019). Accordingly, in the empirical analysis results, the 
economic effect of LTE diffusion is estimated to be greater than that of 3G because the 
economic impact caused by Internet use during the LTE diffusion period is greater 
than that of 3G distribution. The use of data traffic following the spread of LTE not only 
improves productivity by enabling efficient business processing, but also creates related 
new business, which has an additional effect on economic growth.

Table 6 LTE Effect according to B2B and B2C Utilization Level

B2B ICT Utilization B2C ICT Utilization
(1) Above the 

average
(2) Under the 

average
(1) Above the 

average
(2) Under the 

average
Dependent Variable: log GDP

LTE
0.00402** -0.000785 0.00381* -0.000274

(0.001) (0.006) (0.002) (0.005)

Education
0.00259 -0.025 0.0022 -0.0251
(0.004) (0.017) (0.004) (0.013)

Capital Stock
0.501 0.522 0.304 0.393

(0.507) (0.912) (0.555) (0.764)

Employment
2.378*** 0.666 2.403*** 0.898*
(0.218) (0.452) (0.236) (0.408)

N 244 100 211 133
R2 0.659 0.513 0.656 0.498

year effects control ○ ○ ○ ○
1) Standard errors in parentheses.
2) * p<0.05, ** p<0.01, *** p<0.001

In order to measure the productivity improvement effect of using mobile broadband as 
described above, the ICT utilization index is used for digital commerce. Digital commerce 
refers to the act of buying or selling goods and services using the Internet or a computer 
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network in a transaction between a business and a consumer (B2C) or a business and a 
business (B2B). To measure this, this study uses the ICT use for B2B transactions and B2C 
Internet use indicators in World Economic Forum (WEF). The ICT utilization index in 
B2B and B2C consists of a 1-7 point questionnaire, and countries with more ICT use in 
B2B and B2C received higher scores.

As a result of the estimation, it is found that the effect of the LTE on economic growth is 
greater in countries with higher-than-average ICT utilization in B2B and B2C. Although 
there is no significant difference in the estimation results, it was found that the effect of 
mobile broadband was greater than that of B2C in countries in which B2B usage was 
higher than the average. In the same way, the effect of 3G dissemination according to the 
degree of use in B2B and B2C is estimated, but the effect is found to be insignificant, even 
in countries with a lot of use of Internet use in B2B and B2C transactions. However, since 
WEF's B2B and B2C ICT utilization data exists after 2013, it is not possible to estimate 
the effect from the time when 3G began to spread in earnest, so caution is needed when 
interpreting it.

Table 7 3G Effect according to B2B and B2C Utilization Level

B2B ICT Utilization B2C ICT Utilization
(1) Above the 

average
(2) Under the 

average
(1) Above the 

average
(2) Under the 

average
Dependent Variable: log GDP

3G
-0.0101 0.00232 -0.00772 0.000657
(0.006) (0.015) (0.007) (0.015)

Education
0.0026 -0.0251 0.00212 -0.0251
(0.004) (0.017) (0.004) (0.013)

Capital Stock
0.715 0.503 0.559 0.383

(0.508) (0.881) (0.553) (0.729)

Employment
2.305*** 0.666 2.327*** 0.901*
(0.221) (0.445) (0.239) (0.406)

N 244 100 211 133
R2 0.647 0.513 0.644 0.498

year effects control ○ ○ ○ ○
1) Standard errors in parentheses.
2) * p<0.05, ** p<0.01, *** p<0.001
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2) Employment
The effect of mobile broadband can also affect employment, but no study has yet 

estimated it using panel data between countries. Atasoy (2013) and Crandall et al. (2007) 
used national data to estimate the employment effect, and concluded that the spread of 
broadband has a positive effect on employment. Therefore, in this study, the effect on 
employment was analyzed using the inter-country panel data and the model used by 
Atasoy (2013).

(7)

Employmenti,t is the overall employment rate for those aged 25 and over, MBi,t is mobile 
broadband penetration. Xi,t includes income and education. We estimate using OLS and 
fixed effects model.

Table 8 The effects on employment 

B2B ICT Utilization B2C ICT Utilization
All 3G LTE All 3G LTE

Employment
0.0393*** 0.0337** 0.123*** -0.00155 -0.00780*** 0.0131***
(0.00766) (0.0110) (0.0194) (0.00145) (0.00189) (0.00261) 

1) Standard errors in parentheses.
2) * p<0.05, ** p<0.01, *** p<0.001

Analysis using OLS reveals that both 3G and LTE have positive effects on employment. 
Mobile broadband has positive effects on employment by directly increasing the 
employment in the telecom and related industries. Also, it can create jobs by emerging 
new businesses. As other technology development, however, mobile broadband 
penetration may reduce the employment by increasing the efficiency. Also, when it is 
analyzed using the fixed effect model, it is estimated that only the increase in LTE has a 
positive effect on employment. Mobile broadband not only has a positive effect on the 
labor market by creating jobs related to infrastructure dissemination, maintenance, 
and management itself, but also can create jobs in new areas through e-commerce, etc. 
However, the development of ICT technology and computers replaces the role of routine 
labor, which performs repetitive tasks, and thus negatively affects employment (Atasoy, 
2013). Empirical analysis reveals that the reason why 3G dissemination has a negative 
effect on employment can be seen as that such negative factors have offset the job creation 
effect of mobile broadband dissemination.

Employmenti,t=β0+β1MBi,t+δXi,t+ci+εi,t
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6. Conclusion

To the best of my knowledge, this is the first study of estimating the mobile broadband 
by dividing technologies, 3G and LTE. In this study, the effects of 3G/LTE proliferation 
on economic growth and employment are estimated using the IV, considering the 
inverse causal relationship. The results show that both 3G and LTE have the positive 
effects on economic growth, and LTE has greater effects than 3G. This greater effect of 
LTE is attributed to the increased use of Internet in business. Thus, this implies that the 
utilization of technology is important to raise the effects of the technological development. 
This study estimates the effects of 3G and LTE on economic growth and employment, 
but 5G is commercialized from 2020. My findings may be useful to policy makers in that 
they can predict the benefits of further transition from LTE to 5G. However, the further 
research on the effects of 5G on economic growth may give more conclusive results.
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