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ABSTRACT 

 The transition to 3G mobile technology varies across countries with respect to the timing 

of 3G’s initial entry to a county and the diffusion of 3G technology enabled services. Past studies 

have demonstrated demographic factors significantly contribute to the disparities between 

countries regarding the transition to a next generation mobile technology. In addition, 

government regulatory behavior plays an influential role when a country’s mobile 

telecommunication market goes through technology innovation. From multiple data sources I 

compile two cross-country datasets, a cross-section dataset of Year 2005 and a panel dataset of 

the years 2009 to 2012, to study the government’s role in the two aspects of the 3G transition. 

Through quantitative analysis of the datasets, I find that competition in the mobile 

telecommunication market accelerates the deployment and the diffusion of 3G mobile 

technology. High levels of government interference and low levels of government effectiveness 

are found to delay the initial entry of 3G technology to a country. Also the estimations indicate 

auction as a licensing process plays a positive role in the penetration of 3G technology among 

potential users. However, the analysis does not find a significant effect of technology standard 

mandate on the transition to 3G technology. My findings suggest the government’s capability in 

public management and choice of regulatory policies can substantially impact the outcome of the 

transition to 3G technology. 
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1. INTRODUCTION 

 

This paper seeks to explore the government’s role in the cross-country differences in the 

timing of 3G’s initial entry and the diffusion of 3G technology. Due to mobile 

telecommunication network’s  (referred as mobile telecom networks for short) reliance on radio 

spectrum, government plays a clear role in determining when a country first introduces 3G 

network and how the new technology diffuses among the country’s customers. Radio spectrum is 

a scarce resource, and telecom regulatory agencies around the world allocate and manage 

spectrum licenses to operators for the best use of the resource. Hence, the activities in the mobile 

telecom market have been influenced by government regulatory policies, including the transition 

to a next generation technology. A more effective and accountable government might enable a 

more prompt reaction to 3G technology by introducing it early and facilitating its diffusion. In 

addition, the government regulatory behavior also shapes the competition landscape and 

technological structure of mobile telecom market, which would impede or accelerate the 

transition to 3G technology. 

Since mobile telecom networks started upgrading from the second generation (2G) to the 

third generation (3G) at the turn of the 21st century, the world has entered an era of high-speed 

wireless Internet access. Compared to earlier generation mobile networks, the 3G mobile 

network enables much faster digital data transmission through mobile devices, such as 

smartphones. Through the 3G network, mobile device users can connect to Internet more 

efficiently and pursue data-consuming activities (such as sending emails, listening to music, 

watching videos) to satisfy various needs from personal life or business.  

 In the past decade, primarily driven by the increasingly convenient wireless Internet 

access, the world has seen remarkable data consumption growth over mobile devices. According 
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to the 2013 Cisco Visual Network Index Study, since 2010, the data volume transmitted via 

mobile networks has grown at a rate of 78 percent per annum, and reached 1,577 Petabytes per 

month in 2013, an equivalent of 500 billion MP3 files. This impressive growth has taken place 

universally in all regions of the world, as countries roll out 3G mobile network across their 

territory. 

 The proliferation of 3G mobile networks and growing data consumption have also 

created enormous economic opportunities as well as social impacts. Revenues generated by the 

industries relying on the high-speed mobile network have grown at an estimated 5.8 percent per 

annum since 2008, reaching US $1,551 billion in 2012, equivalent to 2.2 percent of 2012 global 

GDP (GSMA, 2013). These industries include mobile network operators (MNOs), telecom 

equipment companies, mobile device suppliers, and Internet-streaming (content) providers. In 

addition to generating revenues, the transition to 3G mobile networks has also created a large 

number of jobs in these and related industries. And especially in developing countries, mobile 

networks, with greater reach than fixed line telecom networks, have been shown to improve 

labor productivity through enabling better access to market updates, weather forecasts, and other 

information services (UNDP, 2012).  

 However, at the country level, there have been vast differences in terms of grasping these 

socio-economic opportunities. Both France and Sweden launched their first 3G network in 2000, 

while 7 years after that in 2007, among the 206 countries I compiled information on, there were 

still 91 countries not having 3G network. Besides the timing of 3G’s first entry, the rate of 3G 

diffusion also varies across countries, and is captured in the data on 3G mobile phone 

subscriptions reported by International Telecommunication Union (ITU). According to ITU 2012 
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Database, Singapore has the highest 3G penetration, with 123 subscriptions per 100 inhabitants. 

The medium number of 3G subscriptions per 100 inhabitants is 11 among 175 countries. 

 This paper uses data from 97 countries to evaluate the impact of government’s role on the 

two most critical aspects of a country’s transition to 3G technology: the timing of 3G’s first entry 

to a country and the diffusion of 3G technology within a country. In Section 2, I provide 

background information on the evolution of mobile telecom technology as well as relevant 

studies. Section 3 describes the theoretical framework I base my two empirical models on, which 

are specified and estimated in Section 4. In Section 4, I also present the data and descriptive 

statistics used in this paper. Section 5 interprets the main results, and Section 6 presents my 

conclusions and their policy implications. 
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2. BACKGROUND AND LITERATURE REVIEW 

2.1. Evolution of mobile telecom technology 

Since the early 1970s, the mobile telecom technology has evolved from the first 

generation (1G), analog system, to the current fourth generation (4G), Long Term Evolution 

(LTE). The transition is defined by the adoption of the technology standards the new generation 

technology is based on. The next generation technology standard enables higher data 

transmission rates through more efficient use of the radio spectrum. Therefore, the transition of 

mobile telecom technology always entail the process of repurposing the radio spectrum used by 

an older generation technology or allocatingr new radio spectrum for a new standard technology. 

Table 1 indicates how technology has progressed over the past four decades. 

Table 1: Brief history of mobile network evolution 

Time Introduced  Generation Technology Standards 

Early 1970s 1G Analog system 

End of 1980s 2G GSM, CDMA, iDen, PDC 

 Late 1990s 2.5G GPRS, CDMA2000 1XRTT, i-mode 

Year of 2000 3G W-CDMA, TD-CDMA, CDMA2000 1XEV-DO Rel.0 

Early 2000s 3.5G HSDPA, CDMA2000 1XEV-DO Rel.A/B 

Early 2010s 4G LTE, TD-LTE, UMB 

Source: Peter J. Curwen and Jason Whalley (2010) 

3G technology consists of 5 possible standards: W-CDMA (Wideband - Code Division 

Multiple Access), TD-CDMA (Time Division - Code Division Multiple Access), TD-SCDMA 

(Time Division - Synchronous Code Division Multiple Access), CDMA2000 (Code Division 

Multiple Access) and DECT (Digital Enhanced Cordless Telecom) (Karim and Sarraf, 2002). 

The set of standards is popularly known as the IMT-2000 (International Mobile Communications 

- 2000) standard (a family of 3G transmission standards), and was unanimously approved at the 

ITU 2000 Conference. Among them, W-CDMA backed by Europe and Japan and CDMA2000 
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backed by the US have become prevalent standards. The resolutions of the 2000 World Radio 

Communication Conference (WRC) expanded significantly the spectrum capacity to be used for 

3G by allowing the use of current 2G spectrum blocks for 3G technology and allocating 3G 

spectrum to an upper limit of 3GHz (ITU, 2001).  

At the country level, by 2013, among the 206 countries I compiled information on 177 

countries have  adopted at least one of the above 3G technology standards; that is, completed the 

transition to 3G mobile telecom network. Nevertheless, there have been disparities between 

countries in terms of the timing of 3G’s first entry. Figure 1 show the number of countries where 

3G mobile network was first introduced in each year from 2000 to 2013. With the 29 countries 

not having 3G until 2013 excluded, there is a gap of at least 5 years between the first 30 

countries to introduce 3G (2000-2004) and the last 30 countries (2009-2012). The gap can also 

been seen between countries of similar income levels. For example, Egypt introduced 3G mobile 

network as early as 2007 whereas China, with a similar GDP per capita at 2004 as Egypt,
1
 did 

not roll-out any 3G mobile network until 2009.  

                                                 
1
 According to World Bank data, Egypt per capita income was $1216.144 in 2004, while China’s was $1564.543. 
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Figure 1: Number of countries introducing 3G in each year from 2000 to 2013 

Source: Compiled by the author. 

 

Besides the deployment of 3G mobile telecom network, it is also an essential part of a 

country’s 3G transition to foster a broad customer base for 3G services. The diffusion of 3G 

services is often measured by the ITU using 3G subscriptions per 100 inhabitants. The number of 

subscriptions is determined by multiple factors, including the infrastructure roll-out regionally, 

mobile network operators’ strategic behavior, and customers’ reactions to new technology. 

According to the ITU, among countries where the data on 3G subscriptions is available, in 2012, 

Singapore has the most subscriptions per 100 inhabitants, 123, while Myanmar has the least 

subscriptions per 100 inhabitants, 0.03. 

2.2. Demographic factors and the digital divide 

The differences between countries related to the access to and use of information and 

communication technologies (ICT) are popularly termed the “digital divide” (OECD, 2001.) 

Empirical cross-country studies have shown that various demographic factors play a vital role in 

determining the digital divide. Billon, Marco, and Lera-Lopez (2009) use cross-sectional data for 
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142 countries to assess various developmental factors’ impact on the ICT indicators (telephone 

mainlines, personal computers, and international broadband width). The multivariate technique 

they use, canonical correlation analysis (CCA), seeks to identify and quantify the association 

between two groups of variables. They find that the best explanatory variable is GDP, followed 

by government effectiveness, service sector, and education. However, they conclude that trade 

openness and market competition in the mobile sector, and use of English are not significant 

factors. Another study by Quibria, Ahmed, Tschang, and Reyes-Macasaquit (2003) uses simple 

regressions to examine the quantitative significance of the various determinants of mobile phone 

adoption with special reference to Asia. Their results suggest that in Asia GDP per capita is 

strongly correlated with Internet use, with income elasticity being nearly 2, and the relationship 

between education and computer usage is statistically significant at 1% level with tertiary 

education. 

Studies have also identified GDP per capita as an important factor explaining the 

disparities of mobile phone use between countries. Gruber and Verboven (2001) find that high-

income countries were the first to have more than half of their populations to use 2G mobile 

phones, while less-developed countries had faster growth in the adoption rate. Zaber and Sirbu 

(2010) obtain a consistent conclusion regarding the diffusion of 3G mobile phones. With regard 

to the education factor, Lee et al. (2009) find effects of education on 3G growth are not 

significant, while some studies find educational attainment contributes to broadband diffusion 

(Clements and Abramowitz, 2006).  

In addition, several studies have examined the country characteristics related to the 

mobile telecom market, such as connection charges and the number of 1G phone users. Price is 

not found to be a strong predictor of demand for telephony (Ahn and Lee, 1999.) However, 
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Liikanen, Stoneman, and Toivanen (2002) show that more 1G phone users correlate positively 

with the diffusion of 2G mobile phones. 

2.3. Government’s role in a country’s transition to a next generation mobile technology 

The mobile telecom industry’s reliance on the radio spectrum determines government’s 

role in managing the industry’s transition. Radio spectrum is a scarce resource shared by a 

number of industries, including broadcasting, mobile telecom, microwave ovens, and the 

military. The independent industries involved can operate normally only when the 

noninterference between two brands of radio spectrum is permanently guaranteed by law. Since 

the transition to 3G mobile telecom technology requires either repurpose of occupied radio 

spectrum or allocation of unoccupied radio spectrum, government plays a decisive role in 

introducing it.  

In addition, government regulatory policies determines a number of activities mobile 

telecom network operators, such as sharing or reselling infrastructure to players newly entering 

the market or opting for a different technology standard. These activities being regulated in one 

way or the other would also impact the consumers’ adoption of any new mobile telecom 

services. Evolving technologies also bring changes to the mobile telecom market, which pose 

challenges to regulatory authorities in terms of adapting policies to the changes. 

2.3.1. Government and the timing of 3G’s first entry to a country 

Government plays a decisive role in determining the pace of 3G’s entry to a country 

primarily because by law government controls the allocation of radio spectrum resources. There 

has been very little literature focusing on country disparities related to the timing of 3G’s first 

entry. A possible reason is that there is no consolidated dataset in the public domain, and 

publicized data by mobile operators and regulators has been seriously conflicted (Curwen and 
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Whalley, 2010.) To my best knowledge, the only relevant study may be a simple statistical 

analysis on how the delay between licensing and launch of 3G networks varies between different 

technology standards (Curwen and Whalley, 2010.) 

However, five case studies from the ITU closely and comprehensively capture how the 

governments in seven countries reacted after the introduction of IMT -2000 during the decision-

making process related to the transition to 3G. 
2
 The ITU assembled the case studies in 2001, and 

featured seven countries: Sweden in Europe, Japan and China (and Hong Kong, China) in the 

Asia-Pacific, Chile and Venezula in Latin America, and Ghana in Africa. These countries 

represent the typical country in each region and across developing levels. From the five case 

studies, also in combination with several other pertinent studies, I identify the following four 

government-related factors that impact the timing of 3G’s first entry to a country. 

Lobbies and government effectiveness in public management 

The mobile telecom industry contains multiple stakeholders, including mobile network 

operators, network infrastructure companies, both domestic and foreign, and handset device 

suppliers.The industry’s transition to 3G technology could also affect the interests of other radio 

spectrum users. Therefore, when government is making the decision regarding the transition to 

3G technology, it is likely to face lobbies from various interest groups as well as pressure from 

other radio spectrum users. This poses challenges to government effectiveness in managing 

multiple parties involved when attempting to make the optimal decision. 

The country case studies demonstrate several examples of the challenges affecting the 

timing of 3G’s first entry. In the case of China, although with existing 2G GSM mobile network 

infrastructure deployed all over the country, rather than upgrading existing GSM, the 

government chose to mandate the larger of its duopoly MNOs, the state owned China Mobile, to 

                                                 
2
 This set of studies can be accessed at: http://www.itu.int/osg/spu/ni/3G/casestudies/index.html. 

http://www.itu.int/osg/spu/ni/3G/casestudies/index.html
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adopt new 3G standard developed by China’s own, TD-SCDMA. This policy choice’s primary 

purpose was to benefit China’s domestic network infrastructure manufacturers and device 

suppliers. But as we can see now, it led to a relatively postponed process of standard selection 

and 3G roll-out. 

A similar case can also be found in both Chile’s and US’s delay in introducing 3G 

technology. With foreign mobile network operator BellSouth playing a major role in the 

country’s mobile market, Chile’s government decided to put off the licensing process, awaiting 

the US’s deployment of its 3G network. Meanwhile, the US’s 2G-to-3G migration was stalled by 

the unresolved conflicts of spectrum use among several players, including federal agencies and 

the military. All these examples illustrate that, in the preliminary stage of 3G transition, 

government effectiveness in public management might have contributed to the difference 

between countries in the timing of 3G’s first entry. 

Government’s choice of licensing process 

According to the law in most countries, mobile network operators can not start deploying 

any telecom network before obtaining the license to a certain bandwidth of radio spectrum. 

Countries have mainly adopted three approaches to license radio spectrum used by mobile 

network operators: mandate, “beauty contest”, and auction.  

Mandate is a technology mandate assigning the spectrum license to the incumbent MNOs 

without any bidding process. The “beauty contest” is essentially a competitive hearing to assess 

applicants (MNOs), using criteria such as the number of base stations built, estimated cost, and 

roll-out speed. In auctions, the party that values the 3G radio spectrums most gets them by 

bidding in a competitive process. Compared to “beauty contest”, licensing fees paid by the 
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operators in auctions has generally been higher (Zaber and Sirbu, 2010.) Table 2 lists 

representative countries adopting each approach. 

 

Table 2: Licensing approaches in different countries 

Mandate Beauty Contest Auction Hybrid 

   
Mandate and Beauty Contest Beauty Contest and Auction 

China Sweden Venezuela Japan Chile 

Source: ITU 3G Mobile Policy Country Case Studies, 2001 

 

Government choice of licensing approach affects the timing of 3G’s entry through the 

length of the process and the strategic behavior of operators in reaction to a certain licensing 

approach.  Higher licensing fees as a result of auctions might encourage the operators to 

accelerate the deployment of 3G networks, thus advancing the timing of 3G’s first entry. The 

advocates of auctions argue that they ensure transparency and guarantee that firms would use the 

spectrum most efficiently get the license (Bohlin et al., 2010.) With regards to its effect on the 

schedule, transparency also could reduce the time spent on the licensing process, which can be 

seen in a comparison between US and Sweden, despite the fact that these country case studies 

were written around 2001, and it had not been clear by then whether different licensing 

approaches had led to timing disparities between the countries. 

Competition in the mobile telecom market 

 The level of competition in a country’s mobile telecom market is normally a result of 

government regulatory interference. On one hand, government could endorse a few state-owned 

MNOs to create market a monopoly or duopoly, like in the mobile telecom market in China. On 

the other hand, like Swedish government, government could maintain the appropriate 
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competition landscape by impeding mergers between existing MNOs, or encouraging new 

entrants to the market.  

Moreover, the level of competition in a country’s mobile telecom market reflects the 

extent to which the government regulatory agencies have imposed interference on the operations 

of MNOs. With respect to the transition to 3G network, government’s interference in business-

decisions affects the timing of 3G’s first entry to the market. The effect is illustrated by the 

China’s example in which government traded off the early introduction of 3G technology for the 

promotion of indigenous equipment manufacturing and exports. 

Multiple standards in the 2G market 

A technology mandate normally leads to a single standard in the 2G market. The 

rationale behind a single standard can be found in the cost reductions and operation efficiencies 

as a result of the economies of scale. Similarly, with regards to the transition to 3G technology, 

the existence of multiple standards in the 2G market might slow down the process of 

infrastructure upgrade, or present the government regulatory authorities the question of choice 

among standards to. Previous literature has drawn conflicting conclusions regarding this topic. 

Koski and Kretschmer (2005) find that standardization has a positive but insignificant effect on 

the timing of the initial entry of 2G, but leads to higher prices. Henten, Olesen, Saugstrup, and 

Tan (2004) argue that technology mandates play a significant and positive role in shaping the 

wireless market. 

Again although few studies have touched upon this aspect of 3G transition, the timing of 

a country’s transition to a next generation technology has enormous economic consequences 

given the socio-economic benefits entailed by the transition and the accelerating technological 

innovation in the mobile industry. Therefore, one major contribution of this paper is to examine 



13 

 

this issue using the data I compiled from various reliable public sources. Section 4.1 elaborates 

on the methodology adopted to compile the dataset on the time when each country first 

introduced a 3G mobile network. 

2.3.2. Regulatory policies that affect the diffusion of new mobile technology 

A number of empirical studies assess the impact of telecom regulatory policies on the 

diffusion of the mobile telephony. In these studies, the diffusion of mobile telephony has been 

popularly modeled after the diffusion of other ICT technologies, such as computers and the 

Internet, in the following form:
3
 

                 ]        (1) 

where   is the number of the agents that have adopted the new technology at time t. The 

number of total potential adopters is   . The stage of the diffusion is captured by  , while   

stands for the growth rate of the technology adoption at a certain point of time. 

 Gruber and Verboven (2001) adopt a logistic function of such model to examine a set of 

determinants of 2G mobile phone diffusion. Among the determinants, they find that the 

introduction of competition had a significant and positive impact on the diffusion of 2G mobile 

services, and a single standard in 1G market helped to develop the 2G market significantly faster. 

Another study by Zaber and Sirbu (2010) uses a similar model to look at the diffusion of 3G 

technology. Their results show that the presence of multiple standards in the 2G market can 

delay the roll-out of 3G technology, while a technology mandate on the spectrum bandwidth 

assignment helps foster a faster penetration of 3G technology. They also confirm that the choice 

to use auctions as the licensing process has no negative effect on diffusion. 

                                                 
3
 Chow (1967) applied such a model to study the diffusion of computers. 
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Besides the studies focusing on the diffusion of mobile technology, there have also been 

empirical studies evaluating regulatory policies’ impact on other aspects of mobile telecom 

market. For example, Grzybowski (2005) examined the impact of mobile number portability on 

prices and demand for mobile telecom services across the European Union. His study found that 

liberalization of fixed telephone lines has a positive impact on the demand for mobile services, 

but the introduction of mobile number portability has a negative impact on prices.  

The second empirical model of this paper will employ a method similar to Zaber and 

Sirbu’s 2010 study when assessing the impact of regulatory policies on the diffusion of 3G 

technology. However, I improve their model by incorporating more regulatory factors that affect 

the diffusion of 3G technology. In addition, this paper uses an original dataset on the timing of 

3G’s initial entry to different countries, and the diffusion analysis is based on the most recent 3G 

subscription data. In Section 3.2, I will discuss in greater detail how I adapt the diffusion model 

to the case of 3G technology. 
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3. THEORETICAL FRAMEWORK AND HYPOTHESES 

3.1. The timing of first 3G licensing and government effectiveness 

In order to assess the impact of regulatory policy and government effectiveness on the 

timing of a country’s first 3G licensing, I develop the theoretical framework described below. 

This framework, with specific application to 3G transition, will expand the discussion of the 

determinants of the digital divide, and explore institutional factors that should influence a 

country’s response to next generation mobile technologies.  

Framework for the determinants of first 3G licensing timing 

 

The timing of first 3G licensing = f (regulatory policy factors, government effectiveness factors, 

country demographic and industry controls, e)          (2) 

 

The logic of the framework is that due to the industry characteristic and historical 

precedent that the resource employed by mobile technology, radio spectrum, has been regulated 

by the government, the role government has played should impact the transition to a next 

generation mobile technology, such as 3G technology. The theory suggests that apparent 

differences in the timing of first 3G licensing among countries can be partly explained by 

government effectiveness and other government behaviors, primarily government mobile 

regulatory policies.  

Through coordinating all the stakeholders involved in the 3G transition, governments 

with better governance, in terms of transparency and communication, might produce faster and 

better transition outcomes. The stakeholders in the mobile telecom industry, particularly network 

equipment manufacturers and handset manufacturers, have shown to be great importance to a 

country’s long term economic growth. Government would also consider the transition to 3G 
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technology in line with the country’s certain economic policy goal. From the other way around, 

interest groups from mobile telecom industry would take lobbying actions to influence 

government’s decision regarding the transition to 3G technology. Therefore, government also 

faces challenges from the lobby activities, thus various levels of government effectiveness 

resulting in the country disparities of transition to 3G.  

In addition, a government’s regulatory policies with regards to selection of licensing 

approach and involvement in subsidizing infrastructure investment might directly affect that the 

country’s 3G transition. Further, a government’s control of market structure evolution, along 

with next generation technology transition would constrain or release the growth potential of the 

mobile market after 3G introduction. 

3.2. Government’s impact on the diffusion of 3G technology 

3.2.1 Diffusion of 3G technology 

The diffusion of 3G technology, like other technological innovations, for example 

computers and mobile phones, typically follows a three-phase S-shaped pattern. Due to the extra 

learning process involved, at the beginning only a small portion of 2G phone users upgrade to 

3G services, primarily driven by test programs and other marketing activities of mobile network 

operators. Growth also tends to be slow at the beginning because it takes time for the word-of-

mouth effect to flow out from the initial 3G users. As the word-of-mouth effect plays into the 

diffusion, encouraging more users to adopt the technology, the number of 3G users enters a 

phase of exponential growth. After this phase, the diffusion arrives at the inflection point where 

the customer growth slows and the introduction of another next generation technology (such as 

the 4G LTE) also approaches.  
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Various modeling approaches have been applied to studying the diffusion of 

technological innovations. Among them, the “epidemic” approach proved to fit the diffusion path 

of mobile technology very well. This approach models the subscription growth of a new mobile 

technology service among potential customers in a way similar to diseases spread: in other 

words, the flow of adopters of the new technology is related to the stock of existing adopters 

(Gruber, 2005.) As I noted in the literature review, Gruber and Verboven (2001), and Zaber and 

Sirbu (2012) have used a logistic functional form based on this “epidemic” approach to study the 

effect of regulatory mobile policies on the diffusion of cellular (2G) mobile phones and 3G 

technology, respectively. Since my second hypothesis follows a similar string of thoughts about 

the diffusion of 3G technology, I opt for the same logistic functional form of diffusion model. 

I adjust the diffusion model to a cross-country comparison of 3G technology, and 

construct a framework of the following type: 

                 ]      (3) 

where   is the number of 3G subscriptions at time t which also can be understood as the 

number of 3G subscriptions per 100 inhabitants. The number of total potential subscriptions is 

  , which also can be understood as a maximum number of 3G subscriptions per 100 

inhabitants, such as  120. The equation describes the number of 3G subscriptions at a certain 

time as a first order solution of the number of all potential 3G subscriptions.
4
  

Rearranging and taking log on both sides of Equation 3 results 

   
 

    
           (4) 

                                                 
4
 See more mathematical details explaining this functional form in Griliches’ 1957 Ph.D. dissertation, Hybrid Corn: 

An Exploration in the Economics of Technological Change. 
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Starting from Equation 4, the diffusion of 3G technology will be captured by    
 

    
 ,  

the log ratio of the number of current subscriptions to the number of potential subscriptions left 

in a country’s population. Equation 4 also demonstrates the two sources of variation in the level 

of 3G diffusion across all countries, the location parameter a and the growth parameter b. More 

specifically, the location parameter a reflects the existing 3G subscription rate (the stock) at a 

certain time, meanwhile the growth parameter b equals the growth rate in the number of 3G 

subscriptions. The model also inherently assumes that the inflection time, when the subscription 

growth starts to slow down, comes at time t= –a/b.  

Among the three parameters,   , a, and b, for simplicity the value of    is set to 120 

based on a hypothesis that the maximum number of potential subscriptions per 100 inhabitants 

will converge across countries.
5
 Therefore, in my reduced-form diffusion model of 3G 

technology there exist two major determinants of a country’s diffusion level, the location effect a 

and the growth effect b.  

3.2.2. Government’s role in improving or impeding the diffusion of 3G technology 

Continuing on my theoretical framework for determining the timing of first 3G licensing, 

I assume the three groups of factors identified above, regulatory policy factors, government 

effectiveness factors, and country and industry control factors, would all have impacts on the 

diffusion of 3G technology within one country. Integrated to the diffusion model, these country-

specific factors play a role in generating both the location effect and the growth effect defining 

various levels of 3G adoption across countries: 

Framework for the diffusion of 3G technology 

 

                                                 
5
 See more discussion concerning this parameter on pg.152 in Gruber’s book The Economics of Mobile 

Telecommunications, 2001. 
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Location effect = f (regulatory policy factors, government effectiveness factors, country 
demographic and industry controls, e)      (5) 

 
Growth effect = f (regulatory policy factors, government effectiveness factors, country 
demographic and industry controls, e)      (6) 

 
Diffusion of 3G technology= Location effect + Growth effect x Time  (7) 

 
 In terms of the factors specified in each group, I consider several changes in the 

combination of factors. In the regulatory policy group, the existing 2G mobile market 

competition status (as a result of regulatory policy) is replaced by a similar but more 3G-era 

specific policy factor, the existence of Mobile Virtual Network Operators (normally a result of 

regulatory policy allowing infrastructure sharing.) I also remove the proxies for lobbying effect, 

a country’s proportion of trade to GDP and the proportion of ICT goods exports, since I expect 

during the diffusion process the lobbying effect should play a rather minimal role. The 

interaction between government and MNOs reduces when the transition moves on to the 

business operations facing the consumers, so does the scale of lobbying activities. 

The rest of the variables specified in the timing model of first licensing remains in the 

diffusion model of 3G technology. In addition, I expect these factors to play roles in accelerating 

or impeding the diffusion of 3G technology in a country in ways that are similar to the ways they 

impact the timing of a country’s first 3G licensing. For example, negative government 

effectiveness factors, which I expect to delay a country’s licensing to 3G technology, are also 

likely to slow customers’ adoption of new 3G phone services. The impediment effect could take 

two forms. One is the location effect: countries in which poor government effectiveness slows 

down the 3G licensing process are likely to have a lower adoption rate 
6
 at a certain time 

                                                 
6
 The adoption rate could be considered as the number of 3G subscriptions or the log ratio in Equation 2. 
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compared to other countries. The second is the growth effect: the growth of consumer 

subscriptions could be dependent on the roll out of 3G infrastructures across a country, and most 

governments, central or local ones, play a role in this process.  

Next, I will turn to the description of my dataset and the mathematic specification of the 

two econometric models. 
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4. DATASETS AND ECONOMETRIC MODELS 

4.1. Datasets and variables 

 I build two different datasets for this paper, a cross-section dataset for the 3G First 

Licensing Model and a panel dataset for the 3G Diffusion Model. The cross-section dataset 

includes the information about countries’ mobile telecom markets around 2004. 2004 was a time 

when several high-income countries had already started rolling out 3G networks, and evidence 

shows that most countries had set the agenda for introducing 3G technology.
7
 The panel data 

covers a period starting in 2008, when 173 countries had at least launched their first 3G networks 

(or more precisely deployed this technology),
8
 and ending 2012.  

The same three groups of explanatory variables are included in both data sets: 

government-related variables indicating a country’s policy choices in mobile communication 

market, efficiency of government agencies, and lobbies, mobile market characteristic variables, 

and demographic variables. Nevertheless, due to the different aspects of 3G transition studied in 

both models, I included different variables in the policy variable group. The dependent variable 

captures when a country first assigned the license for building a 3G network relative to other 

countries for the First 3G Licensing Model, and is a log ratio of 3G subscriptions per 100 people 

to remaining potential subscriptions for the 3G Diffusion Model. 

Table 3 represents the variables used in the estimation of the First 3G Licensing Model. 

Table A1 of Appendix 1 reports the data from 205 countries on the year when a country first 

introduced 3G networks, ranging from 2000, when several European countries first launched 3G 

mobile networks, to 2013. Public sources and previous studies fail to provide a complete dataset 

of when countries first started to deploy the 3G network. My data for this variable was compiled 

                                                 
7
 ITU 3G Country Reports (2000), retrieved at http://www.itu.int/osg/spu/ni/3G/casestudies/index.html. 

8
 The number is based on the data set compiled from various sources. See more details in the following description 

of how I have collected the data for the variable of interest, First3GLicensingTime 
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from three data sources: the ICT-Eye public dataset, the CDMA Deployment Group website, and 

the GSM World website. 

The ICT-Eye public dataset is accessible through ICT-Eye website: 

http://www.itu.int/net4/itu-d/icteye/. The website is ITU’s portal for key ICT data and statistics, 

including regulatory and policy information. The data used to compile my dependent variable of 

interest is from countries’ response to a survey question in ITU’s annual survey – “Have the 

mobile operators been assigned spectrum for 3G (IMT)?” The respondent country’s answer, 

either Yes or No, is recorded in the dataset with which I utilized to identify the year when a 

country first assigned the 3G spectrum.  

However, there are several flaws with this approach. First, the survey did not start until 

2005, so countries which assigned 3G spectrum prior to that year will not be differentiated from 

those assigned 3G spectrum right in 2005. Second, for countries like Israel did not start respond 

to the survey question until 2010, the records in the dataset are not useful to identify when they 

first assigned 3G spectrum. Third, missing data is a serious issue with the ICT-Eye public 

dataset. The records are missing even for some major countries in the world, such as Philippines 

and South Africa. 

In order to address the three issues, I complement the data retrieved from the ICT-Eye 

with network deployment data available by countries on the two technology consortium 

websites, where there is detail information about mobile network deployment, including specific 

technologies used, for example, CDMA2000 1X EV-DO Rel.0, and network launch dates. Using 

the technological framework laid out by Curwen and Whalley in their book Mobile 

Telecommunications in a High-speed World, I am able to identify in which year a country 

launched its first mobile network that meets 3G technological standard. Since some specific 
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cases show that normally a government makes decision on the deployment of 3G technology 

within the same year or a year before these years, I use the year of first 3G mobile network 

launches as a proxy of each country’s first licensing year.  

To generate the dependent variable of interest, First 3G licensing time, used in the model, 

I give 14 scores to all 205 countries with the highest score, 13, going to the countries where the 

first 3G network was introduced in 2000, and the lowest score, 0, going to the countries where 

the first 3G network was introduced in 2013. 

Table 3: Sample statistics of the variables used in the First Licensing Model 

 

Variables Obs Mean Std.Dev. Min Max 

First3GLicensingTime 205 5.478049 3.119476 0 13 

Regulatory policy variables 

MobileCompetition2G 173 1.352601 0.752868 0 2 

MultipleStandard2G 122 0.442623 0.498745 0 1 

Auction 122 0.204918 0.405306 0 1 

Government effectiveness proxies 

TimeStartBiz 171 49.48538 63.3919 2 694 

TradepercentofGDP 189 67.94375 37.56041 0 340.4499 

ICTGoodsExport 192 3.842378 8.840416 0 51.12677 

Control variables 

Income 192 11286.71 18544.68 127.0931 125965.8 

UrbanPopulation 203 56.03936 24.47518 9.375 100 

InternetUse 194 19.01534 22.03958 0 83.89 

Subscription2G 203 37.57353 33.86341 0 120.656 

MobileRevenue 160 70.7277 299.1868 0.039786 3201.873 

 

Regulatory policies in the First 3G Licensing model are presented by variables for mobile 

market competition, multiple standards, and auctions held for 3G licensing. Mobile market 

competition is a binary variable coded as 1 if a country reports their 2G mobile market is 
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competitive rather than monopolistic.
9
 Multiple standards and Auction are inserted as dummy 

variables (0 or 1). The countries with both CDMA and GSM for 2G are regarded as multiple 

standards countries and are coded 1 for the Multiple standards variable. If a country held an 

auction to assign a 3G license, Auction is coded 1, as opposed to the assignment of spectrum in 

other non-auction solutions
10

.   

Government effectiveness is captured by a variable retrieved from World Bank’s Doing 

Business Database, Time required to start a business (days). Since there was no observation 

before 2005, I used each country’s observation of Time required to start a business in 2005 to 

approximate the 2004 observation. I also take the effect of lobbying activities into consideration 

by introducing two proxies, Trade as a percentage of GDP and ICT goods exports as a 

percentage of total goods exports. As the political economics theory of international trade has 

revealed, increasing trade activities lead to the changing dynamics of domestic political 

environment, accompanied with increasing lobbying activities. Therefore, the two trade 

indicators will serve as the proxies for lobbying activities, and be inserted into the model as 

continuous variables. 

I used two groups of control variables in the First 3G Licensing model, one group 

controlling for country demographics, including technological development levels, and the other 

controlling for the development stage of a country’s information market, including the 

broadband market. In the first group, there are two variables, GDP per capita and urban 

population as a percentage of total population, both obtained from the World Development 

                                                 
9
 The variable is based on 2004 government self-reported data collected in ICT-Eye public dataset. The original 

answer choices contain three categories, monopolistic, partial competitive, and competitive. For the purpose of 

simplification, I group the monopolistic and the partial competitive together as the baseline group. 
10

 Multiple standards and Auction are sourced from the data used by Moinul Zaber and Marvin Sirbu in their article 

Impact of spectrum management policy on the penetration of 3G technology published by Telecommunications 

Policy 36 (2012) 762-782. 
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Indicators Database of the World Bank. The second group contains variables measuring a 

country’s Internet users per 100 people, 2G mobile subscriptions per 100 people and revenue 

earned from mobile networks in 2004, all accessed in the ITU dataset. 

 

Table 4: Sample statistics of variables used in the 3G Diffusion Model 

Variables Obs Mean Std. Dev. Min Max Source 

DiffusionRate3G 418 -2.23837 2.021901 -8.66456 3.079057 
 

Regulatory and government effectiveness variables 
 

MVNO 556 0.839928 0.367003 0 1 
 

MultipleStandards 605 0.438017 0.496554 0 1 
 

Auction 605 0.206612 0.405209 0 1 
 

TimeStartBiz 583 25.00086 25.36604 0.5 149 
 

Control Variables 
 

Income 576 14502.48 17966.79 145.602 117493.6 
 

UrbanPopulation 605 62.40644 22.47616 12.9152 100 
 

InternetUse 603 43.04064 27.93643 0.25 96 
 

Subscription2G 605 101.2476 39.04394 13.18879 284.3392 
 

Time  605 4.080992 2.507285 0 12   

 

Table 4 presents the variables used in the estimation of 3G Diffusion Model. Except for 

the dependent variable and an explanatory variable reflecting the competition of 2G mobile 

market, most variables in the First 3G Licensing Model remain in this model, reflecting the 

corresponding characteristics in the 3G mobile market between 2008 and 2012. The dependent 

variable is the log of the ratio of 3G subscriptions per 100 people to remaining potential 

subscriptions, which is the maximum number of 3G subscriptions per 100 people 
11

 less existing 

subscriptions. I obtained the data on 3G subscriptions per 100 people from the 2013 ITU dataset. 

The excluded variable, 2G mobile market competition is updated to a variable capturing whether 

a country introduces Mobile Virtual Network Operators (MVNO) into the 3G mobile market, a 

                                                 
11

 The maximum number of 3G subscriptions per 100 people is set to be 120, based on observations in developed 

countries such as Switzerland. However, this specification also assumes the number of 3G subscriptions per 100 

people would converge among all countries in the world. 
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key indication of market competition. I generated this variable as a dummy variable, coded as 1 

if a country answers “Yes” to the survey question in the ICT-Eye database: “Is infrastructure 

sharing for mobile operators permitted (e.g. Mobile Virtual Network Operators)?”
12

  

4.2. Econometric specification of first 3G licensing model  

 Since the dependent variable, First3GLicensingTime, is ordinal, I opted for an ordered 

logit model to estimate the effect of the government factors and other indicators, specified as 

follows: 

                                                                   

                                                                

                                                                   

                           (8) 

4.3. Econometric specification of 3G technology diffusion model 

 Inserting the explanatory variables into the Equation 4 in Section 3 yields the 

econometric reference equation below. Recall that   parameters represent location factors and   

parameters represent growth factors, and here are multiplied by  , which is : 

                                                                 

                                                                       

                                                                  

                                                             

                     
                                 

                                                                    (9) 

  

  

                                                 
12

 The original information was retrieved from http://www.itu.int/net4/itud/icteye/AdvancedDataSearch.aspx on 

3/9/2014. 

http://www.itu.int/net4/itud/icteye/AdvancedDataSearch.aspx
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5. RESULTS AND INTERPRETATION 

5.1. Regression estimation of First 3G Licensing Model 

The regression results estimated using ordered logit model are listed in the Table 5. I 

interpret their effects on the timing of first 3G licensing by dividing the explanatory variables 

into three groups: regulatory policy variables, government efficiency proxies, and control 

variables. 

 

Table 5: The timing of first 3G licensing: determinants and controls 

First3GLicensingTime 
  

  MobileCompetition2G 0.955** 

 
(0.439) 

Multiplestandards -0.252 

 
(0.414) 

Auctionsheld  0.228 

 
(0.497) 

TimeStartBiz2005 -0.00879 

 
(0.00614) 

TradepercentGDP2004 -0.0119** 

 
(0.00603) 

ICTGoodsExp2004 0.0836*** 

 
(0.0278) 

lgIncome2004 1.555*** 

 
(0.383) 

lgUrbanPopulation -1.803*** 

 
(0.656) 

lgInternet2004 -0.200 

 
(0.318) 

lgMobile2004 -0.216 

 
(0.380) 

RevenueAvgBillion 0.000200 
  (0.000575) 
Observations 95 
Standard errors in parentheses 

 *** p<0.01, ** p<0.05, * p<0.1 
  

Regulatory policy variables 
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 In the ordered logit model, three explanatory variables represent a country’s regulatory 

policies for the mobile telecommunication industry approaching the end of the 2G era: 

MobileCompetition2G, MultipleStandard2G, and Auction. The results show a significant 

correlation between MobileCompetition2G and when a country first assigns 3G license, while the 

other two regulatory variables fail to achieve significance. First, while holding all other factors 

constant, a country with a competitive mobile telecommunication market is significantly more 

likely to introduce the next generation 3G technology earlier than those with a monopolistic 

market. 

Second, although not significant, within the limited sample of 95 countries, the 

coefficient of MultipleStandard2G suggests the expected sign of its effect on a country’s 3G 

licensing: having multiple technology standards tends to prolong the process of licensing to a 

next generation technology such as 3G. Third, a country holding an auction, a free market 

approach, in 3G licensing is more likely to complete the spectrum allocation in comparison to 

countries taking other approaches, such as beauty contest and government mandate. However, as 

the insignificance suggests, I might not be able to generalize this effect to other countries. In 

addition, it is worth noticing that MC2G’s significance emerges when controlling for country and 

mobile market characteristics such as GDP per capita, 2G subscriptions, and Internet users. This 

implies a country’s policy choice on mobile market competition by itself correlates positively 

with its early introduction of 3G technology. 

 The magnitude of the effect of having a competitive mobile market suggests that it is a 

fairly powerful factor in expediting a country’s deployment of 3G technology. In order to 

translate the logit coefficients estimated across 14 ordinal categories into magnitudes of 
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likelihoods, I use the average partial 
13

 effects method and specifically look at two representative 

categories, respectively the 25 and the 75 percentile category
14

. Among the 14 ordinal categories 

(from Score 0 to Score 13), 75% of the 95 countries in the sample had assigned 3G licenses 

before or at 2009, the 25% percentile category (Score 4). Using the average partial effects 

method, I obtain the result that for countries above 25% percentile, having a competitive 2G 

mobile market decreased the likelihood of delaying 3G licensing until 2009 by 3.24 percentage 

points. Similarly, the 75% percentile category (Score 8) contains countries that started 3G 

licensing before 2005. The model estimates that for countries falling below this category, having 

a competitive 2G mobile market increases by 5.6 percentage points the likelihood of becoming 

part of world’s 75 percentile countries first licensing 3G spectrum.  

Having a competitive mobile telecommunication market implies that a government has 

chosen to reduce the government’s role in making business decisions in this market. Examples of 

a business decision include what technology standard to adopt, GSMA, CDMA, or TDMA. 

Based on the rule of technology neutrality, it is optimal for incumbent or new mobile network 

operators to select a standard while evaluating the costs of updating existing infrastructure and 

the costs of building new infrastructure versus a certain technology. How long it takes a country 

to complete the evaluation will have an effect on when 3G can be first introduced. A country 

with less competitive mobile telecom market and more government interference in the process 

will be likely to introduce 3G later, as the coefficient estimate suggests. 

Government efficiency proxies 

Three variables, TradepercentofGDP,  ICTGoodsExport, and TimeStartBiz, dealing with 

regulatory affairs facing the private sector and the factor of lobbying in government’s policy-

                                                 
13

 The average partial effects method is used in regressions with binary or categorical dependent variables. The 

method generates the results of probabilities based on the results of odds reported by the probit/logit/ordit model. 
14

See Table A1 in Appendix 1 for the summary statistics in detail. 
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making process, serve as proxies of government effectiveness. The results show that the two 

trade-related variables both achieve significance, while TimeStartBiz is significant at 85% 

confidence level. As the coefficient of TradepercentofGDP suggests, holding all the other factors 

constant, a country with a higher economic stake in trade with other countries is estimated to be 

more likely to delay the first 3G licensing. Recall that this variable serves as the proxy for the 

intensity of the lobbying activities faced by the government during the first 3G licensing process. 

In a more trade-reliant economy, the government tends to encounter more lobbying activities 

regarding the transition to 3G because of the competition between domestic and foreign 

manufacturers. Therefore, the finding is consistent with the hypothesis that countries’ first 3G 

licensing timing is associated with lobbies facing governments.  

The estimations also show that having a high proportion of ICT goods export increases 

the likelihood of accelerating first 3G licensing. A possible explanation is that a country’s 

competitive advantage in manufacturing ICT equipment has shortened the time the government 

must deal with lobbies from different interest groups. The lobbying activities regarding the bid 

for becoming equipment suppliers of 3G infrastructure could be more contested if there is no 

clear winner in terms of the cost and quality of telecom equipment. If a country possesses a 

competitive indigenous equipment manufacturing industry, it tends to spend less time deciding 

between the foreign suppliers and domestic suppliers. For TimeStartBiz, the model does not find 

its significance at a traditional confidence level; however, the expected result suggests that 

government’s tardiness in facilitating business start-up could also lead to the country’s delay in 

3G licensing. 

In order to calibrate the effect of my government efficiency proxies, I conduct a similar 

analysis to the one on regulatory policy variables using the average partial effects method. 
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Among the 95 countries in the sample, a standard deviation increase in TradepercentofGDP, 

37.56 percentage points, is found to increase the likelihood of delaying first 3G licensing until 

2009, and ranks in the 25 percentile, by 1.52 percentage points. Comparably, for countries 

ranking below 75 percentile, a country where trade contributes a standard variation less to the 

entire economy, on average, is estimated to be 2.5 percentage points more likely to move up to 

the 75 percentile category, in which countries licensed to 3G network in 2004. A similar 

calculation can also be applied to ICTGoodsExport and TimeStartBiz. The results also show that 

on 8.8 percentage points growth (one standard variation in the sample) in ICT exports as a 

percentage of total exports is associated with 4.1 percentage point increase in the likelihood of 

introducing a 3G network as early as 2004, the 75 percentile. If it requires 63.3 more days (one 

standard variation in the sample) to start up a business in a country, this increases the likelihood 

of delaying 3G rollout until 2009 by 1.9 percentage points.  

In summary, the estimated effects of TradepercentofGDP and ICTGoodsExport are fairly 

substantial in relation to the likelihood of delaying or accelerating country’s first 3G licensing. 

This finding is consistent with the conclusion that I drew earlier from the country case studies as 

well as the hypothesis about the correlation between first 3G licensing and lobbies in my 

theoretical model. Although the variable TimeStartBiz is not statistically significant at a 

traditional confidence level,  its sign and magnitude suggests that while it takes a government 

longer to process a citizen’s registration to start a business, government may also possibly fails to 

react promptly to facilitate the next generation transition in mobile telecommunication industry. 

It’s also worth noticing that this is a self-reported measure, reported by companies and 

individuals. Therefore, the measurement error or selection bias of this variable might contribute 

to the statistical insignificance.  
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Control variables for country demographics and mobile market characteristics 

Since advanced mobile telecommunication technology is often perceived as part of 

modern and developed social life, a set of development indicators is expected to be correlated 

with a country’s introduction of 3G technology. In my ordered logit model, LgIncome  (log of 

GDP per capita) and LgUrbanPopulation are two such variables, the coefficients of which show 

statistical significance at the 99% confidence level and expected signs. In terms of magnitude, a 

10 percentage points increase in GDP per capita is associated with an increase in the odds of 

licensing 3G earlier by 15.5 percentage points.
15

 To put the income effect in comparison, having 

a competitive 2G mobile market increases the odds by 95 percentage points. In addition, a 10 

percent point increase in population density in urban areas adds 18 percentage points to the odds 

of a country delaying first 3G licensing.   

The model does not find significance for any of the three variables used to control for the 

development of mobile telecommunication and the information markets. The results could be 

explained by the high correlation between the demographic indicators, and the development 

indicators. A correlation test demonstrates that the correlation between LgIncome and 

LgSubscription2G is 0.8385, and a comparable result for LgInternetUse is 0.8741. The results 

also argue that neither the significance nor the magnitude shows the revenue earned by mobile 

network operators plays a substantial role in determining a country’s first 3G licensing time. 

However, on the other hand, these results also reaffirm the government’s decisive role in making 

the decision to deploy 3G network.  

                                                 
15

 The log functional form complicates interpretation of the likelihood from marginal effect output. So for log form 

variables, I only interpret the original coefficients relevant to odd ratios. 
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5.2. Interpretation on the results from 3G technology diffusion model 

 On the cross-country panel data from 2008 to 2012, I estimate both ordinary least squares 

(OLS) and random effects (RE) regressions. A fixed-effect model is mostly adopted on such 

cross-country panel data. However, the regulatory policy variables I attempt to study are mostly 

time-invariant. A fixed-effect model would mask the impact of cross-country regulatory policy 

differences on the diffusion of 3G. In order to capture the effects of country specific 

characteristics, especially in regulatory policies, I assume a random effects model instead of a 

fixed effect model. 

 Results are displayed in Table 6. Interpretation on the results estimated from diffusion 

model consists of two generic parts, the location effect and the growth effect. Recall that in 

Equation 4, the location effect is represented by  , while the growth effect by  . In Table 6, the 

coefficients of variables in level term, such as MVNO, reflect the location effect of explanatory 

variables on the diffusion rate, while the coefficients in front of the corresponding variables in 

the interactive term with time, such as txMVNO, speak about the growth effect.   

5.2.1. The role of regulatory policies and government effectiveness 

The OLS and RE estimations show that allowing infrastructure sharing or the existence 

of MVNO delays the time to the inflection point of 3G diffusion. The statistically significant and 

negative coefficient on the dummy for MVNO suggests their existence reduces the location 

effect a. Therefore the inflection time, t= -a/b, is later by about 1.2 years. A possible explanation 

is that introducing competing mobile network operators slows down the growth in subscriptions 

during the early years when the new technology capacity is still limited.  

In addition, the spectrum or infrastructure transactions between mobile virtual network 

operators and the original licensee might take extra time, thus having a quite substantial delaying 
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effect on the early adoption rate of 3G service. However, in the long term the estimation shows 

MVNO boosts growth in the 3G adoption rate, and also raises the peak adoption rate. This 

finding is consistent with the fact that the participation of MVNOs expands the customer pool 

and ultimately increases the maximum adoption of 3G services in a country. 
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Table 6: 3G diffusion: location and growth estimates 

Diffusion rate OLS RE 

Location effect of regulatory policy variables 
MVNO -1.189*** 

 
-1.189*** 

 
 

(0.377) 
 

(0.346) 
 Multiplestandards -0.207 -0.0133 -0.207 -0.0133 

 
(0.314) (0.323) (0.295) (0.284) 

Auctionsheld 0.801** 0.623* 0.801** 0.623 

 
(0.361) (0.355) (0.392) (0.403) 

Growth effect of regulatory policy variables 
txMVNO 0.163** 

 
0.163** 

 
 

(0.0698) 
 

(0.0764) 
 txMultiplestandards 0.0347 0.0126 0.0347 0.0126 

 
(0.0543) (0.0554) (0.0542) (0.0528) 

txAuctionsheld -0.111** -0.0878 -0.111* -0.0878 

 
(0.0553) (0.0541) (0.0665) (0.0683) 

Location effect of government effectiveness variable 
TimeStartBiz 0.00343 0.00297 0.00343 0.00297 

 
(0.00441) (0.00440) (0.00544) (0.00556) 

Growth effect of government effectiveness variable 
txTimeStartBiz -0.00253*** -0.00248*** -0.00253** -0.00248** 

 
(0.000888) (0.000881) (0.00116) (0.00118) 

Location effect of control variables 
Income -2.08e-05 -2.04e-05 -2.08e-05 -2.04e-05 

 
(1.34e-05) (1.24e-05) (1.51e-05) (1.49e-05) 

Urbanpopulationoftotal -0.00795 -0.0183 -0.00795 -0.0183* 

 
(0.0130) (0.0119) (0.0107) (0.0104) 

Internet 0.0523*** 0.0508*** 0.0523*** 0.0508*** 

 
(0.00920) (0.00873) (0.0100) (0.00990) 

Mobile 0.0205*** 0.0232*** 0.0205*** 0.0232*** 

 
(0.00667) (0.00640) (0.00565) (0.00538) 

Growth effect of control variables 
txIncome 4.12e-06* 4.05e-06** 4.12e-06 4.05e-06 

 
(2.16e-06) (2.04e-06) (2.54e-06) (2.52e-06) 

txUrban 0.00410* 0.00589*** 0.00410** 0.00589*** 

 
(0.00232) (0.00216) (0.00206) (0.00202) 

txMobile -0.00222** -0.00250** -0.00222** -0.00250*** 

 
(0.00107) (0.00103) (0.00101) (0.000965) 

txInternet -0.00505*** -0.00478*** -0.00505*** -0.00478** 

 
(0.00185) (0.00175) (0.00195) (0.00194) 

Time 0.384*** 0.385*** 0.384*** 0.385*** 

 
(0.115) (0.120) (0.138) (0.125) 

Constant -6.755*** -7.095*** -6.755*** -7.095*** 

 
(0.567) (0.625) (0.643) (0.597) 

Observations 386 403 386 403 
R-squared 0.744 0.719 

  Number of Year     5 5 
Robust standard errors in 

parentheses 
*** p<0.01, * p<0.1 
** p<0.05, 
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Unlike the estimation of Zaber and Sirbu (2010), my model does not find significance for 

the dummy for multiple standards, whether the dummy is considered separately or in conjunction 

with other regulatory variables.  Nevertheless, in the other policy dummy I borrow the use of 

auction for 3G licensing from their article. The results show significant effects, consistent sign, 

and similar magnitude. The effect is estimated to accelerate the inflection point by 9.6 months 

(0.81 years). The finding can be intuitively explained by a possibility that the highest bidder in 

the auction tends to roll out 3G products faster in order to generate returns to cover auction 

expenses. Although the growth effect associated with the use of auctions does not show 

significance when considered without the MVNO, consistent with what Zaber and Sirbu 

estimate, my model finds a significant likelihood that it would decrease the peak rate of 3G 

adoption. 

Government ineffectiveness, TimeStartBiz, is found to have a negative and significant 

effect on the growth parameter, decreasing the peak rate of 3G diffusion. This finding provides 

another statistically significant piece of evidence, in addition to the results estimated in the first 

3G licensing model, supporting my hypothesis that government effectiveness plays an important 

role in both the entry and the roll-out of 3G technology. Although the effect is small during the 

rolling-out phase, the small magnitude can be partially attributed to the difference between the 

time unit of the explanatory variable, TimeStartBiz, in days, and the time unit of the diffusion 

rate years.  

5.2.2. The effect of country demographics and 2G market characteristics 

 In the OLS, neither country income nor urbanization level is estimated to have a 

significant role in determining the inflection point of the country’s 3G diffusion, although the 

signs of the estimated coefficients are negative as expected. Due to the complexities in each 
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country’s fast evolving mobile telecommunication market during the 3G era, for example in 

terms of the country’s potential customers maximum, and its industrial structure, it might be 

difficult to capture where a country is located on the S-shape diffusion pattern, with only macro-

economic indicators. However, the OLS model predicts that both indicators significantly 

increase the potential maximum number of 3G adopters, which is consistent with the fact that 

high-income countries and countries with a higher proportion of urban population normally end 

up with a larger number of 3G subscriptions per 100 inhabitants. 

 Consistent with Zaber and Sirbu’s findings, countries with a high penetration rate of 

Internet and 2G mobile phones were the first to reach the inflection point on the 3G diffusion 

path. The reason behind this phenomenon may be that a more mature telecommunication market 

tends to possess established mobile service distribution channels and a solid customer base, 

which enable 3G technology to attract users rapidly after the roll-out. On the other hand, 

continuing growth in the adoption of Internet and 2G mobile phones at the same time with 3G is 

estimated to reduce the peak adoption rate of 3G technology. The significant and negative 

growth effect of the two variables can be intuitively explained by the argument that controlling 

for income, having a wired broadband and 2G mobile systems competing with 3G restricts the 

full potential of 3G subscription growth. 

6. CONCLUSION AND POLICY RECOMMENDATION 

This paper uses empirical analysis to explore government’s role in determining a 

country’s timing of transition to 3G mobile technology and to study the impact of government 

regulatory policies on the diffusion of 3G mobile services. The results obtained from the two 

empirical models, the first licensing model and the diffusion model, provide evidence for the 

idea that a country’s development level of mobile technology is not only defined by its economic 
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and demographic characteristics, but also determined by regulatory policies and government 

effectiveness. 

From various data sources, I compiled an original cross-section data set capturing the 

timing of first 3G presence in 206 countries. I used the dataset to estimate an ordered probit 

modeling the factors contributing to a country’s 3G transition. The modeling indicates that 

having a competitive mobile market accelerates the country’s transition to 3G technology, while 

countries with a larger portion of their economies devoted to trade tend to delay the transition. 

The results also show a significant role for government effectiveness in determining when a 

country first deployed 3G technology. The modeling, however, does not find a statistically 

significant effect of using auction as the licensing procedure or of having multiple standards in 

the mobile market. 

I also analyze a panel data set containing 3G subscriptions data from 2009 to 2012 in 126 

countries, using a logistic function for modeling the diffusion of 3G services. The results indicate 

that a regulatory policy encouraging competition in the 3G mobile market, MVNO, slows down 

the diffusion but, in the long run, significantly increases the number of customers taking up 3G 

services. This specific conclusion on MVNO is supported by the results from both my OLS 

model and my RE model. However, multiple standards are not shown to have a significant effect 

on either the stage or the growth of 3G diffusion, which is consistent with the finding of Zaber 

and Sirbu (2010). In contrast, despite the fact that the RE specification their study did not reject 

the null hypothesis (that using auction as the licensing approach has no effect on diffusion), both 

the OLS and the RE specification in my study find auctions are associated with a country’s rapid 

adoption of 3G mobile services as well as facilitating the diffusion. 
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The first licensing model and the diffusion model combine to argue that country income 

level is not the definitive factor in the roll-out of 3G; it plays a positive role in determining a 

country’s early adoption of 3G, but a relatively small role in the diffusion of 3G. A broader 2G 

mobile phone and Internet user base is more likely to support earlier 3G adoption. However, 

during the diffusion, the estimation results also find evidence of substitution between 3G 

technology and 2G and wireline Internet. 

 My conclusion can provide guidance to governments facing policy-making challenges in 

the two phases of mobile technology transition. The policy implications touch upon a range of 

issues in this area, from policy priority setting to regulatory policies on technical details specific 

to the mobile telecom market. 

 For example, the results from the first licensing model reveal a possible trade-off between 

early adoption of a next generation mobile technology and a government’s desire to promote 

indigenous equipment manufacturing versus foreign manufacturers. The enormous socio-

economic benefits a next generation technology can deliver raise different questions about how a 

country should decide on the priority of multiple social and economic policy goals. This 

decision-making process should follow a rigorous evaluation of the socio-economic impacts of 

early adoption of a next generation technology and the socio-economic benefits reaped from 

industry protection. Although the present study focuses on only indentifying the factor, further 

study of countries’ adoption of next generation technology should consider the likely trade-off 

faced by the decision-making government. 

 My results also highlight the public management challenges posed by the transition to 

3G. To rapidly roll-out 3G mobile networks and exploit the economic benefits require a 

government to improve its effectiveness in making spectrum licensing decisions and facilitating 
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the industry’s infrastructure deployment. In other words, the success of a country’s early 

adoption of more advanced mobile technology and thus its ability to harvest the resulting socio-

economic benefits depends on the accountability of relevant government agencies. In the joint 

effort of both government and private sector stakeholders, it is important that rules be set up to 

avoid tardiness and promote effective conversation and decision-making.  

 In addition, my study can provide a useful reference for governments making regulatory 

policies regarding the mobile telecom market. In the case of the transition to 3G technology, 

competitive mobile telecom markets have been found to outperform more monopolistic ones in 

terms of both early deployment of new technology and the maximum penetration rate of 3G 

services. Less government interference in the mobile telecom market creates fewer uncertainties 

for industry operators making business decisions regarding the technology transition. 

Government regulatory authorities should seek creative ways to promote competition in the 

mobile telecom market, especially in the context of quickly evolving mobile technology.  

This recommendation reaffirms the history and the current trend of regulatory positions 

taken by governments. Back in the 1990s, during the transition from 1G to 2G, European 

countries started introducing competition to their mobile telecom markets. In 2013 during 

China’s ongoing transition to a 4G mobile network, the country’s government began 

transforming its duopolistic mobile telecom market by encouraging infrastructure sharing and 

licensing to MVNOs. Although the idiosyncrasy of the mobile telecom industry helps determine 

a government’s participation, the evolving technology also requires that government constantly 

reconsider the scope of its role in order to optimize the socio-economic benefits society can 

obtain from the transition to next generation technology. 
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Furthermore, in countries where market competition has been in place, regulators should 

focus on maintaining a healthy competitive mobile telecom market and preventing further market 

consolidation. In practice, it has implications in government regulators’ assessment on mergers 

between mobile telecom operators. A dominant market power might not only react relatively 

slowly to next generation technology, but might also raise prices thus inhibiting new technology 

adoption.  

 The inconclusive results on the multiple standards variable have implications for the 

single technology mandate policy, the effects of which have been widely debated. First, the 

insignificance found in this study shows that the policy has not achieved its expected outcome 

that economies of scale resulting from single standard mandate would lead to lower price, thus 

broader customer adoption of the new 3G technology. Although the signs indicate that 

implementing the mandate policy accelerates a country’s introduction of 3G technology, it has 

not demonstrated visible benefits in the long-term diffusion of 3G technology. In addition, in 

spite of the policy’s insignificant outcome, it involves front-loaded government budget and 

personnel input to choose among multiple standards to implement the single standard mandate. 

Therefore, my findings suggest that the market, rather than government regulation, should play a 

major role in steering the choice of a technology standard in the mobile telecom market. 

 The conclusion regarding the use of auctions in the licensing process continues to favor 

regulatory policies that rely on the market’s “invisible hand.” Government’s decision to use 

auction reduces the uncertainty towards the spectrum licensing results, and increases the 

incentives for private investments. Mobile operators’ financial investment in the bidding has no 

negative effect on 3G rollout, contradicting some scholars’ concerns that the financial burden 

caused by the auctions would delay the operators’ network construction. 
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 In all, with regards to regulatory policies in the mobile telecom market, one of the 

broader policy recommendations drawn from this paper is that government should focus on 

maintaining sufficient market competition while rolling back its interference in specific technical 

issues. This has become increasingly important as the complexity of the mobile telecom market 

increases with evolving technology.  

 This paper only examines 96 countries primarily because of the limited data on countries' 

telecom regulatory policies. Better access to such data would improve the robustness of 

regression estimates in a further study of this topic. Moreover, due to a lack of data, the presnt 

study does not take into account the impact of private investment and foreign investment in 

mobile telecom industry. Future research should consider these factors. Last but not the least, 

given that this study adopts a number of proxies for government effectiveness and policy making 

behavior, its results can also be improved if more precise measures of these activities are found 

in a future paper. 
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APPENDIX 1 

 

Table A1: Time of 3 G’s First Entry to 205 Countries 

 

Country Name 
Year of 3G's First 

Entry 
Score of 3G's First 

Entry 
France 2000 13 
Sweden 2000 13 
Japan 2001 12 

Korea, Rep. 2002 11 
Austria 2003 10 

Denmark 2003 10 
Italy 2003 10 

Luxembourg 2003 10 
Malaysia 2003 10 

United Arab Emirates 2003 10 
United Kingdom 2003 10 

United States 2003 10 
Australia 2004 9 

Czech Republic 2004 9 
El Salvador 2004 9 

Finland 2004 9 
Germany 2004 9 
Greece 2004 9 

Hong Kong SAR, China 2004 9 
Ireland 2004 9 
Israel 2004 9 
Latvia 2004 9 

Mauritius 2004 9 
Netherlands 2004 9 

Norway 2004 9 
Poland 2004 9 

Portugal 2004 9 
Romania 2004 9 
Slovenia 2004 9 

South Africa 2004 9 
Spain 2004 9 

Switzerland 2004 9 
Andorra 2005 8 
Bahrain 2005 8 
Bermuda 2005 8 

Brunei Darussalam 2005 8 
Bulgaria 2005 8 
Canada 2005 8 
Croatia 2005 8 
Cyprus 2005 8 
Ecuador 2005 8 
Estonia 2005 8 
Georgia 2005 8 
Hungary 2005 8 
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Lao PDR 2005 8 
Maldives 2005 8 

Mali 2005 8 
Mexico 2005 8 

Mongolia 2005 8 
Myanmar 2005 8 

New Zealand 2005 8 
Philippines 2005 8 

Russian Federation 2005 8 
Singapore 2005 8 

Slovak Republic 2005 8 
St. Vincent and the 

Grenadines 
2005 8 

Sudan 2005 8 
Tajikistan 2005 8 

Trinidad and Tobago 2005 8 
Uganda 2005 8 

Virgin Islands (U.S.) 2005 8 
Zimbabwe 2005 8 

Venezuela, RB 2005 8 
Angola 2006 7 

Argentina 2006 7 
Armenia 2006 7 
Barbados 2006 7 
Belarus 2006 7 
Belgium 2006 7 

Benin 2006 7 
Cayman Islands 2006 7 

Cote d'Ivoire 2006 7 
Indonesia 2006 7 
Jamaica 2006 7 

Lithuania 2006 7 
Morocco 2006 7 

Nepal 2006 7 
Nigeria 2006 7 
Pakistan 2006 7 

Puerto Rico 2006 7 
Qatar 2006 7 

Rwanda 2006 7 
Saudi Arabia 2006 7 

Serbia 2006 7 
Sri Lanka 2006 7 
Tanzania 2006 7 
Vietnam 2006 7 

Afghanistan 2007 6 
Algeria 2007 6 
Aruba 2007 6 
Bhutan 2007 6 

Botswana 2007 6 
Brazil 2007 6 
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Cambodia 2007 6 
Chad 2007 6 
Chile 2007 6 

Costa Rica 2007 6 
Dominican Republic 2007 6 

Egypt, Arab Rep. 2007 6 
Iceland 2007 6 
Kenya 2007 6 
Kuwait 2007 6 

Kyrgyz Republic 2007 6 
Liechtenstein 2007 6 

Macao SAR, China 2007 6 
Malta 2007 6 

Mauritania 2007 6 
Moldova 2007 6 

Montenegro 2007 6 
Nicaragua 2007 6 

Oman 2007 6 
Senegal 2007 6 

Seychelles 2007 6 
Ukraine 2007 6 

American Samoa 2008 5 
Burkina Faso 2008 5 

Cameroon 2008 5 
Colombia 2008 5 

Equatorial Guinea 2008 5 
Faeroe Islands 2008 5 

Fiji 2008 5 
Gambia, The 2008 5 

Guam 2008 5 
Guatemala 2008 5 
Honduras 2008 5 

Korea, Dem. Rep. 2008 5 
Lebanon 2008 5 
Monaco 2008 5 

Mozambique 2008 5 
Namibia 2008 5 

Northern Mariana Islands 2008 5 
Panama 2008 5 

Paraguay 2008 5 
Peru 2008 5 

Thailand 2008 5 
Uzbekistan 2008 5 
Bangladesh 2009 4 

Bosnia and Herzegovina 2009 4 
China 2009 4 

Congo, Rep. 2009 4 
Ethiopia 2009 4 

French Polynesia 2009 4 
Ghana 2009 4 
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India 2009 4 
Lesotho 2009 4 
Liberia 2009 4 

Macedonia, FYR 2009 4 
Malawi 2009 4 

Papua New Guinea 2009 4 
Sierra Leone 2009 4 

Tunisia 2009 4 
Turkey 2009 4 

Uruguay 2009 4 
Zambia 2009 4 
Albania 2010 3 

Azerbaijan 2010 3 
Belize 2010 3 
Bolivia 2010 3 

Comoros 2010 3 
Guinea 2010 3 
Haiti 2010 3 

Iran, Islamic Rep. 2010 3 
Kazakhstan 2010 3 
Madagascar 2010 3 
Suriname 2010 3 
Swaziland 2010 3 

Turkmenistan 2010 3 
Bahamas, The 2011 2 

Burundi 2011 2 
Grenada 2011 2 
Samoa 2011 2 

South Sudan 2011 2 
Vanuatu 2011 2 

Cuba 2012 1 
Dominica 2012 1 
Somalia 2012 1 

Antigua and Barbuda 2013 0 
Central African Republic 2013 0 

Congo, Dem. Rep. 2013 0 
Djibouti 2013 0 
Eritrea 2013 0 
Gabon 2013 0 

Greenland 2013 0 
Guinea-Bissau 2013 0 

Guyana 2013 0 
Iraq 2013 0 

Jordan 2013 0 
Kiribati 2013 0 
Libya 2013 0 

Marshall Islands 2013 0 
Micronesia, Fed. Sts. 2013 0 

New Caledonia 2013 0 
Niger 2013 0 



47 

 

Palau 2013 0 
San Marino 2013 0 

Sao Tome and Principe 2013 0 
Solomon Islands 2013 0 

St. Kitts and Nevis 2013 0 
St. Lucia 2013 0 

Syrian Arab Republic 2013 0 
Timor-Leste 2013 0 

Togo 2013 0 
Tonga 2013 0 
Tuvalu 2013 0 

Yemen, Rep. 2013 0 

 

Note: The 75 percentile is Year 2005 or Score 8; the 25 percentile is Year 2009 or Score 4. 
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