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Abstract 

Analysis on Standardization Policy 

in Perspective of Technology Adoption 

- Korean Cases of National ICT Policy - 

 

Hongbum Kim 

Technology Management, Economics, and Policy Program 

College of Engineering 

Seoul National University 

 

South Korea has achieved remarkable economic growth backed by the growth of the 

information and communication technology (ICT) industry. Not only foresight activities 

and proactive investments of conglomerates in the ICT industry, but the government-led 

standardization policies were significant factors in facilitating the economic growth. 

Encouraged by the success in CDMA, South Korea has implemented various 

standardization policies. However, the technology standardization policies up to date have 

not produced remarkable results that could meet the expectations. As seen in many cases, 

a standardization policy is an important strategy for countries which want to catch up 

with more developed countries. Given the importance, many countries seek to identify the 

effectiveness of their national standardization policies regardless of their success or 

failure. Governments need to examine social effects of standardization policy in various 

perspectives. This study focuses on the following contexts. 



iv 
 

First, the mobile communication industry was selected to examine the 

effectiveness of a standardization policy based on government intervention in the form of 

subsidies. Since mobile communication technology standards continue to make progress 

and go through generational transition, consumers have to decide whether they stay in 

using the existing technology standard or adopt a new technology standard. In terms of 

social welfare, however, socially undesirable outcome may occur, such as excess 

momentum which means a market failure when a new technology standard is adopted too 

quickly. In order to control the risk of such market failure, governments occasionally 

intervene in the generational transition of technology standards via policy instruments 

such as subsidies. Using the concept of excess momentum, a type of market failure, 

Chapter 3 examines the social effect of governmental policy intervention in the form of 

subsidies when a technology standard transition is in progress. This chapter uses a simple 

two-stage model and especially analyzes two scenarios in which existing and new 

technology standards are compatible or incompatible. The results reveal that regardless of 

whether existing and new technology standards are compatible, a situation of excess 

momentum and decreased social welfare may occur. In particular, if the technological 

difference between existing and new technology standards is less significant, and 

improvement in the new technology standard is also less significant, the possibility of 

excess momentum increases. Furthermore, in a case analysis, the mobile communication 

industry in South Korea is examined as an example and the possibility of excess 

momentum in this industry is identified. 

Second, the Broadband convergence Network (BcN) was selected to evaluate 

the standardization efforts in large scale public projects. Attempts by government-led 

large scale R&D projects are frequently identified and proactive national standardization 

policies named de jure standardization are implemented in newly industrialized countries 

such as South Korea and China. Though these policies usually focus on technology 

standards associated with mobile communication, the BcN project was also planned to 
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consider standardization by implementing a subproject, BcN standard model from the 

beginning. While the performance of BcN is largely evaluated using qualitative 

methodologies, studies on standardization policy by BcN standard model are not 

investigated. Therefore, Chapter 4 evaluates the BcN standard model in order to examine 

the effectiveness of a government-led standardization policy. For the case analysis, a 

survey is conducted to observe the adoption rate of the BcN standard model, and an 

interview is entailed to review the efforts on BcN standard model. According to the 

adoption rate of the BcN standard model, the lower layer which needs a significant 

amount of investments shows a low adoption rate, while the higher layer shows a high 

adoption rate due to small and medium enterprises (SMEs). Different adoption rates of 

the layers are unintended results of de jure standardization, and rather a form of consortia-

led standardization is revealed. In such large scale public sector projects in which 

multiple stakeholders are involved, standardization policies may not be effective. 

Third, as for a mobile platform, wireless Internet platform for interoperability 

(WIPI) was selected to measure the efficiency of content providers which use 

standardized mobile platform. While two de facto standards, Android and iOS, are now 

prevalent platforms in the mobile ecosystem, some still argue that one standardized 

mobile platform is necessary to ensure the efficiency of content providers. For this reason, 

it is pertinent to examine whether government-led standardization policy for mobile 

platform standard, WIPI, was efficient to content providers in South Korea. Therefore, 

Chapter 5 categorizes content providers into three groups – pre-WIPI, on-WIPI, and post-

WIPI – in accordance with the period of mobile platform technologies and measures 

efficiency of each group based on stochastic frontier analysis. The results show that 

content providers using MNO-dependent mobile platform, the pre-WIPI group, are most 

efficient. However, as a hypothesis that the production function for each group is identical 

is rejected, additional analysis using meta-frontier production function is conducted to 

compare different efficiency levels for each group. In this case, content providers using a 
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standardized mobile platform are least efficient rather, and firms in the post-WIPI group, 

revealing de facto standards, are most efficient. 

In South Korea, several standardization policies were introduced in order to 

achieve national economic growth. However, the standardization policies were not so 

effective as expected. This study suggests that the government consider alternatives to 

traditional standardization policies, switching its role from a core actor of de jure 

standardization to a facilitator for de facto standardization. 

 

Keywords: information and communication technology industry, standardization 

policy, broadband convergence network, mobile platform, meta-frontier analysis 

Student Number: 2007-20883 
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Chapter 1. Introduction 

 

1.1 Research Background 

 

The information and communication technology (ICT) industry in South Korea plays an 

important role in economic growth. According to Table 1, for example, the ICT industry 

accounted for 11.9 percent of South Korea’s GDP in 2011 and its ICT industry has ranked 

fifth and second in export volume and trade balance respectively since 2009. The 

contribution of the ICT industry to national economic growth has been more than twenty 

percent since 2008. Even in 2009, it accounted for nearly one hundred percent. Moreover, 

South Korea’s key products in the ICT industry such as memory semiconductor, display, 

and smartphone record the world’s largest market shares. In particular, it is important to 

note that the high growth rate of the South Korean ICT industry helped to overcome the 

national economic crisis that resulted from the foreign currency crisis in late 1990s and 

the global financial crisis in late 2000s. Not only short-term economic indicators, but also 

ICT related indices published by international organizations such as ITU and UN show 

the excellence of the South Korean ICT industry and its implications on the society. 

 There are various factors which contributed to the development of the ICT 

industry in South Korea. First, the private sector responded to the fast changing 

technological trend by focusing on foresight activities. Conglomerates have established 
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effective strategies and invested in promising technologies aggressively, thus gaining 

global competitiveness in ICT. In terms of national policy, ICT industry development 

strategies and large scale R&D projects were consistently carried out on a step-by-step 

basis since 1980s, which resulted in outstanding performance. In particular, the 

advancement in the ICT industry was triggered by the Code Division Multiple Access 

(CDMA) technology which was first commercialized and positioned as a mobile 

communication standard in South Korea (Jho, 2007). 

 

Table 1. Economic growth and ICT industry in South Korea (NIPA, 2013) 

  2007 2008 2009 2010 2011 2012P 

GNI per Capita ($) 21,632 19,161 17,041 20,562 22,451 22,708 

Nominal GDP 975.0 1,026.5 1,065.0 1,173.3 1,235.2 939.0 

Economic growth rate 5.1 2.3 0.3 6.3 3.7 2.0 

ICT 

industry 

Real GDP 90.8 97.0 100.8 118.7 128.8 135.5 

Growth rate 8.7 6.8 3.9 17.7 8.6 5.2 

Percentage 

in total GDP 
9.5 9.9 10.3 11.4 11.9 12.3 

Contribution to 

economic growth 
14.5 24.3 97.5 22.4 20.1 20.8 

Note: GNI is in U.S. dollars, GDP is in Korean trillion won, and others are in percentage. 
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 Realizing that technology standardization strategy can be a new form of national 

industry policy, South Korea began to promote the ICT industry using various 

standardization policies. Two of the important examples are Wireless Broadband (WiBro) 

and Terrestrial Digital Multimedia Broadcasting (T-DMB) which were established as an 

international technology standard in 2007. 

  However, the technology standardization policies up to date did not resulted in 

remarkable achievement. For example, although T-DMB and WiBro became the world’s 

first commercialized standards in their respective technology areas, market performance 

of the two standards were poor; even seven years after the service was launched, the 

number of WiBro service subscribers was only 1 million in 2012. Due to lack of business 

models, most firms participating in the ecosystem of the T-DMB market almost went 

bankrupt. 

 

1.2 Problem Description 

 

A standardization strategy can be a very effective tool. The mobile communication 

industry as a whole and firms such as Apple and Google have benefited from their 

effective standardization strategies. Apple constructed a mobile ecosystem centered 

around iOS, which took away the influence of Mobile Network Operators (MNO), 

leading to a change in the paradigm of mobile communication industry. Google, as a 

second mover, set Android as an open technology standard, surpassing the market share 
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of Apple’s iOS. Both technologies are dominating worldwide mobile ecosystems, acting 

as de facto standards (Gerpott, Thomas, & Weichert, 2013). 

  The standard battle between Betamax and VHS is one of the most often cited 

cases in the field of standardization. The fact that Sony’s technologically superior 

Betamax technology was less chosen and VHS was dominant as a standard has drawn a 

lot of implications in standardization strategy. This case is still being exemplified when 

the importance of standardization should be issued, and studies related to the case were 

analyzed in various perspectives. (Grindley, 1995; Ohashi, 2003; Park, 2004). 

  A standardization strategy is important not only as a business strategy, but also 

for national-level industrial policies and international organizations. As mentioned above, 

South Korea could enter the global ICT market as a leading player by introducing CDMA 

as the second generation mobile communication standard. Another second generation 

standard, Global System for Mobile communication (GSM), was established by the 

European Telecommunications Standards Institute (ETSI) which was committed to 

spreading the European technology standard all over the world. 

  Being regarded as important national strategies, technology standard policies 

were utilized by South Korea as a tool of catch-up strategy. Based on the success story of 

CDMA technology standard, South Korean government has driven its national 

standardization policy, such as Motion Picture Experts Group-4 (MPEG-4), Broadband 

convergence Network (BcN), T-DMB, and Wireless Internet Platform for Interoperability 

(WIPI) (Choung, Hameed, & Ji, 2012). In order to compete with mobile ecosystems such 
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as iOS and Android, the government has sought to introduce a web based-open platform 

standard until recently. 

  Some standardization efforts have been successful while some have not when 

they are evaluated from the market perspective. Regardless of their success or failure, it is 

meaningful to understand the effectiveness of the national standardization policies. It is 

especially important for governments to examine social effects of standardization policies 

from various perspectives, such as innovation, diffusion, and regulation. The role of 

governments is to supply technology standards, and the effects of technology standard 

policies should be examined from the viewpoint of demands, such as social welfare, and 

adoption and efficiency of technologies in question. Based on the evaluation, one can 

come up with desirable standardization policies which may have great implications for 

the further growth of the ICT industry. 

  In order to examine the effects, this study chooses three cases of technology 

standardization policy. First, third generation mobile communication technology standard 

is selected. While mobile communication technologies evolve from generation to 

generation, governments sometimes facilitate the evolution in various ways. A typical 

example is a subsidy policy. When potential consumers buy new mobile communication 

service, subsidies are only provided to consumers buying 3G mobile communication 

service, not to the ones buying 2G service. As a form of government intervention, impacts 

of standardization policy on social welfare should be examined. 

  Second, the BcN standard model used in the BcN project is selected. Driven by 
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the government, BcN was a large scale public sector project that established national ICT 

infrastructure in preparation for the convergence era, starting from 2004 to 2010. The 

BcN standard model is a subproject of BcN, and the objective of the BcN standard model 

was to encourage many firms to enhance their R&D performance by adopting the BcN 

standard model. As it has been developed into a multiple-layer model, the adoption of 

standard model should be examined for each of the layers. 

  Third, the mobile platform was selected. In order to grow the mobile 

communication industry ecosystem, the South Korean government set a mobile platform 

standard named Wireless Internet Platform for Interoperability (WIPI) in 2005. Although 

WIPI was cancelled as a mobile platform standard in 2009 due to many problems, the 

efficiency of content providers which utilized the standard should be examined. 

  The three standards mentioned above are not so recent technologies. Still, it is 

not easy to find studies focusing on actually implemented standardization policies and 

their effects. Therefore, more cases concerning standardization strategies should be 

reviewed and the effects of standardization policies should be examined. 

 

1.3 Research Objectives 

 

This study investigates whether the adopters sufficiently utilize technology standards 

supplied by national standardization policy of ICT industry. In order to achieve this 

objective, three specific objectives are followed; 
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Research Objective 1 

The social effects of government intervention, a form of subsidy policy, are examined 

when generational transition of technology standards occurs. 

 

Research Objective 2 

The utilization of a large scale public project, broadband convergence network standard 

model, is evaluated.  

 

Research Objective 3 

The efficiency of content providers which utilize the government-driven mobile platform 

standard, WIPI, is measured 

 

1.4 Research Questions 

 

In order to achieve research objectives previously stated, this study presents the following 

question. 

 

Research Question 

Is a government-initiated standardization policy effective in the ICT industry of South 

Korea? 
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 To answer the main research question, detailed research questions regarding 

each technology standard are as follows; 

 

Research Question 1 

Does technology standard transition led by the government increase social welfare? 

 

A range of technology standards such as mobile communication are continually 

improved through the continuous generational transition to new technology standards. In 

line with the improvement of technology standards, consumers should decide whether 

they stay in the existing technology standard or adopt a new technology standard. In 

terms of social welfare, however, socially undesirable outcome may occur, such as excess 

momentum which means a market failure when new technology standard is adopted too 

quickly. In order to reduce the possibility of the market failure, governments occasionally 

intervene in the generational transition of technology standards via policy instrument 

such as subsidies. Therefore, it is necessary to examine whether such technology standard 

transition driven by government’s intervention increases social welfare or not. 

 

Research Question 2 

Do firms participating in a large scale public project adopt standard model by the project? 

 

 Many governments around the world lead large scale R&D projects and 
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proactive national standardization policies named de jure standardization are 

implemented especially in newly industrialized countries. Though these policies usually 

focus on technology standards associated with mobile communication, the BcN project 

was also planned to consider standardization by implementing a subproject, BcN standard 

model from the beginning. While the performance of BcN is largely conducted by 

qualitative methodologies, studies on standardization policy by BcN standard model are 

not investigated. Therefore, it is necessary to evaluate whether firms participating large 

scale public R&D project such as BcN adopt standard model by the project or not. 

 

Research Question 3 

Does mobile platform standard increase the productivity of firms consisting of mobile 

industry ecosystem? 

 

 While two de facto standards, Android and iOS, are now prevalent platforms in 

the mobile ecosystem, some still argue that a standardized mobile platform is necessary 

for content providers’ efficiency. For this reason, it is noticeable to examine whether a 

government-led standardization policy for mobile platform standard, WIPI, was efficient 

for content providers in South Korea. Especially, in accordance with the mobile platform 

technologies, the productivity of each technology should be compared. Therefore, it is 

necessary to examine which mobile platform technologies enhance the productivity of 

firms in the mobile industry ecosystem. 
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1.5 Research Outline 

 

This study is organized as follows. Chapter 2 introduces previous literature which 

addresses standardization. Several standardization studies are conducted and reviewed in 

various perspectives. David and Greenstein (1990) summarize standardization studies 

from an economic viewpoint, and Grindley (1995) provides well-known examples of 

technology standards. Tassey (2000) introduces basic economic functions of standards 

and appropriate standardization policy actions, and Stango (2004) particularly looks into 

the processes of standard adoption in the technology market. In order to differentiate from 

existing literature, Chapter 2 first reviews the demand side and the supply side of 

standardization research from the economics of standards viewpoints. Subsequently, a 

variety of themes related to standardization research and standardization policies 

implemented under the national innovation system are discussed. 

Chapter 3 examines the social effects of government intervention as a form of 

subsidy policy when the generational transition of technology standards is in progress. 

Various kinds of technology standards are consistently being improved and evolved from 

generation to generation through continuous innovation. However, socially undesirable 

outcomes such as market failure sometimes occur. In order to decrease the possibility of 

this failure, governments intervene in generational transition of technology standards with 

policy tools. Using a two-stage model, the effects of policy intervention in the transition 

of technology standards are examined and the results are explained with the case of the 
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South Korean mobile communication industry in Chapter 3. 

Chapter 4 introduces Broadband convergence Network, a large scale public 

R&D project in South Korea, and evaluates the adoption rate of the BcN standard model, 

one of subprojects of BcN. For a case analysis, a survey of BcN project participants and 

an additional interview are conducted. Analyzing this case, the meanings of acceptance of 

BcN standard model are drawn and standardization strategies driven by nationally 

implemented large scale projects are evaluated. 

In order to measure the efficiency of the mobile platform standardization, in 

Chapter 5, content providers are categorized into three groups based on the level of 

utilization of platform standard WIPI. While two de facto standards, Android and iOS, are 

now prevalent platform in the mobile ecosystem, some still argue that a single, 

standardized mobile platform is necessary for content providers’ efficiency. Therefore, it 

is important to examine whether a government-driven standardization policy for mobile 

platform standard is effective. The efficiency of content providers can be measured using 

the stochastic frontier analysis. Moreover, the meta-frontier analysis is used to compare 

the efficiency of the different groups, which would suggest the implications for national 

standardization policies. Finally, Chapter 6 summarizes and concludes the research. The 

outline of this study is described in Figure 1. 
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Figure 1. The structure of the research 

 

1.6 Contribution 

 

According to the objective, this study can suggest some insights regarding industrial 

policies and especially standardization strategies for national economic growth. Three 

cases selected in this study are technologies of which the development has been driven by 

standardization policies. Yet, it is hard to find studies that draw political implications of 

standardization policies related to these cases. 

 First, the effects of political intervention in the evolution of mobile 

communication standards can be examined from the perspective of social welfare. Many 

empirical studies of generational transition in mobile communication standards have been 
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reported so far. This includes studies on the diffusion of mobile communication services 

of various countries and technology standards (e.g. Koski & Kretschmer, 2005; Hwang, 

Cho, & Long, 2009; Bohlin, Gruber, & Koutroumpis, 2010). However, in case of the 

generational transition of the mobile communication industry, it is hard to find 

appropriate literature that examines the effects of standardization policies. Moreover, 

there are few detailed case studies which analyze the effects of subsidy policies. 

Therefore, the implications identified in this research can be applied when decisions have 

to be made to shift to a new technology standard.  

 Second, the performance of the BcN project can be evaluated by examining the 

adoption of the BcN standard model. Previous studies evaluate BcN project using several 

research frameworks (Menon, 2011; Shin & Kweon, 2011; Shin & Jung, 2012). However, 

the BcN standard model led by standardization policies is not emphasized. Thus, this 

study examines the adoption of technology standards developed by large scale public 

sector project and explains the effects of government-led standardization policies. 

 Third, the efficiency of firms using mobile platform standards is measured and 

the effects of standardization policy are empirically analyzed. There are active 

discussions on the importance of platform in the mobile communication industry (e.g., 

West & Mace, 2010; Feijoo, Gomez-Barroso, Aguado, & Ramos, 2012). Specifically, 

WIPI covered in this study is analyzed with a case study (Seo & Lee, 2007; Kwak, Lee, 

& Fomin, 2011) or with a political economics approach (Lee & Oh, 2008; Kim, 2012). 

However, few empirical studies on the effects of this standardization policy are conducted 
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from an efficiency point of view. Therefore, implications of this research regarding 

mobile platform standards need to be identified. 

 Overall, this study examines the effects of national standardization policies 

from the supply side and the adoption of technology standards from the demand side. 
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Chapter 2. Literature Review 

 

2.1 The Origin of Standardization Research 

 

In the conventional manufacturing industry, a standard generally refers to a common set 

of quality norms or criteria. Jakobs (2000) defines a standard as follows: “a publicly 

available definitive specification of procedures, rules and requirements, issued by a 

legitimated and recognized authority…” (p. 11). It is made use of criteria for simple 

measurement, of an objective for solving matching problems, of quality assurance policy 

for alleviating asymmetric information, or of reduction of information costs and 

transaction costs (de Vries, 2006). Such meanings of a standard are similarly applied in 

general science and technology fields (Goluchowicz & Blind, 2011). However, the 

concept of a standard differs slightly when it is applied to the information and 

communication technology (ICT) industry. 

 The reasons that a concept of standard can be unique in the ICT industry are 

attributed to the characteristics of information goods as Shapiro and Varian (1999) 

suggest. First, the ICT industry depends on technology systems. As a system consists of 

many parts or components manufactured by multiple firms, compatibility or 

interoperability between parts or components is essential for firms’ survival. 

 Second, goods or services in ICT industry involve a high switching cost. When a 
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new system is introduced, a significant amount of money and time is required for learning 

until users become familiar with the system. Such expenses are referred to as switching 

costs, and firms seek to raise the costs in order to make consumers locked into their 

products or services. Meanwhile, the government tries to decrease the switching costs to 

relieve consumers of their financial burden. 

 Third, network externalities exist. Network externalities means that more users 

who adopt a technology lead to greater user benefits while maintaining a positive 

feedback effect. ICT companies pay particular attention to the effects to promote their 

businesses. Therefore, firms competitively try to create sufficient demand to reach 

‘critical mass,’ in which the utility of information goods starts to be realized. Network 

externalities help the existing installed base reach a tipping point where a sufficient utility 

is maintained. 

 Because of the characteristics of the ICT industry stated above, the concept of a 

standard is used in another context. An ‘A winner takes all’ phenomenon can be described 

by these characteristics; capturing the first mover advantage would result in the greatest 

benefit in the initial stage of the market. Firms develop strategies to make their respective 

technologies a standard in the market, and countries around the world are also committed 

to establishing standardization policies in order to gain international competitive 

advantages. To support the standardization strategy, studies from the managerial and 

economic viewpoints are conducted. 

 The economic concept of a standard is suggested by David (1985) addressing the 
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QWERTY keyboard. The study explains why QWERTY has been a standard of keyboard 

for 100 years despite its technological inferiority to the DVORAK keyboard. The study 

explains that only a historical accident can lead a specific standard to be dominant when a 

new technology is adopted, and in the long run the standard can be continuously 

maintained by path dependency and lock-in effects. Similar to David (1985), Arthur 

(1989) explains the dynamics of a market under increasing returns. In order words, as 

increasing returns and lock-in occur arising from network externalities, the choice of the 

standard is path-dependent, possibly get people to be locked into an inferior standard. 

 In contrast to the economics perspectives, Besen and Farrell (1994) focus on the 

managerial strategies and tactics for competition of individual firms. They describe the 

forms of competition using game theoretic approach, named Tweedledum and 

Tweedledee, Battle of sexes, and Pesky Little Brother. In managerial perspectives, the 

term ‘dominant design’ is mainly used instead of standard (Gallagher & Park, 2002; 

Gallagher, 2007, van de Kaa et al., 2011). In addition, applying the positive feedback 

model proposed by Hill (1997), Gallagher and West (2009) examine various standard-

based competing industries and Gallagher (2012) examines corporate strategies for the 

next-generation DVD standard battle. Although standardization strategies are also 

important in managerial perspectives, this study focuses on standardization cases from 

economic perspectives in examining national standardization policies. 
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2.2 Demand Side of Standardization Research 

 

Demand side standardization studies usually examine whether adopters accept a 

technology standard or not. While consumers compare benefits of the existing technology 

standard and those of the new technology standard, they decide to stay in the existing 

technology standard or to adopt the new technology standard. Previous literature usually 

reviews sponsored standards and unsponsored standards. Farrell and Saloner (1985) 

examine the response of demand assuming that technology standards are unsponsored. 

The study explains that under complete information if one is able to know the utility 

when adopting a technology standard, the adoption decision is always efficient. Under 

incomplete information, however, the bandwagon strategy is the only equilibrium, 

leading to market failure. Farrell and Saloner (1986) analyze the competition between the 

existing technology standard with the installed base and newly superior technology 

standard. Using the concepts of installed base and quality of new technology standard, the 

study explains the possibility of market failures, such as excess momentum and excess 

inertia. The study states that a firm sponsoring the existing technology standard may use 

preannouncement or predatory pricing strategies to continue to lead the market. 

 In contrast to aforementioned literature concerning unsponsored technology 

standards, Katz and Shapiro (1985) examines the process of consumers’ decision on 

adoption when a firm sponsors specific technology standards. The study considers 

network externalities more specifically in relation to the standardization process, and 
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introduces the concept of fulfilled expectation equilibria in order to find appropriate 

incentives that two competing firms produce compatible products. Particularly, Katz and 

Shapiro (1986) show various forms of technology adoption depending on the existence of 

a technology sponsor. For example, even an inferior but sponsored technology standard 

has strategic advantage, so that it is sufficiently dominant in the market. Consequently, 

the market reveals excess momentum or insufficient friction that existing users are 

stranded. Additionally, Katz and Shapiro (1992) stress the installed base in order to 

explain the situation when new technology standards are adopted in the market where 

network externalities exist, and provide the conditions that excess inertia and excess 

momentum occur. For example, the study explains that if private incentives exceed social 

incentives, a new technology standard would be adopted faster than expected, leading to 

socially undesirable outcomes. 

 The review of the above literature suggest that demand side standardization 

studies mainly argue the adoption decision of new technology standard by comparing 

private incentive for consumers and social incentive, rather than comparing sponsored 

and unsponsored technology standards. Again, the viewpoint deals with how the 

innovation, namely technology standard, is diffused to the whole society.  
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2.3 Supply Side of Standardization Research 

 

Supply side standardization studies consider how a technology in the market is set as a 

standard. Some technologies are chosen as a de facto standard as a result of firms’ 

continuous efforts in investing in R&D activities and innovation. A de facto standard is a 

product in the market which is mainly adopted by consumers so that it is practically 

recognized as a standard. The QWERTY keyboard, Windows OS in personal computers, 

and VHS in VCRs are typical examples of a de facto standard (Grindley, 1995). Led by a 

specific organization, some technologies are developed from the beginning of research 

planning, resulting to a de jure standard. A de jure standard is a standard developed or 

established by standards-setting organizations. In mobile communication technology, 

GSM and CDMA are good examples. Obviously, one cannot conclude that which 

standardization process is better. In general, while a de facto standard is diffused faster in 

the market, antitrust issues can be a problem. Whereas a de jure standard is better in 

quality of technology, political issues may be caused by complicated interests of many 

stakeholders. For example, Simcoe (2007) empirically observes that due to interests 

derived by intellectual properties, delays in committee based standardization make 

diffusion of a technology standard slower. 

 As there are pros and cons of each standardization process, many often compare 

the characteristics of the two processes. Farrell and Saloner (1988) compare market-based 

standardization and committee-based standardization. The study states that though the 
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speed of standardization process is slower, committee-based standardization is much 

more efficient in terms of coordination. Using a simulation model, Swann and Shurmer 

(1994) examine a competition between a market-generated de facto standard with a 

government-led formal standard. Belleflamme (2002) compares the competition between 

two standard-setting processes with a dynamic approach using the coordination 

mechanism of ‘battle of sexes.’ However, the results of both studies are dependent on 

specific conditions, making one conclude that one cannot say that one standard-setting 

process is better than the other.  

 Therefore, firms try to find a new type of a standard-setting process. For 

example, some firms are in favor of a consortia-led standard, a hybrid type of these two 

processes. Several firms establish an organization in the form of a consortium, and 

produce optimal technology standards through their own standard-setting process. Weiss 

and Cargill (1992) categorize standard-setting consortia based on the political theory and 

the market theory with network externalities. Axelrod et al. (1995) indicate the existence 

of incentives for firms to form a standard-setting alliance. Hawkins (1999) explains the 

emergence, structure, and related policies of consortia, and notes that firms participate in 

consortia not only because of efficiency rationales, but also of the formation of business 

communities. Afterwards, the advantages of the hybrid approach in the 

telecommunication industry (Funk & Methe, 2001) and in the Bluetooth industry (Keil, 

2002) are addressed. 

 Accordingly, more research that compares de jure standardization and consortia-
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led standardization has been presented. Cohen-Meidan (2007) examines the influence of 

standardization activities, consortia-led standardization and formal standardization, using 

an event study approach in the US cable modem market. The study explains that not all 

consortia-led standardization processes increase competition between firms, and the 

performance of firms using consortia-led standardized products is much better. 

Meanwhile, Blind and Gauch (2008) explain that the both processes are complementary, 

and the number of consortia does not affect the distribution of technological fields or 

complementary relationships. Blind, Gauch, and Hawkins (2010) conduct a survey of 

stakeholders who are participants in standard development committees and explain that 

appropriate standard-setting methodologies are dependent on specific technological 

fields. Thus, standard-setting processes cannot be explained by one answer, and each 

process may depend on a specific condition. 

 In sum, supply side standardization studies are the processes of technology 

standard-setting, and comparisons are made in light of the conditions that the industry is 

faced with. Again, the viewpoint is about how the innovation, namely technology 

standard, is promoted. 
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2.4 Standardization for Innovation 

 

Standards usually conflict with intellectual properties (IP). The objective of a standard is 

to distribute products or services to the market to help consumers use them more easily. 

On the other hand, the role of IP is to control indiscriminate use. In other words, a 

standard is a tool of diffusing innovation, and the IP is a tool of securing innovation. 

Therefore, before reviewing the effects of standards on innovation, the relationships 

between standards and IP should be addressed.  

 Shurmer and Lea (1995) provide a case of the European Telecommunications 

Standards Institute (ETSI) and stress the need for reform of the IP system in order to 

resolve conflicts between standard-setting organizations (SSOs) and IPR holders. Bekkers 

and West (2009) compare policies between SSOs and firms in regard to patents in GSM 

and UMTS technologies, and propose to reform IPR policies. In case of ETSI, the study 

explains that continuous efforts are not as effective as expected.  

 Blind and Thumm (2004) analyze the likelihood of standardization activities of 

firms holding intellectual properties such as patents and know-how. The study explains 

that firms holding more patents are negative toward standardization activities in order to 

monopolize the market, and when such firms are not participating, there are fewer 

technologies that would be selected as standards. Therefore the study suggests strong 

incentives for firms to participate in standardization activities. Gandal, Gantman, and 

Genesove (2004) examine the interactions between standardization committee 



24 
 

participations and patent activities in US modem industry. The study argues that while 

participations in standard setting can predict future patent activities, it does not guarantee 

that those who are involved in patent activities can predict the direction for standard 

setting. Chiao, Lerner, and Tirole (2007) empirically analyze policy choices of standard-

setting organizations regarding intellectual properties, and find a negative relationship 

between the orientation to technology sponsor and the concession level, and a positive 

relationship between the sponsor friendliness and the quality of standard. 

 As reviewed above, although the relationship between standards and intellectual 

properties is not consistent with the way to contribute to the innovation, a lot of 

standardization studies have attempted to investigate the impacts on the innovation. Blind 

(2004) examines driving forces behind standardization activities in terms of patents, R&D 

expenses, export activities, and service industries. Although ambivalent relationships 

between innovation and standard are sometimes observed, they represent a virtuous 

circle, not a vicious circle. Blind (2008) analyzes the dynamics of standards that the 

standards which ‘have been amended’ have long survival time, and the standards which 

‘will be amended’ and ‘have multiple amendments’ have short survival time. Meanwhile, 

Kristiansen (1998) shows that early product introduction for inducing technological 

innovation increases R&D costs and therefore socially undesirable outcomes occur. In 

order to increase social welfare, the study suggests delaying the introduction of a new 

standard while maintaining compatibility with the existing standards.  

 As mentioned above, although studies on the impacts of standards on the 
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innovation have conflicting views to some extent, they generally agree that 

standardization policies have positive effects on national innovation policy for economic 

growth. Specifically, from the perspective of national technology policies, standardization 

activities are utilized as core tools for improvement of technological knowledge 

(Lundvall & Borras, 2005). Therefore, one cannot overlook the role of standardization 

policy in stimulating the national economic growth 

 

2.5 Standardization Strategy for National Innovation Policy 

 

Noting that technology standardization can be strategically practical for the national 

economic growth, governments started to consider technology standardization policies. In 

South Korea case, standard-setting processes are used as a strategic instrument for 

technology catch-up, allowing South Korea to reach the technology level of advanced 

countries (Lee, Lim, & Song, 2005). Particularly, in some South Korean ICT products 

such as semiconductors, mobile phones, and display panels are taking the world’s leading 

positions. In order to maintain outstanding technology performance, therefore, South 

Korean government has consistently carried out standardization policies. 

 South Korea’s technology standardization policy is well explained by the 

standard-setting process of the second generation mobile communication technology, 

CDMA. At that time, Europe was leading the global mobile communication technology 

industry with its standards, but as South Korea was set to commercialize CDMA service 
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for the first time, Korea could grasp the opportunity to be a leader in the ICT industry. 

Several studies examine the factors that CDMA technology could be standardized based 

on various viewpoints, such as the indigenous technology policy of Seong (2004), the 

actor network theory of Yoo, Lyytinen, and Yang (2005), the political and institutional 

context of Jho (2007), and the catch-up strategy of Choung et al. (2012).  

 In addition, South Korean commitment to technology standardization is 

reviewed in several studies. Shin (2008) and Lee, Kwak, Kim, and Kim (2009) both 

examine standard-setting activities for mobile communication after the CDMA 

technology. Various technologies such as multimedia technology MPEG-4 by Choi and 

Choung (2006), mobile platform WIPI by Lee and Oh (2008), and WiBro and T-DMB by 

Choung, Hameed, and Ji (2011) are assessed.  

 It is interesting to note that when a country chooses a standard, the development 

cost or the quality is not the only determinant. Angulo, Calzada, and Estruch (2011) 

analyze the standard-setting processes of the national terrestrial digital technology in 

Latin America. The study explains that each country selects its standard based on multiple 

standardization strategies, and several factors such as network externalities, industrial 

policy, technical and socio-economic features, and political relationships are influential. 

Again, since standardization policies containing national technology standard-setting 

efforts are not simple decision-making processes, they have to be analyzed from various 

perspectives. 

 Meanwhile, as standardization strategies are utilized from a policy perspective, 
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their role as a regulator on the supply side is also emphasized. (Grindley, 1995; Blind, 

2004). In Europe, standardization activities are considered as regulatory governance 

(Egyedi, 2006). Consequently, the role of governments is extended, undermining private 

innovation and controlling the public domain. This explains why the ‘rise and fall’ of 

technology standards depends on standardization policies, highlighting the importance of 

governments’ decision. 
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Chapter 3. Examining Policy Intervention on 

the Standard Transition: A Case of Mobile 

Communication 

 

3.1 Introduction 

 

A range of current technology standards continue to be upgraded and developed from 

generation to generation through continuous innovation. For example, in the mobile 

communication industry, the first generation of analog technology was launched in the 

1980s. Afterwards, the second generation of digital technology in the 1990s and the third 

generation of data transmission-enhanced technology in the 2000s were introduced. LTE-

advanced, considered as the fourth-generation technology standard, is expected to start in 

a few years 1 . This reveals that mobile communication technology standards are 

continually improved through the continuous generational transition to new technology 

standards. Having been developed through multi-generational transitions, a number of 

consumers use existing technology standards and they may adopt the next-generation 

technology standard with heterogeneous preferences, after considering different ways in 

order to maximize their utilities. Suppliers of technology standards also have incentives 

                                            
1 Although the Swedish mobile network provider, TeliaSonera, had launched LTE services by 2009, the 
characteristics of 4G technology are not attributed technically, especially in terms of the transmission speed. 
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to invest in new technology standards and therefore are able to increase the demand for 

new technology standards in an effort to maximize their profits. 

This transition of technology standard is an important issue related to incentives 

for consumer surplus and to increases in social welfare. It is also important for a firm’s 

innovative activities and profit creation. However, socially desirable results do not always 

occur. For example, there are many businesses which make large investment in 

preparation of upcoming technology standards and suffer a huge loss as a consequence.  

Ansari and Garud (2009), in an examination of the mobile communication industry in 

Europe, recommend that supporting technology standard transition unconditionally is not 

desirable and emphasize the need to conceptualize transitions with various viewpoints. In 

other words, a new technology standard does not always bring about a socially optimal 

outcome. This concept is similar to the meaning of excess momentum and excess inertia, 

both of which occur in a market failure situation when a new technology standard is 

introduced. Excess inertia is a type of market failure that arises when a new technology is 

adopted by consumers too slowly, and excess momentum refers to a phenomenon in 

which a new technology is adopted too quickly. Farrell and Saloner (1986) compare 

private incentives with social incentives when consumers consider adopting an 

incompatible technology standard. They use the terminologies ‘excess inertia’ and ‘excess 

momentum’ to explain inefficient adoptions in equilibrium. They attribute the causes of 

this inefficiency to the existence of an installed base and the penguin effect, and analyze 

social effects with regard to the adoption of technology standard. Many studies 
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concerning these inefficiencies are derived from Farrell and Saloner (1986); they discuss 

market failure by analyzing the aspects of social welfare and inefficient equilibrium (Katz 

& Shapiro, 1992; de Bijl & Goyal, 1995; Choi, 1996; Clements, 2005). 

To reduce these failures, a government occasionally intervenes in the 

generational transition of technology standards via policy instruments. Though 

competition among firms may bring about a dominant standard (what is known as a de 

facto standard) in a competitive market, government policies often intervene in a 

monopolistic industry in order to realize a socially optimal outcome2. However, if these 

interventions are excessive, unintended and undesirable results may occur. For instance, 

Wang and Kim (2007) explain that when the South Korean government intervened in the 

standard-setting process of the mobile communication technologies 2G and 3G, the 

results of the interventions exhibited both positive and negative aspects respectively. 

From a more negative viewpoint, Choi (1994) explores the effects of network 

externalities when consumers choose incompatible and irreversible technology standards. 

In such a case, government policy is used to mandate standards that are compatible as an 

ex post standardization policy. Thus, as consumers who do not originally adopt the 

technology standard in the first period adopt a specific technology standard, consumers in 

the second period have no choice but to adopt the same technology standard adopted by 

consumers in the first period. Even if the technology standard is inferior, consumers in the 

                                            
2 According to the public interest theory of regulation, such government interventions are legitimized. 
Specifically, natural monopolistic industries dealing with infrastructures are promoted and regulated by 
government intervention. Although the motives of government intervention could be diverse in practice, this 
chapter will be proceeded based on the perspective that the government intervention is necessary supported 
by public interest theory (Horwitz, 1989). 
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second period have to adopt it in order to benefit from network externalities. Thus, social 

welfare decreases. Adding a suppliers’ perspective, Kristiansen (1998) gives firms an 

option to choose the timing of R&D and examines social welfare. Similar results also 

follow that an ex post standardization policy leads firms to enter the market earlier, which 

has negative effects on social welfare. 

While conflicting results may arise due to various policy interventions, this 

chapter examines a case in which government interventions are implemented with a 

specific means, which is a subsidy3 policy. The chapter focuses on the effect of such a 

policy on the transition of technology standard. Existing studies mainly examine 

situations in which government policies are implemented with a view toward mandatory 

compatibility. However, because subsidies significantly affect consumers and suppliers in 

some industries, the government especially pays attention to subsidy policies (e.g., the 

mobile communication industry by Kim, Byun, and Park (2004) and Albon and York 

(2008), and the transition to digital TV by Maier and Ottaviani (2006)). Such government 

interventions sometimes yield undesirable outcomes. For example, if a new technology 

standard is launched despite its inefficiency, subsidized potential consumers may adopt 

the inferior technology standard, leading to excess momentum. Although policy 

intervention aims to reduce the possibility of market failure, a successful outcome cannot 

be guaranteed. 

                                            
3 Originally, the concept of a subsidy as used in the telecommunication industry refers to a cross-subsidy 
from the long-distance sector to the local sector in the U.S. (Kellogg, Thorne & Huber, 1992). However, in 
this chapter it is used as a form of general financial assistance that a firm provides to consumers. Though this 
subsidy policy in a sense can be a subset of a promotion policy in terms of activating an industry, it needs to 
be distinguished in that a firm is the provider of a subsidy. 
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The purpose of this chapter is to examine the social effects of governmental 

policy intervention in the form of a subsidy when a technology standard transition is in 

progress. The value of social welfare can be measured by using real data. Although Han, 

Choi, Kim, and Chung (2005) estimate consumer welfare affected by a handset subsidy, 

they still explain that it is not easy to gather enough data for quantitative analysis. In this 

chapter, a mathematical approach with a simple two-stage model is used. Particularly, 

using the concept of excess momentum, this chapter examines the possibility of this 

phenomenon in the adoption process of a technology standard. In such an industry in 

which the government intervenes politically, a single firm with no rivals is the only player 

from a macro perspective and has problems when it seeks to maximize its profit. 

Specifically, this chapter analyzes two scenarios in which existing and new technology 

standards are compatible and incompatible. Moreover, a case study of the mobile 

communication industry in South Korea is examined and policy implications for the 

further adoption of next-generation technology standards are discussed. 

The rest of this chapter is organized as follows. The basic model for analysis is 

introduced in Section 3.2. Subsequently, Section 3.3 and Section 3.4 look at two cases 

when the existing technology standard and a new technology standard are compatible and 

when they are not compatible. Analysis is followed in Section 3.5 and Section 3.6 looks 

at the mobile communication industry in South Korea based on this analysis. Further 

implications for next-generation technology standards and conclusions are finally 

presented in Section 3.7 and Section 3.8 respectively. 
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3.2 Basic Model 

 

3.2.1 Description of the Game 

 

This chapter proceeds with a two-stage game between potential consumers who have 

heterogeneous preference and a single firm selling durable goods. Although the only one 

firm providing goods that the established technology standard is adopted exists in the 

market, the firm develops a new technology standard and applies it to the goods in order 

to create a new profit source. The monopoly firm has a strategy in which consumers using 

goods with the established technology standard are encouraged to switch to goods with 

the new technology standard. In the first stage, goods that a new but immature technology 

standard is adopted are launched and the monopoly firm sets a price to maximize its 

profit. Potential consumers then purchase them. The level of the new technology standard 

is improved in the second stage. According to the level of the improved standard, the firm 

sets the price again and the remaining potential consumers decide to buy them or not. 

This chapter assumes that government intervention is the only way to establish this 

subsidy policy. According to the subsidy policy, the firm is responsible for providing 

subsidies4. The policy promotes the firm to subsidize goods with a new technology 

                                            
4 In general, the government may subsidize potential consumers by government funds. However, subsidy 
policy in this chapter means that the government allows firms to provide subsidies. In South Korea, for 
example, subsidies were prohibited from 2003 to 2006 in the mobile communication industry (Kim et al., 
2004). However, by MIC (2005), the provision of subsidies was permitted only to new technology standards 
such as WCDMA (Shin, 2008). In order to distribute goods with the new technology standard, mobile 
network operators (MNO) started to provide subsidies.  
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standard. As goods with an immature technology standard are launched in the first stage, 

the monopoly firm subsidizes an amount of	 , in order to lead the potential consumers to 

switch to the new technology standard. The marginal costs of goods with the existing and 

new technology standards are assumed to be zero. It can be solved by a subgame perfect 

Nash equilibrium using backward induction in this setting. 

 

3.2.2 Preference of Consumers for the New Technology 

 

Consumers using goods or services with the existing technology standard are uniformly 

normalized in the interval	[0, 1]. The location of a consumer is represented by	 , 

denoting heterogeneous preference with respect to the new technology standard. In other 

words, the closer to 1 consumer   is, the more preferable the new technology standard is 

to the existing technology standard. 

If a potential consumer located at   buys goods with the new technology 

standard in the first stage, he or she benefits by	 . According to the property of durable 

goods, the benefits of the new technology are maintained until the second stage, thus 

amounting to	2 5. If a consumer purchases in the second stage, a benefit of   follows. 

However, he or she benefits by    (0 <  < 1) from the use of goods with the existing 

technology standard in the first stage. The coefficient   refers to the absolute 

technological difference between new and existing technology standard. The closer to 1 

                                            
5 For simplicity, a discount factor is not considered in this chapter. 
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  is, the less technological difference there will be. Consumers who do not switch to the 

new technology benefit by    in the first stage and by  δ  (0 < δ < 1) in the second 

stage, where δ indicates a decrease in the benefit from the existing technology standard 

due to the development of the new technology standard6. Therefore, the consumer utility 

is represented as follows: 

 

    = 2 −          

    = (1 +  ) −               Eq. (1)  

    = (1 + δ)          

 

, where     denotes the benefit from the potential consumers’ purchase of goods with 

the new technology in the first stage,     is the benefit in the second stage, and     

refers to the benefit received by staying with the existing technology standard.    is the 

price maximizing profit of the monopoly firms in the  th stage.  

According to government intervention7, the firm is able to subsidize potential 

consumers’ purchases by subsidy policy. The subsidies are only provided to the potential 

consumers buying goods with the new technology standard in the first stage. 

 

                                            
6 Though improvement refers to that of the new technology standard deployed in practice, this chapter 
multiplies coefficients   and δ and set the maximum level of the new technology standard to one. 
7 As stated above, this chapter assumes that a firm subsidizes potential consumers according to a government 
policy. In the example of the mobile communication industry in South Korea, mobile network operators 
(MNOs) subsidize their subscribers. Occasionally, MNOs and mobile device manufacturers share the job of 
providing the subsidies. 
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    = 2 −   +                Eq. (2) 

 

Here,    represents marginal consumers who have the same preference when 

they buy goods with the new technology standard in the  th stage and when they stay in 

using goods with the existing technology standard. Because the new technology is 

adopted to a durable good, consumers cannot reverse what they purchased in the first 

stage. Therefore, the level of demand for goods with the new technology standard at each 

stage is shown below, where    denotes the demand of  th stage. Figure 2 describes this 

setting. 

 

   = 1−                 Eq. (3) 

   =   −                 Eq. (4) 

 

 

Figure 2. The structure of demands on new technology standard 
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Based on this setting, this chapter analyzes the effects on social welfare with 

regard to whether subsidies are provided or not. In particular, this chapter examines two 

scenarios8, whether existing and new technology standards are compatible or not, and 

discusses the implications for each case. 

 

3.3 New Technology Compatible with Existing Technology 

 

3.3.1 Without Subsidies 

 

With compatibility between existing and new technology standards, additional benefits 

from network externalities are unlikely to be realized. In other words, the installed base of 

the existing technology standard is not considered when potential consumers decide to 

adopt. Therefore, the utilities drawn from Section 3.2 can be used without modification. 

The equilibrium in the second stage will be solved first by backward induction utilized in 

deriving the subgame perfect Nash equilibrium. 

 

Stage 2 

Potential consumers choose a technology standard which has higher utility in the second 

stage: 

                                            
8 As reviewed in a case analysis later, the representative compatible service is the primary voice-based 
service; therefore, an incompatible service can be different for each MNO. Data-based value-added services 
or applications are typical examples which describe the 3G mobile communication market. Additionally, 
backward compatibility does not apply to 4G technology. 
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 u = θ − p  

 u =  δθ 

 

, where u  represents the benefits of buying goods with the new technology standard 

and u  refers to the benefit from staying in use of goods with the existing technology 

standard. Marginal consumer θ  buys goods with the new technology if u > u , 

satisfying 

 

 θ =
  

    
         Eq. (5) 

 

Therefore, the demand for the new technology standard in the second stage is 

derived by substituting equation (4) into equation (5): 

 

 D = θ − θ = θ −
  

    
      Eq. (6) 

 

As the marginal cost is not considered, the profit of the monopoly firm with the demand 

equation (6) is maximized as follows:  

 

max  p D = max  p (θ −
  

    
)    
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Consequently, the equilibrium in the second stage using a first-order condition is 

summarized as shown below: 

 

 p =
(    )  

 
  

 D =
  

 
         Eq. (7) 

 π = p D =
(    )  

 

 
  

 

Stage 1 

The conditions in which a potential consumer purchases goods with the new technology 

standard in the first stage are u  > u   and u  > u   in equation (1). If u  >

u   is satisfied, then it may only examine the case of u  > u  , and if u  > u  , 

then the case of u  > u  . Therefore, marginal consumer θ  is: 

 

 θ =  

     

   
						  	u  > u  	

  

  (   ) 
	  	u  > u  	

      Eq. (8) 

 

Consequently, two types of marginal consumer should be examined in the first 

stage. 
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- Case 1:   =
     

   
 (   >    ; 	  >

(   ) (    )

    
  ) 

 

The intuition of case θ =
     

   
 is as follows. If p  increases, then the level of θ 	also 

increases. This also causes the demand in the first stage to decrease. This means that the 

number of potential consumers who intend to buy goods with the new technology 

standard in the first stage is reduced as its price increases. However, if p  increases in 

the second stage, the level of θ  decreases and the demand in the first stage increases, as 

the rise of the price in the second stage pushes potential consumers to the first stage. As 

coefficient   refers to the absolute technological difference between new and existing 

technology standards, a higher value of   (less of a difference) causes the level of θ  to 

increase and the level of demand in the first stage to decrease. This indicates that when 

the level of the existing standard is similar to that of the new technology standard, 

potential customers are fewer. 

Using the expected equilibrium price p  in equation (7) and equation (8), 

marginal consumer θ  is obtained again: 

 

 θ =
   

  (   ) 
        Eq. (9) 

 

This can be seen as a profit maximization problem throughout the game. Using 

equation (3) and equation (7), the total profit of the monopoly firm is as follows: 
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 max  p D + π = max  p (1 − θ ) +
(    )  

 

 
         Eq. (10) 

 

Substituting equation (9) into equation (10) and using a first-order condition, 

equilibria in the first stage are obtained. Substituting these into equation (7) leads to total 

equilibria, as summarized in Lemma 1: 

 

Lemma 1 

 p =
  

 (    )
	D =

   

    
	θ =

 

    
 

 p =
  

 (    )
	D =

 

 (    )
	θ =

 

 (    )
 

, where  = 3 − (2 +  )  and	 = 	1 −   .  

 

Therefore, the total profit of the monopoly firm is as follows: 

 

 π = p D + p D =
  

 (    )
      

 

Meanwhile, social welfare in equilibrium is expressed by the sum of the 

monopoly firm’s profit and the consumers’ surplus amount. In the first stage, for example, 

representation of the benefits of consumers buying goods with the new technology 

standard and the profit of the monopoly firm is done via an integral calculus of 

u  − p = 2θ in the interval of the first stage, [θ , 1]. The total social welfare is: 
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 SW = ∫ 2θ
 

  
dθ + ∫ (1 +  )θ

  
  

dθ + ∫ (1 + δ) θ
  
 

dθ =
            (    (   ))

 (    ) 
      

Eq. (11) 

 

- Case 2:   =
  

  (   ) 
	(   <    ;	  <

(   ) (    )

    
  ) 

 

Marginal consumer θ  can be obtained regardless of	p . Therefore, equilibria in the first 

and the second stage are determined similarly to the method used in Case 1: 

 

 p =
   

    
	D =

    

    
	θ =

  

    
 

 p =
  

    
	D =

 

    
	θ =

 

    
 

 

, where A = 2 − (1 + δ) , B = 	1 −  δ. The total profit of the monopoly firm is as 

follows: 

 

 π = p D + p D =
  

    
 

 

Social welfare in equilibrium is the sum of the profit of the monopoly firm and 

the consumers’ surplus amount, as follows: 
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 SW = ∫ 2θ
 

  
dθ + ∫ (1 +  )θ

  

  
dθ + ∫ (1 + δ) θ

  

 
dθ =

           (    (   ))

 (     ) 
  

 

Using the previously obtained equilibria, the condition of Case 2, 	p <

(   ) (    )

    
p , is summarized as follows: 

 

 
   

    
<

 

 
⋅

  

    
 

 

This, however, yields a contradiction9. 

 

3.3.2 With Subsidies 

 

Subsidies are additionally considered to be a basic consumer utility model. In the first 

stage, only the potential consumers’ utility is changed to equation (2). All other processes 

are identical. Equilibria with respect to the subsidies are summarized in Lemma 2: 

 

 

 

                                            
9 In detail,    <    , the utility gained by staying in using goods with the existing technology standard 
being less than buying goods with the new technology standard, is not practical. Again, marginal consumers 
satisfying    =     do not exist. This is the same case as   = 0 in the second stage; a firm trying to 
encourage purchases of goods with the new technology standard via subsidies may not stand this 
phenomenon. As such, a contradiction is also established in other cases. Therefore, this chapter assumes that 

   >     and   >
(   ) (    )

    
   are always observed. 
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Lemma 2 

   =
     (   )

 (    )
	  =

      

    
	  =

    

    
 

   =
(    ) 

 (    )
	  =

    

 (    )
	  =

    

 (    )
 

 

Note that the amount of the subsidies given to consumers in the first stage, 

	 ⋅   , should be excluded from the profit of the monopoly firm: 

 

  =     +     −  ⋅   =
(    )(    )

 (    )
=

      

 (    )
 

 

The process of obtaining social welfare is identical to that in the earlier case. 

Correspondingly to the profit of the monopoly firm, the amount of the subsidies should 

be excluded from the total social welfare: 

 

   = ∫ 2 +  
 

  
  + ∫ (1 +  ) 

  
  

  + ∫ (1 + δ)  
  
 

  −  ⋅    

																								=
  (    (   ))   (   ( (   )  ) )  (    ( (   )  )  )

 (    ) 
    Eq. (12) 

 

Comparing equation (11) with equation (12), the effect of the subsidies can be 

observed:  
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   (   ℎ   	         ) −   (   ℎ	         ) =
( (   )  )(   ) 

 (    ) 
     Eq. (13) 

 

If equation (13) is larger than zero, the social welfare of the case without 

subsidies exceeds that in the other case, revealing that excess momentum may arise due to 

subsidies. 

 

3.4 New Technology Incompatible with Existing Technology 

 

3.4.1 Without Subsidies 

 

A situation in which existing and new technology standards are compatible has been 

analyzed above. However, the analysis does not guarantee that all technologies are 

compatible with each other. Therefore, Section 3.4 now examines a situation in which 

technology standards are incompatible, where positive network externalities are 

recognized. In such a circumstance, the utility for each consumer is proportional to the 

number of consumers using goods with a specific technology standard. 

The form of the network externalities is a linear function with coefficient	 . If   

is large, the effect of the network externalities is strong to the point that the result of the 

equilibrium is unstable (Crémer, Rey, & Tirole, 2000; Foros, Kind, & Sand, 2005). Thus, 

 < 0.5 is assumed. Potential consumers in the first stage cannot obtain utility from the 

network externalities because an installed base of goods with the new technology 
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standard does not exist. In the second stage, however, the installed base can be considered 

by potential consumers. When expected marginal consumers,	  , are assumed, additional 

network benefits of  (1 −   ) are considered in terms of their utility levels. Potential 

consumers in the second stage can consider the network benefits of both the existing 

technology standard   in the first stage and the demands for the new technology 

standard in the second stage. Therefore, the total additional benefits amount to	 (2 −   ). 

Consumers who stay in using goods with the existing technology standard have benefits 

of   in the first stage and  ⋅    in the second stage, amounting to	 (1 +   ). These are 

applied to equation (1), and the utility levels are summarized as follows: 

 

    = 2 −   +  (1 −   )  

    = (1 +  ) −   +  (2 −   )  

    = (1 + δ)  +  (1 +   ) 

 

With subsidies, of course,     only considers the amount of subsidies  . 

 

Stage 2 

In the second stage, potential consumers choose a technology standard which gives more 

benefits. Consumers who choose goods with the new technology standard obtain 

additional benefits according to the number of consumers in the first stage. The same 

principle applies to the consumers who stay in using goods with the existing technology 
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standard. 

 

   =  −   +  (1 −   ) 

   =  δ +     

 

As potential consumers buy goods with the new technology standard in case of 

  >   , the marginal consumer    satisfying the above condition is denoted as: 

 

   =
    (     )

    
                Eq. (14) 

 

Substituting equation (14) into equation (4), the demand for goods with the new 

technology standard in the second stage is as follows: 

 

   =   −   =   −
    (     )

    
      

 

Here, consumers expect	  =   , and the demand is summarized again: 

 

   =   −   =
(       )       

    
               Eq. (15) 
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The profit maximization problem of the monopoly firm using equation (15) is as 

follows: 

 

max      = max    (
(       )       

    
)    

 

Equilibria in the second stage are as follows: 

 

   =
(       )    

 
 

   =
(       )    

 (    )
                Eq. (16) 

   =     =
{(       )    }

 

 (    )
 

 

Stage 1 

As only the    >     or the    >     case is examined, the marginal consumer 

   is denoted as 

 

  =
       

   
	  	   >                          Eq. (17) 

 

Using    in equation (16) and substituting it into equation (17), marginal 

consumer    is recalculated: 
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  =
     

  (   )    
                       Eq. (18) 

 

This can be considered as the profit maximization problem throughout the game. 

Using equation (16) and equation (18), the total profit of the monopoly firm is as follows: 

 

 max      +   = max    (1 −   ) +
{(       )    }

 

 (    )
 

 

Therefore, equilibria in the first stage and in the second stage are summarized in 

Lemma 3: 

 

Lemma 3  

   =
  (    )          

 (  (    )   )
	  =

  (    )  (    ) 

 (  (    )   )
 

   =
(   )(    )    

  (    )   
		  =

    (    )

 (  (    )   )
 

   =
 (    )   (   )

  (    )   
	  =

 (    )  (     )

 (  (    )   )
 

, where  = 3 − (2 +  ) − 2  and	 = 	1 −   − 2 .  

 

Therefore, the total profit of the monopoly firm is: 

 

  =     +     =
  (    )  (               )

 (  (    )   )
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Social welfare in equilibrium is the sum of the monopoly firm’s profit and the 

consumers’ surplus amount: 

 

   = ∫ 2 +  (1 −   )
 

  
  + ∫ (1 +  ) +  (2 −   )

  
  

  + ∫ (1 + δ)  
  
 

 

             + (1 +   )  =
 

 (     (    )) 
 

 

, where  = 12    + 8  ( + 1) + 16  ( +  δ + 4 − 2)          

     +8   ( (3δ + 2) + 14 − 7) +   ( + 2 ) ( (δ − 2) + 32 + 27) 

     +    ( (9δ + 2) + 64 − 25) 

           −2 ( + 2 )(  ( (2 − 3δ) − 8 + 11) 

           −4  ( δ + 2 − 3) + 2  (7 + 8))           Eq. (19) 

 

3.4.2 With Subsidies 

 

The case with subsidies is similar to that in Section 3.3.2; subsidies are added to the 

utility of consumers who buy goods with the new technology standard in the first stage. 

Other conditions are identical except for	   = 2 −   +  (1 −   ) +  . The equilibria 

are: 
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Lemma 4 

   =
  (    )  (      )

 (  (    )   )
+

 ( (    )   )

  (    )   
 

   =
(   )(    )    

  (    )   
+

  (    )

  (    )   
 

   =
 (    )   (   )

  (    )   
−

  (    )

  (    )   
 

   =
  (    )  (    ) 

 (  (    )   )
−

  (    )

  (    )   
 

   =
    (    )

 (  (    )   )
−

  

  (    )   
 

   =
 (    )  (     )

 (  (    )   )
−

 (    )

  (    )   
 

 

Similarly, of course, the amount of subsidies given to consumers in the first 

stage,	 ⋅   , should be excluded from the profit of the monopoly firm.  

 

  =     +     −  ⋅    

         =
  (    )                   

 (  (    )   )
−

  (    )

  (    )   
 

 

Deriving social welfare is identical as well. 

 

   = ∫ 2 +  
 

  
  + ∫ (1 +  ) 

  
  

  + ∫ (1 + δ)  
  
 

                               

      − ⋅   
 

 (     (    )) 
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, where  = 8  ( + 1) +   ( + 2 ) ( (δ − 2) + 32 + 27) 

           +16  ( +  δ + 4 − 2)( − 2 ) + 4   (3 − 2 ) 

           +8  ( − 2 )(14  +  ( (3δ + 2) − 12 − 7) − 2( δ − 3) ) 

           +  (64  +   ( (9δ + 2) − 112 − 25) + 4( (δ − 2) − 5)  	

           +4  ( (2 − 3δ) + 8 + 11)) − 2 ( + 2 )(2  (7 + 8) 

           −4 ( δ + 2 − 3)( − 2 ) +  (2( (δ − 2) − 8  − 5)  

           + ( (2 − 3δ) + 8 + 11)))            Eq. (20) 

 

Comparing equation (19) with equation (20), the effect of the subsidy can be 

observed:  

 

  (   ℎ   	       ) −   (   ℎ	       ) =  ∙
 

2(2 ( + 2 ) −   ) 
 

 

, where  = 2   +  ( + 2 ) 4 ( δ + 2 − 3) +  ( (δ − 2) + 4 − 5)  

           +16  ( +  δ + 4 − 2)( −  ) 

           +8  (10  +  ( + 2 δ − 6 − 5) + (3 −  δ) ) 

           +  (28  +  (3 δ − 8 − 2 − 11) + (5 + 2 −  δ) )        Eq. (21) 
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3.5 Analysis 

 

The main results are summarized in Appendix 1. Comparing Lemma 1 with Lemma 2 in 

an effort to examine the equilibria in the case of compatibility, price and demand in with 

subsidies case increase in the first stage and decrease in the second stage relative to those 

in without subsidies case. In other words, potential consumers who are expected to switch 

in the second stage purchase goods with the new technology standard earlier because 

subsidies are provided. In the end, when comparing both values of   , more consumers 

buy goods with the new technology standard. At this point, however, the profit of the 

monopoly firm decreases. Intuitively, it is conceivable that the profit will increase as the 

demand, with its higher price in the first stage, increases and that the total number of 

consumers of goods with the new technology standard will also increase. However, the 

firm has to subsidize more to meet the increased demand, which decreases profit. 

Therefore, the effect of a government policy intervention for the firm to subsidize is 

undesirable to the business side. Meanwhile, social welfare varies depending on the 

specific condition. Particularly, if  >   in equation (13), social welfare decreases, 

where   refers to the difference in the utility levels10 between consumers who buy and 

consumers who do not buy goods with the new technology standard throughout the first 

                                            
10   is composed of the sum of 1 −  , 1 −  , and 1 −  δ. These represent the technological difference that 
first-stage consumers experience in the first stage, the technological difference that first-stage consumers 
experience in the second stage, and the technological difference that second-stage consumers experience in 
the second stage, respectively. That is, the total sum of the technological differences that consumers 
experience for each stage is simply the difference in the utility level for all consumers between existing and 
new technology standards. 
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and second stages. If subsidies exceeding this difference in utility are given, social 

welfare decreases. Similar to de Bijl and Goyal (1995), the result shows the possibility of 

excess momentum in that if consumers buy goods with the new technology standard 

earlier due to subsidies, social welfare decreases in equilibrium. 

 

Proposition 1. When existing and new technology standards are compatible, if the amount 

of subsidies for consumers to buy goods with the new technology is sufficiently large, 

specifically	 >  , the total social welfare decreases when goods with the new technology 

standard is purchased by potential consumers. 

 

Similar results are observed in case of incompatibility. Comparing Lemma 3 

with Lemma 4, price and demand in the first stage increase and in the second stage 

decrease. Therefore, the total number of consumers increases and the profit of the 

monopoly firm decreases. However, the variation in social welfare with regard to 

subsidies is not definite according to specific values of coefficients. For numerical 

examples, the network externalities coefficient11 is set by  = 0.1512 and the levels of 

the technology standard,   and  , are controlled in order to show the relationship of the 

subsidies   with the profit of the monopoly firm and social welfare. This is shown in 

                                            
11 If	 = 0, the same equilibria with a compatible case can be obtained. 
12 This chapter set a small coefficient of network externalities in order to observe stable equilibrium and 
excess momentum. For example, in a mobile communication industry case, the former generations of 
technology standard enjoyed enough network externalities and were led to large diffusion. Therefore, the later 
generations of technology standard may feel less of an effect by network externalities. 
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Figure 3, Figure 4, and Figure 513, where the x-axis denotes the subsidies, the dotted line 

refers to the profit of the subsidizing firm, and the solid line is the social welfare 

difference. If the solid line is positive, excess momentum occurs.  

 

 

Figure 3. Relationship between subsidy and social welfare ( = δ = 0.9) 

 

  

Figure 4. Relationship between subsidy and social welfare ( = 0.9, δ = 0.1) 

                                            
13 Similar to coefficient of network externalities, the range of subsidies   is set as less than 0.5. 
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Figure 5. Relationship between subsidy and social welfare ( = 0.1) 

 

Figure 3 indicates the situation in which new and existing technology standards 

do not have significant technological difference and the improvement made by the new 

technology is not significant. Figure 4 explains a situation in which technological 

difference between new and existing technology standards is not significant but the 

improvement made by the new technology standard is significant. Finally, Figure 5 

describes a significant technological difference between new and existing technology 

standards regardless of	δ, both δ = 0.1 and	δ = 0.9. When network externalities based 

on the installed base are considered, in other words in the incompatibility case, the 

possibility of excess momentum is observed in the case of	( , δ) = (0.9, 0.9). In other 

cases, social welfare generally increases. Because the subject providing subsidies is the 

monopoly firm, its profit decreases as the amount of subsidies increases. In contrast, an 

increase in the amount of subsidies increases social welfare, thus justifying the subsidy 
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policy. If	( , δ) = (0.9, 0.1), the monopoly firm will not subsidize more than a specific 

value ( = 0.445), as the profit becomes negative. If	( , δ) = (0.9, 0.9), the firm will 

subsidize at a very small level where the profit is positive (lower than	 = 0.024). At this 

point, the provision is in the region where social welfare decreases (lower than 

 = 0.068 ), exhibiting excess momentum. This numerical example reveals that 

government intervention with a subsidy policy can reduce social welfare when transition 

to new technology standard which is incompatible with the existing technology standard 

is in progress. Proposition 2 summarizes this explanation.  

 

Proposition 2. When existing and new technology standards are incompatible, if 

technological difference between them is not significant and improvement made by the 

new technology standard is not significant, social welfare may decrease due to subsidies 

 

3.6 Evidence of Excess Momentum: the Case of 3G Mobile 

Communication in South Korea 

 

Market failure situations in generational transition of technology standards were 

examined in previous sections. For a case analysis14, Section 3.6 applies this model to the 

mobile communication industry15 in South Korea. With the concept of excess momentum, 

                                            
14 This case analysis is based on Hwang, Kim, and Lee (2010) 
15 The terms adopters and consumers are often used simultaneously in the same sense (Farrell & Saloner, 
1986; Choi, 1994). However, strictly speaking, consumers are not the technology adopters in the mobile 
communication industry. MNOs are actual adopters of mobile communication technology standards (from 1G 
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the possibility of market failure is examined using the aforementioned model. The mobile 

communication industry in South Korea has grown rapidly in a short period of time 

despite the fact that it started later compared to other developed countries. Moreover, 

intergenerational developments between technology standards are obvious. Therefore, 

they have been reviewed from various perspectives in literature (Jho, 2007; Lee et al., 

2009; Choung et al., 2011).  

When various mobile communication standards were adopted by mobile 

network operators for each generation, the South Korean government intervened in the 

industry with various types of policies. In the selection of 2G technology, the government 

intervened actively to have code division multiple access (CDMA) technology adopted, 

thereby to advance South Korea to the levels achieved by the world’s leading countries in 

mobile communication. Therefore, government intervention was perceived as a positive 

factor rather than a negative factor at that time. In particular, one of main factors to the 

successful diffusion of 2G mobile communication technology in South Korea was the 

subsidy policy (Lee & Lee, 2006). Even at that time, however, the financial performance 

of MNOs was poor due to the provision of subsidies (Kim et al., 2004). This meant that 

MNOs subsidized potential consumers sufficiently but excessively in order to attract 

more subscribers; therefore, social welfare increased even as the financial performance of 

the MNOs decreased, regardless of the level or the development of the technology. 

                                                                                                                        
to 4G). In order to avoid this confusion, ‘consumers’ were used in the mathematical model rather than 
‘technology adopters.’ In addition, ‘users’ are used in this section to distinguish applications in general from 
those in the case of the mobile communication industry. 



59 
 

3G mobile communication16 was not an exception. When 3G services began to 

spread rapidly in 2007, the government initiated various support policies in an effort to 

promote the adoption of new technologies such as high-speed downlink packet access 

(HSDPA) and to attract private investments. A typical policy was to subsidize only users 

of 3G technology devices (Shin, 2008). This led potential consumers to purchase services 

that 3G technology was adopted, and as shown in Figure 6, the number of 3G users 

gradually increased as the number of 2G users decreased. However, in that the absolute 

level of technology is considered as the capacity or coverage regarding the characteristics 

of the mobile communication industry (Kumar, 2004), the level of 3G technology was 

technologically insufficient at that time17. A consumer satisfaction survey18 conducted 

one year later regular 3G services started also represented a similar perspective. Therefore, 

one may infer that government intervention by subsidy policy in adopting a technology 

standard would be a one significant influence. 

 

                                            
16 The third generation of mobile communications is sometimes distinguished as either 3G or 3.5G. 3G was 
launched as IMT-2000 in early 2000, and 3.5G was launched based on HSDPA, WiBro, or 1xEVDO Rev. A in 
2007. Section 3.6 explains the process of 3.5G adoption primarily. 
17 A survey by the Korea Communication Commission, a quality evaluation of communication services in 
2009, states that the voice call success rate reached 97% and that the video call success rate was 93%. This 
implies technically inefficient level of 3G technology when video call service first became available. 
18 http://www.etnews.co.kr/news/detail.html?id=200805210041 
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Figure 6. Ratio of subscribers for each mobile communication technology standard 

 

3G technologies can be categorized as either a compatible voice-based service or 

an incompatible data-based service. The voice-based service was not innovative relative 

to the service of 2G, as consumers could not perceive it. Moreover, the quality of service 

was occasionally worse. Although it is not easy to estimate the dedicated numerical value 

of the difference between subsidies and the technology level, one can infer the possibility 

of excess momentum, as stated in Proposition 1. In case of data-based service, MNOs 

promoted the incompatible factor as their distinctive advantage in comparison with the 

existing data service (e.g., the video call as a ‘killer application’). However, most users of 

3G data-based services were not satisfied with 3G technology and could not experience 

its unique characteristics relative to the existing data service. Even, as Lee et al. (2009) 
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state, there were no robust consumers who demanded video call. This can be explained by 

the case of ( , δ) = (0.9, 0.9) in the current chapter. According to various data and 

examples such as firms’ decreased profit and consumers’ dissatisfaction, social welfare 

decrease can be also considered. Of course, there would exist multiple factors that 

negatively affect social welfare. However, as this chapter points out on the subsidy, it can 

be inferred that MNOs decided to provide insufficient subsidies to consumers. In practice, 

several newspaper articles19 reported that the MNOs had increased the amount of 

subsidies several times only for four months. It is evidence that the level of subsidies 

were insufficient in the early period when the subsidy policy started to come into force, 

although MNOs were able to provide enough subsidies.  

 

3.7 Implication: Beyond 3G 

 

Although worldwide interoperability for microwave access (WiMax) and long-term 

evolution (LTE) are main technologies of 4G service, most MNOs are expected to adopt 

LTE as the 4G technology standard. Some MNOs have already started LTE service, and 

all MNOs in South Korea started 4G service in full swing. Strictly speaking, however, the 

4G technology standard is termed LTE-advanced technologically, and LTE is an evolved 

form of 3G technology, termed the 3.9 generation service. Consequently, LTE technology 

                                            
19 Articles below are some examples of MNOs’ increase in subsidies: 
Yonhap News, “KTF raised handset subsidies”, 2006.4.23 
Segye News, “LGT raised handset subsidies”, 2006.6.25 
Edaily News, “KTF raised handset subsidies again”, 2006.7.7 
The Korea Economic Daily, “SKT is considering increase of handset subsidies”, 2006.8.24 
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can be compatible with the existing technology. As explained in this chapter, social 

welfare will not decrease only if consumers experience a sufficient difference in the 

technology level. 

Meanwhile, as LTE-advanced is based on IP technology, it is incompatible with 

the existing mobile communication service. Although it may be early to discuss the new 

technology standard to be launched in a few years, (1) a sufficiently noticeable difference 

in the technology level or (2) sufficient speed in technology growth will need to be 

considered to prevent decreased social welfare, as explained earlier in this chapter. 

It is clear that MNOs should consider the difficulty of securing a return on their 

investment (ROI) given that a considerable amount of investment is necessary for their 

network infrastructures, as even the diffusion of ‘killer applications’ was sluggish when 

the technology standard moved from 2G to 3G. The explosive growth of data traffic 

caused the MNOs to adopt LTE technology earlier in order to increase their network 

capacity. Perhaps, moreover, proper government policies will be conducted in order to 

preempt a global technology standard initiative and to boost the growth of the related 

industry. Therefore, strategies for the generational transition of a technology standard 

should be prepared well with regard to the various conditions. This will be the key to 

survive in the challenging global environment. 

The discussions above require the premise that the MNOs subsidize potential 

consumers of goods with a new technology standard promoted by government policies. 

Therefore, policy intervention by the government per se should be debated in terms of 
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technology standard adoption. As discussed in Shin (2008) and in Shin, Choo, and Beom 

(2011), government intervention occasionally leads the standard-setting process of mobile 

communication industry to an unsuccessful result. Discussions of policy intervention 

should be active from this viewpoint. 

 

3.8 Conclusion 

 

A number of factors should be considered in the process of the generational transition of 

technology standards. This chapter particularly focuses on the effects of government 

intervention in the generational transition of technology standards in the form of a 

subsidy policy. The results suggest that regardless of whether existing and new 

technology standards are compatible, a situation of excess momentum and decrease in 

social welfare is expected. In particular, as the technological difference between existing 

and new technology standards is less significant and improvement in the new technology 

standard is also less significant, the possibility of excess momentum increases. 

Furthermore, in a case analysis, the mobile communication industry in South Korea is 

exemplified and the possibility of excess momentum in this industry is identified. 

Implications for next-generation technology standards are also discussed. 

The mobile communication industry analyzed in the case study is quite 

complicated due to the various interrelated factors. Therefore, only subsidy policy 

interventions as addressed here cannot fully explain all of the phenomena in this industry. 
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Particularly, investment in capacity as an endogenous factor or the rapid advance of 

devices such as a smartphone should be considered at the same time. Meanwhile, this 

chapter only investigates incentives and decisions related to technology standard and 

subsidies in a non-rival monopoly situation. Therefore, the limitations of this simplified 

model remain and stand in contrast to existing studies which examine competitive 

circumstances between two technology standards and two firms (Choi, 1994; Kristiansen, 

1998). An extension of the current model to a competitive market dealing with multiple 

technology standards is suggested as further research. 
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Chapter 4. Evaluating Government-Led 

Standardization Policy: A Case of Broadband 

Convergence Network Standard Model 

 

4.1 Introduction 

 

As seen in many countries, governments often implement and lead large scale R&D 

projects. Theses attempts are not limited only to R&D or commercialization of 

technologies, and are sometimes implemented with proactive national standardization 

policies, named de jure standardization. For example, newly industrialized countries such 

as South Korea and China have attempted to implement de jure standardization. Steen 

(2011) evaluates several technology standardization activities carried out in South Korea 

and China, and explains that although their technology standards could not break path-

dependency yet, their technological capabilities are increasing. 

Studies discussing government-led standardization in South Korea usually 

analyze its mobile communication industry. Specifically, based on successful experience 

in CDMA, the effects of government-led standardization on the third generation mobile 

communication are examined. Jho (2007) explains that not only the excellence of relevant 

technologies but also political interests affect standardization processes of mobile 

communication technology standards in South Korea. Yoo, Lyytinen, and Yang (2005) 
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and Wang and Kim (2007) also examine identical standard-settings by qualitative 

methodologies. Especially, Shin (2008) investigates standardization process of early third 

mobile communication technology by stakeholder analysis, arguing policy failures by 

unintended consequences. Lee et al. (2009) review standardization activities of 3.5 

generation communication technology such as HSPDA and WiBro. While these studies 

address both successful and unsuccessful aspects, Forge and Bohlin (2008) summarize 

that standard-setting activities in South Korea were the results of long-term planning 

policy by government, namely managed innovation, and led South Korea to the entry of 

knowledge based society. In addition, China is going ahead with international technology 

standardization as well (Gao & Liu, 2012; Kwak, Lee, & Chung, 2012; Vialle, Song, & 

Zhang, 2012). Discussions on Chinese technology standardization are vigorous in a 

techno-nationalism perspective (Suttmeier, 2005), and the approach to standardization 

policy is now changing from techno-nationalism to techno-globalism (Kwak et al., 2012). 

Aforementioned standardization policies in South Korea and China are focusing 

on mobile communication technologies. Although broadband infrastructure in South 

Korea is already highly recognized by many world-renowned figures in the industry in 

terms of broadband speed and penetration, studies on infrastructure standardization are 

relatively less covered. Additionally, in order to preempt an emerging worldwide market 

in a catch-up perspective, South Korea should concentrate on mobile communication 

technology standards of which technological transition is frequent from generation to 

generation, rather than broadband technologies which were almost deployed in many 
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countries. In this respect standardization policies and related studies except mobile 

communication technologies are less focused in Korea. In case of BcN, however, in order 

to supply standardized technologies and to satisfy the demand of defining interfaces 

between BcN applications, BcN standard model was simultaneously planned from the 

initiative as a subproject of BcN for standardization process (Cho, Okamura, Ha, Lee, & 

Oh, 2008). Therefore, different implications from previous studies regarding evaluations 

of standardization policy can be drawn. 

BcN, almost similar concepts to Next Generation Network (NGN), is introduced 

by multiple studies, and its policy implications are addressed by various frameworks. 

Shin and Kweon (2011) evaluate information infrastructure policy in South Korea 

including BcN and explain standardization is one of factors comprising broadband 

ecosystem. Based on generativity framework, Menon (2011) exhibits successful results of 

BcN using expert interviews and policy documents. Shin and Jung (2012) investigate the 

realization of BcN policy objectives by socio-technical system approach. The study 

stresses that the role of BcN was insufficient as a social platform that can affect to 

society, culture, and demand aspects yet technological perspective and supply side of 

BcN were impressive. While evaluating the performance of BcN is largely conducted by 

qualitative methodologies, studies on standardization policy by BcN standard model are 

not investigated. 

For examining the effectiveness of standardization policy, therefore, this chapter 

evaluates the BcN standard model, a subproject of large scale public project, BcN, and 
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draws the implications for government-led standardization policy. For the case analysis, 

survey is conducted to observe adoption rate of the BcN standard model, and an interview 

is entailed to review the efforts on BcN standard model. With the analysis on large scale 

public project, BcN are investigated how the standardization efforts are implemented and 

whether the intentions of government are realized or not. 

This chapter is organized as follows. BcN is introduced in Section 4.2, and BcN 

standard model in Section 4.3. A case description is provided in Section 4.4. The analysis 

and following discussion are shown in Section 4.5. Conclusion is made in Section 4.6. 

 

4.2 Broadband Convergence Network 

 

BcN is a concept inherent in next-generation integrated networks, by which QoS 

multimedia broadband with seamless and secured convergence services―including 

telecommunication, broadcasting, and Internet―can be utilized anytime and anywhere. 

BcN has been established to prepare for the globally competitive environments, emerging 

digital convergence, and ubiquitous societies. The concept of BcN was first introduced to 

South Korea in 2003 and became internationally known in 2006, principally through the 

BcN workshop held that year in Vancouver, Canada. In particular, BcN has been 

explained in terms of similar contexts of Next Generation Networks (NGNs) overseas. 

ITU-T (2004) defines an NGN as a packet-based network that can provide functions such 

as multi-broadband, QoS transmission technologies, and technology-independent 
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services. Bauer (2010) notes that multiple forms of broadband networks in each country 

can be considered as next-generation network, exemplifying BcN. Therefore, the concept 

of BcN in South Korea is roughly equivalent to that of NGN, a term used internationally 

outside Korea.  

The BcN implementation plan was initiated with three distinct visions and a set 

of specific objectives. The first vision was aimed to build the world’s leading BcN 

infrastructure; it would not only cope with the convergence era but also make South 

Korea a first-class country in the information and communication technology (ICT) 

industry, by developing and standardizing relevant technologies. The second vision was 

to create the world’s best high-quality multimedia environments, which could be used 

anytime and anywhere through the use of convenient and inexpensive devices. The third 

vision was designed to lay the foundation for the ICT industry in South Korea, enhance 

the innovation-related capabilities within the country, and improve competitiveness in 

order to enhance national economic growth in South Korea. In terms of these objectives, 

the BcN implementation plan has achieved positive results to date (Menon, 2011; Shin & 

Jung, 2012). The overall concepts inherent in BcN are shown in Figure 7. 
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Figure 7. Concepts of the BcN (MIC, 2003) 

 

In setting up an implementation plan, government organizations and firms 

participating in the BcN project created synergistic effects by sharing and collaborating 

on each task involved. The firms focused on discovering new service models and 

bringing them to market, and on building, operating, and testing pilot networks. In order 

to encourage the firms to participate, government organizations supported them by 

developing and supplying core technologies and the BcN standard model; these resources 

enabled the firms to build and operate R&D networks and to maintain interoperability 

and mobility. These roles cut across all four subprojects of the BcN project: BcN pilot 

project, BcN quality management, BcN standard model, and BcN open services. The 

structure of the BcN projects is shown in Figure 8. 
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Figure 8. Structure of the BcN Project 

 

4.3 BcN Standard Model 

 

A subproject focused in this chapter is the development and provision of the BcN 

standard model20. It has been implemented by a national research institute21 since 2004. 

The goal of this project was to provide an efficient network configuration model to 

network operators by specifying and standardizing the essential features of BcN. The 

participants have also looked to take the lead in global standardization activities. Utilizing 

the BcN standard model, government organizations have established guidelines for the 

                                            
20 The BcN standard model is also called the ‘BcN reference model’ (Lee, Kim, Chung, & Kim, 2007). This 
chapter, however, makes use of the former term. 
21 Electronics and Telecommunications Research Institute (ETRI) 
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creation of reasonable objectives―such as those involving layer-based network 

structures―for technology specifications and services, all while enhancing 

interoperability among telecommunication networks. 

The BcN standard model proposes clear criteria that distinguish BcN from BcN 

services. Additionally, those criteria classify network structures, technology 

specifications, and service provisions into four layers: the service control layer, the 

transportation layer, the access layer, and the home/terminal layer. The model suggests 

goals, considerations, and directions essential to the step-by-step construction of such 

objective networks. Note that the BcN standard model does not involve specific 

technology levels. Rather, it offers a list of requirements that participants can follow. 

Fulfilling the items listed within those requirements indicates the sound implementation 

of the BcN standard model. 

Lee et al. (2007) explain each layer in detail. The service control layer defines 

requirements or interfaces required by multiple services such as telecommunication, 

broadcasting, and Internet related services. Servers for value-added application services 

such as RFID and telematics are part of this layer. The transport layer defines QoS, QAM, 

the links between networks, technologies transmitting integrated data, structures, 

requirements or interfaces. Backbone networks guaranteeing QoS are main parts of this 

layer. The subscriber layer defines requirements or interfaces in respect to 

telecommunication, broadcasting, and Internet subscriber networks. WiBro, WCDMA, 

xDSL, and CATV network are examples. Finally, the home/terminal layer defines 
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technologies, requirements, and interfaces for ubiquitous environment. Home automation 

systems are some of examples.  

Another achievement of the BcN standard model is the establishment of 

domestic and international standards related to BcN. At the national level, after 

implementing basic plans and processes used to develop core technologies, version 3.0 of 

the BcN standard model was unveiled at the end of 2008 and adopted by the TTA as a set 

of unique domestic standards. Activities undertaken by International Telecommunication 

Union (ITU) committees in South Korea have contributed to international 

standardization. 

 

4.4 Case description 

 

This study examines standardization processes by analyzing one of subprojects of BcN, 

the BcN standard model, driven by government in South Korea. In general, a case study 

analysis is used to investigate a specific event or phenomenon that occurs in the real 

world, without applying additional controls (Yin, 2003). Therefore, a single case analysis 

is appropriate to the BcN standard model case. 

In order to observe the adoption rates of the BcN standard model, a survey was 

conducted. Participants in the BcN project were asked how many requirements in the 

BcN standard model they had adopted when they developed BcN-related products. Only 

39 items beyond the 69 requirements in the BcN standard model were asked, because 
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missing items were technically underdeveloped at that time. As of the time of the survey, 

the BcN project was not entirely commercialized. Especially, authentication and charging 

technologies were still under development. The survey was conducted in October and 

November 2009. Among the 143 organizations that had participated in the BcN project 

since 2004, 47 responded to the survey (response rate of 33.57%22). 

In order to gather sufficient information in regards to the BcN project, the author 

collected data from various sources such as newspapers, related websites, technical 

reports, and policy documents. Especially, documents published by government and 

national organizations were reviewed in detail. (For example, MIC (2003) for general 

information of BcN, ETRI (2008) for history of the BcN standard model, and NIA (2010) 

for performance evaluation of the BcN standard model). 

In addition to the survey and the document review, an in-depth interview was 

undertaken in October 2009 in order to develop a deeper understanding of the project. 

The interviewee was a senior researcher in charge of the BcN standard model project in a 

national research institute. Although only one interview was conducted, it was sufficient 

to draw implications for government-led standardization activities in the BcN project. 

 

 

 

 

                                            
22 Although the response rate was relatively low, it was close to 50% when the firms that could not respond 
(for specific reasons including bankruptcy) were excluded from the total figure. 
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4.5 Analysis 

 

4.5.1 Survey Result 

 

The adoption rates of the BcN standard model among participants in the BcN project, 

based on data obtained from the survey, are summarized in Table 2. 

 

Table 2. Adoption rate for each layer in the BcN Standard model 

Layer 
Service 

Control 
Transport Access 

Home/ 

Terminal 
Total 

Number of requirements in the 

BcN standard model 
16 2 14 7 39 

Average number of requirements 

that organizations adopted 
8.54 0.67 3.00 0.83 13.04 

Adoption rate (%) 53.38 33.50 21.43 11.86 33.44 

Standard error 1.28 0.17 0.68 0.33 1.72 

 

This chapter looks into the four aforementioned layers for each BcN standard 

model, and in this way obtained the requirements that the participants had actually 

adopted. The results show that participants in an upper layer, such as the service control 

layer, tend to adopt the requirements in the BcN standard model at a higher rate. 

Conversely, those in a lower layer, such as the home/terminal layer, adopted them at a 

lower rate. The average overall adoption rate for the BcN standard model was 33.44%. 
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On the basis of the BcN standard model items adopted by the participants that 

were surveyed, specific requirements can be observed for each layer. In the service 

control layer, for example, although participants endeavored to support various 

applications such as multimedia service, convergence between heterogeneous devices has 

not been achieved. In the transport layer, switch equipment technologies (e.g., QoS-

guaranteed routers and gateways) have been well established. However, data transmission 

technologies were still lagging. In the access layer, although diverse types of technologies 

supporting subscriber networks were available, broadcast/multicast technologies for 

wireless multimedia services were not yet sufficient. In the home/terminal layer, the BcN 

standard model was not closely followed, except in terms of the classification of QoS 

level required by subscribers. 

 

4.5.2 Discussion 

 

According to the survey questioning the adoption rate of the BcN standard model, the 

lowest layer among the four BcN layers (i.e., the home/terminal layer) had been adopted 

by 11.86% of all respondents, while the highest layer (i.e., the service control layer) had 

been adopted by 53.38%. Various explanations may exist, but the main reason can be 

explained as follows. The home/terminal layer consists of infrastructures that incur high 

investment costs and demand a number of following devices. From the perspective of 

firms investing capital, this project requires a much greater outlay of funding than had 
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been the case with previous projects. Therefore, if each firm cannot direct its own 

developmental efforts, the required investments will not be made. This means that 

participants in the home/terminal layer would want to deploy consortia-led technology 

standard23, rather than the government-suggested standards, leading to a lower adoption 

rate overall. 

 

“In the early days, companies were relatively active in the BcN project. But the 

large companies that led each consortium were gradually getting annoyed about 

the BcN standard model. They wanted to deploy their own base technologies 

instead of BcN standard model, and they eventually did it.” 

 

In addition, as network operators at that time held enough cash by virtue of 

explosive growth in the broadband and mobile network, they had sufficient incentives to 

make more investment. Therefore, most large firms that could raise necessary capital 

entered the BcN project with the ability to invest a large proportion of the costs involved. 

Eventually, investments of each consortium gave them opportunities to deploy their own 

technologies. For this reason, firms tended to support only their own technologies as 

standards instead of the BcN standard model. In other words, each firm made an effort to 

                                            
23 Functions of technology standard that the private sector focuses on are different from those of the public 
sector. Firms want consumers to be locked in and they attempt to expand this lock-ins to other domains such 
as application layer (upper layer) in order to maximize their profits. That is, by using technology standards, 
they build defensible market in order to pursue a “winner-takes-all” situation. Meanwhile, the government 
addresses technology standard not only for promoting new growth engine but also for preventing the 
possibility of antitrust problems caused by firms 
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comply with at least one form of de facto standardization. 

For example, when examining four BcN pilot project participants which adopt 

the BcN standard model, three consortia consisted of representative network operators in 

South Korea, and the other consortium consisted of cable television (CATV) system 

operators. As a typical oligopolistic broadcasting and telecommunication-converged 

market, each consortium concentrated on their own core technologies instead of 

cooperating in the BcN standard model, in order to be positioned early in the next 

generation broadcasting and telecommunication network. Specifically, each consortium 

supported its own technologies in the home/terminal layer. For instance, a consortium led 

by a firm which had invested WiBro actively promoted devices for WiBro, while another 

consortium led by a mobile network operator who had the most subscribers promoted 

HSDPA devices, the latest technology. Whereas, the other consortium led by a network 

operator which had been slightly left behind focused on new services such as video call 

and fixed and mobile convergence (FMC) services that current leaders in ICT industry 

were reluctant to adopt. Finally, the other consortium led by CATV system operators 

offered cable network driven services based on their core competencies like VoIP and 

HDTV. 

Meanwhile, small and medium enterprises (SMEs) mainly participated in the 

higher-level layer of BcN, namely, in the service control layer. They could join the layer 

more easily than the other layers, since they simply wanted to develop services or 

applications related to the protocols affected by the lower layers.  
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Nevertheless, it was not easy for SMEs to participate in such large scale project 

alone. Because of their small size and insufficient capabilities compared to the 

government, universities, and research institutes, SMEs had to be dependent on large 

firms in order to participate in the BcN project. Consequently, each alliance comprised of 

more than sixteen firms joining the BcN pilot project. 

 

“As you know, national R&D projects are important to small and medium sized 

companies for their income. To join one of the projects is a good opportunity for 

them to demonstrate their core capabilities. But, it is true that they don’t have 

enough power to take on the national R&D project alone. So, they had to form 

an alliance with large companies which could lead them, and enable them to 

participate in the BcN project.” 

 

Furthermore, the leading firms in each consortium made efforts to bring SMEs 

into the upper-layer fold, in order to gain access to an established installed base and 

complementary goods, both of which are new and important factors to succeed in a 

network-based industry (Gallagher & Park, 2002). As a result, a lot of SMEs embraced 

the technologies suggested by larger firms, rather than complying with the BcN standard 

model. This explains a situation in which few SMEs were capable of participating in a 

public project independently and most SMEs always had to be in partnership with large 

firms. The fact that quite a number of firms which participated in BcN project went 
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bankrupt supports the viewpoint. 

Obviously, the results were not the ones that the government intended. 

According to Lee et al. (2005) and Choi and Choung (2006), accumulated knowledge can 

lead to sustainable standardization success. Like in the observation, the South Korean 

government tried to standardize the BcN based on de jure standardization which had 

recently been successful in the ICT industry. However, as domestic firms preferred to use 

their own technologies developed by alliances―i.e, de facto standardization―overall 

performance dropped in comparison to that seen with former success stories. The 

interviewee shares an anecdote with the author. 

 

“In 2005 and 2006, there were so many meetings on the BcN standard model 

project. More than fifty organizations participated in the working groups. 

However, the number of participants declined as time went by. After all, the 

government and public organizations could not persuade them to attend the 

meetings any more. As a result, from 2008, they had no choice but to just sit and 

watch what each consortium was doing.” 

 

This implies that each consortium made less effort with respect to the BcN 

standard model than had previously been the case. In addition, this situation represents 

that the processes inherent in technology-related policy-making and standardization 

policy in South Korea have brought about conflicts between the government and 
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participants (Seong, 2004). 

In particular, the BcN pilot project was divided into four consortia as stated 

above. This means that SMEs participating in the BcN standard model project had to 

develop applications appropriate to each consortium. Rather, a form of consortia-led 

standardization may have resulted in better performance when an appropriate level of 

competition existed. A solid base of consortia-led standardization can be created, as rapid 

standardization can proceed while reducing uncertainty (Keil, 2002). In general, as the 

number of consortia increases, antitrust issues may arise (Weiss & Cargill, 1992). 

However, de jure standardization, which rather precludes antitrust issues, need not always 

be considered, as an increase in the number of consortia does not necessarily lead to an 

increase in competition within the market (Cohen-Meidan, 2007). 

This observation can be exemplified by another large scale standardization 

process, Open Systems Interconnection (OSI) Internet architecture promoted by the 

International Organization for Standardization (Russell, 2006). While it offered OSI 

reference model that interconnects different networks as an interface, rough consensus 

allowed consortia-led TCP/IP model to be finally adopted as a standard in the era of 

World Wide Web. It showed that political approaches by ISO were not effective to 

Internet public. Grindley (1995) also explains high-definition televisions as an example of 

how difficult it is to reach agreement on international standardization. The study stresses 

that the coordination or the consensus between interest groups was not an easy effort, and 

lack of consensus is one of the main causes of a failure in standardization initiatives. 
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4.6 Conclusion 

 

This chapter introduced the large scale public sector project, BcN and its subproject, BcN 

standard model, and discussed the efforts on standardization processes as standards-

setting activities are mainly implemented by government, which is to say, de jure 

standardization. Particularly, the performance of the BcN project is evaluated by 

examining the adoption rate of the BcN standard model. According to the survey, the 

lower layer which needs a lot of investments shows low an adoption rate, while the higher 

layer shows a high adoption rate due to participation of SMEs. Different adoption rates 

for the different layers are unintended results of de jure standardization. Instead, a form of 

consortia-led standardization is revealed. Such a large scale public sector project where 

interests of many stakeholders are intertwined, the efforts by standardization policies may 

not be effective. 

 This chapter makes further considerations as follows. First, as Shin and Jung 

(2012) suggest, the role of the social platform should be considered in standard-setting 

activities of large scale R&D project. In the past, large scale R&D projects were deployed 

by large firms with a technology-oriented approach and thus technological outputs were 

mainly focused on their performance. However, such large scale R&D projects today 

need demand-oriented approach and thus the ways how they are socially utilized are 

important. Although the projects were successful, it is necessary to examine social 

outcomes that also consider the spillover effects to the SME-centric layers and other 
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application layers. Second, the standardization policy for the BcN standard model 

evaluated in this chapter was discussed to suggest requirements that participants might 

adopt, not the regulation that participants had to adopt. If the BcN standard model was 

mandatory, various services developed by each consortium could not be launched to the 

market, similar to the case of IPTV service that was not actively deployed because 

convergence services were regulated at that time (Shin, Kim, & Lee, 2006; Kim, 2011). 

Although the BcN standard model was not actively applied as the government expected, 

such supportive activities implemented by the government need to be continuously 

enhanced. 

On the basis of this chapter, a more sophisticated qualitative evaluation of 

conceptual standards and a classification of specific technology standards should be 

considered. In addition, appropriate measurements on the standardization effects need to 

be elaborated for further research. 
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Chapter 5. Measuring the Efficiency of 

Standardization Policy Using Meta-Frontier 

Analysis: A Case of Mobile Platform 

Standardization 

 

5.1 Introduction 

 

The scale of the mobile communication industry has grown in the past twenty years. After 

Apple built the mobile ecosystem around iPhone, fiercer competition is observed between 

ecosystems than that between devices or services. Thus the importance of the mobile 

platform is emerging, as it is essential to the mobile ecosystem (West et al., 2010; Feijoo 

et al., 2012). iOS is the core component of the mobile ecosystem that Apple provides and 

it makes consumers locked into the ecosystem. Moreover, in order to promote the use of 

an open platform such as Android, Google formed an alliance with many device 

manufacturers, resulting in the top-ranked mobile ecosystem that stands alongside with 

Apple’s ecosystem. Both iOS and Android mobile platforms are now de facto standards 

(Gerpott, Thomas, & Weichert, 2013). 

Though iOS and Android are dominant mobile platforms, new types of mobile 

platforms such as Tizen, Firefox and Ubuntu have also been developed. The emergence of 
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new mobile platforms may bring about fragmentation of mobile applications for 

developers and consumers. In the past, various forms of mobile platforms existed in the 

mobile industry, such as Qualcomm’s Binary Runtime Environment for Wireless (BREW) 

and Nokia’s Preminet (Chen & Hu, 2008). However, there was no single dominant 

platform, so both consumers and content providers were confused about what platform 

they had to choose. Thus the need of a standardized mobile platform was proposed 

consistently at international forums. Open Mobile Alliance (OMA) has led active 

discussion on standardized mobile platforms (Tilson & Lyytinen, 2006; Kim, Jung, & Lee, 

2010). 

Discussions on platforms are still making progress. For example, Rajapakse 

(2012) identifies that platform diversity is one source to cause fragmentation and suggests 

that better standardization can solve the issue of fragmentation. Holzer and Ondrus (2011) 

posit that centralization of platforms can provide consumers easy access and decrease 

distribution costs. In terms of platform theory, single platform models exhibit some 

disadvantages, leading consumer surplus to decrease (Eisenmann, Parker, & van Alstyne, 

2011). 

Among various studies on platform standardization, research on the effects of 

South Korea’s Wireless Internet Platform for Interoperability (WIPI) 24  on content 

providers allows for a better understanding of mobile platform standardization. South 

                                            
24 It is not common to find government-led mobile platform standardization other than in South Korea. 
Android and iOS, which are ranked first and second in the mobile platform market share, were developed by 
firms. Other mobile platforms are also newly developed by alliances of many firms in the mobile industry. 
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Korea made efforts to standardize the mobile platform at the national level. Building on 

the success of code division multiple access (CDMA) commercialization, South Korea 

sought to find a new growth engine behind the mobile communication industry. The 

mobile platform was chosen as a means to grow the industry. At the same time, mobile 

network operators (MNOs) also began to realize the importance of the mobile platform as 

a new source of profits. Each MNO started to build its own mobile platform and tried to 

boost the platform’s market share. As a result, in the initial period of mobile content 

market development, content providers had to produce various versions for so many 

mobile platforms. As a result, they sometimes had to make overlapping investment (Lee 

& Oh, 2009; Kwak et al., 2011). At that time, there was no dominant mobile platform 

technology. As Feijoo et al. (2012) explain that market penetration is the main driver for 

content providers, so they mainly developed their services on the platform provided by 

the leading MNO, which had the largest installed base in South Korea (Seo & Lee, 2007). 

The content providers had to follow the MNO-dependent mobile platform technology. 

In order to resolve the unbalanced supply of mobile application services, South 

Korea developed a government-led standardized mobile platform (i.e. WIPI). Though 

other mobile platforms could be embedded together, it was mandatory to have 

technologies compatible with WIPI. Therefore, it is concluded that content providers at 

that time utilized a standardized mobile platform. Content providers no longer had to 

depend on specific MNOs because contents could be produced by firms using the 

standardized platform technology. The obligation involving WIPI was later lifted due to 
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various reasons25. Then, iOS and Android were introduced to the mobile communication 

industry in South Korea and they became dominant platforms. A majority of content 

providers adopted either iOS or Android. Therefore, content providers ended up using 

three different types of platforms: MNO dependent platforms, a government-led 

standardized platform, and de facto standardized platforms in the past ten years. 

Although the obligation to meet the WIPI standard was actually abolished in 

2009, the WIPI policy itself was evaluated in various contexts. Seo and Lee (2007) 

explain that the wireless communication industry in South Korea could do value-shift to 

data with wireless Internet platform such as WIPI, and therefore obtained a competitive 

advantage in the wireless communication industry. Lee and Oh (2008) explain that it was 

an effective standardization policy that could satisfy many stakeholders’ diverse needs. 

The government of South Korea acted as a facilitator and not a controller in the process 

of WIPI standardization. Particularly, Kim (2012) reveals that cooperation between the 

government and the private sector contributed to the growth of the telecommunication 

industry during the WIPI standardization process. Meanwhile, Kwak et al. (2011) also 

point out about the WIPI standardization process that although WIPI was fast set up in the 

initial phase of the standardization efforts, a coordination failure due to complicated 

interests, especially those of foreign stakeholders, delayed the progress of standardization.  

Aforementioned studies regarding WIPI are usually examined with case study 

analysis in terms of institutional or political economics, but not with empirical analysis. 

                                            
25 These will be covered in Section 5.2. 
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Moreover, it is necessary to examine whether the demand side of the standardized mobile 

platform, namely content providers, efficiently utilizes WIPI in the perspective of their 

performance, and whether the standardization policy was effective for improving the 

efficiency of firms. 

In order to examine the standardization policy for a standardized mobile 

platform, this chapter measures the efficiency of content providers using a standardized 

mobile platform. As applied by Cho and Park (2011), efficiency analysis is useful to 

evaluate performance of content providers. Now that different technologies for a mobile 

platform are adopted for each period, this chapter assumes different production functions 

for each group and applies meta-frontier analysis. At first, the efficiency of individual 

firms is measured by using stochastic frontier analysis. Afterwards, according to the 

periods when different mobile platform technologies were used, content providers are 

categorized into pre-WIPI, on-WIPI, and post-WIPI groups and the efficiencies of firms 

for each group are compared by using meta-frontier analysis. This chapter quantitatively 

compares the effects of standardized mobile platform on the productivity of the firms and 

draws implications for a national standardization policy. 

This chapter is organized as follows. Section 5.2 provides a general overview of 

WIPI. Section 5.3 explains productivity analysis, stochastic frontier analysis, meta-

frontier analysis and the conceptual model specifications. Empirical results are explained 

in Section 5.4. Finally, implications are identified and conclusions are made in Sections 

5.5 and 5.6, respectively. 
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5.2 Wireless Internet Platform for Interoperability (WIPI) 

 

As a form of de jure standardization, WIPI had been promoted by the Ministry of 

Information and Communication and other relevant organizations since 2001, in order to 

reduce development costs paid by content providers to support several platforms for 

MNOs. The domestic mobile content market had concerns about the dominance of 

foreign mobile platforms such as Qualcomm’s BREW. Another objective of WIPI was to 

develop an indigenous mobile platform technology and reduce the burden of loyalty 

payment. After developing a core technology, relevant laws and institutions were 

amended in 2004. As a standardized mobile platform, WIPI began to be embedded in 

2005 and led the mobile phone sector. 

 When the government of South Korea tried to standardize mobile platform, 

outside stakeholders such as the United State Trade Representative (USTR) and 

Qualcomm complained that WIPI would violates the World Trade Organization 

Agreement on Technical Barriers to Trade (Kwak et al., 2011). They argued that the 

purpose of the WIPI policy would disrupt fair trade and competition among mobile 

platforms. In response, the government of South Korea disputed that WIPI would prevent 

the tipping to a specific mobile platform, as well as excessive mobile platform 

competition. After persistent implementation efforts, the WIPI standard was directed to be 

embedded in all mobile phones. WIPI was redesigned to allow openness in order to retain 

compatibility to other platforms such as WIPI on BREW (Seo & Lee, 2007; Lee & Oh, 



90 
 

2008). 

After some debate, WIPI was set as a mobile platform standard in South Korea. 

Many content providers welcomed the introduction of the WIPI standard. Content 

providers were able to cut down on duplicated development costs and consumers were 

able to access various content. Owing to the standardized mobile platform, content 

providers were able to enhance their bargaining power that was once possessed only by 

MNOs. Moreover, two other MNOs that had a less installed base were able to provide 

more content based services. Simultaneously, since the WIPI standard worked in the field 

as a technical barrier to foreign mobile phone manufacturers such as Nokia, domestic 

mobile phone manufacturers were able to strengthen their competitiveness. As a result, 

the WIPI standardization policy allowed components of the mobile ecosystem and value 

chain such as content, platforms, networks, and devices to enhance their performance. 

 While the primary goal of the WIPI standardization was to relieve the burden of 

content providers, there were also unexpected consequences. More than just a simple 

standard concept, WIPI was a compulsory regulatory policy that affected MNOs. The 

policy made MNOs concentrate on enhancing domestic competitiveness only. Therefore, 

they could not properly respond to a rapidly changing business environment and the 

structural innovation induced by iPhone. WIPI was also not powerful or competitive 

globally compared to other platform standards. The requirement that made the WIPI 

embedded in all mobile phones in South Korea deprived consumers of the right to choose 

from diverse mobile platforms. This also affected mobile handset prices. Price 



91 
 

competition between mobile phone manufacturers was practically nonexistent. Although 

the role of the WIPI standard was perceived to be relatively positive and it helped shape 

the early domestic mobile ecosystem and value chain, many started to suggest that the 

government’ attitude towards the WIPI standard should be changed. International mobile 

platforms such as iOS and Android became more common and widespread. Furthermore, 

the requirement that the WIPI standard should be embedded in all mobile phones 

infringed on the rights of consumers. Therefore, the government of South Korea 

abolished the requirement of WIPI standard in 200926.  

 

5.3 Methodology 

 

5.3.1 Production Efficiency Analysis 

 

Various methodologies have been applied to measure the efficiency of firms. This section 

introduces frequently used approaches in the production efficiency analysis27. 

The regression analysis approach estimates the relationship between inputs and 

outputs, and evaluates efficiencies by comparing expected outputs with real outputs. 

Regression analysis is a parametric methodology since basic functions are assumed. 

Regression analysis can overcome a problem caused by simple comparisons between a 

                                            
26 WIPI was still used in the market. Government only abolished the compulsory installation of the WIPI 
standard. 
27 This section develops the review of production efficiency analysis by Kim (2013). 
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single input and a single output by estimating the average relationships between multiple 

inputs and a single output. Regression analysis is applied to efficiency analysis in diverse 

fields such as the healthcare industry (Vitaliano, 1987; Craycraft, 1999). 

However, the regression analysis approach has some limitations. First, 

estimation results are dependent on assumed functions and models. Second, the units of 

outputs are different from each other. If outputs are converted to prices, intervention by 

price effect occurs. Third, regression analysis process can be affected by a single specific 

value. Fourth, the number of samples is important for the degree of confidence interval. 

Fifth, regression analysis cannot distinguish efficiency and inefficiency units (Sherman, 

1984). 

The productivity index approach measures efficiency by using the ratio of output 

to inputs. The three types of methodologies applied are total productivity, partial factor 

productivity, and total factor productivity (Kendrick, 1985). Total productivity is the ratio 

of output to input factors such as labor, capital, material, and energy. Partial factor 

productivity is the ratio of output to single input factor, such as labor productivity or 

capital productivity. Total factor productivity is measured by weighted average of labor 

productivity and capital productivity.  

However, the productivity index approach has some limitations. The total 

productivity ratio is useful for measuring the efficiency of an entire company when 

considering simultaneous total input and output factors. However, price effects may arise 

because input and output factors are converted to price. It is difficult in practice to 
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improve company management as determinants of inefficiency are not easily found. The 

partial productivity ratio is also not suitable for measuring efficiency of an entire 

company because input factors are not comprehensively considered. The total factor 

productivity is useful from an economic perspective. However, when intermediate 

products have a large portion of total production costs, it is inappropriate to measure 

productivity efficiency since material inputs are not reflected by productivity measures.  

The ratio analysis approach calculates financial ratios, which explains 

management conditions and measures efficiency by comparing industry-wide or specific 

firm ratios. The ratio analysis approach uses financial statements. One of the most 

frequently used ratios for management performance is return on investment (ROI). 

The ratio analysis approach is easy to compare with industry-wide or specific 

firm ratios, and determines trends of business operations. Nevertheless, the ratio analysis 

approach has several limitations. First, since the efficiency is multidimensional, it is 

difficult to include multiple factors causing the problems (Craycraft, 1999). Second, it is 

not deterministic for an industry-wide ratio to be efficient when compared with specific 

firm ratios. Third, common indices for input factors and outputs are necessary. A problem 

with the process of weighting all input and output factors may occur. Fourth, ratio indices 

can be biased since the mixture of inputs and outputs is not recognized when the 

aggregate is used for ratio indices (Sherman, 1984). In sum, it is inappropriate to measure 

total efficiencies of an entire company. 

Frontier analysis has been increasingly used in recent literature to complement 
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the weakness of traditional efficiency measurements. Frontier analysis first obtains an 

efficient frontier and then evaluates relative efficiency for each firm. Typical 

methodologies of frontier analysis are data envelopment analysis (DEA) and stochastic 

frontier analysis (SFA). 

Introduced by Charnes, Cooper, and Rhodes (1978), DEA compares efficiencies 

of a decision making unit (DMU) in a similar environment. Since Charnes et al. (1978), it 

is widely adopted in multiple cases such as business and economics analysis. While a 

typical regression analysis stochastically assumes a distribution of residuals, DEA does 

not require assuming stochastic residuals and a form of production function. Such non-

stochastic and non-parametric characteristics of DEA prevent researchers’ arbitrary 

interventions. Moreover, the value of DEA can be unitarily expressed in regards to 

multiple inputs and outputs as it forms the most efficient frontier among compared groups. 

Efficiencies by distances of other DMUs that benchmark the frontier are also compared. 

In addition to the Charnes, Cooper, Rhodes (CCR), Banker, Charnes, Cooper (BCC) 

model that alleviates constant returns to scale condition (Banker, Charnes, & Cooper, 

1984) is also widely applied. However, DEA cannot accurately measure the operational 

inefficiency of DMU. DEA cannot distinguish stochastic errors from inefficiency errors. 

In addition, DEA cannot conduct various statistical hypothesis tests since it does not 

apply stochastic methodology. Finally, DEA is greatly affected by outlier observations. 
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5.3.2 Stochastic Frontier Analysis 

 

The limitations of DEA estimations can be managed by stochastic frontier 

analysis (SFA). Introduced by Aigner, Lovell, and Schmidt (1977) and Meeusen and van 

den Broeck (1977), SFA estimates efficiencies using production frontier function modeled 

by the equation: 

 

 Y = f(x , β)e
     ,  = 1, 2, … , N      

 

where Y  is the output of the firm i, x  is input vector of the firm i, and β is vector of 

parameter with vector x. V  is random error of the model and is independent with U , 

and has a normal distribution, V ~	N(0, σ 
 ). U  is a non-negative random variable 

exhibiting technical inefficiency of firm i. In order to show inefficiency, U  itself is 

always non-negative. For measuring and comparing efficiencies of firms, a concept of 

technical efficiency (TE) is used. TE for each firm is defined by the equation: 

  

 TE =	
  

  
∗ =	

 (  , )· 
     

 (  , )· 
  

= e    

  

The range of TE is between zero and one. If TE is one, U  is zero (best efficient 

technology). 

More specifically, Figure 9 describes a typical stochastic frontier production 
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function where firms a and b use one input and yield one output. Using input x  and	x , 

firms a and b yield output Y  and Y  respectively (indicated by points in Figure 9). As 

U  and U  are non-negative, if both firms are perfectly efficient,	U = U = 0, then 

they yield outputs Y 
∗ and Y 

∗ (indicated by X marks in Figure 9). Because the noise 

effect of firm a is positive, the output Y 
∗ lies above the production function, while the 

output Y 
∗ lies below the production function due to a negative noise effect of firm b. 

 

 

Figure 9. Stochastic frontier production function and technical efficiency 

 

DEA and SFA are similar in that they estimate the frontier production function 

and measure efficiency. Fundamental differences of DEA and SFA are whether the 

assumptions regarding production function and error terms are included. The advantages 

of SFA are that it can classify sources and identify the nature of inefficiency. SFA can 
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distinguish deviations in the frontier production function into technical inefficiency, 

allocative inefficiency, and errors (Schmidt & Lovell, 1979). Moreover, SFA is not a 

deterministic methodology like DEA. SFA can handle measurement errors, conduct 

various statistical hypothesis tests, and use panel data. It is not conclusive whether DEA 

or SFA methodologies are more appropriate for efficiency analysis. However, comparing 

various methodologies that measure efficiency, Cullinane, Song, and Gray (2002) argue 

that SFA can show better efficiency estimates when an econometric model is well 

specified. As unbalanced panel data are used in this chapter, SFA is applied to measure 

efficiency. 

The basic model of SFA mentioned above is used in cross-sectional data. 

However, this chapter considers efficiency changes over time. A model by Battesse and 

Coelli (1992) is applied by the equation: 

 

 Y  = f(x  , β)e
       ,  = 1, 2, … , N              Eq. (22) 

 

, where U  = exp	[−η(t − T)] · U . If η > 0, there is an improvement of efficiency over 

time. 

Generally, the translog or Cobb-Douglas production function is usually applied 

to the production function of SFA. In this chapter, the translog functional form is used, 

which includes second order of input factors. Therefore, the translog functional form is 

able to express all effects of input factors (Kneller & Stevens, 2003; Chen & Song, 2008; 
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Suh, 2010; Yang, Lee, Hwang, & Shin, forthcoming). The translog functional form is 

relatively flexible and data can be expressed in the form of a curve. 

Distribution of technical inefficiency is usually assumed to be half-normal 

distribution or exponential distribution. Jorgensen, Pedersen, and Volden (1997) argue 

that half-normal distribution is appropriate in the case when most observations reveal 

average inefficiencies. Also, exponential distribution is appropriate in the case when 

extremely inefficient and extremely efficient solutions coexist. Recently, truncated 

normal distribution arises from the distribution of technical inefficiency. From N(μ, σ ), 

random variable takes more than or equal to zero. If μ is negative, it is similar to 

exponential distribution, and if μ is zero, it is identical to half-normal distribution. As μ 

increases, it becomes similar to normal distribution. Since such an advantage that 

truncated normal distribution can express various distributions exists, it is widely adopted. 

Therefore this chapter applies truncated normal distribution. 

 

5.3.3 Meta-Frontier Analysis 

 

Firm efficiencies can be evaluated by inputs and outputs. The stochastic frontier 

production function is a representative model that measures the efficiency of firms. Firm 

efficiency measurements should have a similar production function. However, firms 

generally do not have an identical production function even within the same industry. 

Thus, firms can be categorized into several groups according to the different type of 



99 
 

production functions. This chapter assumes that well-defined groups such as regions or 

religious differences within a country exist within the same industry. The jth group has 

sample data regarding N  firms and outputs are produced based on multiple input factors. 

Technical efficiency for a particular firm is not easy to compare with a firm that 

has different technology. Technology efficiencies among different groups cannot be 

compared by traditional SFA. However, the meta-frontier production function can 

compare the levels of firm efficiency with other groups having different technology 

conditions (Battese & Rao, 2002).  

Meta-frontier analysis was mainly applied to the agriculture industry in the early 

research. Battesse, Rao, and O’Donnell (2004) apply SFA and meta-frontier analysis and 

estimate efficiency within the garment industry in Indonesia. O’Donnell, Rao, and 

Battesse (2008) apply meta-frontier analysis with DEA and SFA within the agriculture 

industry for ninety-seven countries. Utilizing meta-frontier analysis with SFA, Chen and 

Song (2008) examine the regional differences of production efficiency and technology 

gap in agriculture of China. Moreira and Bravo-Ureta (2010) compare efficiencies of 

dairy farms from Argentina, Chile and Uruguay. Recently, the meta-frontier approach is 

extended and applied to various industries such as energy (Chiu, Lee, Lu, Shyu, & Luo, 

2012; Zhang, Zhou, & Choi, 2013), civil engineering (Fallah-Fini, Triantis, de la Garza, 

& Seaver, 2012), pharmaceutical industry (Mazumdar & Rajeev, 2009), and banking 

industry (Bos & Schmiedel, 2007). 

Meta-frontier analysis is particularly utilized in the information and 
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communication technology industry. In order to examine the network neutrality debate 

between Internet service providers (ISPs) and application service providers (ASPs), Lee 

and Hwang (2011) categorize ASPs into four groups (UCC, game, music, and web service) 

and estimate efficiency changes of each group. In addition, Hong, Lee, and Hwang (2011) 

examine technology efficiency of the cable TV industry in South Korea. Using DEA and 

SFA, efficiencies of vertical integration and horizontal integration that occurred in cable 

TV industry are compared by meta-frontier analysis. Hsiao, Chern, and Yu (2012) apply 

meta-frontier approach to integrated circuit design firm in Taiwan. Liao and Lien (2012) 

separate major telecommunication companies in Asia-Pacific Economic Cooperation 

(APEC) according to penetration rate, and compare them using DEA based meta-frontier 

analysis. Yang et al. (forthcoming) estimate the efficiencies of telecommunication 

companies in the United States, European Union, and Asia in order to reflect different 

production functions affected by regulatory frameworks on telecommunication policy. 

The process of meta-frontier analysis is as follows. When R different groups 

have their own production functions that are assumed, stochastic frontier function of jth 

group is defined by the equation: 

 

 Y  ( ) = f x  ( ), β( ) e
   ( )    ( ) ,  = 1, 2, … , N ,  = 1, 2, … , T,  = 1, 2, … , R 

 

N  denotes the number of firms in jth group. x  ( ) and Y  ( ) denote the input 

vectors and the output of ith firm in jth group in tth period respectively. β( ) denotes 
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parameter vectors associated with x  ( ) for jth group. In addition, V  ( )	~	N(0, σ ( )
 ) 

and U  ( )  ~ N(μ  ( ), σ( )
 )  are assumed. Both are independently and identically 

distributed, and specifically U  ( ) is truncated at zero. 

For simplicity of explanation and measurement, the model of jth group is 

assumed by the equation: 

 

 Y  = e   ( ) ( )    ( )    ( )             Eq. (23) 

 

According to Battese et al. (2004), the meta-frontier function is defined by the 

equation: 

 

 Y  
∗ ≡ f(x  , β

∗) ≡ e    
∗
,  = 1,… , , = ∑ N 

 
   ,  = 1,… , T         Eq. (24) 

 

β∗ is an unknown vector of the meta-frontier function satisfying the equation: 

 

 x  β
∗ ≥ x  β( )	for	all	 = 1,… , N              Eq. (25) 

 

According to equation (24) and equation (25), the meta-frontier production 

function is greater than the frontier production functions for all periods. That is, the meta-

frontier production function envelops all groups of frontier production functions based on 

their own production technologies.  Equation (23) can be decomposed into the equation: 
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 Y  = e    ( ) ×
 
    ( )

     
∗ × e    

∗    ( )           Eq. (26) 

 

The first part of equation (26), e    ( ) , is the technical efficiency (TE) of jth 

group and expressed by the equation: 

 

 TE  =
   

 
    ( )    ( )

= e    ( ) 

 

 Furthermore, the second part of equation (26) can be expressed by the ratio of 

jth frontier function to meta-frontier production function, and is called the meta-

technology ratio (MTR) or technology gap ratio (TGR): 

 

MTR  =
 
    ( )

     
∗   

 

TE* is the technical efficiency of the meta-frontier function, and can be 

expressed by a product of TE and MTR: 

 

 TE  
∗ =

   

 
    

∗    ( )
= TE  ×MTR   

 

Figure 10 shows the meta-frontier production function. If the meta-frontier 

function is convex, TE, TE*, and MTR for x in group one are expressed by the ratios: 
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 TE(x ) =
  

  
  

 TE∗(x ) =
  

  
  

 MTR(x ) =
  ∗(  )

  (  )
=

  

  
  

 

 

Figure 10. Group frontier and meta-frontier production function (Yang & Kim, 2011) 

 

If all groups are exhaustive, the meta-frontier production function can be a non-

convex form, E-F-G-H (O’Donnell et al., 2008). In this case, TE*, and MTR for x in 

group one are expressed by the ratios: 
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 TE∗(x ) =
  

  
  

 MTR(x ) =
  ∗(  )

  (  )
=

  

  
  

 

In order to estimate parameters of the meta-frontier function, two approaches are 

generally used. Linear Programming (LP) is a way to minimize the sum of absolute 

deviation. According to Battese et al. (2004), LP is defined by the equation: 

 

 min ∗ L
∗ = ∑ ∑ |x  β

∗ − x  β( ) | 
   , 

   x  β
∗ ≥ x  β( )  

 

Quadratic Programming (QP) is a way to minimize the sum of square of 

deviation, and is defined by the equation: 

 

 min ∗ L
∗ = ∑ ∑  x  β

∗ − x  β( )  
  

   , 
   x  β

∗ ≥ x  β( )  

 

5.3.4 Data and Model Specification 

 

This chapter examines the efficiency of content providers that use mobile 

platforms. The necessary data was collected from the KISLINE and KISVALUE 

databases. According to the Korean Standard Industrial Classification (KSIC), 597 

companies are related to mobile contents. Among the companies, only 114 content 
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providers concentrate on the development of mobile platform related contents. 490 

unbalanced panel data from 2000 to 2012 are observed. 

For comparing the efficiencies of content providers according to each standard-

setting process, the periods from 2000 to 2012 are categorized into three groups: pre-

WIPI from 2000 to 2004, on-WIPI from 2005 to 2009, and post-WIPI after 2010. 

This chapter identifies sales (Y), capital (K), number of employees (L), and 

operating expenses (M) for each year to measure productive efficiency. Sales are 

representative output of a firm. Capital and the number of employees are generally 

selected as input factors in productivity analysis research. Specifically, operating 

expenses are frequently utilized as an input factor in studies related to the Internet and 

information and communication technology companies (e.g. Serrano-Cinca, Fuertes-

Callen, & Mar-Molinero, 2005; Mannino, Hong, & Choi, 2008; Ho & Wu, 2009; Yang & 

Chang, 2009; Li & Price, 2011; Li & Pittman, 2012). In service industries, operating 

expenses are often used (e.g. Jarboui, Forget, & Boujelbene, 2013). Particularly, because 

operating expenses can affect companies providing information goods such as online 

products (VanHoose, 2011), they are chosen as one of input factors. 

This chapter applies equation (22) for SFA in order to estimate the efficiency of 

content providers using a mobile platform. For applying the random effects time-varying 

production model, this chapter modifies equation (22): 

 

 ln Y  = β + ∑ β 
 
   ln x   +∑ ∑ β  

 
   ln x   ln x   

 
   + V  − U   
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, where m denotes mth input of ith firm in t period. Y   denotes total output of ith firm in 

t period. x  denotes input factors; capital (K), number of employees (L), and operating 

expenses (M) for each i = 1, 2, 3, respectively. Since a flexible translog function is 

applied, interaction and squared term for each x  are used. 

 

5.4 Empirical Results 

 

5.4.1 Stochastic Frontier Analysis Estimation Results 

 

Descriptive statistics are shown in Table 3. Using FRONTIER 4.1 suggested by Coelli 

(1996), the maximum likelihood estimates of parameters in the stochastic frontier 

production function for each group are obtained. 
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Table 3. Descriptive statistics of content providers from 2000 to 2012 

Variable 

Pre-WIPI 

(2000-2004) 

On-WIPI 

(2005-2009) 

Post-WIPI 

(2010-2012) 

Mean 
Standard 

deviation 
Mean 

Standard 

deviation 
Mean 

Standard 

deviation 

Sales (Y) 5,244,552 9,805,775 8,647,503 15,523,274 9,529,260 17,542,843 

Capital (K) 2,247,340 4,263,840 1,685,368 2,546,805 1,708,638 3,010,186 

Number of 

employees (L) 

48.88 57.52 74.34 95.18 76.52 107.92 

Operating 

expenses (M) 

2,009,317 3,065,398 4,155,242 6,178,998 4,790,477 8,109,382 

Observations 105 222 163 

Note: Sales, Capital, and Operating expenses are in thousands of Korean won.  
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Table 4. Estimates of parameters in the stochastic frontier production function and meta-

frontier production function 

 

Pre-WIPI 

(2000-2004) 

On-WIPI 

(2005-2009) 

Post-WIPI 

(2010-2012) 

Meta-frontier 

function estimates 

Est. 
Std. 

err. 
Est. 

Std. 

err. 
Est. 

Std. 

err. 
LP QP 

Constant 7.5004*** 1.2878 2.9720***  0.9860  4.6723* 2.4726 7.5004  7.5004  

ln K -0.5186 0.9781 1.0925**  0.4575  -0.7986 0.6906 -0.0611  -0.2768  

ln L 6.6049*** 0.9885 0.1760  0.7603  2.0459* 1.1344 4.6335  4.1077  

ln M -2.3715** 1.1609 -0.6597  0.4554  0.1361 0.7006 -2.0944  -1.7675  

(ln K)  -0.0150 0.1356 -0.1069*  0.0597  0.0371 0.0608 0.0895  0.1067  

(ln L)  1.3479*** 0.3797 0.0405  0.1580  0.4419*** 0.1541 1.0506  0.9431  

(lnM)  0.4129* 0.2340 0.2441***  0.0783  -0.0003 0.0834 0.4474  0.4004  

ln K ∙ ln L -0.0188 0.3697 0.5615***  0.1501  -0.4245** 0.1885 -0.0715  -0.0769  

ln L ∙ lnM -1.6503*** 0.3907 -0.5513***  0.1952  -0.1341 0.1853 -1.1768  -1.0327  

ln M ∙ ln K 0.1175 0.3158 -0.1149  0.1016  0.1631 0.1460 -0.1393  -0.1340  

log likelihood -32.0186 -32.7670  -6.7958  

Note: ***, **, and * indicate significance level of 1%, 5%, and 10% respectively. 

 

Table 4 shows the results of estimates of parameters by the stochastic frontier 

production function. Estimated parameter values and standard errors are obtained for each 

group. In the pre-WIPI group and the post-WIPI group, positive relationship between 
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sales and number of employees are statistically significant. The coefficient of capital 

shows statistical significance of 5% and positive effect to sales in the on-WIPI group. 

Operating expenses have negative effect on the sales with statistical significance of 5% in 

the pre-WIPI group. 

 

Table 5. Technical efficiency (TE) obtained from stochastic frontier production function 

Group Mean 
Standard 

deviation 
Minimum Maximum 

pre-WIPI 0.9153 0.0338 0.8170 0.9896 

on-WIPI 0.8976 0.0438 0.7582 0.9863 

post-WIPI 0.8823 0.0533 0.7059 0.9854 

Pooled (all group) 0.8822 0.0462 0.7466 0.9892 

 

Table 6. ANOVA table for technical efficiency (TE) 

Source of treatment Sum of squares Degree of freedom Mean square F-value 

Treatments 0.0301    2 0.0151  7.0416  

Error 0.4212  197 0.0021   

Total 0.4513 199   

 

Technical efficiency (TE) for each group is shown in Table 5. In order to test 

whether means of technical efficiency for each group are different with statistical 
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significance, one-way ANOVA is conducted and the results are shown in Table 6. The F-

value shows that TE means are different at 1% significance level. According to TE 

obtained from stochastic frontier production function, the pre-WIPI group is the most 

efficient group at 0.9153. The post-WIPI group is the least efficient group at 0.8823. In 

this case, the MNO-dependent mobile platform was effective for content providers. 

Without considering any group, TE of a pooled model is obtained at 0.8822. 

 

5.4.2 Meta-Frontier Function Estimation Results  

 

Using MATLAB, the estimates of parameters in the meta-frontier production function for 

each group are obtained. Before using the meta-frontier production function, it is 

necessary to check whether each group uses its own production function. The likelihood 

ratio (LR) test is conducted to examine different technologies. If the null hypothesis, 

H      , is rejected, each group has its own technology. Therefore, the meta-frontier 

production function can be applied. It is obtained by the equation: 

 

 LR = 	−2{lnL H       − lnL(H   	      )}                Eq. (27) 

 

Using equation (27), the value of LR is 54.151 which is the 1% significance 

level. Therefore, it is appropriate to apply the meta-frontier production function. 

Table 7 and Table 9 show the meta-technology ratio (MTR) and meta-frontier 
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technical efficiency (TE*) obtained from the meta-frontier production function. In order 

to test whether means of MTR and TE* for each group are different with statistical 

significance, one-way ANOVA is conducted and the results are shown in Table 8 and in 

Table 10. The F-values of each table indicate that means are different at 1% significance 

level. The results of the meta-frontier analysis differ from those of the stochastic frontier 

analysis. The post-WIPI group has the highest value of MTR in both LP (0.9887) and QP 

(0.9880), while the pre-WIPI group has the lowest value of MTR in both LP (0.9494) and 

QP (0.9489). As MTR provides a potential output level given an input level, it is 

remarkable that the post-WIPI group representing de facto standards is the most efficient. 

Meanwhile, the pre-WIPI group representing MNO-dependent mobile platform 

technologies shows the least efficiency. 
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Table 7. Meta-technology ratio (MTR) obtained from meta-frontier production function  

 

LP 

Group Mean 
Standard  

deviation 
Minimum Maximum 

pre-WIPI 0.9494  0.0277  0.8757  1.0000  

on-WIPI 0.9644  0.0248  0.8080  0.9879  

post-WIPI 0.9887  0.0154  0.9131  1.0000  

 

QP 

Group Mean 
Standard 

deviation 
Minimum Maximum 

pre-WIPI 0.9489 0.0279 0.8745 1.0000 

on-WIPI 0.9642 0.0239 0.8113 0.9843 

post-WIPI 0.9880 0.0139 0.9252 1.0000 
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Table 8. ANOVA table for meta-technology ratio (MTR) 

 

LP 

Source of treatment Sum of squares Degree of freedom Mean square F-value 

Treatments 0.1082    2 0.0541  103.9707  

Error 0.2534  487 0.0005   

Total 0.3616 489   

 

QP 

Source of treatment Sum of squares Degree of freedom Mean square F-value 

Treatments 0.1066    2 0.0533  108.8891  

Error 0.2384  487 0.0005   

Total 0.3450 489   
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Table 9. Meta-frontier technical efficiency (TE*) obtained from meta-frontier production 

function 

 

LP 

Group Mean 
Standard  

deviation 
Minimum Maximum 

pre-WIPI 0.8690 0.0253 0.8016 0.9153 

on-WIPI 0.8657 0.0222 0.7253 0.8867 

post-WIPI 0.8723 0.0136 0.8056 0.8823 

 

QP 

Group Mean 
Standard  

deviation 
Minimum Maximum 

pre-WIPI 0.8686 0.0255 0.8005 0.9153 

on-WIPI 0.8654 0.0215 0.7282 0.8835 

post-WIPI 0.8718 0.0123 0.8163 0.8823 
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Table 10. ANOVA table for meta-frontier technical efficiency (TE*) 

 

LP 

Source of treatment Sum of squares Degree of freedom Mean square F-value 

Treatments 0.0042   2 0.0021 4.9571 

Error 0.2057 487 0.0004  

Total 0.2099 489   

 

QP 

Source of treatment Sum of squares Degree of freedom Mean square F-value 

Treatments 0.0038    2 0.0019  4.7753  

Error 0.1938  487 0.0004   

Total 0.1976 489   

 

Likewise, the post-WIPI group has the highest value of TE* in both LP (0.8723) 

and QP (0.8718) while the on-WIPI group has the lowest value of TE* in both LP (0.8657) 

and QP (0.8654). In this regard, it can be concluded that the government-led standardized 

mobile platform WIPI was not sufficiently productive in terms of efficiency measurement. 
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5.5 Implications 

 

Analyzed by stochastic frontier analysis, the value of technical efficiency (TE) in the pre-

WIPI group is highest while in the post-WIPI group is lowest. This indicates that many 

content providers in the pre-WIPI group are located just below the production function. 

That is, they made the best use of the MNO-dependent mobile platform technology in the 

group, and therefore, produced content efficiently. However, meta-technology ratio (MTR) 

estimated by meta-frontier analysis their production function shows that content providers 

in the pre-WIPI group are less efficient than other production functions. This represents 

that the MNO-dependent mobile platform is technically stagnant and thus less efficient 

than other mobile platforms. Meanwhile, meta-frontier technical efficiency (TE*) 

calculated by TE of SFA and MTR of meta-frontier analysis indicates that the 

government-led standardized mobile platform, WIPI, is less efficient than MNO-

dependent mobile platform and de facto standardized platforms. In short, the effect of the 

standardized mobile platform displays both positive and negative aspects. While the 

standardized mobile platform improves the efficiency of content providers in general, it 

shows least productivity than other groups representing mobile platform technologies. 

The lower productivity can be explained by the fact that the standardized mobile 

platform was a mandated and regulated standardization policy. According to Horwitz 

(1989), regulation applied in a competitive industry can generate inefficiencies resulting 

in slower technological progress. As the mobile content industry is competitive, the 
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efforts on technology innovation may be relatively low due to regulation by a 

standardization policy. This can be exemplified by the result that content providers in the 

on-WIPI group are less efficient than any other groups. 

Such analyses can draw implications for a government-led standardization 

policy. The empirical findings that de facto standards are efficient indicates 

standardization strategies should be directed to de facto standardization at least for the 

competitiveness of the mobile ecosystem. Therefore the paradigm of a government-led 

standardization policy should be changed from core actor of de jure standardization to 

facilitator for de facto standardization of the leading private sectors. This will allow the 

private sector to induce innovation. The fact that the government of South Korea has 

attempted several platform standardization strategies after WIPI but one cannot find any 

remarkable results shows that policy paradigms should seriously be considered to change. 

 

5.6 Conclusion 

 

The role of the mobile platform is essential to the mobile ecosystem, which is a newly 

emerged source of competitiveness in the mobile communication industry. Meanwhile, 

competition between mobile platforms has caused fragmentation problems and has 

brought negative outcomes such as duplicated investment for content providers. 

Therefore, the need of a standardized mobile platform has been consistently an issue for 

organizations such as the OMA. In practice, the government of South Korea sought to 
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standardize the mobile platform by developing a wireless Internet platform for 

interoperability (WIPI) and promoted it as a new growth engine. Therefore, Chapter 5 

categorizes content providers into three groups according to time period when different 

mobile platform technologies were used and examines the effect of the government-led 

standardization policy concerning WIPI. Specifically, in order to overcome limitations of 

previous studies, this chapter measures the efficiency of content providers using 

stochastic frontier analysis and meta-frontier analysis. 

 According to the empirical analysis, the government-led standardization policy 

by WIPI was not efficient in comparison to the MNO dependent or de facto standardized 

platform. Although content providers in the on-WIPI group are more efficient than those 

in the post-WIPI by SFA, they are included in the least efficient group by meta-frontier 

analysis. Conversely, the post-WIPI group representing de facto standards is the most 

efficient by meta-frontier technical efficiency. Therefore, it is concluded that the 

government-led standardization policy was not successful for content provider efficiency. 

 The results can be summarized in two ways. Using the meta-frontier technical 

efficiency model, the on-WIPI group is least efficient among three groups. However, 

focusing only on the on-WIPI group, the effect measured by MTR can be identified by 

the findings that the government-led standardized mobile platform moves production 

function of the on-WIPI group closer to the meta-frontier production function. In other 

words, the standardization policy is effective in improving content providers’ efficiency. 

Meanwhile, when comparing all groups, the post-WIPI group representing de facto 
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standards is the most efficient for content providers. This explains that at least in the 

mobile platform, de facto standardization is a better standard-setting activity for firms’ 

efficiency. Therefore, the stance of a government-led standardization policy should be 

changed to support standard-setting activities. Policymakers are advised to look at the 

supporting role when they devise standardization strategies. 

So many factors are intertwined in the mobile ecosystem, affecting one another. 

Although the mobile platform is the primary component of the mobile ecosystem, there 

are other significant influential factors as well. Therefore, future research should consider 

and analyze additional factors and determinants resulting in the differences in efficiencies. 
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Chapter 6. Conclusion 

 

6.1 Summary 

 

South Korea has achieved remarkable economic growth backed by the growth of the 

information and communication technology (ICT) industry. Not only foresight activities 

and proactive investments of conglomerates in the ICT industry, but the government-led 

standardization policies were significant factors in facilitating the economic growth. 

Building on the success in CDMA, South Korea has implemented various standardization 

policies. However, the technology standardization policies up to date have not produced 

remarkable results that could meet the expectations. As seen in many cases, a 

standardization policy is an important strategy for countries which want to catch up with 

more developed countries. Given the importance, many countries seek to identify the 

effectiveness of their national standardization policies regardless of their success or 

failure. Governments need to examine social effects of standardization policy in various 

perspectives. This study chooses to analyze three technological standards to examine the 

effects of standardization policies. 

  First, the mobile communication industry was selected to examine the 

effectiveness of a standardization policy based on government intervention in the form of 

subsidies. Since mobile communication technology standards continue to make progress 
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and go through generational transition, it makes consumers have to decide whether they 

stay in using the existing technology standard or adopt a new technology standard. In 

terms of social welfare, however, socially undesirable outcome may occur, such as excess 

momentum which means a market failure when a new technology standard is adopted too 

quickly. In order to control the risk of such market failure, governments occasionally 

intervene in the generational transition of technology standards via policy instruments 

such as subsidies. Using the concept of excess momentum, a type of market failure, 

Chapter 3 examines the social effect of governmental policy intervention in the form of 

subsidies when a technology standard transition is in progress. This chapter uses a simple 

two-stage model and especially analyzes two scenarios in which existing and new 

technology standards are compatible or incompatible. The results reveal that regardless of 

whether existing and new technology standards are compatible, a situation of excess 

momentum and decreased social welfare may occur. In particular, if the technological 

difference between existing and new technology standards is less significant, and 

improvement in the new technology standard is also less significant, the possibility of 

excess momentum increases. Furthermore, in a case analysis, the mobile communication 

industry in South Korea is examined as an example and the possibility of excess 

momentum in this industry is identified. 

  Second, the Broadband convergence Network (BcN) was selected to evaluate 

the standardization efforts in large scale public projects. Attempts by government-led 

large scale R&D projects are frequently identified and proactive national standardization 
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policies named de jure standardization are implemented in newly industrialized countries 

such as South Korea and China. Though these policies usually focus on technology 

standards associated with mobile communication, the BcN project was also planned to 

consider standardization by implementing a subproject, BcN standard model from the 

beginning. While the performance of BcN is largely evaluated using qualitative 

methodologies, studies on standardization policy by BcN standard model are not 

investigated. Therefore, Chapter 4 evaluates the BcN standard model in order to examine 

the effectiveness of a government-led standardization policy. For the case analysis, a 

survey is conducted to observe the adoption rate of the BcN standard model, and an 

interview is entailed to review the efforts on BcN standard model. According to the 

adoption rate of the BcN standard model, the lower layer which needs a significant 

amount of investments shows a low adoption rate, while the higher layer shows a high 

adoption rate due to small and medium enterprises (SMEs). Different adoption rates of 

the layers are unintended results of de jure standardization, and rather a form of consortia-

led standardization is revealed. In such large scale public sector projects in which 

multiple stakeholders are involved, standardization policies may not be effective. 

  Third, as for a mobile platform, wireless Internet platform for interoperability 

(WIPI) was selected to measure the efficiency of content providers which use 

standardized mobile platform. While two de facto standards, Android and iOS, are now 

prevalent platforms in the mobile ecosystem, some still argue that one standardized 

mobile platform is necessary to ensure the efficiency of content providers. For this 
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reason, it is pertinent to examine whether government-led standardization policy for 

mobile platform standard, WIPI, was efficient to content providers in South Korea. 

Therefore, Chapter 5 categorizes content providers into three groups – pre-WIPI, on-

WIPI, and post-WIPI – in accordance with the period of mobile platform technologies 

and measures efficiency of each group based on stochastic frontier analysis. The results 

show that content providers using MNO-dependent mobile platform, the pre-WIPI group, 

are most efficient. However, as a hypothesis that the production function for each group is 

identical is rejected, additional analysis using meta-frontier production function is 

conducted to compare different efficiency levels for each group. In this case, content 

providers using a standardized mobile platform are least efficient rather, and firms in the 

post-WIPI group, revealing de facto standards, are most efficient. 

  Overall, South Korean several standardization policies were designed to give 

another momentum for growth in the ICT industry. However, the standardization policies 

were not as effective as expected. By examining government-led standard-setting 

activities, this study identified these results based on the analysis from various 

viewpoints. The study suggests desirable ways of standardization policies that the 

government needs to adopt. 
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6.2 Policy Implications 

 

According to three cases of government-led technology standardization, this study 

suggests various implications in regards to standardization policy. For now, the meanings 

that each chapter provides are as follows. First, when government attempts to intervene in 

generational transition of technology standards, excess momentum which brings about 

unintended decrease in social welfare may occur. Second, government attempted to 

diffuse the results of standard-setting activities by standard model when large scale public 

project was being conducted. However, firms participating in this project did not 

welcome it, and they rather adopted other technologies that large firms in the alliance 

suggested. Third, government attempted to obligate standardized mobile platform in order 

to increase productivity of content providers. Comparing with groups using another 

mobile platform, however, it was rather negative in efficiency perspective. 

  The following policy implications can be drawn from the three cases analyzed in 

this study. First, government-led standardization strategies cannot always produce 

positive outcomes. Based on the success of CDMA, South Korean government has 

frequently used standardization policies in order to drive the national economic growth. 

In perspectives of social welfare, adoption rate, and productivity that this study adopts, 

however, the outcomes were not the ones that the government intended to deliver. This 

leads to a suggestion that government-led standardization policies should be thoroughly 

verified when they are in the planning stage. 
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  Consequently, alternatives to traditional standardization policies should be 

considered. As explained in Chapter 4, a lot of companies tended to follow technologies 

that large firms in the alliance provided, instead of adopting the BcN standard model that 

government suggested. It means that to adopt consortia-led standards was a more 

effective standard-related strategy for small and medium enterprises to develop services 

and ensure their survival. This point is again highlighted in Chapter 5. Using meta-

frontier analysis which is able to compare between groups, content providers are more 

productive when they adopt de facto standards rather government-led standardized 

mobile platform, WIPI. Therefore, the role of standardization policies should be changed 

from a core actor of de jure standardization to a facilitator for de facto standardization 

pursued by leading players in the private sector. The government should find ways to let 

the private sector lead standard-setting activities and gain global competitiveness. 

Supporting alliances or consortia engaging in standard-setting activities is one example. 

To ensure that standards will be firmly established in the domestic industry, the 

institutional framework such as protection system would be necessary.  

  Standards definitely have benefits. However, some standards such as WiBro and 

T-DMB may struggle if government-led standardization policies are not persistently 

carried out so that they are not established as the world’s leading ICT ecosystem that the 

government originally intended to build. As David (1987) describes, a situation of ‘blind 

giants create angry orphans’ should be avoided. 
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6.3 Limitations and Further Research 

 

While this study examines the effects of standardization policies from multiple 

perspectives, it still has limitations. Further research can be conducted by complementing 

these limitations. 

  Using mathematical modeling, Chapter 3 examines whether subsidy policy 

affects social welfare when the generational transition of a technology standard is in 

progress, and exemplifies the mobile communication industry in South Korea. The model 

suggested in Chapter 3 has been simplified to a large extent in order to focus on the 

standardization policy. Therefore, it does not reflect various interplaying factors, 

especially the characteristics of the mobile communication industry. Furthermore, 

Chapter 3 assumes a non-rivalry situation caused by a natural monopoly. Given that the 

structure of the mobile communication industry is being diversified, a more competitive 

situation needs to be assumed and analyzed. 

  Chapter 4 evaluates de jure standardization efforts of a government on large- 

scale public project, namely, the BcN standard model with a case analysis. As seen in the 

case analysis, quantified standardization effects cannot be examined for each standard-

setting process. Therefore, sufficient empirical analysis can enhance related discussions. 

In addition, it is necessary to distinguish conceptual standards and specified standards in 

large scale public project. 

 Chapter 5 measures the efficiency of government-led standardization policy 
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concerning WIPI. In addition to a mobile platform, a number of factors consisting of a 

mobile ecosystem are intertwined while affecting each other. Though a mobile platform is 

a primary component of the mobile ecosystem, other factors need to be addressed as well. 

Therefore, additional analyses of such factors and determinants of differences in 

efficiency can be a potential subject of further research. 

 Overall, this study examines unsuccessful results of government-led 

standardization activities. However, it cannot suggest more detailed directions where the 

government should be headed. The desirable models of standardization policies should be 

guided by multiple analyses. 
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, where  

 

Both standards are 

Compatible Incompatible 

Subsidies are 

Not provided case (1) case (3) 

Provided case (2) case (4) 

, and  = 3 − (2 + δ) ,  = 	1 −  δ	 in (1) and (2),  = 3 − (2 + δ) − 2 ,  = 	1 −  δ − 2  in (3) and (4). 

 

Social welfare differences are: 

∆SW          = SW(1) − SW(2) =
( (δ − 2) − 5)( −  ) 

2(2 −  ) 
 

∆SW            = SW(3) − SW(4) 			= 	 ∙
 

2(2 ( + 2 ) −   ) 
 

, where  = 2   +  ( + 2 ) 4 ( δ + 2 − 3) +  ( (δ − 2) + 4 − 5) + 16  ( +  δ+ 4 − 2)( −  ) 

           +8  (10  +  ( + 2 δ − 6 − 5) + (3 −  δ) ) +   (28  +  (3 δ − 8 − 2 − 11) + (5 + 2 −  δ) ) 
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Abstract (Korean) 

우리나라  보통신산업  국가 경 장  추 인 역할  하고 있다. 

보통신산업이 하게  요인  다양하나, 특히 CDMA  계 

 상용 하여 2  이동통신   한 것이 본격 인 계 가 었

다. 이후 다양한  책  통해 보통신산업  시키고자 하

나, 재 지  결과를 보았   항상 공 이지는 못하 다.  략 

자체는 매우 효과 인 략이라고 할  있 며, 한국  경우 추격자 략  

단 도 자주 용 었다. 요한 것 , 공과 실  여부를 떠나  이  

같  국가 주도   책이 효하 는지에 한 인이 필요하다. 라

 본 논 에 는 보통신산업   책  통하여 국가가   

공 자가 었  ,  요자  입장에  충분히 효과 이었는지를 다양

한  살펴보고자 한다. 라  한국  인  책이 용

었  이동통신 트워크, 역 합망, 모 일 플랫폼  사 를 통해  

책  효  살펴보며, 이를 통해 추후 한국이 개해야 할  책

에 한 시사  도출하고자 한다. 

첫째, 이동통신 산업에  보조  태   책  통한 부 개입  

효과를 살펴본다. 이동통신  끊임없는 신  통해 새 운  지

속 인 간 진 가 이루어지고 있다. 라  소 자는 존  계속해

 사용할 것인지  새 운  채택할지 결 해야 한다. 그러나 후생 

   새 운 이 과도하게 빨리 채택  경우 생하는 
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과채택과 같  사회  람직하지 않  결과가 생하 도 한다. 이러한 

시장 실 를 지하  해 부는 보조 과 같  책 도구를 용해 시장에 

개입하 도 한다. 라  3장  과채택과 같  개  용하여  

진 가 진행   부 책  개입  사회  효과를 학  모  통해 살

펴본다. 분  결과   과 계없이 과 채택 상과 사회 후생

 감소가 생하 도 하며, 특히  간  차이  신  개  도

가 낮  경우 과 채택  가능  욱 높아진다. 한 한국  이동통신 사

를 통해 과 채택  가능  인하 다.  

째, 규모 공공 사업인 역 합망(BcN)  통한  노  살펴

본다. 한국  국과 같  신 산업국  부 주도   R&D 사업  개

하면  동시에 공   등  국가  책  극  용하 다. 

이러한 책  이동통신   자주 인 나, BcN 사업 내에 도 그 

시작과 함께 를 동시에 고 한 BcN  모델 사업이 함께 개하 다. 

BcN 사업  과는 인 법  통해 많이 분 었 나, BcN  모델

에 한 연구는 찾아보  쉽지 않다. 라  4장에 는 BcN  모델  평

가하여 부주도  책  효과를 살펴본다. 사  분  해  모

델  채택  조사하 며 추가 인 인 뷰  그 과  살펴보았다. 

조사 결과 많  자가 필요한 BcN  모델  하  계  채택 이 낮  

면 높  계  소 업  많  참여  인해 높  채택  보 다. 이는 

부 주도  공  가 도하지 않  결과이며, 히  컨소시엄 주도  

가 인 었다. 이  같   공공 사업  경우 많   이해 계
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자가 동시에 존재하므   책  노 이 효과 이지 않  인하 다. 

째,  모 일 플랫폼  효  하  해 WIPI를 택하

다. 재 모 일 생태계에  안드 이드  iOS는 사실상 이나  

업  효  해  모 일 플랫폼이 필요하다는 견도 존재한다. 라

 부 주도  책  통해  WIPI가  업에게 효 이

었는지 살펴볼 필요가 있다. 라  5장에 는 모 일 플랫폼  이 사용

 간에 라 pre-WIPI, on-WIPI, post-WIPI 등  개   업 그룹  

나 고 변경분 (SFA)  사용하여 각 그룹  효  살펴보았다. 그 결

과 사업자 주도  플랫폼  용한  업 그룹(pre-WIPI)이 가장 효

인 것  나타났다. 그러나 각 그룹  생산함 가 동일하지 않 므 , 타프

티어 생산함 를 이용하여 각 그룹  효  다시 하 다. 그 결과 

부주도  플랫폼(on-WIPI)  사용하는 업이 가장 효 이었 며, 사

실상  사용하는 업(post-WIPI)이 가장 효 이었다. 

종합  한국  다양한  책  만큼 효과 이지는 않았  

것  나타났다. 본 논  통해 부가 통   책만  고 하  

보다는 새 운 안이 필요하다는 것  인하 다. 한 공   심

 역할에  사실상  조 자  책 향  할 것  안하 다. 

 

주요어 : 보통신산업, 책, 역 합망, 모 일플랫폼, 타 

프 티어 분  

학  번 : 2007-20883 
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