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Abstract

Research on shared mobility
in socio-technical systems

- Focused on the cases of South Korea and China -

Junmin Lee

Technology Management, Economics, and Policy Program

College of Engineering

Seoul National University

Ever since the advent of Uber in 2009, various types of shared mobility services have 

spread to Asia, where shared mobility has been established consistent with aspects of the 

existing socio-technical regimes, including their legal, policy, and environmental features.

The shared mobility niche has been modified by and adapted to the various socio-technical 

regimes, including national transit environments and regulations. Uber’s expansion into 

Asia’s mobility market has created two major issues. The first is that local services using a

business model similar to Uber’s could emerge in Asia’s mobility market. The second is 

that severe resistance from stakeholders in each market has created policy and regulatory 

issues that have created conflicts with existing systems. Regulatory issues have arisen 

regarding the entry and diffusion of shared mobility in each country. National regulations



are formed through complex interactions among dimensions such as economic growth, 

urbanization, cities’ rapid spatial expansion, polarization, vehicle penetration rates, traffic 

facility insufficiencies, and traffic congestion. Regulatory trends are broadly categorized 

into positive regulations, based on the principle of prohibition and exceptional permission,

and negative regulations, based on the principle of permission and exceptional prohibition.

This study predicts the settlement and sustainable development of shared mobility in 

South Korea’s and China’s mobility markets. A sustainable mobility system aims at 

building a transportation system that improves mobility quality while minimizing 

environmental pollution and preserving the ecosystem. Therefore, it is necessary to 

establish a new approach—a sustainable transportation plan that differs from the existing 

approach—and to derive a new strategy that can achieve not only economic growth but 

also social integration in an environmentally friendly way. In this context, it is necessary to 

introduce shared mobility to ensure sustainable mobility in socio-technical systems. 

However, the emergence of shared mobility has caused conflicts with existing legacy

systems and has been directly linked to breakthroughs that compete with those existing 

systems or that form new institutional systems. China, where shared mobility has settled

successfully, experienced a deficit structure crisis because of excessive price competition 

for subsidies. Therefore, it is necessary to look at the possibility of a sustainable transition

and to define its position and relationship with existing public transportation and predict 

the future of shared mobility in Asian countries. It is also necessary to examine whether 

shared mobility can overcome the crisis and continue to grow in China’s mobility market.



Socio-technical system transition is discussed to consider not only the value of shared 

mobility but also urban development, public transportation, and regulatory tendencies. A

socio-technical system is a blueprint that allows us to look at the complex interactions

between existing stable regime actors and the new niche innovation. The niche is targeted 

at a technological innovation that can solve social and environment challenges as well as 

technical problems. Therefore, this study examines socio-technical transitions based on 

evolutionary economics, which deals with policies designed to implement sustainable 

social and technological systems in order to solve social challenges beyond short-term 

performance.

This thesis comprises three different articles. The first defines the societal regime actors 

that shared mobility should consider when attempting to settle in a socio-technical system 

and also examines the value attributes of the business models corresponding to the regime 

actors. Societal regime actors include the county’s urbanization policy, public 

transportation, regulation, trust, information and communication technology (ICT)

infrastructure, and the mobility supply-demand. The value of a business model resides in

the provision of shared mobility in response to supply–demand imbalances such as a

shortage of public transportation, excess taxi demand from commuters, and mobility 

demand in the outskirts of the city. This study applies a framework that combines socio-

technical system transition and business model innovation. The case studies involve taxi-

hailing and ride-sharing in Korea’s mobility market and ride-hailing in China’s mobility 

market. The results of this study present the common value attributes of the shared mobility 



business model that can be used to respond appropriately to the socio-technical regime 

actors in Asia’s mobility market.

The second article proposes a feedback model that can explain the causal relationship 

between ride-sharing and regulation in Korea’s mobility market. In Korea, shared mobility

was prohibited due to the opposition of stakeholders, regulatory barriers, and the 

government’s positive regulatory tendency to apply prohibition and exceptional acceptance. 

Various types of mobility innovations have started to appear in Korea as mobility data 

acquisition for shared mobility has driven competitiveness and spurred explosive growth 

in the global mobility market. Firms launched these shared mobility services by detecting

blind spots in regulations and avoiding regulatory violations. Based on the exception 

clauses in the Passenger Transport Service Act Art. 81, they modified the shared mobility

business model to create a carpool or rental car model. This study’s model applies a

simulation technique that combines socio-technical system transition and system dynamics.

Our proposed feedback model is analyzed via various scenarios dealing with policies. This 

study not only evaluates the impact of social benefits on shared mobility adoption but also 

investigates whether imposing a tax on ride-sharing or subsidizing taxis may function as 

alternative solutions. Based on the results, the diffusion and acceptance of ride-sharing in 

Korea’s mobility market and its prospects are discussed.

China has accepted shared mobility by reexamining and revising existing regulations 

through two principles of negative regulation: the principle of permission and that of

exception prohibition. The third chapter analyzes China’s acceptance of ride-hailing in the 



context of the regulatory systems set up for legacy services and the traits of ICT in China’s

mobility market. It also examines the competitive relationship between ride-hailing and

taxis. This study examines how niches like ride-hailing spread and adapt to different 

regimes from the perspective of the theory of socio-technical system transition. Simulation 

modeling combined with transition theory and an agent-based model are applied in the 

analysis. This study calculates consumer disutility based on mobility market share

reflecting consumer preference and predicts the sustainability of ride-hailing. In addition, 

this study identifies the attributes of ride-hailing that have allowed it to spread so widely 

and rapidly, and it discusses the national, social, and regulatory characteristics of China in 

the context of the mobility market.

This thesis describes the characteristics of the business models that have been modified 

and adapted to the regulatory trends in Asian mobility markets. The competitive 

relationships between the existing taxi business and the shared mobility business in Korea’s

and China’s mobility markets are analyzed in terms of positive regulation and negative 

regulation respectively. This thesis predicts the future of shared mobility in Korea’s and 

China’s markets through a simulation approach that considers the relationship between ICT 

innovation and regulation. The results show that regulatory reform is the most important

future challenge for Korea’s taxi industry. For China, the analysis predicts that mobility 

will overcome the current crisis and continue to grow sustainably as a new regime in 

China’s societal system. This study compares the cases of Korea and China, with their

different regulatory trends, and discusses the sustainability of mobility from the perspective 



of socio-technical transition. It also explains the advantages and extensibility of the study’s

simulation approach based on the socio-technical system and examines its applicability to 

other studies on ICT innovation. Using this simulation approach, future studies could

elucidate cases in different mobility markets.

Keywords: shared mobility, sustainable mobility, socio-technical system, business 

model, system dynamics, agent-based modeling
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Chapter 1. Introduction

1.1 Research background

After the 2008 financial crisis, a new paradigm called the “sharing economy” grew out 

of complex causes, such as prolonged low-growth trends due to the global economic 

recession, the need for environmental measures, and the emergence of a hyper-connected 

society. The sharing economy, which started in 2009 with San Francisco’s Uber, has been 

extended to various industrial fields via the linking of unused resources to consumers 

through various platforms. Uber, a platform provider that connects unused cars to mobility 

consumers, diffused to the global mobility market quickly. Uber’s globalization, its so-

called “Uberization,” has led Asia’s mobility market to acquire two new characteristics.

Uber’s entry into the Asian market has displayed two main trends. First, mobility 

services based on business models similar to Uber’s emerged across Asia’s mobility market 

and formed a competitive relationship with Uber. Uber temporarily settled but then lost

competiveness against indigenous businesses. Local operators applied Uber’s business 

model and transformed it into a form suitable for each market. Thus, a variety of indigenous 

Uber copycat services emerged. Business models that copied Uber’s became dominant in 

accordance with national regulations and transportation law in Asia. Services that link 

between mobility providers and mobility needs through an application are called “shared 

mobility.” Second, the diffusion of shared mobility caused conflicts with existing 

stakeholders (Benjaafar et al., 2018; Davies et al., 2017). Taxi operators in Asian markets



considered shared mobility as a direct competitor. Taxi unions argued that shared mobility 

distorts market order and lowers the quality of the market (Dudley et al., 2017). In addition, 

the taxi industry was worried that shared mobility would erode the mobility market and 

reduce social welfare. Therefore, stakeholders were concerned when Asian governments

considered market deregulation (Saadah et al., 2017). Each government has responded in a

different way to the taxi industry’s concerns.

South Korea (“Korea” hereafter), a representative country with a positive regulatory 

tendency, disallowed shared mobility and supported existing stakeholders. The concept of 

positive regulation is close to the principle of prohibition and exceptional permission. It 

can be interpreted as rules-based regulation (Baldwin et al., 2012; Croley, 2009). Therefore, 

only taxi-hailing, which uses existing taxi resources to connect through an application, 

launched in Korea’s mobility market. On the other hand, China, a representative country 

with a negative regulatory tendency, took steps to introduce shared mobility. The concept 

of negative regulation is close to the principle of permission and exceptional prohibition. 

It can be seen as goals-based regulation (Decker, 2018). China’s Ministry of Transport 

passed the Internet Plus Transportation bill twice, in 2015 and 2016, legalizing shared 

mobility and allowing the commercial operation of private cars (Wang et al., 2016). The 

introduction of shared mobility caused conflicting and regulatory issues with existing 

legacy systems. However, shared mobility grew rapidly and diffused throughout China’s

mobility market. The representative shared mobility, Didi Chuxing, dominated, with over 

90% of the mobility market. CB Insight announced in May 2018 that Didi Chuxing’s



corporate value ranked third among 346 unicorn companies in the world, followed by Byte 

Dance and Uber. Asian mobility markets have different entry regulations because of the 

nature of growth in Asian metropolises (Ingram, 1998; Rondinelli, 1984).

The rapid diffusion of shared mobility in the Asian mobility market has occurred against 

a background of economic growth, urbanization, and mobility supply–demand imbalance. 

The major features of Asian metropolitan areas can be described in terms of traffic, rapid 

economic growth, urban expansion, low-level public transportation facilities and services, 

and high car ownership rates relative to income levels. Asian metropolitan areas are 

undergoing rapid urbanization in a short period of time relative to Western countries. This 

rapid development is mainly due to the high economic growth in specific cities, as well as 

the intensive investment of large-scale infrastructure and rapid population influx. Unlike

Western countries, which have established sustainable urban development and 

transportation systems, Asian countries are suffering amid their urban growth. Populations

are rapidly increasing in the metropolitan areas of all Asian countries, including their 

capitals, due to government initiatives. Excessive population inflow into a city is a serious 

problem because it is likely to cause social problems such as traffic congestion and

environmental pollution as well as a deterioration in the quality of housing (Cohen, 2004; 

Henderson, 2002). China’s urbanization plans concentrated populations and economic

activity in metropolitan areas. Rapid urbanization tends to cause the spatial diffusion of a

city (Henderson, 2010; Lin, 2001). Rapid urbanization led to a lack of public transportation 

due to difficulties in expanding the road and transportation infrastructure. On the other hand, 



Korea has systematically constructed a public transportation system centering on 

metropolitan areas through a planned urban design. Particularly in Seoul, public 

transportation systems are so well developed that Korea has low car ownership levels 

relative to income levels (Barter, 2000a; Marcotullio, 2001). However, due to the increase 

in population relative to area in the Seoul metropolitan area, lack of public transportation 

is a problem. In addition, unused private vehicles are increasingly inefficient because of 

the road infrastructure. Therefore, there is a need for a sustainable transportation system in 

the Asian market. Like sustainable development, sustainable transportation systems can 

enhance national competitiveness by promoting the accessibility and mobility of people, 

places, objects, and services while achieving economic growth and social development 

without compromising the quality of the environment. A transportation system should be 

built that contributes to improving quality of life while minimizing environmental pollution 

and maximizing ecosystem preservation.

Shared mobility systems can be a part of a sustainable transportation system. Shared 

mobility is a supply–demand management plan for reducing passenger cars, which can help

improve the environment, reduce costs, and provide social benefits to consumers. In 

addition, mobility can be reliably supplied in response to a supply–demand imbalance in

the market. Mobility can reduce the number of vehicles and increase the trips made with 

multiple passengers. Therefore, shared mobility can increase the value and utility of society 

as a whole (Bertolini & Le Clercq, 2003; Buliung et al., 2010). In addition, shared mobility 

provides social value, including the use of idle resources and capacities and job creation 



(Kenney & Zysman, 2016); it also provides environmental value by reducing

environmental pollution and preserving the ecosystem (Hodson & Marvin, 2010). However, 

the sharing economy has constantly been in conflict with the legal systems and regulations 

formed within traditional economic systems. In particular, the opposition of stakeholders 

who have been eaten into by the sharing economy has become stronger. These have

represented the sharing economy as one that shares scraps and as a form of digital neo-

liberalism based on consumer protection, avoidance of responsibility for risk, and a lack of 

collective bargaining rights or labor rights (Dyal-Chand, 2015).

1.2 Problem statement

Although shared mobility has been widely studied, three limitations must be overcome 

to improve our understanding of this phenomenon.

First, few studies attempt to predict the future of shared mobility in Asian markets. Most 

studies on shared mobility have been focused on Western countries and on Uber. Studies 

on the economic, social utility, and technological contributions of shared mobility have 

focused on the United States, Europe, and Southeast Asia, which are all friendly to shared 

mobility (Cohen & Kietzmann, 2014; Krueger & Hall, 2015; Petropoulos, 2017; Schor, 

2016). In addition, no study on shared mobility has considered different business models

to suit each characteristic, considering city development and regulatory tendencies in 

Korea’s and China’s mobility markets. Unlike Western countries, which have developed 

sustainable transportation systems and pursued urban growth in a planned manner, the



Asian countries that have achieved rapid economic growth have been facing social and 

environmental problems and a shortage of public transportation supply. Shared mobility 

adoption can be understood as a way to solve all of these problems while establishing a

sustainable transportation system. Therefore, it is necessary to look at the possibility of 

sustainable transitions, define their position and relationship with public transportation, and 

predict the future of shared mobility in Asian countries.

Second, the emergence of shared mobility has caused conflicts with existing legacy

systems and has been directly linked to breakthroughs that compete with existing systems 

and form new institutional systems. Traffic regulation, which is directly connected to the 

emergence of shared mobility, is a concept that is difficult to define and measure, but it is 

an important dimension in explaining these conflicts. Collisions between shared mobility 

and legacy systems can be described in terms of Asian regulatory trends. The formation of 

national regulations is driven by complex factors, such as economic growth, urbanization,

the rapid spatial expansion of cities, polarization, vehicle penetration rates, traffic facility

insufficiencies, and traffic congestion. Therefore, describing socio-technical systems based 

on regulations offers an opportunity to examine the situation of society as a whole as well 

as the conflicts with legacy systems that shared mobility faces. Research on socio-technical 

transitions have largely attempted to solve sustainable energy and environmental problems, 

and few studies have focused on ICT innovation. Consequently, studying shared mobility

and seeking to solve both social and environmental problems and to advance ICT can be 

seen as an extension of research on socio-technical systems.



Finally, Didi Chuxing has grown rapidly since the legalization of shared mobility in 

China’s mobility market. It was expected to grow sustainably after the settlement, but the 

reality was different. Hong King IPO reported that Didi Chuxing lost 4 billion yuan (582 

million dollars) in the first six months of 2018. Didi Chuxing grew a deficit because of 

excessive price competition for mobility driver subsidies and consumer discounts.

Therefore, it is necessary to study whether ride-hailing can overcome this crisis and 

continue to grow in China’s mobility market. In addition, studying the future of China’s

mobility market can provide implications for Korea’s mobility market, which is blocked 

by regulatory barriers. We can discuss sustainable mobility in the Asian market by 

analyzing and making predictions about two mobility markets with different regulatory 

trends.

1.3 Research objective

As outlined in the problem statements, this study addresses its research objectives by 

presenting three articles, each of which deals with a separate problem.

The first article aims to provide the value attributes of shared mobility’s business model 

to explain the causes of its diffusion throughout the Asian mobility market. This article 

defines the characteristics of the shared mobility business models that were able to diffuse 

rapidly across Asia, while at the same time trying to prevent and mitigate conflicts with 

legacy systems. The first article examines the characteristics of the business models that 

have diffused to Asian markets with different environments and backgrounds. Taxi-hailing, 



ride-sharing, and ride-hailing in Korea and China are classified according to the three roles 

of a business model, and case studies are conducted. Using the results, this study identifies 

the socio-technical regime actors that can diffuse shared mobility in Asian metropolitan 

areas, describes the growth background of public transportation in these areas, and explains 

the characteristics that are common among them.

The second article proposes a feedback model to explain the causal relationship 

between shared mobility and regulation, focusing on Korea’s mobility market under

positive regulation. Shared mobility was prohibited by regulatory barriers, including the 

opposition of stakeholders and government intervention. Nevertheless, various types of 

ride-sharing emerged in Korea. It is necessary to analyze the current market circumstance, 

predict the social cost of regulation reform (including deregulation), and examine whether 

these changes increase social benefits for mobility users. The article also discusses ways to 

reduce stakeholder resistance and enable ride-sharing and taxis to coexist.

The third article analyzes China’s acceptance of ride-hailing in the context of the 

negative regulation set up for legacy services in China’s mobility market. After its rapid 

economic growth and urbanization policies, China was unable to support the growth of its 

cities through its existing transportation system. Thus, gaps in China’s public transportation 

development have increased, and ride-hailing has arisen as a complement that can fill those

gaps. This study diagnoses the current mobility market and predicts the future market 

competitiveness of ride-hailing from a socio-technical system perspective.



1.4 Research question

Based on the research problems and research objectives, this study formulates an 

overall research question with three subsets:

The overall research question and the three main research questions regarding the

sustainable transition of shared mobility are as follows:

� How has shared mobility settled and grown sustainably in Korea’s and China’s

mobility markets?

� What are the value attributes of the shared mobility business models that have

diffused and settled in those markets?

� Can ride-sharing survive amid competition with taxis in Korea’s mobility 

market based on a positive regulation?

� Has ride-hailing grown stably during its settlement in China’s mobility 

market under a negative regulation?

The first subset of research questions on the value attributes of the business model based 

on socio-technical regime actors is as follows:

� What are the socio-technical regime actors that should be considered to diffuse 

shared mobility in Korea’s and China’s mobility markets?

� How do the values of the shared mobility business models correspond to the social

regime actors?



� What characteristics are common among the shared mobility business models?

The second set of research questions with respect to the sustainable settlement of ride-

sharing in Korea’s mobility market based on positive regulation is as follows:

� Can government intervention designed to stabilize the market lead to ride-sharing

sustainability in the current regulatory environment?

� Can regulation reform enable ride-sharing to settle and diffuse despite the 

resistance from stakeholders?

� What are the alternatives for enabling a coexistence between ride-sharing and 

taxis?

The third set of research questions on the sustainable expansion of ride-hailing in 

China’s mobility market based on negative regulation is as follows:

� Can ride-hailing continue to grow steadily and maintain competitiveness despite 

the deficit crisis?

� How did legalization accelerate the diffusion of ride-hailing?

� Can the expansion of ride-hailing increase the total utility of the mobility market?



1.5 Research outline

This study is structured as follows. Chapter 2 reviews the overall theory of evolutionary 

economics and socio-technical system transition used in the thesis. The purpose of Chapter 

2 is to provide a theoretical background for evolutionary economics, which leads to system

innovation. Chapter 2 also provides theoretical background for the socio-technical system 

framework and explains how it can be combined with a simulation approach.

Chapter 3 examines shared mobility in the Asian mobility market and analyses the value 

attributes of its business model. Chapter 3 outlines the socio-technical regime actors who

interact with the shared mobility business model, and examines the mechanism of the 

relationship between them. This study uses a new framework that combines socio-technical 

transition and business model innovation based on Bidmon and Knab (2014; 2018). The 

cases of Korea’s taxi-hailing, Korea’s ride-sharing, and China’s ride-hailing are examined 

as representative examples of shared mobility that match the three roles of the business 

model.

Chapter 4 analyzes the competitive relationship between ride-sharing and taxis in 

Korea’s mobility market with reference to regulatory changes. A simulation model is 

designed from the socio-technical system perspective in order to examine the changes in

socio-technical regimes created through government regulation of shared mobility as well 

as the interaction between mobility operators and consumers. This chapter applies the 

concept of socio-technical system transition to a system dynamics approach. Policy 

scenarios are designed based on the simulation model. The scenarios present three cases: 



current regulation maintenance and enhancement; incremental and radical regulation 

reform; and tax imposition and regulation supplementation using subsidies. The 

competition between ride-sharing and taxis shows a winner-take-all pattern, and the market 

leader is identified.

Chapter 5 describes China’s mobility market as consisting of legacy services and ICT 

acceptance, and makes predictions about the potential for sustainable mobility by analyzing 

the competitive relationships between ride-hailing and taxis. The study conducts a

simulation to confirm the potential for the sustainable growth of ride-hailing in China. The

results show that ride-hailing will continue to grow in competition with other services and 

taxis regardless of niche clustering. The sustainable growth of ride-hailing is confirmed 

through the disutility of consumers, and the change in the total disutility of the market is

analyzed according to the competition pattern.

Chapter 6 summarizes the overall results, addresses the study’s implications and 

contributions, and concludes by outlining the study’s limitations and the outlook for future 

studies.



Chapter 2. Literature review

2.1 Evolutionary economics

Darwin introduced the theory of evolution by publishing The Origin of Species in 1859. 

The theory of evolution is similar to Adam Smith’s economic theory of the “invisible hand”

(Nelson, 2009). Adam Smith and liberal economics argue that the economic order is not 

planned artificially but is formed spontaneously. Darwin’s biological theory of evolution 

has been applied to the formation of social order (Bowler, 1992), and economists have tried 

to explain economic development from an evolutionary viewpoint. Traditional economics 

account for economic growth by referencing external factors such as capital, population, 

and technology. Evolutionary economics, on the other hand, emphasizes the importance of 

internal variables in economic growth. The theory of evolution explains that the evolution 

of a species is determined not simply by environmental changes but also by changes in the 

individual in response to such environmental changes.

Modern evolutionary economics

Modern evolutionary economics has been organized around the discussion of Nelson 

and Winter (2002), and Hodgson (1996). Evolutionary economics explains how informal 

institutions such traditions, norms, cultures, and technologies, as well as formal institutions 

such as laws, organizations, companies, and countries, are born, transformed, and die.

Evolutionary economics influenced by the Austrian school do not see the market as a 



machine or mechanism for distribution, but rather as a process of adjustment, heuristic 

learning, and problem solving. Therefore, they argue that policies and strategies should 

focus on the relationships between economic actors rather than on inputs and outputs. They 

also argue that the actions of economic agents are not rational due to imperfect information, 

and their decision-making is restricted by norms and institutions.

Evolutionary economics has several main methodological characteristics. First, the 

main methodological basis of evolutionary economists is biological analogy. Nelson and 

Winter compared the routines of economic organisms to search activity, and compared the 

struggles for existence in biology to market competition (Nelson, 2009). In addition, the 

evolutionary economic methodology presupposes the “bounded rationality” of subjects,

referring to the fact that the “human ability to process and remember information is limited,”

which is a realistic assumption. For this school of thought, the economic phenomenon is 

focused on qualitative change—that is, innovation. Thus, the formation of new subjects, 

the emergence of new products, the introduction of new production processes, and the 

emergence of new institutions form the basis of economic analysis. Finally, the 

methodology of evolutionary economics is “appreciative theorizing” rather than “formal 

theorizing” (Nelson, 1995). Evaluative theorization accepts various phenomena appearing 

in the real economy as they are, and attempts to analyze and forecast through patterns. 

Evolutionary economics increases the ability to explain the reality of micro-structural 

change through an analysis of technological evolution, the evolution of corporate 

organizations, and the mechanisms of the coevolution of technology and institutions. From 



this point of view, Andersen (2013) argues that evolutionary economics deals with areas of 

research in which the following economic phenomena occur: �������	
��������������������

of preservation and dissolution; ��� ���� ���������� ��� ��������	 creation; ��� ����

mechanism of choice; an������������������ of community isolation. Furthermore, the 

basic aim of evolutionary economics is to show how evolutionary processes deriving from 

these mechanisms are integrated by micro and macro feedback loops.

Innovation system from an evolutionary perspective

Innovation systems are relevant to national innovation system theory due to the 

criticism of mainstream economics offered by the neoclassical school. Mainstream 

economics used to be based on neoliberal thought, emphasizing personal freedom and 

minimizing the role of government. Mainstream economics explains economic growth by

way of the growth theory of the neoclassical school, which emphasizes capital and labor 

inputs rather than technological innovation. Moreover, mainstream economics used to

focus on short-term equilibrium rather than on long-term economic growth. Thus, 

mainstream economics proposed macroeconomic policy based on market analysis, 

focusing on costs, especially wage cuts. Researchers greatly influenced by Schumpeter’s

views on the sources of long-term economic growth criticized the macroeconomic policies 

of mainstream economics and devised an alternative national innovation system.

German economist Friedrich List regarded the state as an organic system and the basic

analysis unit of an economic structure. He proposed the concept of the “national system of 



political economy” (Freeman, 1995). List argued that the analysis unit or geographical 

range of a country is essential for the analysis of economic phenomena and analyzed the 

role of the national system and public policy in situations when late-developing countries 

seek to become advanced economies. Freeman proposed the concept of the “national 

innovation system” and explained the rapid economic growth of Japan by analyzing the 

elements of their national system and their interactions. After Freeman, the view of the 

national innovation system was refined through the “innovation system” concept of

Denmark’s Lundvall and Aalborg (Lundvall, 1985; 1992). In addition, Rosenberg et al. 

(1992) resurrected the economic discussion of technological change and innovation based 

on Schumpeter’s and Marx’s studies by emphasizing non-R&D influences. Rosenberg and 

Nelson combined the evolutionary perspective and the national innovation system 

perspective, emphasizing the importance of science/technology and innovation in 

economic performance (Nelson, 1993; 1994).

The innovation system view emphasizes the network of learning in which innovators 

interact, while criticizing the economic growth model of neoclassical economics. The 

innovation system is concerned with the evolution of institutions and organizations, and 

explains how actors with limited information create and diffuse innovation within networks.

It regards technological development as a type of technology push and demand pull. 

Furthermore, it analyzes the creation, diffusion, and use of innovation and knowledge, 

taking into account institutions and cultures. The national innovation system concept

comprises the concepts of the regional innovation system, technological system, and 



sectoral innovation system, defined in terms of non-exclusive and evolutionary 

characteristics. Lundvall (1985) emphasized the difficulty caused by the localization of 

knowledge and considered the proximity of subjects to innovation systems as an important

factor. He also argued that regional innovation systems are the innovation systems most 

similar to national innovation systems. However, in national innovation systems, states

focus on institutional homogeneity rather than geographical boundaries.

From innovation system to socio-technical system

Hughes (1993) introduced a systematic method to science and technology studies by 

emphasizing the importance of networks of actors and introducing the concept of 

“technological systems.” Hughes argued that the social process plays an important role in 

building a successful technology system. Specifically, Hughes explained that networking 

between actors sets the direction of technological progress and proposed an overall 

technology system framework that was influenced by the socio-economic context as well 

as the availability of technology. After Hughes, researchers sought to understand how niche 

technologies survived when multiple competing technologies developed in parallel. The 

concept of “transition” emerged through research on how new technology replaces existing 

technology. The emergence of the transition concept can be seen not only in studies on the 

development of technology but also in the evolutionary approach to changes in technology 

systems.

Kemp (1994) introduced the concept of “system transition.” Kemp devised a policy 



framework for achieving a sustainable society through innovation (Kemp & Soete, 1993).

Kemp introduced the multi-level perspective (MLP) of technological change in a 

collaborative study with Rip (Kemp et al., 1998; Kemp & Soete, 1993; Smith et al., 2010).

The MLP was accepted by Geels and was applied to an examination of large technical 

systems (Geels, 2002); it was then refined and theorized through case studies. Geels (2002; 

2004b) proposed a socio-technical system approach by combining various concepts such 

as that of the large-scale technology system, actor-network theory, evolutionary economics, 

and the technology paradigm. The socio-technical system approach emphasizes the 

dynamics of the transition process while converging with the innovation system perspective. 

In particular, it emphasizes the importance of demand and application areas, while 

explaining the social composition of technology, in contrast to the supplier-centered view 

of innovation research Geels (2002; 2004b). This approach includes key concepts about the 

innovation system, interactive learning, and actor networks. However, because of these 

characteristics, the socio-technical system approach is criticized for being merely a 

combination of existing theories, or a universal mega-theory.

2.2 Socio-technical system transition

The issue of innovation activities intended to solve social problems through science and 

technology is becoming important. Technological innovation activities contribute to

improving social welfare, increasing the legitimacy of science and technology, and

furthering the sustainable development of our society as a proactive response to major 



problems such as polarization, low fertility, aging, climate change, and resource and 

environmental issues. Social issues cannot be solved by R&D projects or social innovation 

activities. Minor problems can be solved via short-term policies and technologies. However, 

the complex problems mentioned above, which are difficult to solve without creating social 

repercussions, need a long-term, structured approach.

Beyond short-term performance, this study looks at the socio-technical transition, 

which seeks sustainable socio-technical systems that can solve social and environmental

problems and policies for implementing them. In the context of current socio-technical 

system improvement activities, it is difficult to solve the underlying problems and explain 

the transition to a socio-technical system composed of new technologies, activities, 

infrastructures, and markets. Therefore, socio-technical innovation based on societal 

transition should be promoted (Geels, 2010). This study examines socio-technical 

transition as the process of shifting from one socio-technical system to another amid a long-

term, dynamic, co-evolution of society that can lead to fundamental solutions.

A socio-technical system approach

The advent of the new innovation has caused not only technical and industrial changes 

but also new kinds of social changes. Traditional innovation system approaches are limited, 

as they focus on the emergence of innovation and production (Geels, 2004b). Due to this 

limited view, the conventional innovation system approach is focused on diffusion and 

utilization. As is clear from the difference between technology push and demand pull, 



however, innovation is driven not only from the supply side but also by the demand side. 

More importantly, it involves social norms and interactions among agents. The 

development and use of specific technologies involves institutions and norms, cultures, and 

behavioral patterns, which support the improvement and expansion of technology. In other 

words, technology and society are complementary systems (Geels, 2004a; Grin et al., 2010).

Socio-technical system transition theory deals with the reproduction, maintenance, and 

transformation of elements used by various agents, including firms, industries, 

policymakers, politicians, consumers, engineers and researchers, markets, and civil 

societies (Geels, 2011). By considering technology as a key element for fulfilling various 

societal functions such as transport and communication, the socio-technical system

perspective describes production, diffusion, and use of technology with respect to the 

linkage and interaction among elements, ������������������������������������������������!�;

���������"����������"�������������������������ing the activities of actors; ����������������

and technical elements, such as artefacts and infrastructures (Geels, 2004a).

Multi-level perspective on transitions

The MLP divides technology development into the macro, meso, and micro levels. The 

key element is the meso level, which refers to the socio-technical system itself. At the meso

level, actors have particular characteristics, move with relative autonomy, and coordinate

and discuss among each other. However, new innovations do not emerge because of the

rules at the meso level. The MLP views a transition as the alignment of processes resulting



from the interplay between developments (Geels, 2007). In previous studies, MLP was 

widely accepted as a framework for examining exemplary transition cases to investigate 

external influences on socio-technical regimes and/or niches (Papachristos & Adamides, 

2016; Papachristos et al., 2013).

Socio-technical system transition is a theoretical view of system dynamics that 

incorporates a MLP (Geels, 2002; 2011). Applying socio-technical attributes to an MLP, as 

developed by Rip and Kemp (1998), has led to a model with three functional levels: 

landscape (macro level), socio-technical regime (meso level), and niche (micro level). The 

MLP is a process in which the existing socio-technical system is innovated or replaced as 

niches evolve to take advantage of opportunities arising from changes in the landscape,

including socioeconomic and physical structures such as age paradigms, the macro

economy, infrastructure, globalization, and climate change. Landscape changes can be 

observed in the pressure to transition from one socio-technical system to another. A regime 

comprises the socio-technical conditions, practices, institutions, and norms that perform 

certain social functions. All systems are basically stable because they evolved according to 

the needs of the past. As a result, most innovations within a socio-technical system are 

gradual and tend to optimize, rather than destroy, existing technologies. Deriving

sustainable innovative alternatives to a system requires breaking out of the existing 

framework (Geels, 2011).



Socio-technical transition to sustainability

The notion of socio-technical transition is part of the evolutionary theory of innovation 

systems. In addition to the innovation system, which focuses on the supply of innovation, 

the use and social side of innovation are also important factors. It complements the 

economic perspective on the innovation system and covers its social aspects (Geels, 2004a; 

2004b). In addition, as it is clearly oriented toward the value of sustainability, it is different

from the innovation system, which takes a more neutral approach. Because of this distinct 

value orientation, socio-technical transitions actively interact with the policy development 

sector. The innovation system focuses on solving system problems in the current system. 

Therefore, it focuses on improving the current innovation system rather than transitioning 

from it. On the other hand, the socio-technical system transition perspective pays attention 

to system shifts. When the current system has problems at the system level, it is necessary 

to change the entire system, as partial improvement will not solve the problems (Geels, 

2010).

Socio-technical system transition is based on the value of sustainability. This aims at

social sustainability such as social integration and economic sustainability, and 

environmental protection beyond existing economic growth and industrial development-

oriented innovation activities and policies. Societal transition does not involve planning 

and control but emerges out of socio-technical innovations through interactions among and 

experiments by various actors. Therefore, transition is a quasi-evolutionary process that has 

directionality and requires various socio-technical modification and choices (Geels & 



Schot, 2007). In the transition process, it is important not to take the strategic planning 

approach led by specific entities such as governments or enterprises but to take a

governance approach wherein various societal actors gather to decide on directions and 

examine alternatives.

Toward socio-technical transitions for sustainable 

mobility

A review of the background and concepts of sustainable development is needed to 

discuss sustainable urban transportation. The concept of sustainable development was 

introduced by Rachel Carson in Silent Spring and has been a global concern since the 1992

Rio Declaration (Carson, 2002). Sustainable development strategies can be developed in 

harmony with each other via social consensus about environmental preservation, economic 

efficiency, and social equity. Sustainable transportation and communication through urban 

development can be achieved by the formation of energy-efficient transportation systems

through the construction of public transportation systems, green transportation, and 

communication systems (Geels, 2011; Hoogma et al., 2005). As with sustainable 

development as a whole, sustainable transportation systems promote the accessibility and 

mobility of people, places, objects, and services while achieving economic growth and 

social development without compromising the quality of the environment. Therefore, it 

aims at building a transportation system that contributes to improving the quality of life 

while minimizing environmental pollution and preserving the ecosystem. Therefore, it is 



necessary to establish a new approach, a sustainable transportation plan, and to derive a 

new strategy that can achieve not only economic growth but also social integration in an 

environmentally friendly. In this context, it is necessary to introduce a transition approach 

to socio-technical systems in order to construct sustainable transportation systems (Geels, 

2011; Hodson & Marvin, 2010; Hoogma et al., 2005).



Chapter 3. Shared mobility business model 

toward sustainable transition: A business 

model innovation from the socio-technical 

system transition perspective

3.1 Introduction

Since the 2008 financial crisis, a new paradigm called the “sharing economy” has 

emerged due to complex causes such as prolonged low-growth trends due to the global 

economic recession, environmental measures, and the emergence of a hyper-connected 

society (Ganapati & Reddick, 2018). The sharing economy, which started in 2009 with San 

Francisco’s Uber, has expanded to various industrial fields by linking unused resources to 

consumers through a platform. PricewaterhouseCoopers (2015) estimates that the size of 

the world’s sharing economy will grow by 20% each year, to about 335 billion dollars by 

2025. However, the sharing economy has constantly been in conflict with the legal systems 

and regulations formed within traditional economic systems. In particular, the opposition 

of existing stakeholders that have been eaten into by the sharing economy has become 

stronger. These have represented the sharing economy as one that shares scraps and as a 

form of digital neo-liberalism based on consumer protection, avoidance of responsibility 

for risk, and a lack of collective bargaining rights or labor rights (Martin, 2016). The 

sharing economy has developed around Uber and Airbnb, and has expanded explosively 



worldwide, including into the US, Europe, and Asia. Automobiles and houses are unused 

resources that exist everywhere in the world, which has allowed Uber and Airbnb services

to diffuse as explosively as they have (Ganapati & Reddick, 2018).

Given the growth of the sharing economy, many studies have examined its economic, 

social, and technological effects (Cohen & Kietzmann, 2014; Krueger & Hall, 2015; 

Narasimhan et al., 2018; Petropoulos, 2017). Studies on shared mobility have largely

focused on the innovative changes and social, policy, labor, and regulatory issues the 

sharing economy has occasioned. The shared mobility business can alleviate traffic 

congestion in urban areas and prevent environmental pollution in cities that continue to 

grow in population (Cohen & Kietzmann, 2014). Shared mobility has the advantage of not 

requiring complex contracts for vehicle use and to be able to deliver the vehicle at the 

desired time and place without having to go to a remote location at relatively low costs

(Cusumano, 2015; Rogers, 2015). A study that conducted an anonymous survey of the labor 

market and working environment for Uber drivers and partners in the US confirmed that 

driver-partners were satisfied with Uber’s flexible work schedule and compensation levels 

(Krueger & Hall, 2015). On the other hand, other studies have examined the social 

controversies arising from the emergence of the sharing economy (Dyal-Chand, 2015; 

Petropoulos, 2017; Schor, 2016). Schor (2016) summarized the debate on shared mobility 

at the policy and institutional levels and argued that shared mobility expanded the scope of 

existing wages, goods, and services. The sharing economy has been criticized for

encroaching on existing markets, making employment flexible, and avoiding the obligation 



to comply with regulations (Dyal-Chand, 2015; Petropoulos, 2017). Therefore, it is 

necessary to discuss sustainability, openness, and cooperation in the policy, institutional,

and social contexts, which is needed in order to strengthen the trust between members of 

the ecosystems and promote a social transition (Schor, 2016).

Shared mobility in the Asian market has two attributes that make it similar to shared 

mobility in the global market. First, services copied from Uber’s business model emerged 

across the Asian mobility market, including Didi Chuxing (China), Ola Cabs (India), Grab 

(Southeast Asia), Careem (Mideast), and Yandex Taxi (Russia). Uber is thus competing 

with the local operators in each Asian country. Uber initially performed well but has

suffered from the competition with indigenous businesses. Local operators, with a better 

understanding of their market, infrastructure, regulations, culture and consumers, have led 

the market via effective competitive strategies. This situation will accelerate, and Uber’s

competitiveness in the transportation sector will worsen in the long run. In addition, 

platforms using other means of transportation such as buses, boats, and bicycles as well as 

automobiles have spread. In other words, all mobility vehicles traditionally located in Asian 

countries have been used in shared mobility businesses; these include private vehicles, 

rental vehicles, and carpooling vehicles. Shared mobility is hard to define, but it can be

divided into car-hailing or ride-hailing (by calling private cars), car-sharing (similar to car 

rental), ride-sharing (such as a carpooling), and taxi-hailing. Strictly speaking, taxi-hailing 

is a kind of car-hailing. Certain shared mobility types become more prominent depending 

on the national regulations and transportation laws. The business model that links mobility 



vehicles to mobility needs through a platform application is called “shared mobility.”

Second, the diffusion of shared mobility has caused concern among existing businesses 

and has clashed with public transportation services (Benjaafar et al., 2018; Davies et al., 

2017). In addition, it has reduced their profitability, and taxi drivers have protested this.

Although shared mobility can undermine the profitability of the taxi industry, it has been

argued that innovation is inherently destructive and that it is hard to confirm whether it 

undermines social welfare (Dudley et al., 2017). Existing operators have argued that the 

emergence of shared mobility is distorting market order and is leading to a decline in overall 

mobility market quality. There is a concern about the reduction of social welfare in the 

market if regulation is unequal between existing providers and shared mobility providers 

(Horan, 2017; Shaheen & Chan, 2016). Therefore, stakeholders expressed concern about 

the government plan to deregulate and introduce shared mobility in Asian markets (Saadah 

et al., 2017).

Shared mobility can be regarded as a business model that is modified according to the 

socio-technical regime in which it is operating. The shared mobility business model 

identifies the incumbent’s resources and changes its form according to the reaction of the

regime actors. It has acclimatized when incumbent regime actors have resisted and has

expanded in the market when it found an entrepreneurial niche lacking special sanctions. 

In addition, the business model itself has changed and has co-evolved with the existing 

stakeholders in order to settle in the system. Therefore, this study analyses the shared 

mobility business model, which is modified appropriately according to the responses of the



socio-technical regime actors. This study defines the position of the business model from a

multilevel perspective and explains how business model innovation can be combined with 

the socio-technical system based on previous studies (Bidmon & Knab, 2014; 2018).

Bidmon and Knab (2014; 2018) identified the three roles of a business model: it is part of 

a socio-technical regime, it is an intermediary between a technological niche and the regime, 

and it effects non-technological niche innovation in the socio-technical system.

To evaluate the shared mobility business model, this study examines the formation of 

transport services in the process of Asian metropolitan development, which drive the 

regime actors in the Asian mobility market. In particular, this study analyzes the public 

transport development trends in Korea and China and the causes of the differences among 

their regulations. By presenting this background, this study shows how the value attributes 

of the business model are positioned between the socio-technical regimes and niche factors 

and how they interact with them. This allows the study to characterize a business model 

according to whether shared mobility innovation corresponds to each regime situation.

3.2 Socio-technical system transition with business model 

innovation

Business models

A business model is a scenario by which a company aims to grow (Zott et al., 2011).

The business model concept spread along with the emergence of ICT companies as a form 

of planning and strategy that occurred independently within companies. As information 



sharing and research on management strategies become more active, the concept became 

universal and was applied across industries, beyond ICT firms (Chesbrough & Rosenbloom, 

2002). The business model can be understood more clearly when compared to corporate 

strategy (Chesbrough, 2010). An enterprise strategy is an analytical method for anticipating 

and responding to the threats of competitors or potential entrepreneurs within an industry. 

The business model, on the other hand, is a framework aimed at building a model that can 

work to create value for customers and deliver value. Specifically, a business model is a 

logical framework for understanding the technical characteristics and potential resources

required to deliver value to customers and achieve sound economic performance in the 

market.

The results of studies on the value attributes of the business model vary according to

the researcher, subject, and industry type examined. For instance, characteristics such as 

the value proposition are defined slightly differently depending on the researcher 

(Chesbrough & Rosenbloom, 2002; Gordijn & Akkermans, 2003). Johnson et al. (2008)

proposed that the customer value proposition, profit formula, key resources, and key 

processes as the main attributes of the business model. In this study, customer value 

creation is the process of delivering value that can provide customers direct benefits. 

However, studies have considered technology and technological innovation as subordinate 

to core values. Chesbrough and Rosenbloom (2002) described the value attributes of the 

business model focusing on technology innovation. According to their study, a company 

creates value in the market by carrying out the plans of a business model that has been 



successfully commercialized through technological innovation. In this process, companies 

try to retain the inherent value of innovative technology during technology 

commercialization. Chesbrough and Rosenbloom (2002) proposed that six factors are core 

value attributes: value proposition, market segment, value chain, cost structure and profit 

potential, value network, and competitive strategy. Their study is limited, however, as it 

presented the value chain as being vertically linked. It characterized e-business as a two-

sided market where platform operators are producers and consumers are customers. The 

study’s analysis fits the one-way value chain, and does not consider the characteristics of 

the platform business. Osterwalder and Pigneur (2010) conducted case studies based on 

nine value attributes, describing the business model as a logical process in which an 

organization creates, communicates, and gains value. It emphasized networks in both 

production and consumption, and encompassed elements of the two-sided market into its 

notion of the business model. Therefore, Osterwalder and Pigneur (2010) reconstructed the 

business model. Chesbrough (2010) cited this as a causal link between each niche factor. 

The relationship formed based on the value proposition can be interpreted as a peer-to-peer 

model in which service providers and users are positioned centering on platform operators 

in the two-sided market (Haile & Altmann, 2016a; 2016b).



Linkages between business model and socio-technical 

transition

Socio-technical transition is the process in which a new socio-technical system is 

formed through the formation of new innovative actors at the niche level, when a space of 

opportunity opens due to an environmental change (Geels, 2004a; 2004b). A socio-

technical regime is comprised of cognitive, normative, and regulative rules, which stabilize 

and lock-in, forming a state of dynamic stability. Because societal factors complement each 

other, a societal regime has a limited capacity to effect a transition of any of its elements 

through technical development or policy change. Therefore, radical innovation collides 

head-on with a societal regime. A gradual and strategic approach is needed to replace the 

existing regime, which can be done by forming and expanding the niche of the new socio-

technical system. In order to form and expand the niche, the experiment proceeds until the 

novel technology is stable within the dominant design. This requires strategic niche 

management, such as the securing of legitimacy, network formation, and a learning process 

(Geels & Raven, 2006). Ultimately, strategic niche management can be used in a transition 

or to find overarching models for development, instead of focusing on single-actor 

behaviors, through a multilevel perspective (Bidmon & Knab, 2014). A technological niche 

can undergo three important stabilization processes: creating social networks, a learning 

process to activate performance, and guiding the learning process and leading to funding 

(Bidmon & Knab, 2014). Strategic niche management for stabilization occurs in a

dominant design, which many experiments on niches have found is an important factor for



shifting the economic balance. As a result, novel technology allows more actors to be 

accepted into and diffuse throughout the socio-technical system.

The business model is boundary-spanning (Bidmon & Knab, 2018). It provides

leverage that can be used to spread innovative technologies in a socio-technical system. 

However, technological innovation alone has a limited ability to account for large-scale 

changes such as the shift to sustainable consumption and production (Korhonen & Seager, 

2008). Non-technological innovation can lead to changes in multiple actors, producers, and 

consumers. Business model innovation acts as an intermediary between the enterprise and 

system. Societal functions lead to large-scale changes. From the multilevel perspective,

socio-technical system transition affects the entire business model (Bidmon & Knab, 2014; 

2018). Business model innovation is a non-technological innovation but plays a role in 

bringing about a radical societal shift. In addition, a business model implies a focal firm

and thus includes its boundaries. Therefore, technical innovation factors are connected with 

actors outside of the focal firm, which eventually become part of the socio-technical regime. 

Technology commercialized through business model eventually connects the business 

model to the technology (Baden-Fuller & Haefliger, 2013). In other words, the business 

model concept is broader than the notion of technology.

Business model innovation is linked to current regimes as a device for the 

commercialization of technology niche innovation, which provides leverage that is 

important to diffusion. At the same time, however, the social-technical regime includes

other business models that create and acquire shared value among firms, as well as the



business model logic; this becomes a barrier to transition. Finally, the business model 

represents a non-technological niche innovation that can differ radically from the current 

business model logic. Business model innovation can encourage systemic shifts leading to

transitions, and it has higher leverage on transitions than technical innovation has. Business 

model innovation expands technical innovation by linking technologies, socio-technical 

system factors, and actors. However, higher leverage points lead to higher system resistance 

(Meadows, 1999). A business model can lead to a serious coordination challenge. Actors 

are interested in maintaining their authority and the current business model logic. Therefore, 

enterprises should pay more attention to external dependency concerns in business model 

innovation. Business model innovations are likely to be successful when the actors in the 

current socio-technical regime are included (Ceschin, 2013).

Three business model roles in socio-technical transition

Bidmon and Knab (2018) proposed that business models play three roles in a socio-

technical system. First, as part of the socio-technical regime, the business model can 

increase the stability of the current system and prevent transition via innovation. Second, 

as a non-technological niche innovation, a novel business model can lead to a transition by 

forming part of the new regime without relying on the technological innovation. Third, it 

can serve as an intermediary between a technological niche and a societal regime; here, the 

business model provides a breakthrough that stabilizes a technological innovation and 

moves it from a niche to a regime.



The first role of the business model in a socio-technical transition is as an industry 

recipe. The business model contains the manager’s assumptions about consumers’ needs, 

how to organize, and how consumers will make payments. These assumptions become the

dominant business model logic over time. This can also be understood in terms of how the 

organization works. Over time, the business model converges with the industry, and the 

dominant business model logic of the organization becomes the common industry recipe, 

or dominant industry logic. Business models as part of the socio-technical regime proceed 

through stages of incremental, long-term change. The societal regime’s dynamic stability 

is formed as regime actors begin to share rules and structures. The rules and routines of the

regime determine how the socio-technical system changes. The system determines 

operations at the global level and determines the structure and rules within the organization 

and industry that determine how business occurs at the local level. Bidmon and Knab (2018)

explained that business models can be part of the societal regime because of their boundary-

spanning nature. Business models shape patterns of production, distribution, and 

consumption via societal regimes. The dominant regime logic is seen in the operation of 

the socio-technical system, which represents a method shared by all regime actors. The 

business model stabilizes the internal structure through the complementary, interlocking, 

and mutual reinforcement of the existing business models in the current regime. The

dominant logic defines the major cognitive and structural walls of the new business model, 

so that the business model must break not only the dominant logic but also the dominant 

regime.



The second role of the business model is as an agent of non-technological niche 

innovation. Transition research creates breakthroughs via niche innovation and improves 

stability by replacing the current regime. Hoogma et al. (2005) explained that expectations 

and visions can achieve stability by providing more robust, more specific, and higher-

quality innovation. The learning process also enhances stability through changes in 

cognitive frames and assumptions. In addition, the social network is broad and deep, which

helps maintain stability. A novel business model continues to be tested repeatedly until it 

confronts the dominant design, upsets its stability, and breaks the regime through the 

formation of a novel regime (Bidmon & Knab, 2018). The business model is affected by 

niches developed at the landscape or regime level from the multilevel perspective. The role 

of the business model is to expand the organization while observing the systemic view 

according to its boundary-spanning nature. It has the advantage of embodying the interplay 

between an organization and other actors, especially users and regulations (Bidmon & 

Knab, 2014).

The third role of the business model is to serve as an intermediary between an

innovative niche and a societal regime. The business model prepares a breakthrough that 

proceeds from the niche to the regime level through experimentation, linking the 

stabilization phase with the emergence of rules and routines associated with the novel 

technology. Visible business models can provide stakeholders with opportunities to create 

and acquire value, and can lead to breakthroughs at the regime level that are more 

significant than the novel technology itself. The dominant technology design is eventually 



facilitated and accelerated by the visible business model, as it breaks the current regime 

and diffuses throughout the new regime (Bidmon & Knab, 2018).

3.3 Socio-technical regime actors

The framework of this study combines the value attributes of the business model with 

socio-technical system transition. Socio-technical regime actors are determined according 

to the entry regulation in Asian mobility markets. The entry regulation tendency in each 

country is based on the growth of Asian metropolitan areas. Asian metropolitan cities are 

characterized by rapid urbanization, a concentration of population and economic activities 

in the major cities, high car ownership rates relative to income levels, rapid spatial city

expansion, and intense traffic congestion due to inadequate transportation facilities (Chen 

et al., 2008). Asian mobility market regulations are formed based on a consideration of 

urbanization, city scale, population density, and public transportation facilities (Chen et al., 

2008; Cohen, 2006).

Development of Asian metropolitan cities

Asian metropolitan cities are undergoing urbanization that is rapid relative to Western 

countries. This rapid development is due mainly to the high economic growth in the cities, 

as well as intensive investments in large scale infrastructure and a rapid population influx

(Booth, 1999; Chen et al., 2008; Goldblum & Wong, 2000). Another characteristic of the

Asian metropolitan situation is that the population is concentrated in specific cities,



including the capital cities of each country. Excessive population inflow to a city is a serious 

problem because it is likely to cause social problems such as traffic congestion and

environmental pollution and reduce the quality of housing (Cohen, 2006; Henderson, 2002).

Generally, the higher the income level, the higher the number of cars per unit of population;

however, there are differences between continents. Most of the cities with the highest car 

ownership per capita are in the US, and cities such as Seoul, Tokyo, Hong Kong, and 

Singapore, which are developed countries in East Asia, generally have low car ownership 

levels relative to their income levels (Barter, 2000a; Marcotullio, 2001). Rapid urbanization 

also tends to cause spatial diffusion in cities (Henderson, 2010; Lin, 2001). In the process 

of spatial expansion in Asian metropolitan areas such as Seoul, Tokyo, Bangkok, Manila, 

and Jakarta, suburbanization has centered in major traffic hubs (Hayashi et al., 2004; Jago-

on et al., 2009). Without a clear spatial development policy, this could lead to increased

travel distances and traffic congestion. Despite the high car levels relative to per capita 

income in Asian metropolitan areas, the supply of roads and other transportation facilities 

is insufficient, and the supply of public transportation infrastructure such as urban railways 

is relatively high compared to other developed countries (Gakenheimer, 1999; Pucher et 

al., 2007).

There are six socio-technical system regime actors involved in the development of 

Asian metropolitan areas. However, the value of shared mobility is to maximize the utility 

of the entire society in terms of its transportation infrastructure. Shared mobility can reduce

the number of cars and increase the trips made with multiple passengers. This would 



increase the utility of society as a whole, given its limited resources and transportation 

conditions (Bertolini & Le Clercq, 2003; Buliung et al., 2010).

Urbanization. Traffic infrastructures vary according to the national and urban growth 

trends (Chen et al., 2008; Wang et al., 2015), and urbanization processes differ according 

to the urban area, size, population, and national policy, as well as their effects on public 

transportation expansion (Goldblum & Wong, 2000).

Public transportation. Traffic infrastructure quality and the coverage of public 

transportation vary depending on the city’s size, population distribution, and density. To

expand public transportation and traffic infrastructure, the government will invest as much 

in public transport as is required to increase the benefits to society as a whole (Shaheen & 

Cohen, 2013).

Regulation. Regulation is determined by the direction of national policy (Black et al., 

2007; Ford, 2010). National regulatory trends are difficult to generalize and can vary 

depending on the industry, the economic circumstances, and the stakeholders. However, 

since Uberization began, the acceptance in a country or city where shared mobility has 

emerged can be roughly divided into the principle of acceptance and exceptional 

prohibition and the principle of prohibition and exceptional acceptance.

Mobility supply-demand. The supply–demand mismatch problem is one of the regime 

actors in the shared mobility ecosystem (Bertolini & Le Clercq, 2003; Shaheen & Cohen, 

2013). Urbanization has caused metropolitan areas to differ in their public transportation

levels due to their large areas. Because cities have grown faster than public transport has 



expanded, public transportation has not been able to satisfy the demand for mobility in the

city outskirts. Short-term supply–demand mismatch problems have occurred in cities with 

well-equipped public traffic infrastructure. Public transportation is sometimes unable to 

cope with the excess demand that occurs mainly during heavy commuting hours. For 

example, the taxi supply is not meeting rush-hour demand in Korea. Therefore, the value 

of shared mobility can adjust in response to supply–demand imbalances.

Trust. A crisis of trust in taxi drivers has arisen due to unauthorized, illegal taxis (Schor, 

2016). In addition, trust in the driving quality of taxi drivers has suffered.

ICT infrastructure. ICT infrastructure provides the capability to create and utilize the 

data produced by shared mobility (Le Vine & Polak, 2015).

Mobility market entry regulation

Public entities regulate the market to ensure the public interest is met, such as in

efficiency, equity, and safety (Baldwin et al., 2012). Typically, pre-entry regulation through

such means as declarations, certification, authorization, licensing, or patenting allows entry 

into the market under certain conditions, subject to prohibition (Croley, 2009). These 

market entry regulations are regarded as obstacles to technological innovation because pre-

prohibition regulation restricts the individual’s creativity and the freedom required for 

technological innovation, and also prevents the occurrence of a chain of innovation 

(Baldwin et al., 2012; Croley, 2009). Entry regulation related to technological innovation 

is divided into the comprehensive negative regulatory principle and the positive regulatory 



principle. The terms “positive regulation” and “negative regulation” are derived from 

international trade and refer to how export-import permits and prohibited items are 

regulated The concept of negative regulation is close to the principle of acceptance and 

exceptional prohibition, while the concept of positive regulation is close to the principle of

prohibition and exceptional allowance. Positive and negative regulations are categorized 

similarly in the financial industry, as rules-based regulation and goals-based regulation,

respectively (Decker, 2018).

Entry regulation into the mobility market has been determined by the environment and 

developmental tendencies of public transport. As automobiles become increasingly popular,

cities in Asia can choose between two major countermeasures. One is the advanced policy

followed in Europe and Asia to nurture public transport while curbing the use and 

ownership of cars (Gwilliam, 2001; Renne, 2016). The other is the US policy of providing

facilities suited to the growing demand for automobiles, without restraining the use and 

possession of cars (Low, 2003). Assuming that the advanced policy of Europe and Asia has 

suppressed the need to share car transportation through investments in public transportation 

and the densification of land use, the US policy can be regarded as one that focuses on the

supply of urban facilities on economic principle, as well as land and the housing market. 

Singapore, Hong Kong, and Seoul had policies that restrained the use of private vehicles

before their popularization (Barter, 2000a; 2000b). These cities have been expanding their 

transportation infrastructure to create spare capacity while achieving economic growth. As 

a result, the demand for increased road facilities has diminished. In addition, as income 



levels have increased, the demand for public transport has also increased, policies for 

expanding and improving bus systems have predominated, and investment in public 

transport has been cost-effective (Barter, 2000a). Since the introduction of its subway in 

1971, Seoul has been restructuring its urban structure centering on subway stations in 

accordance with the construction of a public transportation infrastructure. Chinese cities 

with high car usage rates are building public transportation systems but slowly (Hook & 

Replogle, 1996; Pucher et al., 2007). Population and car ownership growth rates have

slowed, but they are still increasing, and traffic demand is growing as social development 

continues. Traffic supply is still lacking, and the completion rate of transportation 

infrastructure works such as urban roads, expressways, and transportation hubs is low. The 

traffic supply and demand imbalance is also a long-term problem in China’s mobility 

market.

3.4 Shared mobility case studies

This study analyses shared mobility business models and compares between their

responses to the regime actors in Asia’s mobility market. Since Uber’s globalization,

business models similar to Uber’s have emerged in Asia’s mobility market, and have

flexibly transformed to fit the regulatory situation in each country. This study reviewed 

government publications, media articles, industry reports, and research papers published 

by journals, public organizations, and research institutes. This study also utilized

supplementary data collected through in-depth interviews (four conducted in 2017 and five 



in 2019). The interviews focused on the background of urbanization, the taxi industry, 

taxation, and regulation in Korea’s and China’s markets.

Case 1: Taxi-hailing in Korea’s mobility market

Korea’s taxi transportation business is protected through a licensing system under the 

Passenger Car Transport Business Act. The taxi business was effectively a monopoly, as 

the regulation restrained new entrants. As a result, the taxi industry was not aware of the 

need for innovation. After Uber’s globalization, however, it faced a serious crisis. Korea

has had a government-led economic growth policy, and its development model is based on

industrial advancement, economic development, and trade facilitation. At the same time, it 

has expanded public transportation and improved the efficiency of its transportation system, 

especially in the metropolitan areas with high population densities. In addition, in a

paradigm shift toward sustainable transportation, Korea has followed a policy of stabilizing

the supply of transportation facilities, ensuring the efficient operation of the transportation 

system, and reducing traffic congestion and air pollution. However, due to the stabilization 

of the public transport system and the development of ICT, Korea’s taxi industry now faces 

a crisis. As the taxi supply surplus and the demand for taxis have decreased, the taxi 

industry is stagnating, and taxi drivers are facing low wages and long working hours. A taxi 

business must acquire a license under the Transportation Business Act and pay regulatory 

compliance costs. However, since Uber is free from regulations such as licensing, their

supply cost is lower, so that price competitiveness can be achieved. Therefore, Uber’s



competition with taxis in the same market could have caused equity issues. Thus, the 

service was not launched because it could have encroached on the market.

A country with a positive regulation tendency (Kim et al., 2011), Korea adopted the 

shared mobility business model in a way that did not conflict with current law or 

institutional rights. Instant messaging company Kakao launched the O2O service Kakao 

Taxi in conjunction with the existing traffic system. Kakao Taxi is a legitimate service that 

avoids conflict with the Passenger Car Transport Business Act by using existing taxi 

resources to match consumers with taxi drivers. In July 2015, three months after its launch, 

Kakao Taxi had over 110,000 subscription drivers out of a total of 280,885 taxi drivers. By 

the end of April 2018, the cumulative number of subscription drivers had reached 224,838 

out of a total of 270,590 taxi drivers (Kakaomobility, 2018). By September 2018, Kakao 

Taxi had partnered with 83% of the taxi drivers. On the other hand, Uber Korea, launched 

in August 2013, was disallowed by Seoul because of legal violations and the fierce 

resistance of the taxi union. Korea, which has a small area and a high population density, 

has a world-class public transit system (Kim et al., 2018); also, the quality of taxi services, 

the number of taxis, and trust in drivers are high in Korea. Thus, in order to protect the 

interests of existing stakeholders, Korea bypassed the strategy of adopting only the shared 

mobility business model within the existing regime. Taxi-hailing plays a complementary 

role in maintaining the existing market segment and helping to solve the supply–demand 

imbalance problem. It has been able to compensate for the oversupply of taxis, higher 

empty-taxi rates, and excess demand during heavy commuting periods. The emergence of 



Kakao Taxi is not a new demand-pull product; rather, it utilizes big data analysis to enable

a more efficient and effective use of existing resources (Kim, 2017). Therefore, taxi-hailing 

is a part of the current socio-technical regime, which serves to complement and stabilize 

each actor in the societal regime logic.

Case 2: Ride-sharing in Korea’s mobility market

As in the case of taxi-hailing introduced in the previous section, Korea’s mobility 

market is activated by a shared mobility system that utilizes existing taxi resources to avoid 

conflict with regulations. However, as ride-hailing such as Uber and Didi Chuxing are 

leading the global market and as securing data is becoming important, there is a growing

call to deregulate shared mobility.

Although the success of Kakao Taxi showed the great potential of Korea’s mobility 

market, ride-hailing is not operating in Korea due to regulatory issues. Under the Passenger 

Transport Service Act (“PTSA” hereafter) Art. 81, which states “A person who rents a 

business car for a car rental business shall not use the car for transportation for a fee or rent 

it to another person, and no one shall arrange for it,” various shared mobility services—

including Luxi, Callbus, Titikaka, Chacha Creation, Modoo Shuttle—cannot operate.

Launching shared mobility services in Korea requires that the regulatory problem be 

solved. New ride-sharing services were introduced using the exceptional acceptance of the 

regulation. For instance, Poolus and Tada are successful cases that used the exception 

acceptance. According to PTSA Art. 81, Paragraph 1, automobiles that were not purchased 



for business cannot be provided or leased for transportation. The exceptional acceptance

indicates, however, that it can be provided only for commuting hours. Poolus provided a 

ride-sharing service during commuting hours to avoid a violation. Tada used the

exceptional acceptance of PTSA Enforcement Decree Art. 18, Subparagraph 1, item F, 

which permits a driver arrangement only for people who leased a van (for 11 to 15 

passengers) or for business organizations that leased an automobile for more than six 

months. To take advantage of this exceptional acceptance, Tada launched a type of call taxi 

service using leased vans. Though these two ride-sharing services did not violate the 

regulation, neither could be sustained. The commuting hour was longer than expected due 

to firms’ implementation of flexible working time. Legacy stakeholders argued that Poolus’

operations may have violated the regulation, leading the government to reinterpret it. 

Fortunately, Tada has not yet faced any regulatory issues. As stakeholders are continuously 

raising the issue, however, it may or may not continue. Even if the service is maintained, 

its diffusion is limited by the exceptional acceptance. The use of the exceptional clause 

both launched ride-sharing and constrains its diffusion.

The ride-sharing that emerged from the exceptional acceptance was an example of a 

business model that was modified to suit the characteristics of the regime actors. The novel 

shared mobility business model creates a new regime, allowing it a higher level of 

structuration.



Case 3: Ride-hailing in China’s mobility market

The circumstances of China’s mobility market are the opposite of Korea’s. China

applied no special regulations until the first ride-hailing emerged and stabilized in 2012. 

When Uber China emerged in June 2014, it competed with indigenous ride-hailing service 

Didi Kuaidi. Didi Kuaidi subsidized to conduct price competition and later transformed 

into Didi Chuxing through M&A with Uber China with a 20% stake. It then accounted for 

94.6% of China’s shared mobility market (Liu & Kim, 2018). The Ministry of Transport 

announced a reform of the Internet Plus Transportation regulation twice, in October 2015 

and July 2016. Under the Internet Ride-hailing License Provisional Rules, ride-hailing 

drivers must register their vehicle with a taxi service, and ride-hailing is prohibited without 

authorization. In addition, the Ministry of Transport imposed liability insurance for vehicles 

and passengers and a labor contract with ride-hailing drivers. The Chinese government

requires platform providers to have their offices and servers in China and to share their

transaction data with the local transportation department. This is how China legalizes ride-

hailing as a commercial operation via private vehicles (Wang et al., 2016). The Chinese 

government improved its regulations to satisfy stakeholders, including the taxi drivers, in 

this process. The government also changed the taxi management use system into a free 

lease system, and introduced a time-limited management system. By the end of 2016, the 

government was recognizing vehicles registered in mobile applications as legitimate 

vehicles, not illegal cars, was and seeing ride-hailing services as, broadly, taxi services.

However, some criticized the mobility market as being mainly composed of domestic 



companies. Internet Plus Transportation stipulated that ride-hailing services could not 

provide prices below cost, and that fares should be determined through market mechanisms. 

This blocked Uber’s strategy of using subsidies to expand market share through pricing (Li 

& Chen, 2016). Uber China, which recorded a deficit of more than 1 billion dollars annually 

in China, merged with Didi Chuxing in August 2016.

China’s mobility market has grown in a way that utilizes ride-hailing to solve domestic 

problems or stimulate regional economies. China is estimated to have increased its urban 

population by up to 20 million through rapid economic growth and policies promoting 

urbanization (Wang & He, 2015). Extending road infrastructure and securing public 

transportation require a great deal of time and investment. Therefore, ride-hailing has

provided alternative means of transportation for local residents who lack public 

transportation infrastructure or taxi access and has encouraged them to use shared bicycles 

for short trips. In addition, China has put more emphasis on providing job opportunities in 

a flexible labor market than on the quality of the jobs created through shared mobility. Didi 

Chuxing has provided employment opportunities to about 17.5 million people, and China 

is using ride-hailing to broaden the scope of and choices among jobs. Ride-hailing has 

created a new demand pull in China’s expanding cities, opening up the market and 

enhancing the public transportation system.

Therefore, technological niche innovation in shared mobility actively responds to the 

societal regime, creating a breakthrough at the regime level. The shared mobility case is

one where the shared mobility business model in the dominant design interacts with the 



regime elements and is accepted and diffused into the socio-technical system. After the 

government legalized shared mobility, Didi Chuxing became a new socio-technical regime 

with a dominant design and led to a paradigm shift in China’s mobility market. This 

happened because of the Chinese government’s policy support for ride-hailing. The 

Chinese government basically stipulates that new Internet-based industries such as ride-

hailing should grow and leave the rest to the market, and it allows a gradual introduction 

of regulations only when necessary. The policy reform of the Chinese government amid 

China’s metropolitan growth and public transportation conditions is a key regime actor that 

enabled ride-hailing to grow into a socio-technical regime. 

Table 3-1 summarizes how shared mobility as defined according to the three roles 

played by a business model interacts with societal regime actors. It also describes the value 

attributes of the business model corresponding to each regime logic as well as the transition 

points for sustainable mobility.
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3.5 Conclusion and discussion

This study examines shared mobility in the Asian mobility market and analyses the 

value attributes of the business model for sustainable transition. We identify and redefine

the socio-technical regime actors involved in Asian metropolitan areas, and examine the 

mechanism of the relationship between the business model and the backgrounds of Asian 

cities. Societal regime actors include urbanization, public transportation, regulation, trust, 

ICT infrastructure, and mobility supply–demand in each mobility market. The value of the

business model is the provision of mobility service in response to the supply and demand 

imbalance and social benefits to mobility consumers. This study uses a framework that

combines socio-technical transition and business model innovation based on Bidmon and 

Knab (2014; 2018). The business model has three main roles: operating as part of the socio-

technical regime, as non-technological niche innovation, and as an intermediary between 

the technological niche and societal regime. The cases of taxi-hailing in Korea, ride-sharing 

in Korea, and ride-hailing in China are examined as representative examples of shared 

mobility that match the three roles of the business model.

The results show that the most important value of shared mobility is extending the 

mobility provider’s supply and creating other mobility opportunities for consumers. Shared 

mobility has provided new opportunities in a mobility market under negative regulation 

(goals-based regulation), as it complemented and interacted with the existing public 

transportation, thereby revitalizing the entire market. The business model led to a

breakthrough for the mobility platform and allowed a niche innovation to function as a 



device for commercialization and transition to a new societal regime. In addition, the 

business model structured a new regime by interacting with existing regime actors in the 

value network. China’s government watched this growth without applying special 

sanctions until the ride-hailing niche became a regime, and eventually legalized and 

promoted the diffusion of shared mobility. On the other hand, shared mobility transformed 

its business model to mitigate the opposition of existing societal regime actors in Korea’s

mobility market, which has a strong positive regulation (rules-based regulation) tendency.

Since the emergence of Uber, two major changes have occurred in Korea’s mobility market. 

The severe opposition of existing stakeholders closed the door to shared mobility and 

became a barrier to societal transition. The stakeholders strengthened the existing regime 

and solidified its stability. In this situation, the case of taxi-hailing is one of establishing a 

shared mobility business model by making use of dominant rules and resource structures. 

It has been rapidly diffusing among the existing regime actors, alleviating the inefficient

taxi supply–demand imbalance. As a result, the regime’s dominant rules and resource 

structures are reproduced, and the market and other regime actors are connected to form a 

structure in which a messenger company and taxis coexist. Over time, however, Korea’s

mobility market will have an increased need for new shared mobility to remain competitive

with global mobility market trends. The novel business model, which has discovered 

regulatory loopholes, forms a substantial part of a novel regime. Shared mobility is 

connected to regime actors, except for the regulations inspired by the legacy stakeholders’

reactions. It has taken its place within the permissible range of current regulations, but it 



has not yet reached a stable boundary. In addition, the shared mobility that emerged using 

the exception clause is constrained from experiencing rapid growth and diffusion. However,

Korea’s government is seriously considering deregulation given the emergence of shared 

mobility and the need for global competitiveness. If deregulation and legalization take 

place in the mobility market as they have in other countries, the shared mobility business 

model is expected to become a new regime and driver of societal transition.

This study shows how the shared mobility business model is modified and adapted 

according to the socio-technical regimes in each country and market, while providing

mobility value. This occurs because shared mobility has selected as a business model item 

resources, such as automobiles, that exist everywhere in the world. The business model is 

thus simple enough to be applied and imitated anywhere in the world. In addition, the 

business model has the flexibility required to actively respond to any socio-technical 

regime and change form into, for example, car-sharing, car pooling, and car rental. Finally,

the business model is extensible to all mobility vehicles as well as automobiles.



Chapter 4. The relationship between ride-

sharing and regulation in South Korea’s 

mobility market: A system dynamics 

approach from the socio-technical system 

transition perspective

4.1 Introduction

Ever since the advent of Uber, various types of shared mobility have emerged

worldwide. Shared mobility, regarded as type of sharing economy, is a new business model 

in the mobility market that uses online platforms for both passengers and local drivers. It 

allows passengers to use cheap and reliable transportation services and allows the local 

drivers to use personal vehicles for commercial use. However, shared mobility services are 

not always successfully launched with their initial design. Due to the resistance of existing 

stakeholders and regulatory restrictions, shared mobility providers started to modify the

business model according to the economic condition, urbanization policy, and public 

transportation infrastructure level. Through this process of modification and adaptation to 

national circumstances and regulations, shared mobility has been adopted in various 

countries.

From a socio-technical system perspective, this process can be described as an adoption 

of a new niche through a modification and adaptation to the socio-technical regime (Geels, 



2004a). In this context, the introduction of the new niche requires a harmonization between 

the regulation and the service to avoid any unnecessary social conflicts. Service providers 

need to consider the government’s regulation tendency. In general, this tendency can be 

described as either positive or negative (Parisi et al., 2006). Negative regulation prohibits

activities; any activities that are not included in either a law or regulation are allowed. On 

the other hand, positive regulation allows only the activities mentioned in the law; any 

activities that are not mentioned are prohibited. In many cases, all other activities are 

initially prohibited and exceptions are allowed later. A service provider’s business model 

strategy should consider the pros and cons of the government’s regulation tendency. 

Korea, one of the world’s most advanced ICT countries with a positive regulation

tendency, has faced controversial regarding its mobility market. In Korea, taxi-hailing (e.g.

Kakao Taxi) was successfully launched and spread. Taxi-hailing is a type of car-hailing 

where only taxi drivers can act as drivers. Taxi-hailing faced less opposition from

stakeholders than shared mobility, and also satisfied both the regulations and the needs of 

existing stakeholders. As a result, Kakao Taxi was welcomed by the existing stakeholders

and the huge number of Kakao account users. Despite the settlement of Kakao Taxi, the 

growth of shared mobility in Korea’s mobility market is limited due to regulatory issues. 

The Passenger Transport Service Act (“PTSA” hereafter) Art. 81 (Prohibition against 

Commercial Transport by Non-commercial Motor Vehicles) stipulates that “No person 

shall provide or rent motor vehicles other than commercial motor vehicles, with 

compensation for transport purpose, and no person shall arrange such activities,” and



various shared mobility services that could operate using blind spots in the regulation have

been disallowed. However, despite the regulatory issues, some ride-sharing services have

survived and are trying to settle in Korea’s mobility market. Poolus and Tada have used a

blind spot in PTSA Art. 81. Poolus provided car pool services during commuting hours 

based on PTSA Art. 81, Paragraph 1, Subparagraph 1. Similarly, Tada used PTSA 

Enforcement Decree Art. 18, Subparagraph 1, item F, which allows the driver to operate a

leased van that can accommodate 11 to 15 passengers. However, the union of taxi drivers 

argued that Poolus and Tada were not different from a taxi service and violated PTSA Art.

81 because unauthorized people provided the riding service.

As can be observed from the cases mentioned earlier, shared mobility is continuously 

appearing in Korea, but none has lasted long. Although Korean shared mobility could 

provide a new type of service operating under regulatory blind spots, most of them have

not been sustainable, as the government has increased regulation costs in order to respond

to the opposition of existing stakeholders. This cycle hampers not only the growth of the

mobility market but also the transformation from ownership and a competition-oriented 

economy to a cooperation-oriented sharing economy. The settlement of ride-sharing into 

the existing system, therefore, requires an examination of all possible alternatives and 

outcomes. It is necessary to predict the social cost of existing deregulation and new 

regulations and to evaluate how these changes will affect the social benefits of mobility 

users.

This study proposes a feedback model using a dynamic system approach (Ruutu et al., 



2017) to explain the causal relationship between innovation and regulation, focusing on 

Korea’s mobility market. Social-technical system transition theory is applied to examine 

how the niche of shared mobility adapts and diffuses in social and technological regimes.

The research model uses a simulation technique combining social-technical system 

transition theory and system dynamics to explain the competitive relationship between ride-

sharing and taxis by integrating the Bass diffusion model and the concept of resource 

distribution. Here, the strengthened and mitigating regulations are defined as regulatory 

costs. Based on the regulatory total amount system, cost and benefits are identified and the 

values are measured by allocated resource size. Our proposed feedback model is tested

using various regulatory cost scenarios. This study not only evaluates the social benefits of

ride-sharing adoption, but also investigates whether tax imposition on ride-sharing or 

subsidies for taxi are potential alternative solutions for ride-sharing and taxis. Based on the 

results, the diffusion and acceptance of ride-sharing in Korea’s mobility market, the

activation of the mobility market, and the coexistence of ride-sharing and taxis are 

discussed.

4.2 Socio-technical system transition via system dynamics 

modelling

Socio-technical system transition theory provides a theoretical understanding of the 

interaction between science technologies and society from a system perspective. System 

transition reflects the transition of a socio-technical system caused by the dynamic 



interaction between the system’s elements, resulting in long-term structural change 

(Papachristos & Adamides, 2016). The MLP is the most widely used approach for 

analyzing the context of socio-technical system transition (Geels, 2007; Raven, 2007). The

MLP covers societal processes with a broad unit of analysis and observes transitions at 

three analytical levels (Geels, 2002; 2005c; 2007; Rip & Kemp, 1998): niches (emergence 

of new technology), socio-technical regimes (stability of existing systems), and exogenous 

socio-technical landscape (macro developments). However, the MLP has been criticized 

for two reasons. First, it has been criticized for its limited capacity as a heuristic framework 

that can organize transition events (Genus & Coles, 2008). The MLP allows researchers to 

construct auxiliary theories or hypotheses by perceiving and conceptualizing dynamic

mechanisms (Geels, 2007), but these theories or hypothesis are more suitable for a middle 

range theory, a theory of limited scope explaining a specific phenomenon. Second, it has 

been argued that it is specialized for single-system transition (Papachristos et al., 2013)

when, in reality, most transitions involve the transitions and interactions of numerous 

systems (Papachristos et al., 2013). Until a system reaches a new state, a transition occurs 

through the interactions and pressures among three levels (Geels, 2010). Therefore, a more 

suitable research methodology is needed to reflect the actual and potential events occurring 

in these interactions and their complexities (Geels, 2010; Konrad et al., 2008; Lauridsen & 

Jørgensen, 2010).

However, multisystem transitions are rarely discussed in previous studies (Geels, 2007; 

Papachristos & Adamides, 2016; Raven, 2007; Raven & Verbong, 2007). Handling the 



increased complexity of multisystem transitions requires the application of retroductive 

inference and modeling and simulation (Davis et al., 2007; Harrison et al., 2007; 

Papachristos, 2014; Papachristos & Adamides, 2016). System dynamics simulation 

modelling, the integration of system dynamics and simulation modelling, is proposed to 

overcome these limitations (Haile & Altmann, 2016b; Papachristos & Adamides, 2016).

System dynamics can offer endogenous explanations of system behavior and problems 

(Richardson, 2011) by deducing the effects of non-linear generative mechanisms operating 

simultaneously and of cases when there are feedback loops and delays among them 

(Borshchev & Filippov, 2004; Haile & Altmann, 2016b; Sterman, 2010). Simulation 

modelling allows us to overcome the human cognitive limitations known as “misperception 

of feedback” (Sterman, 1989) and “stock and flow failure” (Cronin et al., 2009; Diehl & 

Sterman, 1995; Sterman & Sweeney, 2007). Simulation modelling has been used not only

to evaluate how policies affect innovation performances but also to reproduce specific 

transitions (Berg���������#"�$''*�+�<=����������#"�$''>+�@�!���������"�$'QQ+�X����
	[����\�

van den Bergh, 2010; Samara et al., 2012; Schilperoord et al., 2008). System dynamics 

simulation modelling is therefore a suitable methodology for analyzing socio-technical 

system transition as it can handle complexity and allows retroductive inference

(Papachristos & Adamides, 2016).



4.3 The case of Korea’s mobility market

Problem description and purpose of study

This study examines the causal relationship between technological innovation and 

regulation. As new technologies and derived products (i.e., niches) make their way into the 

market, they face several resisting forces from the existing system (i.e., regime). A 

prominent example is the emergence and diffusion of ride-sharing in Korea, in which 

government regulation played a prominent role. 

However, if we delve into the phenomenon more deeply, we find that different levels of 

forces are working together: There are landscape-level trends, regime-level pressures, and 

regime-level mechanisms (Geels, 2004a; Papachristos & Adamides, 2016). These 

seemingly independent forces interact to create system dynamics. Thus, to derive a deeper 

understanding of this complex phenomenon, we need to understand the underlying 

mechanisms behind each level. Following the methodology suggested by Papachristos and 

Adamides (2016), we first conduct a case study of the Korean mobility market via a 

retroductive approach in this section, and develop a system dynamics model based on the 

results in the following section. Figure 4-1 summarizes the mechanisms and causal 

relationships discussed in this section.



Figure 4-1. Causal loop diagram of mobility market from socio-technical system 

perspective

Landscape level: overarching trends

Landscape-level effects are global megatrends that trigger changes and trends in the

automotive industry. One of the most notable landscape-level trends is the rise of smart 

mobility. Smart mobility reflects changes in mobility/transport due to advances in

technology, whereby “usership” of a vehicle becomes more crucial than “ownership” of it,

the definition of “mobility market” changes, and the transport system becomes more user-

centric (Docherty et al., 2018).

The rise of smart mobility makes Mobility as a Service (MaaS) available, wherein



consumers use end-to-end transportation services through a digital platform instead of 

purchasing their own vehicle (Goodall et al., 2017). Shared mobility is one of the most

widespread and widely adapted among such services, where data generated from vehicles 

and the users who employ them play crucial roles (Docherty et al., 2018). It is estimated 

that car-generated data will generate market revenue of USD 450–750 billion by 2030 

(Bertoncello et al., 2016).

As global smart mobility trends accelerate, collecting consumer mobility data has

become crucial for success and for securing global competency among shared mobility 

providers. Therefore, platform owners try to establish a data-collection strategy by 

comparing the company’s current capability with the global standard. When a gap appears

between the company’s data-collection ability and the global standard, the company invests

more resources on R&D in order to catch up with its competitors.

This smart mobility trend affects not only the producer side but also the consumer side.

As people’s global activities increase, they learn and experience various shared mobility 

services available abroad, which results in an increased need for alternative modes of 

mobility. The global mobility level is determined as an average value, as shown Table 3 in 

Appendix 1. Korea’s mobility level is determined as the amount of data produced by one

shared mobility user. The simulation experiment assumes that one user produces one data. 

The difference between the global mobility level and Korea’s mobility data-production 

level is estimated through an exponential smooth function. If a gap with the global level

appears, R&D investments for data acquisition will continue.



� M1: Global trends toward smart mobility ] Increased need for shared-mobility

� M2: Global trends toward smart mobility ]�Increased competitive gap between 

Korea’s capability and global level

Another landscape-level trend is government intervention. The government of Korea

was passive in relaxing regulation of the nation’s mobility industry. In addition to the 

regulation issues, there was huge resistance from existing stakeholders, mainly the taxi 

industry, which caused Uber’s market entry to fail (Jin, 2016). This preempted business 

opportunities for shared mobility services, and led to the emergence of Kakao Taxi, a taxi-

hailing that utilizes only taxi resources (Kim et al., 2017).

However, as the global shared mobility trend grew, several ride-sharing services 

emerged by exploiting exceptional clauses. As more new services emerged, resistance from 

stakeholders became harsher, and they called for governmental regulation. This reduced 

business opportunities for shared mobility (Kim et al., 2017).

Additionally, government intervention increases regulation costs. A regulation cost is

imposed by creating a new regulation and/or strengthening or changing existing regulations

(Titley, 2016). These costs often increase costs for firms, networks, and industries (Titley, 

2016). Government intervention reduces business opportunities in the industry, and 

increases costs by establishing new regulations or strengthening existing regulations, which 

in turn increases the regulatory compliance costs for firms. When regulatory compliance 

costs rise, business operators must pay to comply with the changing regulations:



� M3: Increased government intervention ] Increased regulation cost

� M4: Increased government intervention ] Reduced business opportunities

� M5: Increased regulation cost ] Increased regulatory compliance cost for firms

� M6: Increased regulatory compliance cost for firms ]�Increased institutional cost 

for business operators

Regime level: driving force and hampering factor of ICT 

innovation

Korea’s ICT infrastructure level is state-of-the-art, as several global indices attest. The

WIPO (2018) ranked Korea second among 126 countries in terms of ICT infrastructure, 

including ICT access, ICT use, online government services, and e-participation. Owing to 

this high level of ICT infrastructure (e.g., LTE speed, network coverage), shared mobility 

providers attempting to expand their capacity and gain global competence can set high 

goals that match the ICT infrastructure level.

� M7: Higher level of ICT infrastructure ]�Higher level of technological capability

The high-level ICT infrastructure also affects the overall technological environment for 

data collection. In 2018, Korea had one of the world’s highest smartphone penetration rates

among adults, with 95% of Korean adults owning smartphones. This high rate helps shared 

mobility platform owners collect and accumulate user data accurately and effectively. Thus,



the ICT environment has a positive effect on data collection and accumulation.

� M8: Higher level of ICT infrastructure ]� More effective and accurate data 

collection

However, several factors hamper the diffusion of shared mobility, which arise mainly 

from the existing regulations and the resistance of existing stakeholders. PTSA Art. 81, 

which prohibits the commercial use of private automobiles, prevents the market entrance 

of competitive services, which leads to an industrial structure that is a kind of “natural 

monopoly” (Jin, 2016).

Another force hampering the diffusion of shared mobility is the resistance of existing 

stakeholders—namely, taxi business operators and taxi drivers. Related to this is the 

implementation of the Enforcement Decree of the Act on the Development of Taxi 

Transportation Business, which has been effective since October 2016. The primary

purpose of the decree is to improve the working environment of taxi drivers by prohibiting 

operators from passing on their operational costs (e.g., automobile purchase, fuel, car 

washes) to drivers. However, the operators reacted to the decree by increasing the 

commissions imposed on taxi drivers. Most Korean taxi companies operate based on a

commission system, whereby taxi drivers are contracted to turn over a fixed commission 

to the company every day, regardless of their earnings (Ko & Koh, 2010). Under these 

circumstances, the emergence of new shared mobility was considered life-threatening to 



the stakeholders and resulted in a huge backlash from them and several protests. This

resistance led to prolonged negotiations among taxi operators, regulators, and shared 

mobility providers, which incurred considerable costs. The increased stakeholder 

engagement costs increased the regulation costs, which in turn increased the regulatory 

compliance costs for the firms (Henisz et al., 2014).

� M9: Increased stakeholder engagement cost ]�Increased regulation cost

Niche level: resource generation and allocation from the 

emergence of ride-sharing

This study determined market share based on the number of potential adopters who

became adopters according to the Bass diffusion model. A great number of potential 

adopters implies many business opportunities. The simulation model is designed to show

how adoption is affected by the advertisement effect and word-of-mouth effect according 

to the Bass diffusion model. In this model, we assume that the population’s lifestyle is 

affected positively as the number of adopters increases.

� M10: Increased number of potential adopters ]�More business opportunities

� M11: Higher business opportunity ]�Greater effect of marketing

� M12: Greater effect of marketing ]�Greater effect on population’s lifestyles



One of the biggest differences between shared mobility and traditional taxis is that the 

former are platform-oriented businesses based on ICT technology (Goodall et al., 2017). In

the platform business model, user data are a crucial resource (Haile & Altmann, 2013; 

2016a). It not only affects the quality of the platform but is also a main driver of the network 

effect, accelerating the generation of both financial and data resources (Ruutu et al., 2017).

Platform owners allocate the accumulated resources for various purposes, such as 

investment in infrastructure or R&D to improve service quality (Haile & Altmann, 2016a),

or spend them as institutional costs for industrial networking or to comply with regulations 

(Bergman et al., 2008a; Ruutu et al., 2017). The more resources are deployed for service 

quality improvement, the more social benefits are generated through the process (see 

reinforcing feedback loop 1 in Figure 4-2).

� M13: Increased number of adopters ]�Increased financial resources

� M14: Increased financial resources ] Increased available financial resources

� M15: Increased available financial resources ] Increased R&D investment

� M16: Increased R&D investment ] Higher level of service quality

� M17: Higher level of service quality ]�Greater social benefits to mobility 

non-adopters and adopters

� M18: Greater social benefits to mobility non-adopters and adopters ]�

Increased number of adopters accepting mobility services or switching to other 

mobility services



Figure 4-2. Reinforcing feedback loop 1: Service development loop

From the shared mobility service perspective, mobility data represent a core source of 

a platform firm’s competitive advantage (Haile & Altmann, 2013). For example, Kakao 

Taxi uses their accumulated mobility data not only to improve their algorithm but also to

analyze consumers’ lifestyle changes and cultural trends, enabling them to create new 

services based on the results (Kakaomobility, 2017). Thus, mobility data collected from 

end-users create a “data network effect” (Haile & Altmann, 2013; 2016a), which enhances

competitiveness. The more adopters there are, the greater are the data generation and 

accumulation. Data resources are distinguished from financial resources. However, the 



effect of data accumulation on social benefits is the same as that shown in feedback loop 

R1 (see reinforcing feedback loop 2 in Figure 4-3).

� M19: Increased number of adopters accepting shared mobility or switching 

from taxis to shared mobility ]�More data generation

� M20: More data generation ]�More data accumulation

Figure 4-3. Reinforcing feedback loop 2: Data network effect

However, one force works against this mechanism, which is closely related to the 



regulatory environment. As a new service, ride-sharing in Korea and around the world is 

particularly sensitive to regulatory changes (Jin, 2016). Firms need to adapt to the new 

regulatory environment, which leads to additional costs. This in turn reduces the available 

resources that can be used for investments. As a result, the higher the institutional costs, 

the lower the R&D investment, and the lower the social benefits (see the balancing 

feedback loop in Figure 4-4).

� M21: Increased institutional cost ]�Decreased R&D investment

Figure 4-4. Balancing feedback loop: Regulation compliance cost



4.4 System dynamics model development, validation, and 

testing

We designed a system dynamics simulation model based on the case study and 

mechanisms discussed in Section 3. The variables used in the simulation can be divided

into four broad categories. The stock-flow diagrams below (see Figures 4-5 to 4-8) describe 

the variables and how they affect each other.

The simulation model focuses on the feedback relationship between mobility services

and regulations in Korea’s mobility market. This study revised and redefined a previous 

model that implemented a dynamic simulation of competition between platforms. 

Borshchev and Filippov (2004) classified simulation approaches according to their

abstraction level and described three methodologies: system dynamics, discrete event, and 

agent-based modeling. In this study, the abstraction level is measured as the extent to which 

the modeling reflects the real world. The system dynamics approach is characterized by 

high abstraction, few details, and macro- and strategic-level analyses. In addition, it can 

aggregate levels, use stock-flow diagrams, and express phenomena using feedback loops.

The system dynamics approach is appropriate when the study model lacks the empirical 

data required to verify the experiment. Ruutu et al. (2017) presented a multidimensional 

system analysis of the competition between platforms with similar characteristics from the 

perspective of the platform owners in a two-sided market. The platform providers can 

acquire financial resources and data resources, attract potential adopters by improving 

service quality through platform development, and induce switching among other platform 



adopters in the model.

This study differentiates the relationship between ICT innovation and regulation 

through the resource generation and allocation model focusing on the mobility market. The 

strength of government intervention is reflected in the costs incurred by platform 

companies. Costs are incurred due to market regulation, regulatory compliance, and 

network formation with market players. In other words, this study approaches resource 

generation and allocation in terms of a cost–benefit analysis.

The competition between ride-sharing and taxis is not differentiated between the service 

providers’ and end-users’ perspectives, unlike in previous studies. The distinction between 

service providers and end-users is a feature of the two-sided market, but Korea’s taxi

industry does not have this structure. The number of private taxis is about double that of 

corporate taxis in Korea’s taxi market, and corporate taxis allow no interchange between 

drivers and consumers. Therefore, the need to divide service providers from end-users is

reduced. This study aims to model the social benefits that mobility services bring to 

consumers by examining the problem of financial resource distribution caused by 

regulatory changes and data resources production.



Stock-flow diagram

4.4.1.1 Extended Bass diffusion model

This study extends the Bass (1969) model of innovation diffusion to examine the 

mechanism through which users adopt a specific service (see Figure 4-5). In the original 

model, two main factors affect whether potential adopters become actual adopters: 

advertisement and word-of-mouth.

Figure 4-5. Stock-flow diagram: Extended Bass diffusion model

However, adopters do not remain adopters forever, as they can return to being potential 

adopters. This occurs via two routes. In the first, they “discard” the service (cease using it) 

for such reasons as low service quality or changes in user preferences (Ruutu et al., 2017).



In our model, such discontinuance is represented as the discard rate, which changes the 

stock of adopters (see Table 4-1).

Table 4-1. Extended Bass diffusion model

Name Equation/parameter value Unit #

Potential adopters �� = �� (�	� 
 �	�) User 1

��(0) = N
Adopters ��� = �	� + 	� 
 �	� User 2

��(0) = 0
Adoption rate �	� = � � (� + � · ��� · ��/�) User/year 3

Discard rate �	� = �� � (��� + ���) User/year 4

Switching rate 	� = �� (�� � ���,� 
 �� � ���,�) User/year 5

Adoption fraction ��� =  ��/(�� + ����) - 6

Discard fraction ��� =  ��/(�� + �����) - 7

Switch fraction

(from i to j)

��� =  ��,�� /(�� + ����,�� ) - 8

Regulation fraction ��� �� �(landscape, policy) � � -

���� � 0
Total population � 140,000 User

Advertising effectiveness � 0.015 1/year

Joint advertising effectiveness for all 

mobility services

Contact rate � 1 1/year

Ratio of regulation impact � Depends on the landscape signal Year

Reference social benefit �� 3 -



The other route is an enforced movement by government intervention. As mentioned, 

shared mobility, especially in Korea, is greatly affected by governmental regulation. In fact,

several shared mobility services had to change their service content, or even exit the market 

entirely, because of regulatory changes or enforcement. Thus, a change of service, or a

discontinuance of service due to government regulation, prevents existing users from being 

able to keep using the same service. Reflecting the characteristics of the mobility market, 

we extended the existing model by considering government intervention as a mechanism 

that forces adopters to become potential adopters again. Details on the government 

intervention mechanism are discussed in Section 4.3.2.

Adopters do not keep using the same service but can choose again among shared 

mobility and taxis. A mobility service does not attract one-time-only usage but rather 

recurring usage wherein users consider various alternatives each time they make a decision. 

The user’s choice is affected by the service quality each operator provides. In the model, 

adopters who move between services are “switchers.” This affects the adopter stock for 

each service.

4.4.1.2 Resource generation and allocation

We define two types of resources available for the operators in our model: financial 

resources and data resources. This resource distinction reflects the fact that, in addition to 

traditional financial resources, data acquisition and accumulation are crucial factors for 

improving service quality and attracting customers in the smart mobility industry. These 



resources are generated based on the total number of adopters each operator has, although 

their relative importance can vary according to the parameters. One big difference between 

shared mobility and taxis is the utilization of data resources. Unlike shared mobility, which 

is an ICT-intensive service, taxis do not benefit very much from the data. We set a different 

parameter for each service type, so that only shared mobility operators utilize the data 

generated by users as a resource (see Figure 4-6).

Figure 4-6. Stock-flow diagram: Resource generation and allocation model

Based on the model developed by Bergman et al. (2008a), we further assume that there 

are, broadly, two uses for the accumulated resources. The first is to improve the physical 

capacity (PC) of the firm and for R&D investment. Physical capacity refers to the firm’s



existing “infrastructure, technical capability, physical and knowledge capital, and 

production capacity” (Bergman et al., 2008a) In our model, improving PC requires that

resources be used for R&D investment.

In addition to basic R&D investments, the shared mobility enterprise determines what

additional investments are needed by comparing its mobility data level with that of the 

global mobility market (see Table 4-2). Competitiveness also can be measured as the ratio 

of the data resource produced by one user relative to the global standard.

The other usage of accumulated resources is to improve the institutional capacity (IC) 

of the firm, or to meet costs incurred through institutional factors (Bergman et al., 2008a).

Bergman et al. (2008a) define IC as the firm’s “networks of business, industry, politicians, 

lobbyists, and other actors.” In the mobility market, the main purpose of IC is to comply 

with regulations. This is implemented as institutional costs in our model. The harsher

regulations become, the more resources each operator has to devote in order to 

accommodate the changes. We assume that service providers determine how much they 

will devote for IC first, and then the amount of R&D investment is decided accordingly, as 

compliance with regulations is a precondition for maintaining operations.

However, there is a gap in regulatory compliance cost levels between shared mobility 

and taxis, as ride-sharing services operate in “regulatory vacuums” or exploit exceptional 

clauses, while taxis have operated for much longer as quasi-public transportation modes

under established regulations. To reflect these differences, we set different weights for the

IC requirement according to the service type.



We further differentiate R&D intensity (measured as the ratio of available resources 

used for R&D) between the two services, as technological innovation (e.g., dynamic 

pricing, matching algorithms) is a key competitiveness factor in shared mobility, while taxis

operate as a kind of commodity, and service quality does not vary much among operators.
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4.4.1.3 Social benefit

One of the novelties of our model is that we consider not only the adoption of services 

by potential users but also the total benefit gained by society as a whole. Our definition of 

social benefit includes not only the utility users enjoy from high service quality but also 

other benefits, such as a wider choice of services and accessibility (see Figure 4-7).

Figure 4-7. Stock-flow diagram: Social benefit

When technology advances through a platform’s R&D investment, it not only improves

service quality, but also leads to more effective and efficient data utilization, which 

provides spillover effects to non-adopters as well.



Considering the indirect effects is important, as they are a crucial factor in evaluating 

the impact of regulatory changes (Titley, 2016). By explicitly taking these factors into 

consideration, our model analyzes the consequences of regulatory changes, as well as the 

causal relationships among those impacts (see Table 4-3).
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4.4.1.4 Government intervention

Government intervention changes the share of resources invested in IC, and the amount 

of R&D investment also changes. In this study, government intervention occurs 

stochastically at a fixed time interval. The probability of occurrence and its impact are 

specified as parameters DecreaseProbability and RatioChangeResources. By adjusting the 

parameter values, we assume three case scenarios for policy design: maintaining or 

strengthening the current regulation, incremental regulation reform, and radical regulation 

reform (see Figure 4-8).

Figure 4-8. Stock-flow diagram: Government intervention

Model testing for validation

Since Kakao Taxi emerged in 2015, only a few shared mobility services have managed 

to become well-established in the mobility market due to regulatory barriers. Therefore, no 

market share data for shared mobility adopters are available. The validation test for the 

model structure uses a direct structure test that does not include simulation experiments as 

well as structure-oriented behavior tests that involve simulation experiments (Barlas, 1996).



The direct structure test ensures objectivity by performing a parameter assessment based 

on the main mechanism of the model and using empirical data (Sterman, 2010). The 

simulation model is implemented using AnyLogic 8.4.0 Personal Learning Edition, and 

validation testing of the simulation is conducted using AnyLogic 8.4.0 University 

Researcher version. The equations in Tables 4-1, 4-2, and 4-3 and the values used in the 

model are shown in Appendix 1. The parameter values that vary according to the scenario 

are explained below. The basic simulation period unit is one year, and the experimental 

period covers about 10 years from May 9, 2016, when Poolus appeared, to December 31, 

2030. TIME-STEP is applied to the main flow variables and is verified through sensitivity 

analysis. The simulation results show robustness at 200 iterations in step 0.0625.

4.4.2.1 Dimensional consistency and parameter assessment

The multidimensional model is divided into the service dimension, which distinguishes 

between shared mobility and taxis, and the resource type dimension, which distinguishes

between financial resources and data resources. The model passed dimensional consistency 

tests performed through automated dimensional analysis using AnyLogic packages. All 

variables and parameters appearing in the model were formulated according to the purpose 

of the research and are based on previous studies. Parameter assessment tests were 

performed, such as for every equation variable, flow, and stock. In particular, the ICT 

structure parameter is normalized at the Korean level, based on the global average observed 

in the Networked Readiness Index 2015–2016 (Code NRI 3.02, 3.04, 6.01, 6.02, 6.06, 6.07, 



7.05, 10.01) and the Global Innovation Index 2016 (3.1.1, 3.1.2, 3.1.4). The Networked 

Readiness Index was utilized based on the maximum and minimum values of the remaining 

values, except for some missing values in the evaluation of 151 countries. Table 1 in 

Appendix 1 shows the normalized value for Korea based on the average of the 151 

countries. In addition, the Global Innovation Index was employed using with same 

approach for 127 countries. Table 2 in Appendix 1 shows the results of the normalized value 

for Korea. The global mobility trends parameter reflects the mean value of 55 cities 

surveyed in the Deloitte City Mobility Index 2016–2017 for public transport reliability, 

integrated and shared mobility, investment, innovation, vision and strategy, versatility, 

customer satisfaction, and accessibility. The specific items and average results for each 

dimension are the same as those shown in Table 3 in Appendix 1. The total population is

selected based on the number of passengers, which was reduced to 1/1000 for Kakao Taxi 

in 2016 (Kakaomobility, 2017). Because Kakao Taxi passengers are taxi-hailing service 

adopters, they can continue to accept Kakao Taxi while shifting to another shared mobility 

services. The values serving as societal regime actors are all constant based on Appendix 1 

in the simulation experiments.

4.4.2.2 Extreme condition tests

A dynamic simulation model should be consistent under extreme conditions. Even if 

the parameters used in the study have extreme values, the results should be feasible and 

reasonable. There are two paths for extreme condition tests: direct inspection concerning



the model equation and simulation uses (Sterman, 2010). This model tracks the number of 

adopters to analyze the competition between shared mobility and taxis, and basically 

assumes a winner-take-all scenario. Thus, the results of the competition should be 

consistent even at the limits of the range of each parameter used in the Monte Carlo 

experiment. The experimental results should be robust even for the minimum or maximum 

values of the meaningful range of parameters, and the reason has to be sufficiently 

convincing. Therefore, we confirmed the robustness of the results under extreme conditions 

using the AnyLogic Monte Carlo experiment. The range of each parameter in Table 4-4

was selected based on previous studies (Bergman et al., 2008a; Haxeltine et al., 2008; 

Ruutu et al., 2017). We then entered values that exceeded the boundary sequentially, and 

proceeded with the experiments and examined the results. In addition, interviews were 

conducted for the feasibility analysis of the simulation model. From March to April 2019, 

six simulation experts verified the simulation parameters, ranges, and units in the model.



4.4.2.3 Sensitivity analysis

Sensitivity analysis is broadly classified into three type: numerical, behavioral mode, 

and policy (Sterman, 2010). This study’s scenario is a winner-take-all situation in which 

shared mobility and taxis exhibit a dynamic behavior pattern and an exponential growth 

pattern over time. Therefore, no growth pattern change occurred between agents due to

changes in the assumptions for the parameters. Only the main winner-take-all characteristic 

will change according to the ratio of R&D investment and institutional cost. Government 

intervention can change the mobility market share rapidly in some scenarios. Therefore, 

this study focuses on numerical sensitivity rather than behavior mode or policy sensitivity. 

The sensitivity analysis of all the parameters used in the model was carried out by selecting 

ranges and units as shown in Table 4-4. The time period is the same as the simulation 

environment. The sensitivity analysis was performed via sensitivity analysis on the nine

parameter values that make up the simulation model. The results of each parameter verify

the robustness of the effect on the market share difference between shared mobility and 

taxis. Each market share was based on an assumed total population of 140,000. After the 

same parameter range was selected, a Monte Carlo experiment was conducted. It was 

conducted from May 9, 2015 to December 12, 2030 with 200 iterations. The parameters 

whose robustness was confirmed via sensitivity analysis were the Monte Carlo experiment 

results.



Table 4-4. Range of parameters from multivariate sensitivity analysis

Name Random model Min Max Unit

Advertising effectiveness � Uniform 0.1 0.2 0.01

Contact rate � Uniform 1 5 1

Reference social benefit �� Uniform 0.01 5 0.01

Reference productivity 1� Uniform 0 1 0.05

Effect of data resource on service quality I Uniform 0 1 0.1

Indirect network effect strength J Uniform 0 1 0.05

Effect of user data on service quality I� Uniform 0 1 0.05

Reference value for adopter fraction ��� Uniform 0 1 0.05

Reference time for data accumulation B� Uniform 0 0.5 0.05

4.5 Policy design and evaluation

Policy design

Korea’s mobility market is not allowed to lease private cars for a fee according to the 

PTSA Art. 81. The taxi transportation business, which is a branch of public transportation, 

is a public good, so government intervention is required. Therefore, every consumer should 

be given the opportunity to engage in consumption, and the market needs to be supplied 

smoothly. To this end, the government protects the business by intervening in the mobility 

market, blocking new entry, or providing subsidies or tax benefits, thus easing competition. 

In other words, taxi operators are not exposed to competition and can maintain a stable 

position in the market, which enables a stable and continuous supply of taxi transportation 

services, which should ultimately benefit the consumers. However, Korea’s taxi industry 



has a special tax that taxi drivers have to turn over to the taxi company from their daily 

earning. A high rate of this special tax may lower service quality among some taxi drivers.

This has created the need for new mobility services, but existing stakeholders were opposed 

and the government’s response was passive.

The policy scenarios are classified into three categories. The first is the case where the 

current regulation tendency is maintained or strengthened. If the current regulation is 

maintained or strengthened, the number of ride-sharing adopters will drop sharply, and the 

regulatory compliance costs for ride-sharing will increase sharply. In some cases, the 

business may be discontinued. In the second scenario, the current regulation is reformed.

Regulation reform means that various shared mobility services can begin to emerge, 

creating perfect competition in the taxi transportation service market. We compare two 

cases—incremental regulation reform and radical regulation reform. The third case is that 

of complementarity while maintaining the current regulation. As has happened in other 

cities with settled shared mobility services (Rauch & Schleicher, 2015), this study will look 

at ways to charge additional tax on ride-sharing and to subsidize taxi drivers. Shared 

mobility has been legalized to secure taxes from it and subsidize taxis. In Australia, Uber

began service in New South Wales in November 2017. The state found a compromise by 

paying AU$1 per Uber service for five years. It spends about AU$250 million on the taxi 

industry (Kemp & Gu, 2017). The state of Massachusetts levied 20 cents per use as a

condition of legalizing Uber, and it provides 25% of the funds to the taxi industry. The

policy diagnosis scenarios focus on the R1 and B1 loops. This study measures the social 



welfare effect produced by the mobility market as the ratio of institutional cost (IC) to R&D 

investment (R&D).

Evaluation

The simulation scenario examines market share through the allocation strategy for

financial resources acquired by the mobility operators. The simulation results show that 

shared mobility or taxi dominate the mobility market according to the winner-take-all 

pattern. Consumers make a decision about which service to accept according to the social 

benefits offered by the mobility service. Social benefit affects both the adopters and the 

non-adopters. Adopters decide whether to switch to another service based on the degree of 

social benefit, and non-adopters decide whether to accept the service based on the degree 

of social benefit. Companies make service quality improvements and perform platform 

development through R&D, which increases social benefits for consumers. In addition, the 

ratio of R&D is determined after the ratio of IC is determined because the company must 

first respond to the regulatory compliance costs resulting from changes in government 

regulatory policies. Therefore, this study examines the adopter fractions that result 

according to the IC–R&D ratios that companies use to respond to regulatory changes.



4.5.2.1 Maintain and strengthen current regulation

The first case is maintaining the current regulation. Ride-sharing relies on regulatory 

exceptional clauses to maintain mobility services. Ride-sharing can be extended only to the 

extent allowed by the conditions of the exceptional clauses. This is a constraint that makes 

it difficult to spread ride-sharing. To explain these constraints, the experiment had ride-

sharing paying IC in the range of 0.35 to 0.5. We assumed that 0.6 of the total revenue was

used to cover the cost of entry to the existing system and on R&D for innovation (Bergman 

et al., 2008a). For taxis, it is assumed that the portion of resources distributed and consumed 

internally is higher than the investments due to the structure of the special tax. In addition, 

the IC was set at 0.1, because the regulation cost is not high. The R&D ratio was fixed at 

0.1, reflecting maintenance costs and insurance to maintain the current status rather than 

investments for innovation. We also assumed that the taxi industry does not produce data 

resources and does not use them to improve service quality (K = 0, I� = 0).



Figure 4-9. Adopter fraction according to change of IC ratio

Figure 4-9 shows that shared mobility is expected to leave the market in the long term 

in the current regulatory situation. The higher the IC ratio for ride-sharing, the faster taxis

will reach the tipping point. Ride-sharing has to pay for the R&D needed to expand the 

service, for recruiting service providers, and for platform development by reducing the IC. 

However, ride-sharing in Korea’s mobility market faces barriers that are difficult to 

overcome. In other words, as long as there is a risk of government regulation, ride-sharing

will be unlikely to lead the market. Therefore, if the current regulatory policy is maintained,

taxis will keep leading the market.



Figure 4-10. Change of adoption fraction and social benefit after government 

intervention

The next situation is one in which government intervention occurs. Ride-sharing, which 

emerged due to regulatory ambiguity, was disallowed through political and government 

intervention. Government intervention drastically reduces ride-sharing adopters, while at 

the same time raising regulatory compliance costs by strengthening regulation. According 

to Figure 4-10, whenever government intervention occurs, the adoption fraction for ride-

sharing lags behind that of taxis at the beginning of the simulation.



Table 4-5. Shared mobility vs. taxi regulatory issues in Korea’s mobility market

Time Issues

Aug 2014 � Uber launched Uber X in Seoul

� Severe resistance of taxi industry

Mar 2015 � Uber X service interruption

Oct 2018 � Kakao launched for carpool application driver

� Taxi industry protests for taxi survival rights

� Tada launched car-sharing service based on 11 passenger rental cars

Dec 2018 � Kakao announced the launch of carpool pilot service

� Taxi industry rejected the taxi-hailing service of Kakao

� Taxi drivers’ outburst in opposition to carpool of Kakao

Jan 2019 � The ruling party launched the social compromise committee for carpools and taxis

Feb 2019 � Taxi union accused CEOs of Socar and Tada

� CEO of Socar reviewed and announced legal response

May 2019 � Tada conducted an open test of the advanced taxi-hailing service Tada Premium

The landscape legend represents the adopter reduction ratio resulting from government 

intervention. As Table 4-5 shows, various regulatory and conflict issues have arisen in 

Korea’s mobility market. Whenever a conflict arises, the shared mobility operator has to 

respond. In addition, the government and ruling party made efforts to organize a 

compromise committee and alleviate the conflicts. The regulatory issues shown in Table 4-

5 occurred unexpectedly and irregularly, depending on the situation. Figure 4-10 shows

that the government intervention was stochastically caused by the uniform function in the 

experiment. The severe opposition of stakeholders raises the stakeholder engagement costs



of the shared mobility business. Government intervention such as negotiations and 

coordination increase the regulatory compliance costs of mobility companies. Regulation 

costs include stakeholder engagement costs and regulatory compliance costs. The results 

show that the adoption fraction converges to one point over time because ride-sharing is 

disallowed, adopters sharply decrease, and the adoption rate drops significantly. In addition, 

when taxis are the only alternative, potential adopters lose their preference. As a result, 

social benefits are significantly reduced. The social benefits of taxis also decrease and take 

a long time to reach the critical mass point. Therefore, the overall adoption rates of all

service preferences are reduced, and the social benefits to society are also reduced.

4.5.2.2 Regulation reform

Korea’s government is considering legalizing shared mobility. Regulation reform can 

occur as incremental regulation reform or radical regulation reform. Incremental regulation 

reform requires considerable time because of the need for legal and institutional changes,

the agreement of stakeholders, and the mitigation of current institutional constraints. The 

government’s opening of the mobility market is a kind of radical regulatory reform, like 

the case of China.



Figure 4-11. Adopter fraction and data resources in incremental regulation reform

The causal loop diagram in Figure 4-1 shows that government intervention and 

engagement costs with stakeholder will increase regulation costs, which will increase the 

institutional cost of ride-sharing. The effect of incremental regulation reform is shown in 

Figure 4-11. Whenever a regulation reform signal is generated (see regulation reform 

legend in Figure 4-11), the IC will gradually decrease, and the R&D will increase slightly. 

As a result, ride-sharing will lead the mobility market, but it will take a long time to settle

under gradual deregulation. Ride-sharing and taxis have similar effects on social benefit, 

but the difference between them is in the production of data resources. Figure 4-11 shows 

that the maintenance of data resources implies long-term competitiveness. The data 

generation mechanism was designed to produce one value per user at the beginning of the 

experiment; the value after data erosion is about 0.5 to 0.6. When ride-sharing diffuses and 

passes the critical mass point, the data value per user increases. In the mobility market, data 

acquisition is an essential competiveness factor based on global mobility trends (gmt =
0.692).



Figure 4-12. Adopter fraction and data resources after radical regulation reform

Under radical regulation reform, the IC reduction rate determines the market leader. 

Under radical regulation reform, the taxi transportation service market, which had 

maintained its monopoly status via the Passenger Transport Service Act, becomes a

perfectly competitive market. Due to the characteristics of Korea’s market, rapid regulation 

reform will result in considerable institutional costs, such as settlement costs in the industry, 

networking costs, and engagement costs with stakeholders. However, regulations are 

relaxed, and ride-sharing, which has a higher price structure than taxi services, will stabilize 

over the long term. In addition, ride-sharing drivers are expected to increase rapidly

because ride-sharing qualifications are less strict than those required for taxi licenses. Ride-

sharing operators, who had suffered deficits, will be able to expand their business. Sales 

increases, continuous R&D investment, and mobility data accumulation are the key drivers 



of competitiveness in the market. As Figure 4-12 shows, the rate at which ride-sharing

reaches the tipping point is determined by the IC ratio. The time of critical mass arrival 

differs depending on the relative ratios of R&D and IC. In addition, if ride-sharing settles 

rapidly, the value of data per user will increase.

4.5.2.3 Complement reform

Regulation reform creates a perfectly competitive market. Regulation reform will cause

ride-sharing to diffuse more rapidly due to the supply–demand control maintained by

dynamic pricing, revenue maximization, and driver recruitment. If ride-sharing is legalized 

in the face of growing demand, this will be directly connected to the survival of taxi drivers.

They are likely to be the most immediate victims of regulation reform, given the difficulty 

of their work, low wages, and tax problems. In countries that have adopted shared mobility

such as the US and nations in Europe, an alternative to coexisting with taxis was to use a 

portion of the revenues generated from shared mobility to subsidize the development of the 

taxi industry. In the experiment, 5% of the financial resources gained from ride-sharing was

imposed as income tax, and 1% of this was used to subsidize taxi drivers. The results show

that ride-sharing and taxis can temporarily coexist, but ride-sharing will lead the market. 

Indeed, many cities that have introduced shared mobiltiy have shown a similar tendency.

The taxi industry will have to strive for competitiveness. The taxi industry must invest 

aggressively in R&D to afford the resources generated by the subsidies. In particular, as 

with shared mobility, taxis need to accumulate data resources and improve their service 



quality. Taxis may be able to coexist with ride-sharing services if they use mobile 

applications such as Kakao Taxi to secure mobility data, improve their path algorithms, 

control supply and demand through heat maps, and use dynamic pricing.

Figure 4-13. Adoption fraction and data resources of taxi innovation

Figure 4-13 shows that the rapid diffusion of ride-sharing is expected, but that

coexistence with taxis is possible over the long term. A series of 3 km taxi fare surveys was



conducted by Price of Travel. The experiments were designed considering the taxi price 

difference between Korea and Australia. Simulations considered 10%, 12.5%, and 15% of 

the total revenues, and the subsidy was adjusted to 25%, 30%, and 35% of the tax, 

respectively, based on the Massachusetts case. Government subsidies are assumed to be 

used for R&D investments in taxis. The results showed that coexistence was possible 

because taxis had technological mechanisms similar to those of ride-sharing.

4.6 Conclusion and discussion

This study analyzed the competitive relationship between ride-sharing and taxis in 

Korea’s mobility market amid regulation changes. A simulation model was designed from 

the socio-technical system transition perspective in order to dynamically examine the 

changes in the socio-technical regime caused by changes in government regulations on

shared mobility as well as the interaction between mobility operators and consumers. The 

relationship between ride-sharing and regulation forms a feedback loop, which can be 

explained as a recursive causal relationship between innovation and regulation. Therefore, 

this study applied the concept of socio-technical system transition to a system dynamics 

model and analyzed government intervention at the landscape level. In addition, global 

mobility’s competitive level, Korea’s ICT infrastructure level, and the stakeholder 

characteristics of Korea’s labor market were defined at the socio-technical regime level. 

Policy scenarios were designed based on a simulation model. The scenarios present three 

cases: current regulation maintenance or enhancement; incremental or radical regulation 



reform; and tax imposition and regulation supplementation using subsidies. The 

competition between ride-sharing and taxis showed a winner-take-all pattern, and the 

market leader was determined.

The simulation results show that, if the current regulation is maintained, ride-sharing

will lose its position. Since ride-sharing has emerged through the use of exceptional clauses, 

its growth is limited. Therefore, taxis’ monopoly will continue. On the other hand, the 

legalization of ride-sharing implies the creation of a perfectly competitive market where

ride-sharing and taxis collide head-on. Ride-sharing will be a market winner, regardless of

which regulatory reform type is followed. However, the critical mass point will be reached 

at different times depending on the regulation costs, including stakeholder engagement 

costs.

Regulation reform without any preparation for the taxi industry will create a situation 

where taxi drivers receive no protection, such as the right to life and labor. Therefore, it is 

necessary to contemplate measures for ensuring the existence of the taxi industry along 

with regulation reform for ride-sharing. The simulation results show that tax imposition 

and subsidy schemes can serve as a temporary compromise for the taxi industry but that,

in the long run, taxis are unlikely to maintain their current competitive position with ride-

sharing. Therefore, the taxi industry must also change in line with global mobility trends. 

It is necessary to invest in R&D by utilizing the opportunity costs generated through 

subsidies, and to improve their service based on the collected mobility data. The acquisition 

of taxi data resources allows a transition to a platform business model similar to that of



shared mobility through R&D investment. In Finland, Uber, which had been banned in July 

2017, was accepted by the government in July 2018. The Finnish government amended the 

Transportation Service Act to eliminate the restriction on the total number of taxi licenses

permitted. Finnish citizens wishing to become an Uber driver can obtain a taxi driving 

license issued by the government. In addition, mobility operators can set their own taxi 

fares. In a similar case, Uber operating in London was refused a renewal license in 

September 2017 but obtained a temporary business license on June 26, 2018. Florida’s

Miami Dade County offered to lift restrictions on the existing taxi industry. Florida has 

allowed Uber to operate while granting the taxi industry the right to select their own drivers 

and exempting them from service training and vehicle inspection obligations.

This study analyzed Korea’s mobility market, which has a positive regulatory tendency,

through a model that combines socio-technical system transition and system dynamics. The 

simulation model, which is characterized by a feedback structure, examined national 

regulations, global trends, and the labor market at the landscape and regime levels from a

multilevel perspective. This reflects the fact that the market interacts closely with 

governments, industry, society, communities, and consumers in accepting a niche. In this 

study, the regulatory trends in the mobility market under positive regulation are designed 

at the landscape level, and market competitiveness is designed at the regime level. In 

addition, the costs absorbed in the system are identified as regulation costs and are analyzed 

from the viewpoint of operators’ resource allocation. This study also simulates a solution 

for the coexistence of taxis when ride-sharing is adopted in Korea’s mobility market. As in 



the case of Japan, Korea’s solution will be a buffer that allows adoption while relaxing

conflicts and shocks. Japan prohibits services for the transportation of payload using private

cars. However, Japan has pursued taxi reform due to the favorable public opinion of shared 

mobility. Japan’s largest taxi operator, JapanTaxi, has made taxi dispatching and 

prepayment easier, replacing old taxis. In the artificial intelligence era, which is also the

era of driverless cars, global competitiveness will require the acquisition of mobility data. 

Global shared mobility companies are leading the autonomous driving market, which is 

actively securing data through car-sharing and ride-sharing. Korea’s mobility market is also 

able to accept new trends, but this requires national strategies and regulatory measures that 

can reform the existing regimes. Therefore, actors such as governments, industry, and labor 

should actively cooperate to examine the current regulations and consider improvement 

plans.



Chapter 5. Sustainability of ride-hailing in 

China’s mobility market: A simulation model 

of socio-technical system transition

5.1 Introduction

Launched in San Francisco in March 2009, Uber is a symbol of successful sharing-

economy business models. As of March 2016, Uber’s corporate value was $62.5 billon, 

exceeding, in its first seven years, the enterprise value of Ford ($52.4 billion) and General

Motors ($47.1 billion), with their more than one hundred years of history (Jacquet, 2018).

However, rapid growth of Uber and the expansion of territory have been the mainstays of 

this “trouble maker” in conflict with existing legacy services (Sundararajan, 2016). Uber 

matches consumers with drivers of privately owned vehicles, and it has been criticized by 

existing operators for encroaching on their market (Cusumano, 2015; Dyal-Chand, 2015).

Ride-hailing services are not much different from those offered by taxi companies, and as 

a result, the number of voices calling for government intervention in the mobility market 

has increased, adding the voices of labor, taxation, consumer protection, and fair 

competition (Sundararajan, 2016). However, Uber is also praised for its innovative model, 

which reduces the marginal cost of providing goods and services and is changing the 

consumption paradigm (Martin, 2016; Martin et al., 2015). Especially with the 

development of ICT, Uber can redistribute unused resources, in real time, to consumers 

anytime and anywhere. Moreover, Uber’s business model is easy to imitate and disseminate 



in many parts of the world because its concepts and methods are so simple. Thus, Uber-

like services have emerged and established a variety of shared mobility services around the 

world.

Uber’s status differs from country to country in terms of environment, culture, laws, 

and regulations. The means by which the Uber business model has been accepted into a 

market can be largely classed as either prohibition or conditional approval. Particularly in 

the Asian market, shared mobility services have been accepted according to the national 

regulatory tendencies of legacy services. Most countries have required ride-hailing services 

to be licensed to enter a market and operate on the basis of national transportation law. 

Korea and Japan, in principle, prohibited the launch of ride-hailing services. Instead, Korea 

and Japan actively examined existing regulations in order to respond to the innovative 

concepts of shared mobility business models. The result is a combination of the technical 

characteristics of shared mobility and existing taxi services, thus absorbing the model into 

the extant societal regime (Sung, 2018). So, regulatory equilibrium and consistency are 

maintained while minimizing the impact on existing interests and promoting innovation 

through a minimum of regulation. On the other hand, countries such as China, India, and 

others in Southeast Asia have conditionally approved ride-hailing services. They have been 

actively adopting ride-hailing services since the beginning of competition with existing 

operators.

Korea’s mobility market, which is a typical positive regulation (Kim et al., 2011),

adopted shared mobility in a way that did not conflict with the stakeholders in the existing 



system. Taxi-hailing, which is a combination of taxi industry and shared mobility platform, 

has grown. The circumstances of China’s mobility market are opposite to Korea’s. China 

did not apply any special regulations until the first ride-hailing services grew and stabilized 

in 2012. Uber China launched in June 2014, competing with indigenous ride-hailing 

services Didi Dache (backed by Tencent) and Kuaidi Dache (backed by Alibaba). Didi 

Dache and Kuaidi Dache, which competed through subsidies, chose to merge and launched 

Didi Kuaidi to compete with Uber China (Liu & Kim, 2018). The Ministry of Transport 

announced a draft of “Internet Plus Transportation” in October 2015. Then, in July 2016, it 

announced the legalization of ride-hailing services, allowing the commercial operation of 

private vehicles (Wang et al., 2016). Legalization was an opportunity to end the controversy 

over the many issues that arose in the collision with legacy services. In particular, Internet 

Plus Transportation stipulated that ride-hailing services could not provide prices below cost, 

and that fares should be determined by market mechanisms. As a result, this blocked Uber’s

strategy of using subsidies to expand market share through pricing (Li & Chen, 2016).

Eventually, in August 2016, Didi Chuxing (formerly Didi Kuaidi) and Uber China merged 

with Uber with a 20% stake, accounting for 94.6% of the shared mobility market (Liu & 

Kim, 2018). China is estimated to have increased its urban population by up to 20 million 

through rapid economic growth and policies promoting urbanization (Wang & He, 2015).

China, which has grown rapidly in recent years, can no longer support urban growth with 

its existing transportation system. The public transportation infrastructure, which requires 

a huge investment of money and time, has slowed down compared to the rate of urban 



expansion, and the gaps where public transportation has not developed have increased 

(Wang & He, 2015). In this environment, ride-hailing services have penetrated to 

compensate for the lack of services in existing public transportation. Ride-hailing services 

have created a new demand pull in the expanding city, opening up the market and enhancing 

the public transportation system.

Both cases indicate that the shared mobility business model has been adequately 

modified and established, despite the different responses by legacy services in different 

countries. In the case of Korea with its positive regulation, the existing taxi services were

used to complement the existing demand pull, so that the taxi-hailing rapidly expanded and 

occupied more than 80% of the market. On the other hand, China’s negative regulation 

allowed ride-hailing services to fill in the gaps and created a new demand pull, though they 

still compete with existing taxi services.

This study analyzes the acceptance of ride-hailing services with regard to the 

environment, legacy services, policy, infrastructure, and ICT in China’s mobility market, 

and makes predictions about the future of ride-hailing services. In particular, this study 

examines the competition between ride-hailing and taxis, and the sustainable growth of 

ride-hailing services. To analyze a sustainable mobility environment, a socio-technical 

system transition is introduced. Socio-technical system transition is a theory that aims to 

solve the major problems facing society and to transition into a sustainable socio-technical 

system (Geels, 2002; 2004a). Moreover, the transition aims not only for economic 

sustainability, but also for social sustainability through social integration, environmental 



sustainability, and the protection and maintenance of the environment and its resources 

(Geels, 2010). Shared mobility services not only secure economic growth by creating a new 

industry and job opportunities, but also foster social and urban sustainability by reducing 

traffic congestion, supplementing transportation services, and reducing air pollution (Schor, 

2016; Wu et al., 2018).

This study combines socio-technical system transition theory with simulation modeling 

to analyze the sustainability of ride-hailing services. Using agent-based modeling, the 

experimental environment is constructed, and the mobility market is defined and 

reconstructed. The growth scenarios of ride-hailing services are reflected on the basis of 

market share data from the competition between ride-hailing and taxis. The model 

implements the strategic directions and rules of ride-hailing and taxis and observes the 

future market share according to consumer preferences. We explore and analyze the 

sustainable growth of ride-hailing services through the disutility of consumers based on the 

market share. From these results, this study examines the characteristics of the business 

model through which ride-hailing services spread and became established in the mobility 

market. It also discusses how indigenous ride-hailing services grew in the context of a 

social environment, relationship, policy, and regulation.

The remainder of this paper is organized as follows: Section 2 reviews the extant 

literature on socio-technical transitions and the theoretical background for simulation 

modeling. Sections 3 describes the operating mechanism of the model’s structure, which 

parameters and assumptions are based on data of China’s mobility market share. Section 4 



presents the market share and disutility of the competition between ride-hailing and taxis

according to a variety of scenarios. Section 5 is a summary of results and conclusions.

5.2 Socio-technical system transition with agent-based 

modelling

Socio-technical system transition is a theoretical framework that systematically 

integrates the interaction of technology and society. The transition requires a complete 

conversion to an innovative system, rather than partial improvement, in order to solve 

problems that have arisen within the extant system (Geels, 2004a; 2004b). Socio-technical 

system transition argues for the simultaneous configuration of technology and society, 

working from the observation that technology and society are a structural system that 

cannot exist one separate from the other (Geels, 2005d; Geels & Schot, 2007; Markard & 

Truffer, 2008). Thus, society and technology are, in reality, complementary and compatible 

(Elzen et al., 2004). In other words, the entire system that technology is supplied and 

utilized in society is viewed as one analyzable unit. Therefore, the socio-technical transition

theory takes a monistic approach to society and technology with the aim of achieving 

sustainability (Smith et al., 2010).

Niche is the space where innovation produces breakthrough results that are then widely 

disseminated and adopted (Bidmon & Knab, 2018; Geels, 2005c). Transition is the process 

of disassembling the existing socio-technical regime and forming a new socio-technical 

system through the effective utilization of the niches that open due to landscape change. At 



this point, the transition takes place through a window of opportunity, which opens up as a 

result of a change in the macro environment (Geels, 2002; 2005c; 2010). The socio-

technical regime complements both social and technological factors, so it is not easy to 

achieve a full transition of either factor singularly, such as through technological 

development or policy change (Geels, 2004a; 2004b). Therefore, it is important 

strategically to manage niches, when replacing an existing socio-technical regime, by 

forming and then expanding those niches (Ieromonachou et al., 2004). The diffusion of new 

ICT, such as the Internet and open-source platforms, which are shared and collaborative, 

drives innovation in new modes of production and lifestyles. Thus, a window of 

opportunity opens for a socio-technical innovation with a different orientation and 

composition from the dominant system. ICT innovation has especially facilitated a more 

dynamically structured path for such a transition through strategic niche management

(Martin, 2014).

A simulation model of socio-technical systems has been developed by Haxeltine et al. 

(2008), Bergman et al. (2008a), Bergman et al. (2008b), and Köhler et al. (2009). The 

studies applied an agent-based modeling technique to the system transition and developed 

a suitable approach to explain the dynamics of innovation in societal systems. Agent-based 

modeling is a comprehensive approach that has the advantages of discrete event, system 

dynamics, and dynamic systems (Bonabeau, 2002; Borshchev & Filippov, 2004; Macal & 

North, 2005). A modeler can define agent’s behavior level, the global behavior caused by 

the interaction of many agents, the agent’s own rule, and the environment in which they 



exist. Therefore, it can be called bottom-up modeling (Borshchev & Filippov, 2004).

Haxeltine et al. (2008) proposed a conceptual framework for transition modeling; Bergman 

et al. (2008a) applied agent-based modeling to the frameworks and transition paths 

proposed by Geels and Schot (2007). Haxeltine et al. (2008) defined the framework of a 

socio-technical system by applying the concept of the competition between niche and 

regime, as described by Geels and Schot (2007), to the MLP. Haxeltine et al. (2008)

structured the sub-system as micro-level, meso-level as niche, empowered niche, and 

regime and conceptualized the macro-level as the landscape signal.

5.3 Model description

This study builds a simulation model based on Bergman et al. (2008a). Bergman et al. 

(2008a) classified the elements of their model into agents, practices, inter-agent dynamics, 

agent metabolism, and landscape and conducted a simulation analysis drawing on 

historically successful cases of transition. (Köhler et al., 2009) applied cases of vehicles 

using alternative energy in UK to the mechanism developed by (Bergman et al., 2008b).

(Köhler et al., 2009) defined level of CO2 as an indicator of sustainability, and proposed 

two types of agents, complex and simple. Two-dimensional practice space consists of axes 

�O and �P regime and niche respectively, which can move and interact with each other. 

Each axis is defined by selecting multiple dimensions of explanation (reflected as point 

values) for the transition approach. Complex agents, such as regime and niche, are located 

on the practice space upon which simple agents are scattered. A simple agent “votes,”



through its preferences, on which complex agent to support every cycle. Complex agent 

types such as niche, empowered niche agent (ENA), and regime are determined by the 

preference of simple agents. A small number of complex agents possess internal structures 

and are driven by their own metabolism. When a landscape signal occurs, the location and 

direction of simple agents can be changed. A simple agent can be defined as a consumer or 

supporter depending on the context (such as society or market).

Implementing a mechanism of socio-technical system

The emergence and diffusion of a new socio-technical system is achieved on three 

levels of interaction: landscape, regime, and niche. Complex agents hold resources by the 

metabolism, and uses the distributed resources as the power of the complex agent according 

to the inner structure. Resource generation depends on physical capacity and the support of 

simple agents, and it can be altered according to the landscape signal or a policy event. 

What qualifies as a resource is determined by a production function based on inputs, such 

as price, and output, the value of goods. Resources are distributed every cycle, updating 

physical capacity and institutional capacity.

Institutional capacity represents the degree to which a complex agent is involved in an 

existing regime and paradigm, which means the strength of the complex agent as it acts on 

the existing regime (Haxeltine et al., 2008). Strength is a resource produced by niche 

innovation, and this production gives the agent the power to affect the market, policy, the 

economy, and institutions. The type of complex agent is dependent on the agent’s strength, 



which means that a complex agent can transform its type as its strength changes. For an 

agent to be classified as regime requires being preferred by more than 50% of simple agents. 

Such an agent tries to maintain its superiority by subordinating itself to the existing 

paradigm. On the other hand, niche attempts to change the ecosystem by acquiring the 

preferences of consumers in order to transition to a new paradigm. Regime is the most 

powerful agent in the practice space, dominating the entire system. ENA is an intermediate 

type in which niche has grown by acquiring a preference of more than 15% of simple agents, 

potentially threatening regime. The newly emerging agent, niche, modifies its direction in 

an effort to obtain the preference of an increasing number of simple agents every cycle.

attractiveness�,� =  J · �� 
 ��,�Q ················································Eq. (1) 

$�RT = 6 · $�RTUV + (1 
 6) · �$T ···········································Eq. (2)

Each cycle, simple agents vote to favor the most attractive complex agent based on the 

attractiveness function, Equation (1). The function is determined by strength and the 

distance vector between simple agent � and complex agent W. At that time, the distance 

vectors are calculated and normalized by the cumulative dissatisfaction level (CDL). The 

$�RT of period t is determined by the sum of $�RTUV accumulated up to period t-1 and 

DC, the distance of the nearest agent, generated at that time (Equation (2)). The sum of the 

two variables is calculated by the ratio “memory (m)” of previous dissatisfaction. The result 

of the simple agents’ voting can transform an agent’s type. Since Regime, ENA, and niche 

have different behavioral algorithms, movement factors such as speed and direction are 



determined according to the agent type. Landscape signal shifts the location of the simple 

agents on the practice space and changes the preference for complex agents. In other words, 

depending on the landscape, the complex agent may gain or lose support or strength. The 

landscape can also alter the metabolism of complex agents, and so the quantity of resources 

is influenced by the landscape, which in turn alters the agent’s strength.

Model dynamics

The socio-technical structure model operates as a dynamic simulation. The complex 

agent receives preference from simple agents and goes through an adaptation process that 

changes depending on the direction in which strength can be obtained. The niche agent 

modifies the strategy randomly when it deems it wrong. When niche moves in a practice 

space and meets another niche, under certain conditions, niche clustering occurs. Niche 

clustering occurs when the distance between the two complex agents of the niche type fall 

within 0.15 and, at the same time, the direction of the two agents is within 0.2 pi. When 

ENA is confident of its direction, it moves to where regime is located and prepares to 

compete directly. Regime is aimed at the center of the simple agents who show their support.

Regime and niche agents embody the model dynamics while interacting with each other 

by the specific rules. Based on Bergman et al. (2008a) and Haxeltine et al. (2008), those 

rules are classified as follows:



� Adaptation is the process by which the agent moves and changes to improve 

fitness on the practice space. Agents move in the direction of increasing strength 

according to the agent movement rules.

� Emergence of a niche occurs with the appearance of a new complex agent on the 

practice space of simple agents. At this time, there is no other niche nearby.

� Niche clustering occurs when two equal niches approach; the niches combine to 

create a new and more powerful niche.

� Transformation means that the agent changes its type. Depending on the strength, 

the agent can be transformed into niche, ENA, or regime.

5.4 Research design and data

This study applied the framework of simulating an socio-technical transition to the 

analysis and prediction of the sustainability of ride-hailing services in China’s mobility 

market. The experiment was designed based on the model described in Section 3. We used 

global indices to locate China’s mobility market on the practice space. Global indices and 

empirical data were used to estimate the distribution for placing Chinese citizens on the 

practice space. Some parameters used in the experiments were calibrated using China’s

mobility market share data. Simulation modeling was designed using Anylogic 8. Non-

parametric calibration was also performed through the Optimization Experiment of 

Anylogic 8.4.0.



Defining regime, niche agent, and sustainability

Ride-hailing services’ entry into the market has created direct conflicts with existing 

traditional industries due to the competition with existing economic subjects. China’s

mobility market is a representative market where Didi Chuxing (“Didi” hereafter) and Uber 

China (“Uber” hereafter) were in competition. Despite backlash from the taxi industry, the 

government authorized ride-hailing services on condition of mandatory registration for the 

sake of job creation and in order to address traffic congestion and gaps in public 

transportation. China’s mobility market represents a market where the existing socio-

technical regime was dismantled, and a new socio-technical system was constructed by 

demand pull and legalization of ride-hailing services (Li & Chen, 2016).

Taxi, Didi, and Uber were selected as complex agents and the consumers of the mobility 

market as simple agents. This study examines the competitive relationships between Taxi, 

Didi, and Uber through each of their strengths, and estimates the total disutility of 

consumers. Strength is an institutional capacity that indicates how well a complex agent 

fits into the system. Therefore, we redefine the strength that is the result of competition 

between the complex agents as the market share of each agent. Also, the transition to 

sustainable mobility can be confirmed through the total disutility of consumers. This study 

defined the $�R� obtained for each consumer � as disutility and defined the sum of the 

CDL of all consumers as total disutility. This study examines the market share of complex 

agents and the total disutility of consumers according to the dynamics of the model and 

discusses sustainable mobility.



Practice

Due to differences in national legislation and market conditions, it is not easy to 

generalize to define practice. Legacy services in the mobility market are important, given 

ride-hailing services’ digital platform and sharing of access to the existing underused 

resources (Wirtz & Tang, 2016). Therefore, this study defines the axis �O as conflict with 

legacy services. Ride-hailing services, which use private vehicles, encroached on the 

business territory of the existing taxi operators, causing friction with stakeholders. 

Regulations applied to existing taxi operators are not equally applied to ride-hailing 

services due to gaps in regulation. In addition, ride-hailing services are more concerned 

with secure and dependable transactions than with general public transportation behavior. 

Because online transactions are conducted between unspecified individuals through an 

online platform and mutual access to information between the parties is limited, problems 

such as vehicle damage, security, taxation, and insurance arise.

�P is defined as the ICT characteristics of ride-hailing services. The most distinct 

service characteristic is that they connect mobility service providers and consumers. Since 

ride-hailing services can identify the location of the consumer and distance between the 

provider and consumer, it is possible to estimate the expected time and cost of the trip and 

to make a record of real-time driving. The major innovation of ride-hailing services is the 

ability to record mobility data. This data improves the quality and efficiency of ride-hailing 

services by designing route algorithms and improves the efficiency of vehicle operation 

through analysis of big data. In addition, it is possible to establish strategies that make use 



of surge pricing and demand heat maps according to demand-supply law. The convenience 

of the mobile payment system and conflict mitigation through the reputation system are 

also innovative attributes of ride-hailing services.

Locating the regimes, niches, and consumers in the 

practice dimensions

In this study, simple agents (consumers) are scattered over the practice space and 

complex agents are placed at specific initial points. Practice space was defined based on 

�O (Legacy Services) and �P (ICT adoption). Consumer distribution is derived from 

means and standard deviation reflecting national traits.  The average of the distribution 

extracted global indicators and normalized the relative position of China based on the 

average of other national markets. After normalizing the estimated value according to the 

global standard, consumer distribution was expanded in proportion to the size of the 

experiment space. After choosing 500 as the global standard in the space with a maximum 

size of 1000 for both �O and �P axes on Anylogic, the relative position of China was 

determined. The standard deviation of the distribution signifies the gap between the 

consumers of one country and another, and this gap is based on the results of the country-

specific questionnaires inquiring about legacy services and ICT adoption.



Table 5-1. Parameter and value for �O and �P

Parameter Indicator Year China Reference

�O_X��3 Favoritism, efficiency, 

transparency of legal 

framework, and 

government 

policymaking

(Normalized global 

standards)

2015 0.5938 Global Indicators of Regulatory 

Governance

Global Competitiveness Index 2015-

2018 (EOSQ042, GCI.A.01.01.03, 

EOSQ048, EOSQ040, EOSQ039, 

EOSQ049)

2016 0.5741

2017 0.5924

2018 0.6293

�O_. �. Individual responses

about legacy services

1.0088 GEM 2013-2014 New Global 

Nations Individual Level 

(NES13_B01~NEW13_B07, 

NES13_G01~ NES13_G06)

�P_X��3 ICT infrastructure, 

access, use, and 

participation

(Normalized global 

standards)

2015 0.5585 Networked Readiness Index 2015-

2016

(MOBILENETWORKCOVERAGE, 

MOBSUBPC, NETUSERPCT, 

EOSQ346, EOSQ366, EOSQ076)

Global Innovation Index 2015-2018

(3.1.1., 3.1.2., 3.1.4.)

2016 0.5774

2017 0.5915

2018 0.6019

�P_. �. Digital literacy 1.2225 The Inclusive Internet Index (4.1.1., 

4.1.2., 4.1.3., 4.1.4.)

Practice space �P and �P axis distribution of the consumers is designed as shown in 

Table 5-1 �O used the qualitative survey results of the World Bank’s Global Indicators of 

Regulatory Governance and the Global Competitiveness Index 2015-2018 of the World 



Economic Forum for public acceptance of legacy services. We extracted some of the Global 

Competitiveness Index and calculated the relative position of China based on the average 

of 152 countries around the world. �P calculated the relative position of China based on 

the global average of ICT infrastructure, access, use, and participation. For this purpose, 

the Networked Readiness Index 2015-2016 and the Global Innovation Index 2015-2018 

were recombined and used as an average of the distribution. Since ride-hailing services are 

based on mobility applications, it is assumed that application accessibility and frequency 

of use is high in proportion to the mobility level in each country. Therefore, the dimensions 

of �P are selected based on the level of mobility infrastructure, accessibility to mobility 

and applications, usability, and user participation in the mobility environment. The standard 

deviation of �O was calculated based on the results of the surveys from each country. In 

the questionnaire of Entrepreneurial Framework Conditions 2013-2014 organized by the 

Global Entrepreneurship Monitor, we extracted 13 items explaining legacy services and 

calculated the standard deviation. The questionnaire inquired into whether the national 

environment was suitable for people to launch a startup or start a business. The 

questionnaire was based on the National Expert Survey method and used a five-point Likert 

scale. Therefore, after calculating the standard deviation, we expanded it 250 times 

according to the practice range of 1000. The standard deviation of �P was calculated by 

extracting four items to explain the digital literacy within the Inclusive Internet Index. 

Digital literacy indicators were selected for the ratio of population to literacy, education 

level, and web accessibility. Since the range of each index was different, the standard 



deviation was normalized and then expanded to fit the range of practice. Based on this 

distribution, 1000 consumer �'s (� = ��46 0 "4 999) were placed on the practice space.

Figure 5-1. Two-dimensional practice space, with axes �O: Legacy and �P: ICT adoption

Mobility services, which are complex agents, are located as shown in Figure 5-1,

drawing on China’s actual mobility market share data. In the experimental design, simple 

agents were scattered according to the normal distribution on the practice space, and 

complex agents were positioned where real consumer preferences could be obtained from 

actual market share data. The initial position of the complex agents was non-parametric, so 

the calibration was conducted based on actual data.

Market share data reconstructed from January 2015 to July 2018 using data on the 

number of taxi passengers from the Monthly Report on Transportation and Operations 

Statistics and the number of highways passengers in the National Bureau of Statistics of 



China, published by the Shenzhen Municipal Government. Monthly taxi passengers in 

China were estimated based on the number of Shenzhen taxi passenger compared to the 

total passenger traffic of highway in Appendix 2. The rest of the passenger traffic excluding 

taxi users was assumed to be ride-hailing users. Ride-hailing customers includes 87 percent 

users of Didi Chuxing and 13 percent users of Uber in June 2016. Shenzhen is the center 

of China’s ICT industry, and the advanced ICT industries in that city are considered to be 

leading innovation in China (Nie, 2017). Also, Shenzhen is where Didi Bus and Didi’s 

chauffeur service began, which are considered the first steps into the public transportation 

arena. In addition, it is the symbolic hometown of China’s ride-hailing services. In order to 

obtain the market share of taxi services, the number of taxi passengers per month was 

normalized according to the largest value of the number of taxi passengers in Shenzhen 

city monthly. In other words, we used the number of taxi passengers in a month as a proxy 

for the Taxi market share and assumed that the largest number of passengers was potential 

customers. The market share ratio between ride-hailing services was 87% for Didi and 13% 

for Uber as of January 2015.

Also, as of January 2015, non-parametric calibration was conducted based on the 94.4% 

taxi market share. We defined the object function to derive the initial position of the 

complex agents in the direction of the smallest deviation by comparing the difference 

between the Taxi agent market share and actual Taxi market share on January 1, 2015. At 

this time, the range of �O and �P was selected from 0 to 1000 based on the median of �O:

500 and �P: 500. The parameters required for object function estimation are based on the 



data in Table 5-1. For effective non-parametric calibration, constraints were placed on the 

initial position of complex agents. Figure 5-1 shows that the Taxi agent had a high legacy 

service value but a low ICT adoption value. Conversely, ride-hailing services showed low 

legacy service value but high ICT adoption value. A total of 500 iterations of the object 

function were used for the parameter estimation. The restricted conditions and the results 

of object function for the initial position are shown in Table 5-2.

Table 5-2. Non-parametric calibration in restricted conditions and results

Complex agent Parameter min max Result

Taxi �O 550 700 554

�P 300 450 450

Didi �O 100 300 114

�P 700 900 899

Uber �O 50 200 110

�P 800 950 948

The complex agent’s speed was also estimated by non-parametric calibration. 

Calibration was conducted using market share data from January 2015 to July 2018. As 

shown in Equation (3), the difference between the Taxi agent market share and the actual 

market share is measured as an error. Moreover, the object function is defined as a speed 

value that minimizes the average of all error values.
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Speed range was set from min. 0.0005 to max. 0.0015 and the result of calibration with 

500 iterations was determined to be 0.000713. The remaining parameters are described in 

Bergman et al. (2008a) and Köhler et al. (2009). The calibration result showed that 

objective function of Equation 3 is feasible.

5.5 Simulation results

This study modeled and simulated a socio-technical system to predict the changes in 

China’s mobility market. The results were obtained through 500 iterations. For each 

iteration, a seed value was assigned by a custom generator in which a value between 0 and 

1 was assigned by a random function. Since there was a fixed seed value for each iteration, 

it showed a unique result. The experiment period started on January 1, 2015 when the 

subsidy competition between Uber China and Didi Kuaidi (resulting from the merger of 

Didi Dache and Kuaidi Dache) was intense. The end of the experiment was fixed as 

December 31, 2035. Beginning on January 1, 2015, the market share and total disutility 

were generated every 10 days, and a total of 767 results were produced by 2035.

Experimental results were classified according to the occurrence of niche clustering. 

Therefore, we examined how the dynamics of competition between ride-hailing and taxis

would change depending on the presence or absence of clustering in the mobility market. 

The results are based on a mergers and acquisitions case between Didi Chuxing and Uber 



China in August 2016. Between the 1st and 500th experiment, niche clustering between 

Didi and Uber occurred at a rate of 28.6% a total 143 times. The time of niche clustering 

varied from seed to seed.
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Figure 5-2 shows niche clustering of Didi and Uber, that is, presence or absence of 

merger. The direction of the complex agents can be seen as a corporate strategy to gain 

consumer preference. In other words, if the direction of the complex agents is similar, this 

can be interpreted as their corporate strategies being similar. Niche clustering is preparing 

to go to the ENA stage through a strategic merger with both Didi and Uber as niche. When 

niche clustering occurs, clustered agents have greater resources, as the resources of each 

agent, including physical capacity, institutional capacity, and power to move space, are 

combined. Figure 5-2 is the results of 357 experiments where niche clustering did not occur. 

Didi and Uber are oriented in different directions and generate an adaptation process to 

acquire the preferences of consumers. There is no merger between Didi and Uber, and both 

companies are independent agents in the market. However, as niche clustering occurs, the 

Taxi agent loses market share and Didi and Uber acquire Taxi’s strength.



Market share

Figure 5-3. Market share of niche clustering case

As shown in Figure 5-3, niche clustering occurs at the beginning of experimental time, 

and Didi acquires the resources of Uber. From 2015 to 2018, Didi acquires Uber’s market 

share and transforms it from niche to ENA based on Uber’s resources. Didi continues to 

expand its market area to have a market share equal to Taxi after 2030, and Taxi loses 

regime status and transforms into ENA. This can be interpreted as a process in which 

consumers are interested in ride-hailing services rather legacy services. Didi, located at the 

edge of the practice space, can be seen as modifying the strategy every cycle in order to 



move gradually into the crowded practices of consumers. Landscape signals (Internet Plus 

Transportation) announced in 2016 and 2017 prompt a merger of Didi and Uber, which 

drives Didi out of the niche of the ENA and further into the new regime.

Figure 5-4. Market share of non-clustered case

In the absence of niche clustering, Didi and Uber gradually gain market share. After 

2020, Didi and Uber acquire a market share of more than 15%, they transform from niche 

to ENA, and China’s mobility market gradually divides into three parts, as shown in Figure 

5-4. However, more time is required for Didi and Uber to become ENAs as compared to 



when niche clustering occurs. Conversely, thanks to the presence of both ENAs, Taxi loses 

market share at a faster rate and transforms from regime to ENA. Eventually, all three 

complex agents continue to compete in a disorderly manner in the ENA state.

Disutility

Additionally, consumers in the mobility market measure the degree of disutility felt by 

complex agents. Emergence of niche creates temporary disutility for consumers. This is 

because consumers have to learn about and acquire familiarity with emerging modes of 

transportation, and getting used to them comes at a cost. A reasonable consumer accepts an 

initial burden and then votes for the preferred service every cycle in the mobility market. 

At this point, consumers are voting for services that generate the least disutility among 

complex agents. Finally, the disutility level is determined in proportion to the distance 

between complex agent and consumer �; 1000 consumers on the practice space acquire 

disutility respectively through their votes. Total disutility is the sum of the disutility of all 

consumer � accumulating each cycle.



Figure 5-5. Total disutility in niche clustering case

In the early days of Didi and Uber, total disutility sharply increases. However, total 

disutility gradually diminishes as Didi acquires a market share and Taxi loses market share. 

Figure 5-5 shows that the decreasing rate of total disutility increase when Didi and Uber 

conclude a merger. Later, when Didi and Taxi balance in the market, total disutility enters 

a stabilization phase.



Figure 5-6. Total disutility in non-clustered case

Figure 5-6 shows that, as Didi and Uber acquire a market share in a non-clustered 

situation, the total disutility decreases, but the rate decelerates. However, the total disutility 

rises sharply from the time when the three ENAs become more competitive in the market.



Figure 5-7. Total disutility in clustered and non-clustered cases

The increase of total disutility in non-clustered cases is more pronounced when 

compared to the clustered market, as shown in Figure 5-7. The emergence of Didi and Uber 

reduce the total disutility caused by the use of existing Taxi resources as the choice of 

consumer � increases. Regardless of niche clustering, total disutility increases once 

complex agents are balanced. Especially in the non-clustered cases, the tendency for an 

increase of total disutility is much steeper. This is because complex agents move to the 

middle of the crowd of consumers to acquire a market share over time.

To acquire consumer preference in the market can be interpreted in two ways. First, the 



emergence of niche implies that consumer choices are broadened by filling in the gaps in 

public transportation and introducing a new service that competes directly with Taxi. 

Therefore, the total disutility of the society decreases. Second, niche is transformed into an 

ENA, and at the point at which many consumers are voting, meaning that they have become

familiar with the services. This is due to the increased disutility of the groups that are too 

familiar with or rejected the legacy services and to groups with a too rapid or too slow ICT 

adoption capability reaching a point of stability.

5.6 Conclusion and discussion

This study defines China’s mobility market as consisting of legacy services and ICT 

acceptance, and makes predictions about the future and sustainability of mobility markets 

by analyzing the competitive relationships between ride-hailing and taxis. In the global 

market, ride-hailing services, represented by Uber, have emerged and caused many political 

and institutional controversies because of conflicts with existing taxi services. Existing 

operators have demanded national interventions because of ride-hailing services’ violations. 

Depending on a country’s regulatory tendencies, measures for the entry of ride-hailing 

services into the market were adapted differently. Especially in the Asian market, the 

innovation of the ride-hailing business model has been accepted in various forms. Typically, 

Korea has accepted innovation in ways that avoided conflicts with existing laws and 

regulations. Ride-hailing services in Korea have applied the business model by making use 

of taxis, an existing resource, which has led to the explosive growth of ride-hailing services. 



That is, taxi services, which are part of the extant regime, absorbed the niche of the ride-

hailing business model, a case that exemplifies the dynamics of the model described in this 

study.

Ride-hailing services of China’s mobility market are a special case that has emerged 

out of a background of negative regulation. The government legalized ride-hailing services 

with the enactment of two bills after watching the innovation of ride-hailing services spread 

throughout China. Since then, the competition between native ride-hailing services Didi 

Chuxing and Uber China has resulted in niche clustering through merger. With this context 

in mind, this study conducted a simulation study to confirm the sustainable growth of ride-

hailing services in China. Experimental results show that ride-hailing services will continue 

to grow in competition with other ride-hailing and taxis regardless of niche clustering. The 

government’s legalization of ride-hailing services has reduced the clash with legacy 

services. In addition, the ICT innovation of ride-hailing services was an important 

landscape signal. The niche agent is eventually transformed into regime via an ENA and 

Taxi loses its regime status. Even in the non-clustered case, Taxi loses its regime rapidly, 

but then it forms a disorderly pattern of competition with ride-hailing services. The 

sustainable growth of ride-hailing services was confirmed through the disutility of 

consumers, and the change in the total disutility of the market was analyzed according to 

the competition pattern.

Uber’s entry into Asia has been a failure, but the Uber business model has evolved into 

a one that has been adapted to national characteristics and has ultimately established itself 



in Asian countries. This was possible because of the particular qualities of the ride-hailing 

business model. The business model is simple because it recycles existing resources such 

as mobility, accommodation, and labor. Therefore, it is easy to launch anywhere in the 

world, and barriers to entry are not high. In the same sense, this characteristic of 

duplicability found in different native national ride-hailing services means that the model 

will readily emerge. The native sharing economy is flexible enough to understand and 

respond more intimately to national circumstances and environments. Due to the nature of 

this business model, ride-hailing services have spread to markets around the world.

In the case of Korea and China, each country has adopted a ride-hailing business model 

according to the characteristics of that country. In Korea ride-hailing services competed 

within the parameters of traditional industry, and so Kakao Taxi took on the business model 

in a way that did not conflict with the regulations of the existent system. On the other hand, 

Didi Chuxing reviewed and revised existing regulations according to principle of 

permission and exceptional prohibition. The background of China’s rapid growth, immense 

area, large population, and lack of an adequate public transportation system have created a 

demand pull. In addition, the government’s legalization of ride-hailing services, in light of 

all these concerns, can be regarded as the ignition for the sustainable mobility market.

According to Figure 5-7, as the ride-hailing services are fixed over time, total disutility 

increases again. This means that when ride-hailing services becomes a socio-technical 

regime, that is, when it forms a new legacy service, it is time for new transportation to 

emerge beyond ride-hailing services. In other words, we can expect a new niche, a new 



mobility innovation to satisfy the consumers at the edge of the practice space and for this 

niche to break away from the legacy services paradigm. Therefore, if in the future

autonomous vehicles are commercialized, it will be worth analyzing whether they ought to 

supplant or complement existing public transportation. In the case of Korea, Kakao Taxi 

did not require simulation analysis because it was established in so short a time. Therefore, 

it is necessary to choose and analyze the research subjects that will make an adequate 

comparison of countries with positive regulatory responses to countries with negative 

regulatory responses directly.



Chapter 6. Conclusion

6.1 Summary

This study analyzes and predicts the sustainable transition of shared mobility in Korea’s

and China’s mobility markets. This thesis comprises three articles, which are summarized 

below.

In the first article, this study examines shared mobility in Korea and China and analyses 

the common characteristics of the business models for sustainable transitions. The research 

framework considers business model innovation from the perspective of socio-technical 

transition. Bidmon and Knab (2014; 2018) proposed that business models play three roles: 

performing as part of the socio-technical regime, as non-technological niche innovation, 

and as intermediaries between the technological niche and societal regime. This study 

identifies and redefines socio-technical regime actors based on the growth of Asian 

metropolitan areas. The identified socio-technical regime actors are urbanization, public 

transportation, regulation, trust, ICT infrastructure, and mobility supply–demand in Korea 

and China. Case studies on shared mobility services such as taxi-hailing, ride-sharing in 

Korea, and ride-hailing in China are analyzed based on the three role of the business model 

and the societal regime actors. The results show that the value of the business model is the 

provision of mobility services in response to a supply–demand imbalance and social 

benefits to mobility consumers. In addition, the diffusion of shared mobility has common 

business model characteristics, such as simplicity, flexibility, and extensibility, irrespective 



of the societal regime actors involved.

In the second article, this study analyzes the competitive relationship between ride-

sharing and taxis in Korea’s mobility market. Several shared mobility services were 

preempted by regulatory barriers. However, shared mobility continued to emerge by using

regulatory blind-spots. Given this repetitive phenomenon, a system dynamics approach was 

designed from the perspective of socio-technical transition. The relationship between the

emergence of ride-sharing and government intervention forms a feedback loop, which can 

be interpreted as a recursive causal relationship between ICT innovation and regulation. 

The result shows that there is no place for ride-sharing in the current regulatory 

circumstances. However, legalization due to incremental or radical regulation reform will 

lead to a competitive market where shared mobility and taxis collide head-on and cause 

shared mobility to be the market winner. Regulation reform without any preparation is 

expected to create strong opposition if the interests of the existing stakeholders are violated 

or if they lose their positions. Therefore, it is necessary to provide an alternative to protect 

taxi drivers’ jobs and develop the taxi industry. Cases in developed countries such as 

Finland, Australia, and the US show that taxes and subsidies for the taxi industry can be

used. However, the simulation results show that taxis will lose their position in the long run 

if they do not conduct R&D innovation. Therefore, it is necessary to form a representative 

coalition and strive for ICT innovation among small taxi businesses along the lines of 

JapanTaxi.

In the third article, this study defines China’s mobility market as consisting of legacy 



and ride-hailing services as a niche and makes predictions about the sustainability of 

mobility markets. Ride-hailing in China is a symbolic case that emerged out of a 

government-led negative regulation. China legalized ride-hailing via the enactment of two 

bills after deciding that ride-hailing could solve the mobility supply–demand imbalance 

and compensate for the lack of public transportation. As a result, indigenous service Didi 

Chuxing merged with Uber China. After the M&A, Didi Chuxing faced a serious deficit 

problem due to the excessive subsidies and discount strategies in competition with Uber 

China. Therefore, this study conducts a simulation study to confirm the sustainable growth 

of ride-hailing in China. The results indicate that ride-hailing will continue to grow in 

competition with taxi services regardless of the M&A between Didi Chuxing and Uber 

China. The niche agent is transformed into a regime, and taxi loses its regime status 

irrespective of the results of the M&A because the government introduced ride-hailing at 

the landscape level and pursued legalization. In addition, the main factor influencing the 

outcome of the competition between agents is the utilization of ICT. The transition to 

sustainable mobility is confirmed through the disutility of consumers, which decreases the 

total disutility in China’s mobility market due to the growth of ride-hailing.



6.2 Contribution

In Chapter 3, this study defines and explains the value attributes and main 

characteristics of the shared mobility business model adopted in response to different 

regulatory tendencies. Shared mobility provided new opportunities in a mobility market

under negative regulation; it complemented and interacted with the existing public 

transportation, thereby revitalizing the entire market. The business model provides mobility, 

social, and environmental values and also functions as a device for commercialization and 

sustainable transition to a new socio-technical regime. The shared mobility business model 

can be flexibly transformed and evolve to fit markets with different regulatory tendencies. 

In addition, shared mobility has expanded the range of business models by leveraging 

various means of transportation, such as private cars, buses, motorcycles, boats, and 

bicycles, to match the mobility characteristics of each market. This has happened because 

the concept of the shared mobility business model—connecting mobility providers and 

consumers across a platform—is simple, and because shared mobility has selected business 

model resources such as automobiles that exist everywhere in the world. The shared 

mobility business model emerged in Korea’s mobility market, which is under positive 

regulation, by finding regulatory blind-spots. Korea’s taxi-hailing has been rapidly 

diffusing among the societal regime actors, reducing taxis’ inefficient supply–demand 

imbalance. It has reduced the empty taxi rate and has increased taxi accessibility. As a result,

the regime’s dominant rules and resource structures are reproduced, and regime actors are 

connected to form a structure in which a messenger company and taxi coexist. However, 



in preparation for the autonomous vehicle era, the need to obtain mobility data has 

increased, and discussions about regulatory sandboxes (including regulation-free zones)

have intensified. Against this background, modified business models using carpools and 

rental cars have emerged as a way to secure global competitiveness. However, examining 

ride-hailing in China’s mobility market shows that the global competitiveness of Korea’s

mobility market is lagging. The Chinese government’s legalization allowed Didi Chuxing 

to grow into the world’s third largest unicorn company.

In Chapter 4, this study analyzed Korea’s mobility market, under positive regulation,

through a model combining socio-technical system and system dynamics approach. The 

simulation model captures the structure of the feedback loop and reflects government 

intervention, global trends, regulations costs, and ICT infrastructure at the landscape and 

regime levels from a multilevel perspective. Niches comprise the strategic structures of the

resources generated and allocated to R&D investment and regulation costs. In this 

simulation model, regulatory trends consider the regulation compliance costs and 

stakeholder engagement costs at the regime level. In addition, the model identifies

regulatory changes such as government intervention and regulatory reform as costs to be 

paid by the mobility operator. Therefore, the model can be extended in order to examine

the dynamic relationships between innovation and regulation. The results provide an 

alternative that allows the coexistence of taxis while ride-sharing is adopted. An agreement 

to levy taxes on ride-sharing operations and to subsidize the taxi industry has been made in 

many cities. Such a solution could provide a temporary compromise with the taxi industry, 



but it would jeopardize it in the long run. The case of JapanTaxi shows that the taxi industry 

also needs to innovate by applying the shared mobility business model. Japan has a

regulatory tendency and metropolitan structure similar to Korea’s. It has minimized friction 

with stakeholders and introduced shared mobility in specific areas. Although Japanese taxi 

fares are considerably higher than Korea’s, the case of Japan provides implications for 

Korea’ mobility market. Building a mobility data structure is a national challenge that must 

be met to secure global competitiveness in the era of driverless cars. Therefore, Korea’s

mobility market must seek national strategies and regulatory measures that can reform the 

existing regimes. Various actors, such as government, industry, and the labor market,

should actively cooperate to change current regulations and provide an alternative that 

allows coexistence between ride-sharing and taxis.

The results of Chapter 5 confirm that Uber’s entry into China has been a failure, but the 

Uber business model has evolved and been adapted to national characteristics and has 

ultimately established itself. The government’s ride-hailing legalization allowed

indigenous companies to grow rapidly. The simulation results show that Didi Chuxing is 

expected to continue to dominate the market despite the crisis created by its deficit structure 

in 2018. The study’s simulation model can dynamically observe the emergence of a new 

service and its conflict with existing legacy services. In the agent-based approach, the 

actors who drive the market can make decisions and strategies every cycle, and the dynamic 

interaction between agents can be observed. At the same time, changes in agent type to 

niche, ENA, and regime according to strength is considered to reflect the socio-technical 



system in the agent-based approach. This model can also define two axes reflecting two 

characteristics of the market, industry, or city. This allows the agents to move on a cycle-

by cycle basis, measuring the size of each property. China’s mobility market and the 

legalization of ride-hailing have great implications for Korea’s market. Didi Chuxing is 

expanding in the world market and threatening the position of Uber. In particular, Didi 

Chuxing is competing globally by either challenging Uber through either M&A with local 

companies or by entering the market directly (Ko, 2019). Didi Chuxing took over the 

Brazilian car-sharing company 99 in 2017 in order to capture the South American market, 

which Uber monopolized, choosing to establish a company in Mexico and provide direct 

services. In addition, Didi Chuxing formed a strategic alliance with Careem, which operates 

in more than 80 cities in the Middle East and North Africa, in August 2017. In the aftermath 

of this event, Uber lost market share in the Middle East. As a result, Didi Chuxing grew to 

become Uber’s only competitor (Ko, 2019). Therefore, the global mobility market is now

dominated by Uber and Didi Chuxing. Although threatened by Didi Chuxing’s growth, 

however, Uber is still leading the global mobility market.

Of all OECD member countries, six, including the United States, the United Kingdom, 

Australia, Japan, France, and the Netherlands, have Uber services. In these countries, Uber 

is judged differently according to the nation’s transportation conditions and legal 

backgrounds. In all cases, however, shared mobility and the taxi industry are working 

together to ensure coexistence and mutual benefits. New York, a major city where Uber has 

grown, limited the number of shared mobility licenses and regulated drivers’ minimum 



wage in August 2017 (Jin et al., 2018). While acknowledging the shared mobility business, 

it has also relaxed the registration standard for and regulation of Yellow Cabs, a New York 

icon. In Washington DC, San Francisco, and Seattle, conditional acceptance has been

granted for driver identification and crime inquiries, vehicle inspections, training program 

completion, and driver limitations (Feigon & Murphy, 2016). The United Kingdom 

transport authorities dismissed taxi drivers’ complaints about the shared mobility business 

and denied that the service was legitimate (Dudley et al., 2017; Leighton, 2016). Australia 

is attempting to legitimize shared mobility with existing regulations dictating that it cannot 

accommodate the ongoing technological change. France has a carpool service called 

“Blablacar.” Only those travelling at the same time and to the same destination as the driver 

is permitted to use it. It is attracting attention as a kind of carpool that is not primarily for

profit (Farajallah et al., 2019). Korea’s mobility market needs to pay attention to the trends

in the global mobility market. In Korea, ride-sharing competed within the parameters of 

the traditional industry, so taxi-hailing took on the business model in a way that did not 

conflict with the regulations of the existent system. On the other hand, Didi Chuxing caused 

a review and revision of existing regulations according to the principles of permission and 

exceptional prohibition. China’s rapid growth, immense area, large population, and lack of 

an adequate public transportation system have created a demand pull. Therefore, the cases

of Uber and Didi Chuxing, in light of all these concerns, can be regarded as the bases for a

sustainable mobility market (Jin et al., 2018; Ma et al., 2018; Shaheen & Chan, 2016).

This thesis makes several theoretical contributions. Studies on socio-technical systems



have been largely restricted to the field of historical innovation or sustainable energy 

systems. Geels (2002) conducted case studies on changes such as that from sailing ships to 

steamships, the use of water supply for personal hygiene (Geels, 2005a), the change from 

horse-drawn carriages to automobiles (Geels, 2005b), the change from propellers to 

turbojets (Geels, 2006a), and the change from cesspools to sewer systems (Geels, 2006b).

The socio-technical systems approach is useful for explaining large-scale system transitions,

and the need to respond to climate change has increased interest in socio-technical systems.

Therefore, socio-technical system approaches are suitable for sustainability or sustainable 

energy systems-policy research (Smith et al., 2010). This thesis analyzed the transition from 

the taxi industry to shared mobility, an ICT-based service, thus contributing to research on

the historical transition to platform-based industries.

6.3 Limitations and future research

This study has several limitations that can be addressed by future studies. In the first 

article, the results are difficult to generalize based on the case studies. If appropriate cases 

are added to illustrate this framework, the results may suggest broader implications. 

Because the mobility market described within the socio-technical system is also difficult to 

generalize due to its diversity and variability, the results concerning the characteristics of 

the business model may be appropriate only in certain cases. This study focused on Korea 

and China; it is necessary to analyze other cases that can explain societal regime actors 

operating under different regulation tendencies. Second, it is difficult to clearly distinguish



between positive and negative regulation for countries, industries, and markets. Regulation 

is a social, normative, and cognitive consensus because it can change depending on the 

time and circumstances, policy direction, and stakeholders involved. Therefore, this study 

defined the regulatory tendencies based on the growth background of the mobility market.

In the second article, the definition of regulation cost is limited. Since it is difficult to 

obtain objective data on regulation cost, we defined the cost from the perspective of the 

operator. Regulation costs include direct costs such as administrative costs, labor costs, and 

indirect costs to industry stakeholders and networks in the value chain. If data on actual 

enforcement can be obtained, these costs can be further segmented, and the social benefits

can be further classified by dividing them into direct benefits and indirect benefits brought

about by the direct and indirect costs. The second problem is the limitation of dimension 

expansion. This study designed the model on the premise that ride-hailing and taxis have 

the same metabolisms and mechanisms. In previous studies, the service provider and end-

user are extended by one dimension according to the two-sided market characteristics of 

the platform. However, since Korea’s taxis are controlled by the number of drivers allowed 

through taxi licensing, it is difficult to see it as a two-sided market. The last limitation is in

the use of data resources. This study designed the mechanism such that the utilization of 

data resources enhances the social benefits to consumers. However, while securing data 

resources is expected to become more competitive and more important, it will need to be 

further complemented by the users of the specific business models. If there are cases where 

actual mobility data are used in the future, the relationship between data resources and 



social benefits can be further specified.

The third article has two limitations. The first is the limitation of the data. In the standard 

deviation, �O uses data from 2014 as a limitation for data disclosure. The market share 

data used in the non-parametric calibration use data from Shenzhen alone. To overcome 

this limitation, we reorganized the Shenzhen data and the number of taxi passengers 

throughout China. Though Shenzhen is a city that features major innovations, the results of 

this study are too limited to explain the situation throughout the whole of China. The second 

limitation is a constraint on the non-parametric calibration process. When choosing the 

initial locations of the complex agents, the min-max of the initial position of ride-hailing

and taxis were specified. The hypothesis of the experiment is that taxi services are high in 

legacy services and low in ICT capacity, while ride-hailing services are low in legacy 

services and high in ICT capacity. However, even if the initial position changes slightly, 

the result remains unchanged.
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Appendix 1: Parameter values

The following tables provide information on the socio-technical regime actors. Based

on the related global indexes, the positions of Korea and China in the world are confirmed 

through normalization. The normalized values were applied as a constant in the simulation 

experiments.

[1] The Networked Readiness Index 2016 Dataset and normalized value of Korea and China

Placement Global ID Code Series Min Max Korea China

20
MOBILENET

WORKCOVERAGE
3.02 Mobile network coverage,% pop. 1.93 100 0.99 0.99

30 MOBSUBPC 6.01 Mobile phone subscriptions/100 pop. 30.46 233.62 0.42 0.31

31 NETUSERPCT 6.02 Individuals using Internet, % 1.38 98.16 0.86 0.50

36 EOSQ346 6.07 Use of virtual social networks, 1-7 (best) 3.16 6.68 0.78 0.44

41 EOSQ366 7.05 Business-to-consumer Internet use, 1-7 (best) 2.20 6.37 0.86 0.74

50 EOSQ076 10.01 Impact of ICTs on access to basic services, 1-7 (best) 2.46 6.18 0.87 0.59

[2] Global Innovation Index 2016 and normalized value of Korea and China

Index Series Min Max Korea China

3.1.1. ICT access 0 94.91 0.95 0.55

3.1.2. ICT use 0 88.32 0.95 0.43

3.1.4. Online e-participation 0 100 1 0.65



[3] Global mobility trends based on the 2019 Deloitte City Mobility Index

Theme Metric Example Data Average (0~10)

Performance 

and resilience

Public transit 

reliability

� Percentage of metro/tram delays

� Percentage of bus delays

� Average waiting time for public transportation (in minutes)

6.33

Integration and 

shared mobility

� Existence of open data of APIs for transport

� Existence of integrated ticketing option across transport modes

� Car-sharing system and bike-sharing system in the city

� Existence of MaaS-based application

� Private car dependency

6.65

Vision and 

leadership

Investment
� Transport budget as a percentage of the total local authority/city budget

� Investment levels in transport
7.27

Innovation

� Electric vehicles adoption

� Existence of open data or APIs for transport

� Smart transportation/FoM-focused accelerators/venture capitals/startups

7.05

Vision and 

strategy

� City innovation and future of mobility strategy

� Regulatory collaborations and joint initiatives with the private sector and academia
7.45

Service and 

inclusion

Versatility

� Presence of tube or commuter rail system

� Presence of tram system

� Operation of ride-sharing companies

� Car-sharing system in the city

� Presence of other modes of transport: rickshaw, taxis, ferries, etc

7.6

Customer 

satisfaction

� Customer satisfaction with public transport

� Road quality

� Congestion level

� Average waiting time for public transportation

5.96

Accessibility

� Transport accessibility score

� Accessibility of bus fleet

� Accessibility of train or metro fleet

� Walkability score

7.02



Appendix 2: Non-parametric calibration

China’s taxi market share was estimated considering the mobility consumers in China 

compared to the taxi users in Shenzhen. The number of taxi customers is based on a

statistical report provided by the Shenzhen Statistical Office. In addition, data on the 

number of China’s taxi passengers were taken from the National Bureau of Statistics.

[1] Estimated monthly taxi market share of China’s mobility market

Date
Monthly taxi passenger 

in Shenzhen
Ratio of Taxi

Ratio of Shared mobility

(Didi 87%, Uber 13%)

Estimated monthly taxi 

passengers in China

Passenger traffic of 

highways, current period 

(10000 persons)

2015-1 172,607 0.9438475 0.0561525 3775.39 150,028

2015-2 201,160 0.8346775 0.1653225 3338.71 176,259

2015-3 192,082 0.9385275 0.0614725 3754.11 164,761

2015-4 179,166 0.9094125 0.0905875 3637.65 152,213

2015-5 182,213 0.8233575 0.1766425 3293.43 154,928

2015-6 178,229 0.7436525 0.2563475 2974.61 151,864

2015-7 193,723 0.769745 0.230255 3078.98 162,547

2015-8 195,179 0.76301 0.23699 3052.04 162,565

2015-9 185,996 0.71564 0.28436 2862.56 158,050

2015-10 195,377 0.75129 0.24871 3005.16 166,255

2015-11 168,012 0.7431525 0.2568475 2972.61 143,712

2015-12 170757 0.841825 0.158175 3367.3 147218

2016-1 152,065 0.772485 0.227515 3089.94 125,642

2016-2 175,722 0.69895 0.30105 2795.8 145,489

2016-3 159,371 0.7948825 0.2051175 3179.53 132,233

2016-4 153,500 0.787225 0.212775 3148.9 123,400

2016-5 153,512 0.79802 0.20198 3192.08 124,292

2016-6 150,600 0.77926 0.22074 3117.04 121,200



2016-7 165,607 0.782045 0.217955 3128.18 131,949

2016-8 167,882 0.77873 0.22127 3114.92 132,330

2016-9 162,532 0.762985 0.237015 3051.94 131,967

2016-10 168,978 0.78585 0.21415 3143.4 136,928

2016-11 145,182 0.7699975 0.2300025 3079.99 118,784

2016-12 164801 0.8300375 0.1699625 3320.15 138239

2017-1 158,298 0.7870975 0.2129025 3148.39 127,398

2017-2 169,843 0.7169925 0.2830075 2867.97 137,718

2017-3 150,790 0.7589225 0.2410775 3035.69 121,678

2017-4 151,801 0.7371225 0.2628775 2948.49 118,528

2017-5 154,809 0.7518075 0.2481925 3007.23 121,334

2017-6 147,328 0.7338925 0.2661075 2935.57 116,395

2017-7 159,482 0.80545 0.19455 3221.8 122,617

2017-8 160,568 0.8190825 0.1809175 3276.33 121,789

2017-9 151,328 0.7760675 0.2239325 3104.27 119,399

2017-10 161,350 0.78384 0.21616 3135.36 126,184

2017-11 143,222 0.78559 0.21441 3142.36 113,752

2017-12 142,152 0.8140025 0.1859975 3256.01 112,307

2018-1 140,457 0.807425 0.192575 3229.7 109,657

2018-2 158,733 0.664035 0.335965 2656.14 125,604

2018-3 153,760 0.8020125 0.1979875 3208.05 118,811

2018-4 147,988 0.77796 0.22204 3111.84 111,583

2018-5 145,737 0.8323875 0.1676125 3329.55 111,376

2018-6 144,472 0.791795 0.208205 3167.18 109,273

2018-7 155,055 0.843375 0.156625 3373.5 114,868
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