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A B S T R A C T

This paper investigates the role of business models: What differences exist between the roles of an already-
existing market-based converted industry and a newly appearing market-based emerging industry?

This study analyzed the status of the technologies and business models in the autonomous car and intelligent
robot industries, as well as their recent two-year growth, using technology and business model patents. In ad-
dition, it investigated the current situation of the technologies, business models, and markets of the two in-
dustries based on literature reviews. This study then simulated the market growth of the autonomous car and
intelligent robot industries using system dynamics. The simulations were established and verified by analyzing
the references and citations of the technology patents and business model patents of the two industries. This
study reached three conclusions. First, in the case of a converted industry such as autonomous cars, a strategy
focused on a business model is useful in the early stage, whereas one focused on technology is efficient in the
mature stage. Second, in the case of an emerging industry such as intelligent robots, a strategy focused on
technology is somewhat more useful in the early stage than one focused on a business model; conversely, a
strategy focused on technology is slightly more useful in the mature stage. Third, a business model is also
important to supplement technology such as intelligent robots at a mature stage in Canada or autonomous cars at
a mature stage in Japan.

1. Introduction

IT advances are producing innovative changes in all industries,
leading to what many have called the Fourth Industrial Revolution. As
the pace of these changes accelerates, creative combinations of tech-
nologies and markets are emerging in various segments of the economy.
This Fourth Industrial Revolution is expected to produce revolutionary
changes as industries and businesses start to adopt cyber-physical sys-
tems, which are combinations of physical systems and cyber systems
(Bloem et al., 2014). Cyber-physical systems (CPSs) are based on the
newest and foreseeable developments in computer science, informa-
tion, and communication technologies combined with manufacturing
science and technology. This confluence is frequently designated In-
dustry 4.0 (Monostori, 2014).

More generally, the Fourth Industrial Revolution is characterized by
the emergence of new business models, the disruption of existing sys-
tems, and the reorganization of production, consumption,

transportation, and delivery systems (Schwab, 2017). One key feature is
the emergence of creative business models, which involve a creative
recombination of technologies and markets.

As a result, the Fourth Industrial Revolution has generated two
types of new industries (see Fig. 1).

First are the converted industries replacing the existing market, such
as the autonomous car industry, which is replacing the traditional car
industry, or smart farm factories, which are replacing traditional agri-
culture. Second are the emerging industries, which do not have any
precedent among similar industries. Examples include intelligent robots
and 3-D printers.

Within this context, the goal of this study was to investigate the
differences in the effects of business models on the growth and devel-
opment of markets between the autonomous car as a converted industry
and the intelligent robot as an emerging industry.
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1.1. Research question

What differences exist in the role of the business model between an
already-existing market-based converted industry, and a newly ap-
pearing market-based emerging industry?

We selected this research topic considering that the Fourth
Industrial Revolution involves the creative recombination of technolo-
gies and markets as well as appropriate business models in various in-
dustries. The study aimed to identify the role of the business model in
the market growth of two different sectors: the autonomous car and
intelligent robot industries.

This study is a follow-up to the paper titled “The relationship be-
tween technology, business model, and market in the autonomous car
and intelligent robot industries” (Yun et al., 2016b). The previous study
analyzed the role of the business model in the autonomous car and
intelligent robot industries. Extending research on this topic, this study
aims to determine how the business models of the two industries affect
their future market growth.

1.2. Research method and scope

To answer the research question, we examined two different in-
dustries—the autonomous car industry and the intelligent robot in-
dustry. We selected these two industries because both are new but
comprehensively different market-based industries: one is an example
of a converted industry (from the mechanical car industry to the elec-
tronic and computerized smart car industry), whereas the other is an
emerging industry that is completely unlike any existing industries,
such as the industrial robot industry.

This study used the system dynamics (SD) simulation method to
determine the differences in the roles of the business models in the two
industries. We used technology patents and business model patents as
measures of the technology and business models of the two industries.
We simulated 32 different conditions for each of the target industries.
We then analyzed market data and information to validate our simu-
lation models and to interpret the simulation results.

Next, we analyzed the technology patents and business model pa-
tents of the two target industries and set up simulation conditions based
on the patents. We used G-Pas (http://gpass.kisti.re.kr), which is the
worldwide patent database of the Korea Institute of Science and
Technology Information (KISTI). The patents for the two industries
were extracted using the keywords “autonomous car” or “autonomous
vehicle,” and “intelligent robot” or “autonomous robot,” first from 1960
to 2014 and then from 1960 to 2016. This patent database includes all
major countries, including the U.S., Europe, China, Japan, Korea,
Germany, France, the United Kingdom, and Canada.

2. System dynamic modeling

2.1. Literature review and system dynamics model building

2.1.1. Literature review
Technologies do not affect markets directly, but do so through

businesses, and a separate positive feedback loop structure exists be-
tween technologies and business models, as well as between business

models and markets (Kodama and Shibata, 2015; Yun et al., 2016b). A
business model serves as an intermediate construct that links the
technical and economic domains (Chesbrough, 2006). As a combination
of technologies and markets, a business model should cover strategies
and resources to avoid miscombinations, such as technology overfitting
or the Icarus paradox. However, new business models allow for po-
tential additional innovations on top of product and process innova-
tions (Gassmann et al., 2014).

What makes innovations disruptive? The root of tension is the
conflict between business models established for existing technologies
and those required to exploit emerging, disruptive technologies
(Chesbrough, 2010). Thus, according to Chesbrough (2010), following
“dominant logic” can lead to firms missing out on the potential valuable
uses of technologies that do not fit their current business model. In
addition, to offset increasing development costs and shorter product life
cycles, companies must explore creative ways to expand their business
models by using external ideas and technologies for internal product
development, and by allowing commercialization of internal in-
tellectual property (Chesbrough, 2007a, 2007b).

The same idea or technology marketed through two different busi-
ness models will yield two different economic outcomes. Thus, a
mediocre technology pursued within a great business model may be
more valuable than a great technology exploited via a mediocre busi-
ness model. This is because technology, by itself, has no single objective
value (Chesbrough, 2010).

In other words, a business model is a kind of articulated logic by
which a business creates and delivers value to customers (Čirjevskis,
2016). A business model that creates and captures values for sustain-
able enterprise performance requires three key clusters of dynamic
capabilities: (1) sensing (the identification and assessment of opportu-
nities), (2) seizing (the mobilization of resources internally and ex-
ternally to address opportunities and to capture value in doing so), and
(3) transformation (the continual renewal of an organization) (Teece,
2007, 2010). Dynamic capabilities include the ability to not just sense
new technologies and target markets, but also business models. Thus,
the process of business model design includes selecting technologies
and identifying markets in addition to determining benefits, confirming
revenues, and designing mechanisms to capture value (Teece, 2010).

According to these studies, a conceptual model of technology,
business, and market can be established as shown in Fig. 2. In addition,
according to previous studies and the opinions of researchers in the
autonomous car and intelligent robot fields, as well as those of other
industry stakeholders, a technology is affected mainly by the appear-
ance of leading firms, which includes the growth of markets. The
business model is affected by regulations that cover environments, as
shown at the bottom part of Fig. 2. Meanwhile, a market is affected
mainly by the standardization status, which includes the price of pro-
ducts (Yun et al., 2016b).

Fig. 1. Two types of new industries.

Business
Model Goal Market

Starndardization IndexRegulation IndexLeading Firm
Index

Technology

Fig. 2. Conceptual model.
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2.1.2. Model building
The SD model, shown in Fig. 3, adopts a causal model of the re-

lationships between technology, business, and market (Yun et al.,
2016b). The cycle “nurturing leading firm→ tech investment→ tech-
nology innovation” in the causal loop is realized as “leading effects
(time delay)→ potential market concentration→ technology” in the
system dynamic model. In the system dynamic model, the interaction in
the loop between deregulation and business model (BM), and new BM
development is realized as “regulation (time delay)→ contacts with
market (time delay)→ new BM” and “regulation (time delay)→ con-
tacts with market (time delay)→ new product.” Furthermore, the in-
teraction and diffusion between “standardization and new BM devel-
opment” and “standardization and economic efficiency” in the causal
loop is realized as “standardization (time delay)→ potential demand
(time delay)→ new technology” and “standardization (time delay)→
potential demand (time delay)→ new product.” Technology variety
and the cost of using alternative technologies are included in the system
dynamic model.

2.2. Realities of the two industries

2.2.1. Autonomous car industry from the system dynamics model
An autonomous car is a self-driving vehicle that has the capacity to

perceive the surrounding environment and navigate without human
intervention (Jo et al., 2014). The functional components of the au-
tonomous driving system consist of perception, control, planning,
system management, and localization features, according to Jo et al.
(2014), or of a GPS receiver, laser scanner, camera, radar, automated

steering, automated braking, automated throttle, central processing
unit, motion sensor, and speed sensor according to Beiker (2012).

Technologies and business models can be analyzed using technology
patents and business model patents (Jaffe and Trajtenberg, 2002).
Normally, patent applications or approvals specific to a business model
are strictly constrained. However, as the knowledge-based economy
gradually develops, the ratio of patents to the total amount of knowl-
edge existing in the world continues to increase. As a result, the degree
to which patents overlap with R&D and new products, including busi-
ness models, is significantly expanding (Acs et al., 2004; Hagedoorn and
Cloodt, 2003; Yun et al., 2016a, 2016b). Nonetheless, until recently,
few business models were patented, either because the patented busi-
ness model offered only weak protection, or because of the difficulties
in getting such applications approved. With the open innovation
paradigm, the value of business model patents and the business model
itself has been steeply increasing in the fourth industrial era (Amit and
Zott, 2012; Chesbrough, 2010; Johnson et al., 2008; Zott et al., 2011).

Using the relationship between a patent and its descendants, what
we call the overall “importance” of a patent, we can directly determine
the importance of any technology, and indirectly evaluate the future of
related markets.

As shown in Table 1, according to patent searches using related
keywords, technology patents for autonomous cars have increased by
1.73 times in the past 30months. Simultaneously, business model pa-
tents for autonomous cars have grown by 3.36 times. However, there
was a much larger difference in the rate by which references and ci-
tations for technology and business model patents increased. The re-
ferences and citations of technology patents increased by 2.10 and 2.65

Fig. 3. System dynamics model.

Table 1
Technology and business model patents of autonomous cars (June 3, 2014→November 28, 2016).

Patent category Number of references (record) Number of technology patents Number of citations (record)

Technology patents 13,047→ 27,479 5557→ 9630 11,180→ 29,578
Business model patents 322→ 2103 42→ 141 52→376

Bold values indicates pay attention to the increase of business model patent in short time.
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times, respectively, while those of business model patents grew by 6.53
and 7.23 times, respectively.

It should be noted that, in the situation of regulation of the auton-
omous car industry, to maximize safety and consumer benefits, it is
necessary to have a legal infrastructure that regulates public autono-
mous driving (Beiker, 2012). Autonomous driving involves many
challenges in terms of individual mobility and purpose. Several
methods can be used to prepare for the public use of autonomous ve-
hicles, including the use of (1) pilot fleets evaluated through statistical
comparisons, (2) extensive beta testing with “limited autonomy,” (3)
mock trials and focus groups, (4) special insurance policies for auton-
omous vehicles, and (5) mandatory data recorders for autonomous
vehicles (Beiker, 2012). Autonomous cars face much stricter regulations
than cars driven by humans, as they are affected by new regulations as
well as the existing regulations that govern automobiles. It is also
possible that U.S. states may develop their own regulations to guide the
technology's development, in which case they might “create a crazy
quilt of different, and perhaps incompatible requirements that could
increase costs and make the technology uneconomical” (Anderson
et al., 2014).

Autonomous vehicles have five levels of automation: Level 1,
function-specific automation; Level 2, combined function automation;
Level 3, limited self-driving automation; Level 4, self-driving under
specified conditions; and Level 5, full self-driving automation (Litman,
2014).

In terms of the level of autonomous driving, the five levels of the
Society of Automobile Engineers (SAE), the four stages of the National
Highway Traffic Safety Administration (NHTSA), and the four stages of
Bundesanstalt für Straßenwesen (Federal Highway Research Institute)
(BASt) are comprehensively different from each other (Dokic et al.,
2015). The ranges and levels of self-driving capacity announced by
companies that are developing or already operating autonomous cars
also vary. In other words, at present, there is no final or uniform
standard for autonomous driving.

Companies from three different sectors are currently competing
with each other in the autonomous car field. There are ICT firms such as
Google, Apple, and Baidu; companies that manufacture finished cars
such as Audi, Ford, Mercedes–Benz, Volkswagen, Volvo, Hyundai and
Kia Motors, BMW, and GM; and electric car firms such as Tesla (Eng,
2016). The IT company segment of the self-driving car industry, in-
cluding Apple, Amazon, Alibaba, Google, Uber, and Baidu, are pro-
moting a radical change in the autonomous car industry (Dudenhöffer,
2016). Yet, self-driving car innovations have been gradually promoted
by traditional automakers for the past 40 years. What is clear is that
there is no leading firm in the autonomous car sector. In this light, there
are not enough standards in the autonomous car industry to date.

Google and Apple aim to fully realize self-driving by 2020. Baidu
intends to assist with the self-adjusting feature, that is, Level 2 self-
driving. Audi is making efforts to resolve traffic congestion issues, while
BMW aims to resolve traffic congestion issues and assist in developing
emergency driving features in 2018. GM has strived to realize self-ad-
justing and lane-keeping functions since 2017, and Ford intends to as-
sist in improving the self-adjusting feature by 2020. Mercedes–Benz and
Volkswagen are working hard to achieve an ultimate solution to traffic
congestion by 2019 and 2020, respectively. Volvo is trying to imple-
ment self-adjusting and lane-keeping features by 2016, and Hyundai
and Kia Motors are working to develop an ultimate response to traffic
congestion and lane keeping by 2020.

However, at present, there are no companies manufacturing fully
self-driving cars. The market status of current self-driving automobiles
is led by Tesla, an electric car firm, which has updated its car SW and
has shown Level 2 autonomous driving.

Previous estimates expected the self-driving car market to become
active in earnest after 2015, as shown in Table 2. The Institute of
Electrical and Electronics Engineers (IEEE) forecast in 2012 that, by
2040, autonomous cars would account for 75% of all vehicles in the

world. However, the 2013 data described in Table 2 predict that this
will occur as early as by 2035. In general, such predictions suggest that
autonomous cars will emerge earlier than expected.

In summary, when it comes to the sectoral innovation system of
autonomous cars, the regulation level is high, but standardization has
not yet been achieved nor leading firms established, and their statuses
are low. This is in contrast to the opinions of industry experts as stated
in interviews in 2015. According to such interviews, regulation and
standardization levels were high, but the status of leading firms was low
(Yun et al., 2016a, 2016b). The standardization status of the Korean
self-driving car market was thought to be high because respondents
confused the standards for driverless cars with those of existing ve-
hicles. At the time, there were no global leading firms in Korea, nor
concrete strategies for autonomous car makers in Korea. This was
clarified through additional interviews.

2.2.2. Intelligent robot industry from the system dynamics model
An intelligent service robot perceives the surrounding environment

and recognizes the situation independently, for autonomous mobility
and manipulation. Such robots can provide intelligent services in var-
ious fields such as education, medical treatment, elderly care, defense,
construction, undersea works, and agriculture. Its brain is a product of
artificial intelligence (AI) combined with advanced sensors. With the
convergence and performance of IT technologies, service robots are
evolving into IT-based intelligent service robots that can function
widely and operate in a virtual space using a network.

As shown in Table 3, technology patents in the intelligent robot
industry have increased by approximately 2.98 times over the past
30months. At the same time, the references and citations of the tech-
nology patents have grown by 1.93 and 3 times, respectively. Mean-
while, business model patents in the industry have increased by 2.2
times, which is relatively high, but still lower than the growth of
technology patents. The references and citations of business patents
increased by 2.33 and 2.82 times, respectively.

As shown in Table 4, the intelligent robot industry has already been
extensively formed, and has grown with the manufacturing robot in-
dustry. Service robots are basically intelligent robots. Since 2009, the
personal service robot industry has grown at an annual average rate of
29%, and leading firms are emerging in this field. Personal service ro-
bots are being widely developed, particularly for home cleaning, per-
sonal assistance, entertainment, and education. Several Japanese firms
such as Yaskawa, Toyota, and Sony already lead the markets in
cleaning, medical service, and emotional robots.

Professional service robots, on the other hand, are not designed for
personal services. Possibly because they tend to be expensive, sig-
nificant growth has not been achieved. However, their growth rate is
not so small. For example, several robots are already outstanding in
their industry, including Pepper, an artificial intelligent robot of
SoftBank, Prime Air, a drone-based delivery robot of Amazon, and
“THOR-MANG” at the DARPA Robotics Challenge.

In particular, in June 2015, SoftBank started selling Pepper to the
public, intended for personal services. Using the Pepper app, it can
recognize and learn human feelings through an “emotion engine,” as
well as perform diverse functions such as managing photos, saving a

Table 2
Market forecast for the autonomous car industry (unit: 1000 cars, %).

2020 2025 2030 2035

All automobiles 98,103 106,917 116,221 127,170
Autonomous cars Number 7.3 4756 47,113 95,444

Ratio 0.01% 4.4% 40.5% 75.1%

Source: Autonomous Vehicles. Self-Driving Vehicles, Autonomous Parking, and
Other Advanced Driver Assistance Systems: Global Market Analysis and
Forecasts. Navigant Research, 2013.
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diary, and playing voice games, as well as conducting formation ac-
quisition through the Internet and message sending. In August 2014,
Dr. Cynthia Breazeal from the Massachusetts Institute of Technology
(MIT) launched JIBO, a personal interactive home service robot capable
of communication with a user and photoshoots. Blue Frog Robotics, a
French start-up dedicated to robots, developed Buddy, a social robot
based on the Android open-source platform. Apple has acquired several
intelligent robot companies, including Vocal Q, which is developing a
self-learning conversation platform; Perceptio, which has enabled the
operation of a smartphone AI system without sharing user data;
Emotient, which handles an AI platform that reads human emotions;
and Faceshift, which specializes in motion capture technology. Apple
seeks to change the Apple OS to the SW platform for intelligent robots.

The U.S. invested intensively in the intelligent robot industry during
Obama's presidency, focusing on health care, medical treatment, and
defense as part of the “Advanced Manufacturing Partnership” (AMP).
Japan is actively developing service robots based on its competitiveness
in manufacturing robots and its global leadership in the manufacturing
robot industry. Its targets are robots for medical rehabilitation and
nursing—efforts led by Toyota and Yaskawa.

Meanwhile, European countries are focused on service robots, par-
ticularly those for welfare—such as medical treatment and re-
habilitation—and for health care, traffic, and social security. Although
China intensively promotes a policy for manufacturing robots, it does
not separately pay attention to the intelligent robot industry. The
Korean government has formulated an intelligent robot industry policy,
including the manufacture of robots and network-based robots, as well
as robots for personal and professional services.

However, despite this progress, there are presently no standards for
intelligent robots, as shown by the differences in the target projects of
the intelligent robot policies of each nation. In addition, physical
standards, such as the range of components in intelligent robots, have
not been actively discussed or fully developed. In addition, the estab-
lishment of an SW platform standard for intelligent robots is in an early
stage of discussion.

Regulation of the intelligent robot field is not yet being actively
discussed. This means that the various regulations in the hardware and
software fields that must be faced once intelligent robots become a part
of our lives have not been fully considered. These include the proces-
sing and security of personal information needed to offer personal robot
services, data integration by connecting intelligent robots, and the
cloud-based accumulation of knowledge and databases of the robots.
Some of the world's greatest scholars, including Stephen Hawking,
warned about the risks of AI. Because there is a possibility that the
intelligent robot industry will employ AI, these warnings should moti-
vate the establishment of industry regulations.

In summary, for the sectoral innovation system of intelligent robots,
the regulation and standardization levels are low, but the leading firm
status is high. This situation is identical to the results obtained from
interviews with experts of the Korean intelligent robot industry in 2015
(Yun et al., 2016a, 2016b).

However, the interviews also indicated that Korean firms were
considered leaders in the intelligent robot market, due to inaccurate
knowledge of the leadership role of large Japanese companies and ac-
tual Korean conditions. There was also some confusion around Hubo,
an AI robot that was developed for research by the Korea Advanced
Institute of Science and Technology (KAIST). In fact, the Korean AI
robot industry does not have leading firms. This situation was con-
firmed through additional interviews.

3. Simulating autonomous car industry market growth

Along with replacing the existing automobile industry, the auton-
omous car industry is also creating a never-seen-before market
(Chesbrough and Teece, 1996; Jeong and Ko, 2016). With the appear-
ance of a converted industry, the structure, content, and characteristics
of existing markets are changed. Currently, the autonomous car in-
dustry does not have a leading firm (Litman, 2014). In addition, uni-
form standards have not been established (Markoff, 2010). However,
because it is replacing an existing industry, newly formulated market
regulations as well as the stringent regulations of the existing market
need to be taken into consideration (Beiker, 2012; Nothdurft et al.,
2011).

This study simulated the market size of the autonomous car industry
under two different conditions, as well as technology and business
model variables. First, under the current market conditions of a low
leading-firm effect, a low standardization level, and high regulations,
we simulated the growth of the market as it is, the growth of the future
market when technologies were improved in proportion to the increase
in technology patents in the industry for the past two years, and the
growth of the future market when business models were enhanced as
much as the increase in technology patents in the industry for the past
two years. Second, under conditions of when the autonomous car
market is completely developed, that is, under a high leading-firm ef-
fect, a high standardization level, and more sophisticated and estab-
lished regulations, we simulated the growth of the future market as it is,
the growth of the future market when technologies were improved
proportionally to the increase in technology patents in the industry for
the past two years, and the growth of the future market when business
models were enhanced to the same degree as the increase in technology
patents in the industry for the past two years.

In these scenarios, “technologies” was defined to included trade
secrets and general knowledge, as well as patented technologies. The
ratio and value of patented technologies have gradually increased with
the development of a knowledge-based economy (Chesbrough, 2006;
Yun et al., 2016a, 2016b). Thus, it is reasonable to use the number of
patents to estimate the current technological level of autonomous cars
and to simulate improvements in the technologies in the future.

It is noteworthy that a mediocre technology pursued with a great
business model may become more valuable than a great technology
exploited via a mediocre business model, even in the autonomous car
industry (Chesbrough, 2010). In particular, with the acceleration of
CPSs through the combination of physical systems and cyber systems
during the Fourth Industrial Revolution, the importance of a new

Table 3
Technology and business patents of intelligent robots (June 3, 2014→November 28, 2016).

Patent category Number of references (record) Number of technology patents Number of citations (record)

Technology patents 8708→16,789 2994→ 8924 7404→22,218
Business model patents 240→ 558 74→ 163 414→1169

Table 4
Intelligent robot industry markets.

Category 2009 2010 2011 2012 2013 2014 Annual
average

For manufacture 3976 5678 8278 8796 9507 10,737 22%
For service 2801 3890 4205 4860 5366 5965 16%
Professional 2200 3353 3569 3636 3662 3779 11%
Personal 601 537 363 1224 1704 2186 29%
Total 6777 9568 12,483 13,356 14,873 16,702 20%

Source: World Robotics, 2015.
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business model increases (Bloem et al., 2014; Schwab, 2017). However,
in essence, a business model is a conceptual rather than a financial
model, and involves a new combination of technologies and markets
(Chesbrough, 2007a, 2007b; Teece, 2010). Thus, the business model
itself needs to be researched and developed, although not to the same
extent as technology development.

Because business models largely comprise conceptual character-
istics, only a few can be protected by patents. Moreover, business
models are typically combined with a corporate strategy and con-
tinuously developed, and as a result, the initial business model is fre-
quently modified and supplemented. Thus, this study simulates the
increase in business models based on the rising number of technology
patents in the industry for the past two years. The reason for this is that
the growth in business model patents for the past two years actually
affects very few technologies, according to Table 1. In addition, simu-
lating the increase in business models using growth similar to that of
technologies takes into consideration that the increase in business
models of the same size has a much smaller development cost, com-
pared with the increase in technologies of the same size.

3.1. Simulation of current autonomous car industry conditions: leading,
weak; standardization, weak; and regulation, strong

Fig. 4 shows the simulation of market growth created by a change in
technologies and business models under the current conditions, that is,
an infant or growing autonomous car industry with a converting
market. The simulation results indicate that the development of busi-
ness models leads to faster and higher market growth than the devel-
opment of technologies in a converted industry. Carmakers and parts
supply companies need to develop proper business models and strate-
gies to prevent themselves from being squashed by swifter and stronger
companies, such as the new service companies from the Internet in-
dustry, including Apple, Baidu, Google, Tesla, and Uber (Dudenhöffer,
2016).

The simulation results can be verified by the movements of these
companies. They are newly entering or making attempts to enter the
autonomous car industry by developing new business models, such as
car sharing, unmanned delivery services, and diverse sharing-based
automotive services.

Access-based consumption in the context of car sharing, such as
Zipcar, is an example of a new business model for autonomous car in-
dustries (Bardhi and Eckhardt, 2012; Weikl and Bogenberger, 2013).
The rise of the so-called “sharing economy” has created new competi-
tion between traditional taxies and car-sharing services (Wallsten,
2015). Uber and Lyft are trying to maximize the competitiveness of
their car-sharing services by introducing autonomous car systems
(Kanter, 2015; Viereckl et al., 2015). Amazon's autonomous car is also
connected to a new business model, for example, the robot cargo car
(Walch et al., 2015). The growth of diverse self-driving car projects is
based on various business models. They support the validity of the si-
mulation results shown in Fig. 4. In addition, in the early growth stage
of a converted industry, the market-pull value generated by a business
model can be estimated using these simulation results. In addition, the
simulation results of the currently emerging infant autonomous car
industry of eight individual countries show that business models mo-
tivate more market growth than technology growth without exception
(see Appendix 1). Furthermore, the U.S., which has a high amount of
technology, as well as business models for autonomous cars, shows the
largest difference between business model-based market growth and
technology-based market growth (see Appendix 1-1) when compared
with Canada, which has a low amount of technology and business
model patents in autonomous cars (see Appendix 1-8).

3.2. Simulation of after-growth autonomous car industry conditions:
leading firm, strong; standardization, strong; and regulation, strong

Fig. 5 simulates the market size expansion caused by the increase in
technologies and business models after the autonomous car industry
has matured. Taking into consideration various conditions that were in
place when the existing automobile industry developed and matured, it
is estimated that leading global firms will strongly emerge and that
related standards will be clearly established. In addition, related reg-
ulations will be formulated (Oltra and Saint Jean, 2009; Sturgeon et al.,
2008; Xi et al., 2009).

According to the autonomous car market simulation results after
market growth, the introduction of new technologies and business
models does not lead to a large difference in market growth between
them, even though technology spurs slightly more market growth than
seen in the business model. In other words, according to Fig. 4, the
expansion of the autonomous car market after the initial growth period
does not show a large difference according to (a) the strategy of
strengthening technical development, or (b) reinforcement of the
business model. This simulation result is fully reasonable considering
the current situation, in which strategies to develop technologies and
business models in the existing maturing automobile market do not
directly lead to the creation of an additional market difference (Bauner
et al., 2009; Godoe, 2006).

Overall, new markets in the autonomous car industry are not gen-
erally created by technology introduction or business model develop-
ment after their initial growth. However, new technology development
has a relatively greater effect on creating additional markets, compared
with new business model development.

It can be assumed that the reason technical development plays a
larger role in creating additional markets is related to the establishment
of a dominant design. This is interpreted to mean that when a dominant
design is established in an industry, technology development that ef-
fectively implements the existing business model will have a greater
impact on securing additional markets than new business model de-
velopment (Henderson and Clark, 1990; Tushman and Murmann,
2002).

After the growth of the autonomous car industry, the simulation
results of eight individual countries are as shown in Fig. 5 (also see
Appendix 2). The market growth gap between technology-based growth
and business model-based growth in small market countries such as
France (Appendix 2-6) and the U.K. (Appendix 2-7) is insignificant
compared with larger market countries such as the U.S. (Appendix 2-1),
Japan (Appendix 2-3), and China (Appendix 2-4).

4. Simulating market growth of the intelligent robot industry

The intelligent robot industry is newly emerging. Yet, while in-
telligent robots are being developed and improved at an unprecedented
pace, the question of how these products should behave and interact
with humans and act socially remains largely unanswered (Bartneck
and Forlizzi, 2004a). The industrial robot industry began to grow fol-
lowing the introduction of the Mitsubishi PA-10 robot arm and Barrett
WAM. The intelligent robot industry started with ASIMO of Honda,
AIBO of Sony, and Wakamaru of Mitsubishi Heavy Industries in the
2000s. However, the intelligent robot industry has created a new
market rather than replacing the industrial robot industry or another
existing industry. An intelligent robot promotes user interaction and
has the characteristics of a social robot, with partial autonomy
(Bartneck and Forlizzi, 2004b). From this perspective, the intelligent
robot industry is clearly creating a completely new market.

The present study simulated the market size of the intelligent robot
industry under two different conditions and two variables—technology
and business model. First, under current market conditions, with a re-
latively high leading-firm effect and low standardization and regula-
tion, we simulated the growth of the future market as it is, and the
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growth of the future market when technologies have improved on par
with the increase in technology patents in the industry for the past two
years. We also simulated the growth of the future market when business
models were enhanced in proportion to the increase in technology
patents in the industry for the past two years. If a weight is given to a
system in the SD model from 0 to less than 1, the high leading-firm
effect is 0.9, and the low standardization effect is 0.1. In addition, the
low regulation effect is 0.1.

Second, considering that the intelligent robot market has been fully
developed, that is, under a high leading-firm effect, a high standardi-
zation level, and established high regulations, we simulated the growth
of the future market as it is, when the future market grows when
technologies are improved in proportion to the increase in technology
patents in the industry for the past two years, and when business
models are enhanced as much as the increase in technology patents in
the industry for the past two years. If there is a weight given to the
system in the SD model from 0 to less than 1, the high leading-firm
effect is 0.9, and the high standardization effect is 0.9. In addition, the
high regulation effect is 0.9.

We simulated both technologies and business models. For the
technologies, 8924 patents were analyzed in late November 2016 by
searching for intelligent robot technology patents considered to be at
the initial technology level. In terms of business models, 163 patents
were searched for in the same period and at the same initial business
model level.

For the simulation of the intelligent robot industry with a new
emerging market, as the number of patented technologies increased,
their ratio and value became more important. It was thus possible to
estimate the current technology level of intelligent robots by con-
sidering the number of related patents, and to simulate the increase in
related technologies in the future.

In addition, although there are more business model patents for
intelligent robots than autonomous cars, few business models are pa-
tented, and most exist only as trade secrets or in combination with other
strategies. Thus, we simulated the growth of the business models of
intelligent robots by considering the increasing number of technology
patents for the past two years, which totaled 5930.

4.1. Simulation of current intelligent robot industry conditions: leading firm,
strong; standardization, weak; and regulation, weak

Fig. 6 indicates the simulation of market growth brought about by
changes in technologies and business models under the current condi-
tions of intelligent robots with a new market, that is, infant or growth
industry conditions.

According to the simulation results, when the intelligent robot in-
dustry creates a new market, technology development-based market
growth is faster and higher than business model-based market devel-
opment. That can be interpreted as follows: technology innovation
leads the business model in new market creation in the infant market
conditions of an emerging industry, such as the intelligent robot in-
dustry.

The key to create intelligent robots is the expansion and develop-
ment of the three main technological elements—perception, cognition,
and mobility and manipulation—and the development of their business
models. This explains the simulation results, which indicate that market
creation led by technologies is greater than that led by business models,
and is also consistent with the actual situation.

Although robots have been used in laboratories and factories for
several years, their uses are changing rapidly. For instance, the sales of
professional and personal service robots, or intelligent robots, have
risen sharply, and it is estimated that the total number sold will reach
11.5 million by 2011 and USD 5282 by 2013, according to World
Robotics 2014 (Sharkey, 2008). Although the intelligent robot industry
developed later than the industrial robot industry and is still in its early
growth period, its market is growing. That trend corresponds to the

simulation results (Singer, 2011).
The intelligent robot industry is a new emerging industry, and the

simulation results show that technology development leads market
expansion in both the infant and after-growth stages of the industry.
The technology sector, including AI, cognition, and response, may lead
a market, and the post-development of corresponding business models
may create a market. In addition, when the intelligent robot industry
creates a new market, the simulation results show that investment in
both technology development and business model development leads to
massive market creation.

The simulation results correspond to actual conditions. For example,
although AI technology development remained stagnant for long, it has
recently begun to grow tremendously due to technical developments
such as Google's Deep Learning. The technology market is expanding
explosively with products such as Roomba, an autonomous robotic
vacuum cleaner, and Pepper, SoftBank's social robot (Jones, 2006;
LeCun et al., 2015; Sung et al., 2007).

The currently emerging infant intelligent robot industries of eight
individual countries show similar results in Fig. 6 (see also Appendix 3).
In Japan (Appendix 2-3) and the U.K. (Appendix 2-7), the gap between
the technology-based and business model-based market growth simu-
lation is not significant compared with the simulation results of the
autonomous car industry of these countries presented in Appendix 1.

4.2. Simulation of after-growth intelligent robot industry conditions: leading
firm, strong; standardization, strong; and regulation, strong

Fig. 7 simulates the market size expansion caused by an increase in
technologies and business models after the intelligent robot industry
has matured. Because this industry does not have an alternative market,
it is not easy to estimate its maturity. However, taking existing mature
industries into consideration, such as the mobile and computer sectors,
it is estimated that global leading firms will emerge and that a standard
will be set. In addition, regulations will be established.

The simulation results for the intelligent robot market after its
growth period show that the introduction of new technologies and
business models leads to additional growth of the market. When the
characteristics of a market are fully known or an alternative market
does not exist, the development of new technologies and business
models may lead to the creation of and an increase in new and diverse
markets. Thus, the results are consistent with the actual conditions. In
particular, with the introduction of intelligent robot products, such as
cleaning robots, personal service robots, professional service robots,
and personal AI service robots, technology development and a new
business model introduced after its maturity period may lead to new
market growth together (Gockley et al., 2007; Kim et al., 2013;
Scassellati, 2007).

In other words, the simulation results depicted in Fig. 7, which
shows the expansion of the intelligent robot market after a growth
period without additional development of technologies and business
models, clearly indicates that the strategy of strengthening technical
development may lead to slightly more market growth than the strategy
of reinforcing business models.

Overall, the effect of the development of new technologies on ad-
ditional market creation is relatively higher than that of business
models, after the growth of the intelligent robot industry. For an
emerging industry that does not have a converting market, it is esti-
mated that technology development will create a larger market than
business model development, but that both will continuously create
massive markets.

Because the intelligent robot industry is creating new markets in
various ways, a dominant design has not been established even after the
growth period, and diverse new markets and dominant designs will
appear (Anderson and Tushman, 1990; Suàrez and Utterback, 1995;
Teece, 2010).

After market growth, the simulation results of eight individual
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countries are similar to Fig. 7. In the case of insignificant technology
conditions, such as in Canada (Appendix 4-8), a business model-based
growth strategy of intelligent robots can create a larger market than a
technology-based growth strategy.

5. Discussion and conclusion

5.1. Discussion

5.1.1. The high role of the business model in a converted industry
For a converted industry, a business model is highly important. The

new business model itself leads to market growth, and technology de-
velopment is required to implement the new business model in a so-
phisticated manner. We have clearly shown that the simulation results
correspond to actual situations. Two examples are Apple's smartphones
replacing Nokia's feature phones, as well as the growth of Samsung's
smartphones and Chinese smartphone makers. Apple created the mo-
bile music download business model, the App Store business model, and
the Office mobile business model based on the existing mobile Internet,
screen, and download music platform, and implemented them in the
iPhone series. Thus, it became a leader in the smartphone market and
replaced Nokia's feature phones. Samsung and Chinese smartphone
makers then implemented business models introduced from or estab-
lished in the smartphone industry with a more up-to-date camera,
touch, authentication, and screen technologies, as well as additionally
developed business models, to compete with Apple.

The greatest discovery of this study is that in the second IT era, or
Fourth Industrial Revolution, the development of an advanced business
model in a converted industry is important for fast and substantial
growth of the initial market. Existing studies have not paid attention to
the role of business models in converted industries because they mis-
interpret the development of a new business model as a new tech-
nology.

In particular, the open business model platform, which allows
people to develop a new business model and create profits together, was
mistaken for a technology; the role and function of the business model
in converted industries thus were not properly evaluated. Open busi-
ness model platforms, such as App Store, iBooks Author, GarageBand,
and iTunes Radio, are business models that earn profits by themselves,
and other companies can add a new business model to these platforms
and share some of the profits.

To activate open business model platforms, Apple created the au-
thoring tools that are used for the business models and offered them for
free or at low cost. For example, anyone can create and upload a book
in iBooks through Book Writer; easily make music and sell it by up-
loading it to iTunes through GarageBand; and develop and upload an
app in Apple's App Store through Swift, Apple's easy application de-
velopment program.

5.1.2. Post-catch-up by open innovation and new business model
development

Instead of catching up with companies and targeting an existing
market, post-catch-up replaces an existing market or establishes a new
market. The open innovation strategy with a business model at post-
catch-up is emerging as an important strategic means (Lee and Lim,
2001). The leapfrogging catch-up strategy that creates a path is a part of
the post-catch-up strategy based on open innovation.

The open innovation for post-catch-up leads to the creation of a new
business model that creatively recombines technologies and markets (Li
and Kozhikode, 2009; Xielin, 2005). The post-catch-up strategy for
creating a new industry requires the development of a business model
that is continuously combined with a new market and secures external
creative technology through an open innovation strategy (van Elkan,
1996). In other words, even for a new emerging industry, the devel-
opment of a business model is no less important than technology.

5.2. Summary and limits, and future research agenda

5.2.1. Summary and limits
Fig. 4 shows that the effect of the business model is greater than the

effect of technology in the currently converted infant autonomous car
industry simulation. In contrast, Fig. 6 shows that the technology effect
is larger than the business model effect in the currently emerging infant
intelligent robot industry simulation. This means that in a currently
converted infant industry, the business model has a larger effect on
market growth than technology. Two different types of industries are
currently appearing—a pure new market industry and a converted new
market industry. In a pure new market industry such as AI, technology
is important in the emerging period. In contrast, in a converted new
market industry, such as the autonomous car industry, the business
model is important in the emerging period.

This study used the changing trends in technology patents and
business model patents in the autonomous car and intelligent robot
industries of eight countries for the last two years as the actual mea-
sured value, and simulated and analyzed the market growth of the two
industries based on preceding studies. In particular, the effect of the
additional development of technologies and business models on market
growth in the current infant industry, and on market growth after the
growth period, was simulated and analyzed, and the simulation results
were interpreted.

This study confirmed the qualitative validity of the simulation re-
sults using existing analytical results of the industry, as well as cases of
similar industries. The results suggest implications of present and future
strategies in the two industries. However, because there are insufficient
industrial data on the autonomous car and intelligent robot industries,
which are in their initial or growth stage, the validity of the present
research results cannot be confirmed in a quantitative manner.

5.2.2. Future research agenda
First, we determined that the development of open innovation

strategies and business models as well as the development and in-
novation of technologies of leading firms in the autonomous car and
intelligent robot industries should be analyzed in depth. Detailed ana-
lyses of the practical realities of technology innovation and business
model development in a converted industry and an emerging industry
will enrich and broaden the implications of this study.

Second, a statistical analysis to enhance the content and implica-
tions of the present research results should be conducted through a
massive survey, targeting autonomous car and intelligent robot com-
panies, their market and technical data accumulation, and other
sources.

Third, researchers should analyze and additionally validate why
some new emerging or converted industries have more business models
than other industries, and study the changing dynamics of the value of
technology in maturing industries through additional research.

Fourth, as a separate future research agenda, scholars should ana-
lyze the real differences in the roles of technology and business models
in these two industries in addition to performing simulation research of
the eight individual countries of this study, using data by country, or by
adding a fixed country effect based on different technological en-
vironments and economic growth across countries.
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Appendix 1. Simulation of currently emerging infant autonomous car industry of eight countries
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Appendix 2. After-growth autonomous car industry simulation of eight countries
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Appendix 3. Currently emerging infant intelligent robot industry simulation of eight countries
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Appendix 4. After-growth intelligent robot industry simulation of eight countries
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