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ABSTRACT This study aims to propose a methodology for identifying new business opportunities in the
fourth industrial revolution. The methodology uses the co-word network analysis approach to analyze the
network centralities of keywords of the fourth industrial revolution and association analysis to explore
new business opportunities in venture capital firms’ investment datasets. Specifically, this study analyzes
1,049 papers related to the fourth industrial revolution published in 2013-2018 and the data on a total
of 12,361 venture capital transactions from S&P Capital IQ in 2017-2018. The proposed methodology
takes into account the number and size of investments, as well as the association with the fourth industrial
revolution for each transaction.

INDEX TERMS Fourth industrial revolution, venture capital firm, co-word network analysis, business
opportunity, venture capital investment.

I. INTRODUCTION
At the WEF (World Economic Forum) 2016 held in Davos,
the fourth industrial revolution was a key topic and it has
ever since been actively discussed on all industrial, academic
and governmental levels [1]. Although there may be some
differences in views, generally the WEF 2016 regarded the
invention of steam engine in 1784 as marking the first indus-
trial revolution; electrical energy generation andmass product
production in the late 19th century, the second industrial
revolution; the development of electronic devices, IT and
internet in the late 20th century, the third industrial revolu-
tion; and continuous IT development represented by artificial
intelligence (AI) and big data, the fourth industrial revolution.

Specifically, the fourth industrial revolution is defined as
a new form of revolution based on the third industrial revo-
lution featuring ubiquitous mobile internet, small and strong
sensors, AI and machine learning [2]. The fourth industrial
revolution is clearly distinguished from the previous three
revolutions in terms of its breakneck speed of change and
the scope of paradigm shift occurring on all individual, eco-
nomic, corporate and societal levels. Bloem et al. [3] defined
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the fourth industrial revolution as the combination of IT and
operational technology (OT), and the definition corresponds
to Cyber-Physical Systems (CPS) which is considered to be
one of the main concepts of the fourth industrial revolution.
In addition to AI and big data technologies, convergence
technologies across various fields play an important role
toward the fourth industrial revolution. Schwab [2] men-
tioned ten technologies in physical, digital and biological
areas that will lead the fourth industrial revolution, and
Li et al. [4] have also suggested technology drivers of the
fourth industrial revolution such as internet of things (IoT), AI
and machine learning, big data and cloud computing, digital
platform, autonomous cars, 3D printing, genetic engineering,
and neurotechnology.

As the fourth industrial revolution is drawing on a wide
range of technologies and influencing all industrial sectors,
major developed countries are investing great efforts in both
public and private sectors to exploit the opportunities it offers.
Germany, a global leader in manufacturing, had advocated
the concept of Industry 4.0 even before WEF 2016 was held
and is preparing for the upcoming industrial revolution [5].
DFKI, the German Research Center for AI, defines CPS
as the foundation of Industry 4.0 and is dedicating a great
deal of effort in building smart factories which actualize
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the concept [6]. In the United States, IT companies includ-
ing GE, Cisco, IBM, and Intel are focusing on developing
and commercializing industrial internet and IoT technolo-
gies. Industrial internet is designed to innovate conventional
industrial ecosystems, make substantial cost cuts and create
new added value through IoT technology [7]. For example,
GE has stopped being a mere electronics manufacturer and
released Predix, which is a cloud-based operating system for
industrial internet, and is aggressively working to be one of
the world’s top ten software companies by 2020 [8], [9].
Also, China announced ‘‘Made in China 2025’’ in 2015 and
has been implementing the plan to advance its industrial
structure. The country is working to strategically nurture IT,
robot, bio-pharmaceutical, and electric vehicle industries for
the fourth industrial revolution and boost added value with
the development of FinTech and O2O industries based on the
‘‘Internet Plus’’ strategy [10].

As above, major economies are actively preparing to
respond to changes brought by the fourth industrial revolu-
tion. South Korea is also making various attempts in public
and private sectors not to fall behind in the tide of change,
but the country is still lagging far behind other developed
countries in terms of competitiveness related to the fourth
industrial revolution and the availability of core technolo-
gies. In South Korea, small and mid-sized companies created
2,280,000 new jobs over the past five years, which amount
to approximately 90 percent of new jobs made in the period.
While the sustainability of small and mid-sized businesses is
essential for the development of the society, such companies
are less prepared than larger ones for changes arising from
the fourth industrial revolution due to their lack of resources
and competence. In the circumstances, efforts to preemptively
explore and seize new business opportunities are required to
adapt to upcoming changes in the environment.

In this sense, this study poses an evidence-based method-
ology to explore new business opportunities in the fourth
industrial revolution. In particular, we establish associations
between the fourth industrial revolution and business items
being undertaken by global corporations based on global
venture capital (VC) investment data and perform analyses
to identify business items highly associated with the fourth
industrial revolution in each business sector. Since VC firms
usually invest in startups that have a weaker financial foun-
dation than large-sized companies but have attractive tech-
nological prospects, the latest industry trends can be detected
throughVC investment data. Also, VC investors continuously
collect and analyze industry and market information for suc-
cessful investment, and thus the analysis of VC investment
data is highly significant in illuminating new business oppor-
tunities.

This paper consists of six chapters. In Chapter 2, we pro-
vides an overview of the theoretical background for identify-
ing new business opportunities through VC investment data.
In Chapter 3, the data and methodology used in this research
are introduced and the results of the research are presented
in Chapter 4. We discusses the meanings and findings in

Chapter 5 and limitations and the future direction of this
research are immediately followed.

II. RELATED WORKS
A. EXPLORING NEW BUSINESS OPPORTUNITIES
Corporate activities to find new business opportunities have
been studied from various different perspectives and such
studies can be divided those focusing on the ability of
management in authority to make big decisions and those
drawing on customer preference, social media, and patent
information.

Shane and Nicolaou [11] found that the creativity of man-
agement has a great impact on the identification of new busi-
ness opportunities, and there is research that cross-cultural
knowledge increases the possibility of detecting business
opportunities [12]. Gielnik et al. [13] argue that obtaining
more diverse information is advantageous in finding business
opportunities, and there is research supporting the hypothesis
that profound business experiences of management lead to
opportunities for high value-added businesses [14]. A field
study by Eller et al. [15] found that awareness of adverse
consequences and entrepreneurial attitude affect sustainable
business opportunity identification. Likewise, finding new
business opportunities is largely influenced by the personal
characteristics and competency of business managers, but
depending on the decision-making of management to find
a new business opportunity has limitations, especially as
the amount of information being generated and acquired
explodes at unprecedented speed in the complicated and
diversified business environment. To overcome these limita-
tions and identify new business opportunities, it is of utmost
importance for companies to constantly monitor changes in
the external environment [16]. In this regard, companies have
attempted to conduct deep analysis on themarket and technol-
ogy trends and of the feasibility of emerging business items
and devise business development strategies, and some of such
attempts have proved to be successful [17].

Patent information has been most commonly used in
research aiming to identify new business opportunities
through the use of data Yoon et al. [18] analyzed patent
applications using the SAO (subject-action-object) structure
and identified technological opportunities by finding the nec-
essary technologies for making a product and implementing
its functions. Lee et al. [19] mined text based on patent
information, scored the novelty of patents and detected the
potential technological opportunities. However, patent infor-
mation predominantly consists of technical terms and hardly
reflects demands and trends of the market. Lee and Lee [20],
to overcome such limits of patent information, took advan-
tage of trademark data in addition to patent information,
and developed a way to find new business opportunities
through collaborative filtering. Another prior study [21] tried
to identify new business diversification opportunities using
both patent information and merger and acquisition cases.
The basic idea of this method is that the business sector
of a company acquired by a company with characteristics
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similar to focal company can be a new business opportunity.
Kim et al. [22] attempted to analyze the network between
product keywords using product databases of B2B e-
marketplaces, find structural gaps, and develop new business
opportunities through fusion. Jin et al. [23] tried to under-
stand customer demands in the eyes of customers through
online purchase reviews and thereby derive ideas for new
product development. Research on reading user demands and
generating new product ideas by text-mining social media
and online communities is also actively under way, uti-
lizing advancements in text-mining and machine learning
technologies [24], [25].

B. VENTURE CAPITAL INVESTMENT DATA FOR EXPLORING
BUSINESS OPPORTUNITIES
As an increasing number of new businesses are launched
all over the world, VC invested in startups, small and mid-
sized businesses and venture companies is playing a more
and more important role. A VC firm is defined as an invest-
ment company that invests in venture businesses that run
risks that are too high to obtain funds from general financial
institutions [26]. An empirical study by Kim and Yang [27]
showed that greater VC investment brings greater techno-
logical outcomes, and Kim and Seo [26] also demonstrated
that the growth of venture businesses injected with VC funds
is stronger than those with no such funds, and that the
growth and profitability increase in proportion to the scale of
VC investment. This indicates that VC firms tend to discover
promising early-stage businesses with great growth potential
to maximize investment returns, and in turn, business items
in which VC firms invest have high potential to develop
into prosperous business opportunities. In other words, in the
screening process for investment, VC firms are likely to pick
out promising businesses. Consequently, crucial information
leading to promising business opportunities can be found
by analyzing the group of businesses that have attracted
VC investment [28].

A study by Grilli and Murtinu [29], using the VICO
dataset on 8,370 companies in seven European coun-
tries including France, Germany and England, showed that
VC investment contributes to sales progress of new European
technology-based firms. Based on Thompson’s VentureXpert
and AVCJ (Asia Private Equity and Venture Capital Intel-
ligence) databases, Nahata et al. [30] analyzed 9,813 items
of VC investment data collected from 30 countries, and
argued that VC investment in culturally diverse countries
requires stricter screening procedures, which in turn influ-
ence the success of investment decisions. These researchers
also demonstrated that VC investment in one’s own country
relieves liability of foreignness and improves the chance of
investment success. Popov and Roosenboom [28] analyzed
investment data from 21 European countries and proved that
VC investment exercises a positive impact on new business
creation.

In summary, VC investment is selectively made to
companies with bright business prospects as shown in the

studies mentioned above, and it has a positive effect on
business success. However, studies based on VC investment
data have mostly been designed to analyze the factors of
investment success or general industrial impact; few studies
have utilized VC investment information to develop emerg-
ing business opportunities. This research will suggest a new
methodology for finding new business opportunities based
on VC investment information. The new method draws asso-
ciations between VC investment information and the fourth
industrial revolution, which has a massive influence on all
industry areas, and it identifies new business opportunities in
the fourth industrial revolution. The proposed methodology
and new business opportunities found in this research will
have profound implications for corporations and industrial
policy makers in their efforts to prepare for the fourth indus-
trial revolution.

III. RESEARCH FRAMEWORK AND METHODOLOGY
The methodology that this study proposes is designed to
identify new business opportunities through VC investment
information and its association with the fourth industrial
revolution in four steps.

The first step is to build co-word networks between the
keywords related to the fourth industrial revolution. For this,
research data on the fourth industrial revolution are extracted
from the Web of Science database. Since this methodology
is based on relevance to the fourth industrial revolution,
the words related to the fourth industrial revolution (e.g.
Next Production Revolution, Industry 4.0, etc.) rather than the
names of specific technologies are used for data extraction.
With this extracted research data, co-word networks are built
based on the frequency of the simultaneous appearance of
each author keyword. The nodes of a built co-word network
are author keywords of published papers related to the fourth
industrial revolution, and the edges are created when two
keywords appear in the same paper. As a result, the co-word
networks form the Keyword Network of the Fourth Industrial
Revolution that shows the association between various key-
words pertinent to the fourth industrial revolution.

Subsequently, we analyzed the network centrality of each
node that comprises the Keyword Network of the Fourth
Industrial Revolution, to determine the level of their asso-
ciation with the fourth industrial revolution. In accordance
with prior studies, four types of centralities are primarily
used, and the definitions and descriptions of those centralities
are presented in Table 1. Because the four types of network
centralities have different ranges of values depending on their
characteristics as shown in Table 1, each centrality value
is normalized and applied as a z-score and t-score in the
following association analysis.

To analyze how closely the investment cases are associated
with the fourth industrial revolution, the network centrality
values of the nodes in the Keyword Network of the Fourth
Industrial Revolution are calculated firstly. Subsequently,
the association scores of VC investment data are calculated
based on how frequently the keywords related to the fourth
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TABLE 1. Network centralities in prior studies.

industrial revolution appear in the business description, prod-
uct name and product description fields of VC transaction
datasets. The scores should not only reflect the frequency of
appearance, but also measure accumulated network centrality
values of the keywords appearing under the three fields above.

Since VC investment data include the investments of mul-
tiple VC firms in the same company and the values of
VC investments are closely related to their scale, however,
it is necessary to incorporate these aspects into the association
scores. According to prior studies [26], companies that have
received a large scale of VC investment showed a signifi-
cant difference in growth and profitability compared to those
receiving a small or mid-sized VC investment. Similarly,
companies that attracted investment from multiple VC firms
showed a significant difference also in growth and profitabil-
ity compared to those receiving funds from a single VC firm.
To reflect the scale and overlapping of investment in the asso-
ciation scores, an impact factor has been devised as follows.

(VC investment IF)

= (number of transactions)

× (t − score of amount of total investments) (1)

Accordingly, the final scores are calculated by multiplying
the VC investment IF and the fourth industrial revolution
association scores for VC investment data, and they are also
normalized to 100 for convenience of comparison.

IV. DATASETS AND ANALYSIS RESULTS
A. DATASETS
This study analyzes 12,361 cases of global VC investment
data from 2017 to 2018 extracted from S&P Capital IQ.

TABLE 2. Descriptive statistics of VC transaction datasets.

FIGURE 1. Papers related to fourth industrial revolution published in
2013-2018.

VC investment data are provided by multiple institutions
including VentureXpert, Venture Source, Crunchbase, CB
Insights, and DataFox, but S&P Capital IQ was deemed most
appropriate for this studymainly because it provides financial
and investment information of unlisted companies as well as
listed ones and includes information on their business projects
and products. The investment data on the 12,361 cases
were comprised of 12 business sectors, 11,542 investees
and 9,226 VC firms (or groups), and the total amount of
investments was 450,615.7 million dollars. The descriptive
statistics are in Table 2.

By performing searches on theWeb of Science database for
the terms related to the fourth industrial revolution, includ-
ing fourth industrial revolution, next production revolution,
next manufacturing revolution, and Industry 4.0, we extracted
1,049 papers published for five years from 2013 to 2018
(Fig. 1). Papers published in the most recent six years were
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FIGURE 2. Keyword network of the fourth industrial revolution (selected nodes with higher degree centrality).

analyzed because the words related to the fourth industrial
revolution began to emerge in 2013. In fact, the search for-
mula devised for this research did not find any paper pub-
lished earlier than 2013. The number of papers related to the
fourth industrial revolution was only one in 2013, and the
number drastically increased to 267 in 2017 and to 615 in
2018.1

B. ASSOCIATION ANALYSIS WITH KEYWORD NETWORK
OF THE FOURTH INDUSTRIAL REVOLUTION
Fig. 2 illustrates the Keyword Network of the Fourth Indus-
trial Revolution based on the 1,049 papers and Fig. 3 shows a
part of the results from four types of centrality analyses of the
keyword network. To build and analyze the network, we used
the software Gephi-0.9.2. For example, for degree centrality
that shows the number of direct relations, Industry 4.0 has the
highest value as it is connected with 618 other keywords, and
‘‘internet of things,’’ ‘‘cyber physics systems,’’ ‘‘big data,’’
and ‘‘digitalization’’ also have high degree centrality values.

1The search was made as of February 2019

FIGURE 3. Sample results of centrality analysis.

To apply the centrality values for the keywords related
to the fourth industrial revolution and score the associations
between VC investment data and the fourth industrial revo-
lution, we used degree centrality, among the four types of
network centralities seen in Table 2. Although degree cen-
trality indicating direct relation was determined to be the
most appropriate for this association analysis, different types
of centrality values can be used depending on the circum-
stances. The association scores were then normalized to 100.
Darktrace Limited, an AI company for cyber defense, turned
out to have the highest association score followed by Wind
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TABLE 3. Sample results of association analysis (top 10).

TABLE 4. Sample results of association analysis with impact factors
(top 10).

River Systems, Inc., which provides embedded software for
intelligent connected systems, and the Aras Corporation,
which develops and delivers enterprise open source solutions
(Table 3).

The final scores were calculated by multiplying the fourth
industrial revolution association scores for VC investment
data and VC investment IF (Table 4). They were then nor-
malized to 100 for ease of comparison. As a result, Toshiba
Memory Corporation ranked highest followed by Meituan
Dianping, Darktrace Limited, Envision Healthcare Corpo-
ration, and GLP Pte. Ltd., in that order. Toshiba Memory
Corporation designs, develops, manufactures, and sells non-
volatile memory solutions. Meituan Dianping provides an

TABLE 5. Emerging business opportunities with highest association score
by business sectors.

e-commerce platform that uses technology to connect con-
sumers and merchants. Darktrace Limited develops security
solution for organizations to detect emerging cyber-threats
and defend them against cyber-attacks. Envision Health-
care Corporation provides various healthcare services in the
United States. GLP Pte. Ltd. owns, manages, and develops
logistics facilities.

C. EMERGING BUSINESS OPPORTUNITIES
Emerging business opportunities in the era of the fourth
industrial revolution have been identified based on high rank-
ing VC investment data in the association analysis for each
business sector. Business sectors were considered in the pro-
cess of identifying the business opportunities for the follow-
ing reasons. First, the scale of investment varies depending
on business sector. Second, the fourth industrial revolution
is built on IT technology including big data and AI, and
companies classified as Information Technology by business
sector tend to rank high. As this study aims to identify
emerging business items in various sectors in the fourth
industrial revolution, the results are provided by business
sector and these sectoral results are presented in Table 5 (see
Appendix Table 6 for details; Top 10 in each sectors).
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V. DISCUSSIONS
VC investment is a recommended strategy for achieving cor-
porate business development objectives. [40]–[43] VC firms
make investment for a variety of strategic purpose. For exam-
ple, they like to develop business relationships, find poten-
tial acquisitions, assist spin-outs from the corporations, and
identify new opportunities. [43] According to prior studies,
identifying new opportunities ranked a top priority among
the various strategic objectives of VC investment [44] mainly
because the investment may provide a source of potential new
business areas. [43]

The investment process usually begins with the identi-
fication of new business opportunities. [45] A new busi-
ness opportunity may lead firms to subsequent innovation
and yield future profitability, but there is obvious uncer-
tainty because the degree of novelty differs greatly among
firms and industries. [46] Under this uncertainty, while
VC investment has become an increasingly important source
of financing for startups and small and mid-sized companies
[45], [47]–[49], it is not easy for companies to achieve invest-
ments. Companies that like to achieve financial investments
often rely on their own business knowledge to market their
potential business opportunities. [45]

There are clear differences between business ideas and
business opportunities. While business ideas are difficult to
share with others because it is often subjective and abstract
[50], [51], business opportunities are more conceptualized
in terms of product or service including target markets. [52]
In this sense, it is difficult to identify new business oppor-
tunities without novel knowledge. The knowledge can be
classified into two different types: technical knowledge and
market knowledge. [53], [54] Relatively, technical knowledge
may be well known and common to a large population of
experts [46] from the perspective of business opportunities
in the fourth industrial revolution, which is the focus of
this study. Meanwhile, market knowledge may be less well
known in the case ofmarkets and industries that are emerging.
Changes due to the fourth industrial revolution are currently
underway, so obtaining relevant market knowledge may be
challenging.

In this sense, this study endeavored to exploit market
knowledge to identify business items in the fourth industrial
revolution based on the VC firms’ investment datasets. The
changes referred to the fourth industrial revolution are in
fact based on IT developments including AI, big data, and
sensing technologies, and thus a large number of expected
business items were drawn in Information Technology and
Telecommunication Services sectors. A variety of business
items were, however, also found in other business sectors.
For example, the business for developing connected toys,
an open architecture, and a cloud platform to drive child
friendly content (Dynepic, Inc.), the computer science edu-
cation training services (Lambda Inc.), the online recruitment
platform business (Zhaopin Limited), the environmental risk
information services (Environmental Data Resources, Inc.),
and the business for developing and providing materials and

software for additive manufacturing (Sigma Labs, Inc. and
AREVO, Inc.) turned out to be emergent with strong future
potential. From a practical perspective, these findings are
expected to offer new insights to startups and small and mid-
sized companies looking for new possibilities in this fast-
changing era.

This study has also achieved several academic contri-
butions. It provides a new research direction by explor-
ing new business items through a quantitative data-based
methodology that utilizes the author keywords of papers,
builds co-word networks from them, and establishes their
associations with the fourth industrial revolution. Since prior
studies relied on expert-dependent, qualitative methodologies
to find new business items, the new quantitative analysis in
this paper will usefully complement the earlier qualitative
ones.

VI. CONCLUSION
This research has offered methodology for exploring new
business opportunities in preparation for the ongoing fourth
industrial revolution. The methodology finds associations
between the fourth industrial revolution and VC investment
transaction data extracted from the S&P Capital IQ database
and draws new business opportunities. It builds co-word
networks based on the search results of author keyword on
the Web of Science, calculates network centrality values for
keywords to score their association with the fourth industrial
revolution, and identifies new business opportunities by busi-
ness sector in consideration of the scale and overlapping of
investments.

However, the methodology suggested herein has the fol-
lowing limitations. First, it does not reflect the information
about investees. The age, sales record and size of investees are
not considered. Because these aspects are related to the possi-
bility of attracting investment from VC firms, future research
should find way to incorporate them. Second, while we
believe that our findings partially succeeds in giving relevant
market knowledge to startups and small and mid-sized com-
panies looking for new opportunities in light of the ongoing
industrial changes of the fourth industrial revolutions, it does
not provide complete market knowledge for each business
sector. In this sense, differences between business sectors
are also not considered. Most of the high-ranking companies
referred to in this paper belong to the Information Technology
business sector. The business sector is clearly indicated in the
outcome of this research and the differences between business
sectors are not included in the process of analysis, but it will
be more useful if a comprehensive approach to incorporating
even the sectoral differences is developed. Furthermore, in-
depth case studies on the selected investees will give help
to companies who are planning to conduct related business
projects.

APPENDIX
See Appendix Table 6.
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TABLE 6. Emerging business opportunities by business sectors (top 10).
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TABLE 6. (Continued.) Emerging business opportunities by business sectors (top 10).
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TABLE 6. (Continued.) Emerging business opportunities by business sectors (top 10).
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