o ey z
<@ sustainability ﬂw\p\py

Article
Is M&A Information Useful for Exploring Promising
Industries and Technologies?

Jinho Choi !, Sunghun Chung ? and Yong Sik Chang 3*

1 School of Business, Sejong University, Seoul 05006, Korea; jhchoi@sejong.ac.kr
2 Leavey School of Business, Santa Clara University, Santa Clara, CA 95053, USA; shchung@scu.edu
3 Department of IT Management, Hanshin University, Osan 18101, Gyeonggi-do, Korea
*  Correspondence: yschang@hs.ac.kr
check for
Received: 31 October 2019; Accepted: 14 December 2019; Published: 23 December 2019 updates

Abstract: Companies today that seek to diversify their business are looking for opportunities in new
markets by considering their core competencies. However, companies are struggling to diversify
and grow their current businesses due to a lack of information concerning diversification and a low
level of capability for future commercialization. In this study, we suggest a new methodology that
identifies promising industry and technology areas by examining mergers and acquisitions (Mé&As)
transaction data. Specifically, by analyzing the extent to which firms have engaged in M&A activities,
the prediction of promising industries is derived from the relationships among specific industries, as
well as the M&A transactions among technology areas within a focal industry. We first theoretically
test whether all M&A transactions are related to promising areas. Second, we analyze the trends of
global M&As by a time-series analysis of M&A transactions by sectors over the last 15 years. Lastly,
we conduct an association analysis to identify the degree of M&A connections between industry and
technology areas, respectively. We hope that our results provide insights for R&D policymakers and
investors who need to decide on promising industries to cultivate or invest in, and researchers who
want to identify overall M&A trends and promising industries and technology areas.
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1. Introduction

Companies seeking to diversify their business look for opportunities in new industries or markets
based on their core competencies. In general, most companies pursue growth in categories outside as
well as inside their core business area. However, many companies are struggling to diversify and grow
their businesses due to a lack of information concerning diversification and a low level of capability for
commercialization [1-3].

To overcome such difficulties, various forecasting methods for identifying promising industry,
business and technology areas have been developed [4]. Some public research and policy organizations
such as the RAND Corporation, Korea Institute of S&T Evaluation and Planning (KISTEP), and National
Institute of Science and Technology Policy (NISTEP) and research and advisory firms like Gartner,
Forrester, OVUM, and IBM periodically publish reports on technology forecasting for private
companies and individuals to alleviate R&D risks and to offer reliable and sufficient evidence
on promising industries.

Promising industry/technology refers to a rapidly growing industry/technology area in the market
in recent years. In other words, the term promising can be used interchangeably with growing or
emerging industry/technology.

In terms of forecasting techniques, judgmental [5-9] and bibliometric analysis methods [6,10-13]
have been used extensively by both scholars and practitioners. Specifically, judgmental methods
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first rely on the opinions of experts or panels with knowledge in a particular field that is relevant to
the forecast. In its simplest form, each expert or panel is asked their opinion based on his/her own
knowledge and insight, and they are subsequently integrated to generate a forecast. Judgmental
methods by experts are particularly useful when there is a lack of empirical evidence in an area with
high levels of uncertainty, as well as situations where it may take a long time before the findings
from research can be uncovered. However, this “genius forecast”, as it is sometimes called, is largely
dependent on the individual’s inputs and is particularly vulnerable to bias, but the potential for
bias may be reduced by incorporating the opinions of multiple experts in a forecast, which also has
the benefit of improving balance [4]. Another drawback of judgmental methods is inconsistency,
which occurs when experts or panels apply different decision criteria to a similar situation.

Second, bibliometrics is defined by Norton [14] as the measurement of texts and information.
Although traditional bibliometric methods have been used to trace back academic journal citations,
bibliometrics analysis today is used to understand the past and even potentially to forecast the
future [15,16]. Bibliometrics, in the context of technology forecasting, can be defined as the research of
statistical analysis to produce and disseminate information with respect to the use of recorded literature
or patents for forecasting and decision making [5]. Bibliometrics helps to identify the most recent
technological trends and discover hidden patterns with information on authors/inventors, affiliations,
and recent research in literature and patents [5,17]. Bibliometrics has been popularized and is becoming
more significant in technology forecasting with the rapid evolution of information technology and the
advancement of database systems [18,19]. Various types of bibliometric tools have been developed to
analyze descriptive statistics, affiliations, authors, countries, and collaborations in the literature [5].

However, bibliometric methods have several drawbacks including quality, discipline variation,
database variation, and bias and discrepancies [20]. For example, bibliometrics does not measure
quality, and so it is important to put the data in context using a combination of metrics and other
qualitative information.

In sum, both judgmental methods and bibliometrics have some limitations when applying their
results to the real world. The major problem of judgmental methods is that their results cannot be
objective. In the case of bibliometric methods based on papers or patents, there is a time lag [21,22] for
practical use in the market because it generally takes 1-3 years from finishing documents to finally
publish a paper or apply a patent. Above all, since these methodologies do not contain information
based on actual business transactions in the market, there might be some gaps with the real business
world, resulting in a fundamental limitation to the practical use of analyzed results by stakeholders.
Therefore, we need to develop a practical and usable methodology that can explore new business
opportunities for growth in the future.

The objective of this paper is to suggest a new methodology that can recommend promising
industry and technology areas using mergers and acquisitions (M&A) transaction data. M&A is a
general term to describe the consolidation of companies or assets through various types of financial
transactions, including mergers, acquisitions, consolidations, tender offers, purchase of assets and
management acquisitions. M&A tends to be used interchangeably, but there is a difference. In a merger,
two companies agree to join together to form a new entity, whereas in an acquisition, one company
subsumes the other [23]. It enables businesses to explore new business opportunities and opportunities
for collaboration. Since mergers are so uncommon and takeovers are viewed in a negative light, the two
terms have become increasingly blended and are used in conjunction with one another [24].

In particular, the M&A transaction data used in this study contain information that is appropriate
to immediately identify specific industry or technology areas that are growing because as they represent
current objective transaction information on industry and technology areas that are considered to be
promising. Furthermore, it can be very useful in terms of predicting future directions by grasping
promising industry and technology areas in each industrial area at specific points compared to the
whole period.
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The paper is organized as follows. In the following section, we analyze the trends of global M&As
in terms of transaction frequency for the recent 15 years (2002-2016). Section 3 analyzes whether most
M&A transactions are related to promising areas. We then extract M&A data at the highest level
(level 1) of S&P Capital IQ’s industry segment. In Section 4, we conduct time-series analysis of M&A
Transactions by sectors over the recent 15 years. To identify promising industry and technology areas,
in Section 4, we conduct association analysis to capture the M&A relationships between industrial
and technical areas in terms of the number of M&A transactions. For the analysis, we construct an m
(buyer) X n (target) matrix to analyze associativity between industry and technology areas. In the last
section, implications and further research issues are discussed.

For a detailed analysis of M&A transactions, we use S&P Capital 1Q. It provides detailed
information and analysis of all M&A transactions at the most granular level. S&P Capital IQ’s industry
segments are based on the global industry classification standard (GICS), which includes a four-tiered
hierarchical classification framework composed of 11 sectors (Level 1), 24 industry groups (Level 2),
68 industries (Level 3) and 157 sub-industries (Level 4) [25]. The official hierarchy for GICS is level
4, but for S&P, segments are drilled-down into level 6 to level 9, depending on the sector. Generally,
one industry is supported by various technology fields. Thus, it is named as the technology for all
hierarchies below the sub-industrial level. The classification categories of GICS and S&P Capital IQ
change over time to reflect industry structure and technology changes.

We hope this study will generate further research and be helpful to R&D managers, government
policymakers, and researchers.

2. Global M&A Trends

M&As have been around for a long time. It is no longer a new concept in the business world. It
started making its presence felt as early as the latter part of the 1800s, and increasing competitiveness
in the global business landscape has largely been instrumental in its widespread application [26].

The evolution of M&A is broken down into six stages or “waves” [26,27]: First Wave (1893-1904),
Second Wave (1919-1929), Third Wave (1955-1970), Fourth Wave (1974-1989), Fifth Wave (1993-2000),
Sixth Wave (2003-2008) and Seventh Wave (2011-onwards).

Before identifying promising industrial areas, we investigated the overall trends of M&A
transactions over the recent period using the global M&A deals of S&P Capital IQ. Figure 1 shows the
number of M&A transactions worldwide from 2002 to 2016. The M&A market has been very active
and continually increasing during the period, though there were some ups and downs. In 2015, there
were 40,402 global M&A deals. The compound annual growth rate (CAGR) of the number of M&A
transactions for the period 2002-2016 was 7.3%.
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Figure 1. The number of M&A transactions worldwide from 2002 to 2016.
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In addition, Figure 1 shows three waves of global M&A activity over the last 15 years, with peaks
in 2007, 2011 and 2015. In each peak year, the average size of M&A deals has grown. The most striking
features of today’s wave are the size of the deals and the speed at which these are growing. Strategic
deals in particular have grown in size as larger and larger companies agree to merge or be acquired.
The number of megadeals over $1 billion has grown exponentially. The increasing size of deals is
partly due to the strong trend towards consolidation and higher overall valuation levels, but it also
reflects the fact that acquiring companies have much larger war chests thanks to record profits and low
interest rates, enabling them to make increasingly audacious bids.

3. Relationship between M&A and Promising Areas

In this section, we theoretically test whether M&A transactions are related to promising areas.
M&As are taking place all over the world irrespective of the industry, and therefore it is necessary to
understand the basic concepts related to this activity. A merger is said to occur when two or more
companies combine to form one company. A merger is defined as a “transaction involving two or more
companies in the exchange of securities, and only one company survives.” When the shareholders of
more than one company, usually two, decide to pool resources of the companies under a common
entity, it is called a “merger”, in contrast to acquisition, which is an act of one company acquiring
effective control over the assets (purchase of assets either by lump sum consideration or by item-wise
consideration) or management (purchase of stocks/shares or gaining control over the board) of another
company without combining their businesses physically [28]. Generally, a company takes effective
control over a target company by acquiring the majority of shares of that company.

Companies try M&A deals for various purposes and motives. Not all M&A deals are targeted at
promising areas like traditional venture investments. There may be M&A deals for internal changes
and strategic objectives. Therefore, it is necessary to classify M&A transactions that have relevance to
promising areas based on the theoretical background. Therefore, we try to derive M&A deals based on
promising areas by analyzing the relationship between Mé&As and promising areas.

The motives of general companies for participation in M&As are derived from the related literature.
In principle, motives represent expectations and preliminary evaluations formulated by the parties
before the completion of a deal [29]. There are various purposes/motives for M&As. According to a
review of the literature, the main reasons for M&A are increased market share, improved efficiency, firm
growth, optimization, cost savings, risk reduction, entry into new business, securing R&D capability
and so on, which is a non-exhaustive and nonexclusive list of such motives.

Bower [30] suggested that acquisitions occur for five reasons, namely (1) to deal with overcapacity
through consolidation in mature industries, (2) to roll-up competitors in geographically fragmented
industries, (3) to extend into new products or markets, (4) as a substitute for R&D, and (5) to exploit
eroding industry boundaries by inventing an industry.

In a survey of 62 firms involved in M&A deals, Colombo and Garrone [31] found that
technology-related motives include the scale and scope of economies in R&D, R&D risk spreading,
access to technological resources, and the reduction of spillovers and competition in technology
markets. Meanwhile, market-related motives include an increase of market share, rationalization,
or entry into new businesses and geographic markets. Kui and Shu-cheng [32] also argued in their
empirical research that M&As not only play an important role in optimizing the allocation of resources
and promoting economic development, but are also an important component of an enterprise’s external
growth. Synergy is not only a significant reason for M&A. At the same time, it is an essential measure
of success or failure.

Cefis [33] argued that M&As represent a means of acquiring external knowledge, and therefore
post-merger behavior favors the consolidation of the knowledge that has been acquired by merging
with or by buying another firm. This supports the argument that M&As are generally linked to a firm
improving its innovation performance.
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Although in older studies on M&As from the 1970s, increasing R&D activities and improving
technological performance seem hardly relevant as motives for M&As [34], nowadays, many studies
suggest that M&As are an important element in the technology acquisition and innovation strategy of
companies, in particular in R&D-intensive industries such as ICT and pharmaceuticals [35]. M&As
allow companies to source existing technologies, thereby filling gaps in their technology portfolio
quicker than is feasible via in-house development [36-38]. Also, they provide a mechanism to learn
about the other firm'’s technologies, to recombine knowledge and technologies residing in different
firms, and thereby to generate innovations [36,39]. In a similar study, Graebner [40] reviewed what is
known about technology acquisitions, including buyers” and sellers” motivations for engaging in these
deals. Buyers pursue technology acquisition to add strategically valuable resources, enhance market
power, or to achieve strategic renewal, and the seller’s motivation for M&A is to add strategically
valuable resources (at the right time) and relieve personal pressures. Generally, the M&A activity of
technology firms is motivated by the acquirer’s desire to enhance its strategic technological capabilities
or obtain the resources needed to compete in global markets [41,42].

Mensah and Onumah [43] found that, in theoretical and empirical reviews, the motives for
mergers could be grouped into two categories: value enhancing and non-value enhancing. Value
enhancing motives include efficiency and synergy, real cost savings, financial or redistributive cost
savings, enhancement of market power, and preemptive or defensive disciplinary takeovers, while
non-value enhancing motives are hubris, empire building, risk spreading or diversification, stagnation,
and internationalization.

Motis [44] summarized a list of different rationales that have been proposed and classified them in
two main groups, namely shareholder gains and managerial gains. Shareholder (market value) gains
include efficiency gains (economies of scale, economies of scope, economies of vertical integration),
synergy gains (diffusion of know-how, R&D), cost savings (rationalization, purchasing power, creating
internal capital markets), financial cost savings (taxes, interest rates, diversification), enhancement or
strengthening of market power (through unilateral or coordinated effects, to raise entry barriers, to
spread portfolios, to obtain multi-market contact), as well as preemptive and defensive disciplinary
takeovers (market for corporate control, free cash flow). Managerial gains include empire building,
hubris, and risk spreading or diversification.

In contrast, some authors derived the motives for small and medium enterprises (SMEs) to
participate in M&A deals. Most of the reasons derived from SMEs were almost the same when compared
with general companies; these include rapid R&D capability, innovation, synergies, and survival.

Arvanitis and Stucki [45] analyzed the impact of M&As on the economic performance of SMEs.
The authors suggested five groups of motives: growth (increase market share, broaden the product mix,
entry into new business), cost (spread fixed costs, rationalization of procurement/production/marketing
and sales), resources (obtain access to specific know-how/network), risks (spread the market risk),
and innovation (reduce costs of R&D, obtain access to innovation-related know-how/networks, reduce
the risk of the R&D portfolio/of being imitated).

Hussinger [38] showed through empirical analysis that firms engage in M&As to strengthen their
technological competencies. The results are in line with previous empirical findings in that technological
relatedness is an important criterion for the decision to acquire another firm. Distinguishing between
the importance of technological relatedness for SMEs and larger firms shows that related technologies
are particularly important for the decision to acquire SMEs.

As shown in Figure 2, based on the above literature review, we can see that companies are seeking
“growth” and “innovation” by securing technological capability and growth engine with M&As and
improving productivity, thereby entering into promising industry and technology areas. Growth is
defined as a gradual development in maturity, age, size, weight or height. Innovation, in contrast,
is the act or process of innovating, which means introducing something new, e.g., a method, custom, or
device [46]. Innovation usually refers to a sudden spark or creativity, and the incipient actions that lead
to implementing that spark in a company’s strategy [47]. Therefore, we can conclude that companies
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try to gain new growth momentum in the future and enter promising industry and technology areas
through “growth” and “innovation”.

Growth & Innovation

-

Economy of Scale Cost Saving
Economy of Scope Diversification

Increase of Market Share External Growth
Entry into New Business Enhancement of Market Power
Entry into New Market Pursuit of Management's Benefits

Acquisition of Resources Pursuit of Shareholder Value

Risk Spreading Optimization of Resources
Efficiency Synergy

Figure 2. M&A purposes/motives.

On the other hand, in the case of “cost saving” and “pursuit of management’s value”, it is
necessary to examine whether these are related to promising areas since they can be carried out for
internal purposes.

Cost reduction includes the reduction of average or marginal costs of production, fixed costs,
financial costs and R&D costs [44,45]. Keywords related to cost reduction can ultimately lead to
“growth” and “innovation” as companies can have the same or higher output compared to smaller
input by achieving higher efficiency and productivity within the enterprise. Therefore, cost savings for
M&A purposes/motives are related to promising areas.

Non-value-maximizing theories argue that mergers are driven by managers trying to maximize
their own wealth at the expense of shareholders. Trautwein [48] summarized seven major M&A theories.
He classified the first four, namely efficiency theory, monopoly theory, raider theory and valuation
theory, as beneficial to the shareholders of the acquiring company, and the fifth one, empire-building
theory, as beneficial to the managers of the acquiring company, which means the maximization of
managers’ goals. The pursuit of shareholder benefits is driven by the growth of the company, which is
all related to promising areas. The pursuit of management’s benefits is maximizing managers’ utility,
and they endeavor to maximize the profit or potential value of an enterprise. The managers seek growth
potential and innovation to maximize the profit of the enterprise and also seek to enter promising
business fields for that purpose. Therefore, the pursuit of shareholders” and managers’ interests in the
M&A purposes/motives are also related to promising areas.

Another classification of M&As has been extensively employed in both the theoretical and
empirical literature. This classification does not refer to purposes or motives, but to types, which differ
according to the business structure of the merging firms.

M¢&As are defined as horizontal, vertical, and conglomerate [28,44]. M&A is considered horizontal
when two companies are in direct competition and share the same product lines and markets. M&A is
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considered vertical when one is a customer of the other, i.e., when the company expands backwards by
M&A with a company supplying raw materials or expands forward in the direction of the ultimate
consumer. Vertical M&As bring together companies in the same industry that are involved in different
stages of production, processes, or operations. Finally, M&A is considered conglomerate when firms
are in entirely different markets and/or do not have business lines in common.

When the management of acquiring and target companies mutually and willingly agree to a
takeover, it is called a friendly M&A, and when the acquisition is “forced” or against the will of the
target management, it is called a hostile M&A [28]. Hostile M&As take the form of a tender offer to the
target’s shareholders by the acquiring company, even if the target’s management does not approve [49].
Bailout M&As are conducted to bail out sick companies, to allow a company to rehabilitate according
to schemes approved by the financial institutions [32].

M&As can also be classified into domestic and cross-border ones [50,51]. Domestic M&A involves
two companies within the same country, while cross-border M&As (also referred to as international
mergers) are made between two companies from different countries.

The analysis of M&A transaction types shows that horizontal, vertical, and conglomerate Mé&As,
based on combination type, are all attempted for expansion or growth, and that cross-border M&As are
also related to promising areas because they are conducted to expand or grow regardless of borders.

If M&As are classified according to transaction intention, friendly M&A and bailout M&A are
related to promising areas because both parties’ interests and growth possibilities are recognized by
mutual agreement. However, a hostile M&A is not a means for mutual growth, but rather a unilateral
relationship, so we need to consider whether the connectivity is related to promising areas.

Theoretically, the motives for a hostile takeover are usually the same as for other acquisitions,
except for one additional reason or motive for hostile bidding. It is said that the most effective way
of replacing an ineffective board of directors or management of a targeted firm is through hostile
M&A [52]. When a company is operated ineffectively, even though it has great growth potential, or the
value of the stock price doesn’t adequately illustrate the real value of the company, the company is
undervalued. The acquiring company then wants to replace existing management for the company
to achieve its full revenue and growth potential, thus increasing its stock value. For this reason, a
company with a management that doesn’t seek the best interests for its shareholders can often be the
target of future acquisitions.

However, contrary to popular view, most hostile takeovers are not followed by the acquirer
stripping the assets of the target firm and leading it to ruin. Instead, target firms refocus on their
core businesses and often improve their operating performance [53]. Some hostile M&As proceed
to enhance social welfare, for example, the desire to exploit synergies by combining with the target
firm. Also, the possibility that a hostile M&A that has a malicious purpose such as taking control of
management could succeed is very low because there are anti-takeover mechanisms such as poison
pills [54]. Armour and Skeel [25] showed that, in practice, among the total number of M&A transactions
announced from 1990 to 2005 for which the target was a publicly traded firm located in the United
States and United Kingdom, 0.85% of takeovers during the period in the United Kingdom were hostile
and 0.57% of all M&A transactions in the United States were hostile. Therefore, except for a very few
cases, most M&As are related to promising areas.

As a result of examining the purpose of M&As and types of M&A transactions, we argue that
most M&A transactions are helpful for finding promising areas. Large companies and SMEs seek
to enter promising areas through “growth” and “innovation”. Most companies seek out promising
industry and technology areas with M&As and constantly strive to explore sustainability and gain
new growth engines.

In conclusion, M&A activity is one of the active growth strategies of a company, and an area
where M&A transactions actively take place for various motives and purposes can be considered a
promising area.
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4. M&A Data

Finding information about M&A transactions is possible with the availability of several M&A
databases. One of the powerful databases that contain M&A information is S&P Capital 1Q [55]. It
provides accurate and timely financial information to investment banks, asset management firms,
private equity firms, and corporations around the world. S&P Capital IQ provides detailed information
and analysis on all M&A transactions at the most granular level.

S&P Capital IQ’s industry segment is based on the GICS, which is an industry taxonomy developed
in 1999 by MSCI and Standard & Poor’s (S&P) for use by the global financial community. The GICS
structure consists of 11 sectors, 24 industry groups, 68 industries and 157 sub-industries into which
S&P has categorized all major public companies [56]. GICS is used as a basis for S&P and MSCI
financial market indexes in which each company is assigned to a sub-industry and to a corresponding
industry, industry group and sector, according to the definition of its principal business activity. A
sector is one of the few general segments in the economy within which a large group of companies can
be categorized [57]. An economy can be broken down into about a dozen sectors, which can describe
nearly all of the business activity in that economy. An industry, on the other hand, describes a much
more specific grouping of companies with highly similar business activities. Essentially, industries
are created by further breaking down sectors into more defined groupings [57]. The classification
tree in the S&P M&A database has a common lower level for each sector; the common lower level
for all industry sectors is level 4, which corresponds to the sub-industry level of GICS. A company
is classified in the sub-industry whose definition most closely describes the business activities that
generate the majority of the company’s revenues [58].

Our analysis process is as follows. Firstly, we extract M&A data at the highest level (level 1) of
S&P Capital IQ’s industry segment and then conduct time-series analysis over the recent 15 years
(2002-2016) to do a comparative analysis of changes.

Secondly, we conduct sector-to-sector association analysis at the top level of S&P Capital IQ’s
industry segment; the m (buyer’s sector) X n (target’s sector) matrix is constructed for the level (level
1) to analyze the M&A association structure between sectors. The matrix composition is based on
the number of M&A transactions between sectors. Promising industrial areas, namely sectors, are
derived by an analysis of the whole period (2002 to 2016) and five periods composed of three years,
respectively. Thirdly, we conduct sub-industry-to-sub-industry association analysis at the fourth level
of S&P Capital IQ’s industry segment. An m (buyer) X n (target) matrix is constructed for common
levels for all industries (level 4) for association analysis. Matrix composition is also based on the
number of transactions between sub-industries. Promising technology areas, namely sub-industries,
are derived by the analysis of the whole period (2002 to 2016) and five periods composed of three
years, respectively.

5. Time-Series Analysis of M&A Transactions by Sectors

Figure 3 shows the analysis results for cumulative M&A transactions based on the number of
M&A deals by 11 sectors over the recent 15 years (2002-2016).
The number of M&A deals has been increasing sharply across most of the sectors, although

/i

there are some differences in each sector. In particular, among the sectors, “industrials”, “consumer
discretionary”, “information technology”, and “real estate” account for a large part of the M&A
transactions and show continuous and rapidly increasing trends. In contrast, sectors such as “utilities”
and “telecommunication services” have a relatively low proportion of frequency of M&A transactions,

although the number of transactions continues to increase over time.
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Figure 3. Cumulative number of M&A transactions by sectors.

Table 1 presents a Theil regression analysis of time-series data based on the cumulative number of
M&A transactions by sectors. This regression, first proposed by Theil [59], is a method for fitting a
line to sample points in a plane (simple linear regression) by choosing the median of the slopes of all
lines through pairs of points. Theil’s regression, sometimes referred to as Theil-Sen regression, is a
robust non-parametric replacement for the traditional least squares approach to the linear regression
model. In straight-line regression, the least squares estimator of the slope is sensitive to outliers and the
associated confidence interval is affected by the non-normality of the dependent variable [60]. Theil’s
methodology does not require the normality of random error while being able to yield an estimate of
the slope of the regression line.

Table 1. Theil’s regression analysis of the cumulative number of M&A transactions by sector.

Sectors Regression Coefficient p-Value
Consumer Discretionary 17,065 0.027 *
Consumer Staples 5018 0.027 *
Energy 4429 0.027 *
Financials 7339 0.027 *
Healthcare 6697 0.027 *
Industrials 18,269 0.027 *
Information Technology 13,978 0.027 *
Materials 7937 0.027 *

Real Estate 13,790 0.027 *
Telecommunication Services 1154 0.027 *
Utilities 2257 0.027 *

*p<0.1.

As shown in Table 1, the regression coefficients for all sectors are positive and observed as
statistically significant at the 5% level, which means the number of M&A transactions for all sectors
increased significantly.

In particular, sectors with large regression coefficients are “consumer discretionary”, “industrials
and “information technology”, which means that their growth velocity is larger than other sectors
according to the number of M&A transactions.

”

In Figure 4, we analyze and compare the relative number of M&A transactions for each of the five
periods for each sector. The relative number of M&A transactions is determined by the relative ratio of
the M&A frequency of each sector to the total number of M&A transactions of all sectors in each period.
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Figure 4. Relative number of M&A transactions by each sub-industry.

“Consumer discretionary”, “industrials” and “information technology” are sectors where the
relative number of M&A transactions is higher than the relative number of M&A transactions.

In contrast, sub-industries such as “consumer staples”, “healthcare” and “utilities” show little
difference between the relative number of M&A transactions. In the case of the sector “Real Estate” the
relative number of M&A transactions shows a fast growth rate by increasing steeply. On the other hand,
it is observed that the relative number of M&A transactions in the sectors “financials”, “consumer
discretionary” and “telecommunication services” are decreasing over time. At this point, we present
the analysis results of the sectors (level 1) for each period by dividing them into three-year periods. It
is possible to identify them more specifically by subdividing the analysis target into lower levels and

further dividing the analysis period into two-year, one-year, quarterly, and monthly time units.
6. Association Analysis between Industry and Technology Areas

6.1. Association Analysis of Level 1: Buyer (All Industries) vs. Target (All Industries)

Table 2 shows the results of sector-to-sector association analysis at the top level (level 1) of all
sectors. A total of 433,888 deals were made between 11 buyer and 11 target sectors over the entire period
(2002-2016, 15 years). This methodology can be regarded as an organizational social informatics [61].
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Table 2. Inter-sector (Level 1) association analysis over the entire period (Number of M&A Deals).

11 of 19

Consumer

Consumer

Information

Real

Telecommuni-cation

M Discretionary Staples Energy Financials Healthcare Industrials Technology Materials Estate Services Utilities Total

Period 1 4553 98 16 106 77 469 541 101 78 50 3 6092

Period 2 10,528 266 62 179 116 1154 1359 311 244 111 18 14,348

Consumer Period 3 9269 290 59 166 121 1059 1181 272 519 74 7 13,051

Discretionary Period 4 10,382 313 58 130 148 1101 1513 268 1175 64 34 15,186

Period 5 10,080 325 47 147 165 1123 1702 191 1235 55 4 15,112

15 years 44,812 1219 242 728 627 4906 6296 1143 3251 354 138 63,789

Period 1 233 1590 5 24 63 9% 35 57 14 0 9 2126

Period 2 566 3667 32 62 180 265 38 149 65 5 8 5037

c Period 3 556 3368 13 53 135 308 46 118 126 0 11 4734
onsumer Staples .

Period 4 571 3617 24 47 144 286 38 121 164 6 17 5035

Period 5 402 3335 21 36 123 172 45 100 118 0 14 4366

15 years 2328 15,577 95 222 645 1127 202 545 487 11 59 21,298

Period 1 76 7 1358 56 9 184 66 9% 6 9 77 1944

Period 2 153 35 3302 86 19 543 90 251 8 9 162 4658

Energy Period 3 147 19 3222 66 15 459 75 234 62 5 161 4465

Period 4 142 20 3388 11 11 414 63 235 87 4 163 4568

Period 5 84 16 2189 33 3 258 35 167 66 6 91 2948

15 years 602 97 13,459 282 57 1858 329 983 229 33 654 18,583

Period 1 1131 286 88 3875 300 1167 749 329 441 94 78 8538

Period 2 2812 616 237 6736 677 2737 1341 856 1688 145 246 18,091

Financials Period 3 1797 483 282 6112 615 2216 1086 630 2435 93 267 16,016

Period 4 2137 552 294 6194 761 2359 1237 697 5003 93 390 19,717

Period 5 2238 678 291 6219 911 2473 1695 795 6471 119 449 22,339

15 years 10,115 2615 1192 29,136 3264 10,952 6108 3307 16,038 544 1430 84,701

Period 1 120 63 9 121 2306 178 237 4 5 5 1 3087

Period 2 220 140 15 110 4394 253 284 108 25 8 4 5561

Health Period 3 207 157 24 83 4468 253 211 123 40 3 3 5572

ealthcare Period 4 188 138 19 92 5188 221 190 83 95 9 4 6227

Period 5 184 199 14 91 5731 235 202 111 115 4 1 6887

15 years 919 697 81 497 22,087 1140 1124 467 280 29 13 27,334

Period 1 836 69 84 221 98 4210 760 353 79 67 72 6849

Period 2 2015 229 277 388 241 11,022 1439 1073 261 66 230 17,241

Industrial Period 3 1751 215 269 323 284 10,966 1309 983 474 54 246 16,874

ndustrials Period 4 1718 228 317 333 294 11,827 1339 968 765 43 330 18,162

Period 5 1555 226 290 344 272 11,374 1623 841 714 45 248 17,532

15 years 7875 967 1237 1609 1189 49,399 6470 4218 2293 275 1126 76,658
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Table 2. Cont.

12 of 19

Consumer

Consumer

Information

Real

Telecommuni-cation

M Discretionary Staples Energy Financials Healthcare Industrials Technology Materials Estate Services Utilities Total
Period 1 441 6 19 221 92 580 5300 46 17 188 6 6916
Period 2 943 21 51 264 161 1075 8995 139 43 310 22 12,024
Information Period 3 834 17 28 230 182 919 7991 152 52 216 35 10,656
Technology Period 4 928 31 43 227 203 1101 8998 153 111 174 60 12,029
Period 5 1064 37 47 221 247 1054 9737 134 88 143 62 12,834
15 years 4210 112 188 1163 885 4729 41,021 624 311 1031 185 54,459
Period 1 203 64 62 74 53 294 85 2012 11 3 22 2883
Period 2 423 123 355 95 115 813 126 5280 39 6 67 7442
Materials Per%od 3 381 116 317 129 97 757 101 5489 102 3 56 7548
Period 4 326 137 260 93 124 769 99 5292 111 1 72 7284
Period 5 200 130 141 72 131 805 116 4161 121 4 42 5923
15 years 1533 570 1135 463 520 3438 527 22,234 384 7 259 31,080
Period 1 240 26 0 78 29 99 41 9 1022 7 2 1553
Period 2 854 68 14 125 94 326 97 56 3406 11 14 5065
Real Estate Per%od 3 496 63 15 125 127 353 90 40 5293 3 22 6627
Period 4 818 87 17 119 280 588 91 52 10,714 9 29 12,804
Period 5 718 74 11 143 331 361 116 31 13,364 15 21 15,185
15 years 3126 318 57 590 861 1727 435 188 33,799 45 88 41,234
Period 1 73 2 0 15 3 22 344 2 5 532 0 998
Period 2 188 3 9 26 8 39 520 6 6 1059 7 1871
Telecom Services Per%od 3 138 1 8 13 5 49 388 4 9 744 3 1362
Period 4 120 6 6 16 6 39 309 6 11 607 3 1129
Period 5 119 3 2 11 5 37 339 1 10 516 3 1046
15 years 638 15 25 81 27 186 1900 19 41 3458 16 6406
Period 1 22 1 105 22 3 68 19 13 2 12 606 873
Period 2 42 9 148 15 6 236 33 40 13 14 1227 1783
Utilities Per%od 3 43 4 168 37 3 253 45 33 25 7 1347 1965
Period 4 42 9 154 12 4 234 44 15 28 1 1400 1943
Period 5 35 8 116 24 3 206 49 21 20 2 1298 1782
15 years 184 31 691 110 19 997 190 122 88 36 5878 8346
Period 1 7928 2212 1746 4813 3033 7367 8177 3060 1680 967 876 41859
Period 2 18,744 5177 4502 8086 6011 18,463 14,322 8269 5798 1744 2005 93,121
Total Period 3 15,619 4733 4405 7337 6052 17,592 12,523 8078 9137 1202 2192 88,900
Period 4 17,372 5138 4580 7304 7163 18,939 13,921 7890 18,264 1011 2502 104,105
Period 5 16,679 5031 3169 7341 7922 18,098 15,659 6553 22,322 909 2271 105,959
15 years 76,342 22,291 18,402 34,881 30,181 80,459 64,602 33,850 57,201 5833 9846 433,888
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According to the data collected from S&P, the number of closed or effective M&A transactions
during the 2002~2016 period was 458,800. In the case where there was an error in the data (e.g., when
there is no associated sector for buyer or target), the transaction was excluded.

The largest number of M&A deals was between industrials (buyer) and industrials (target),
and 49,399 deals were concluded during the period. Please note that our analysis covers both mergers
and acquisitions. The sectors that traded the most over the whole period in terms of buyer’s perspective
were financials (84,701 deals), which accounted for 19.5% of the total transactions, followed by
industrials (76,658 deals, 17.7%) and consumer discretionary (63,789 deals, 14.7%), respectively. As for
the target, industrials (80,459 deals, 18.5%) accounted for the largest volume of transactions, followed
by consumer discretionary (76,342 deals, 17.6%) and information technology (64,602 deals, 14.9%).

As shown in Table 2, there were 41,859 transactions between 11 buyer and 11 target sectors during
2002-2004 (period 1). The sector that participated most actively as a buyer was Financials (8538 deals),
which accounted for 20.4% of all transactions in period 1. The most actively targeted sector in M&A
transactions was information technology (8177 deals; 19.5%), followed by consumer discretionary
(7928; 18.9%). The largest number of M&A transactions that occurred during period 1 was between
information technology (buyer) and information technology (target), which was 5300 deals.

During 2004-2006 (period 2), there were 93,121 transactions between 11 buyer and 11 target sectors.
The sector that participated most actively as a buyer was financials (18,091 deals), which accounted
for 19.4% of all transactions in period 2. The most actively targeted sector in M&A transactions was
consumer discretionary (18,744 deals; 20.1%), followed by industrials (18,463; 19.8%). The largest
number of M&A transactions that occurred during period 2 was between industrials (buyer) and
industrials (target), which was 11,022 deals.

During 2007-2009 (period 3), there were 88,870 transactions between 11 buyer and 11 target sectors.
The sector that participated most actively as a buyer was industrials (16,874 deals), which accounted
for 19.0% of all transactions in period 3. The most actively targeted sector in M&A transactions was
industrials (17,592 deals; 19.8%), followed by consumer discretionary (15,619; 17.6%). The largest
number of M&A transactions that occurred during period 3 was between industrials (buyer) and
industrials (target), which was 10,966 deals.

During 2010-2012 (period 4), there were 104,084 transactions between 11 buyer and 11 target sectors.
The sector that participated most actively as a buyer was financials (19,717 deals), which accounted
for 19.0% of all transactions in period 4. The most actively targeted sector in M&A transactions was
industrials (18,939 deals; 18.2%), followed by real estate (18,264; 17.5%). The largest number of M&A
transactions that occurred during period 4 was between industrials (buyer) and industrials (target),
which was 11,827 deals.

During 2013-2016 (period 5), there were 105,954 transactions between 11 buyer and 11 target sectors.
The sector that participated most actively as a buyer was financials (22,339 deals), which accounted
for 21.1% of all transactions in period 5. The most actively targeted sector in M&A transactions was
real estate (22,322 deals; 21.1%), followed by industrials (18,098; 17.1%). The largest number of M&A
transactions that occurred during period 5 was between the real estate (buyer) and real estate (target)
sectors, which was 13,364 deals.

6.2. Association Analysis of Level 4 for Each Period: Buyer (All Industries) vs. Target (All Industries)

Table 3 shows the results of association analysis between sub-industries (level 4). During the
entire 15-year period, a total of 433,327 transactions were made between 157 buyers and 157 target
sub-industries. The reason why the number of M&As on level 4 is about 500 less than the number
of M&As on level 1 is because the lower the level in the S&P standard, the smaller the number of
transactions that do not belong to a specific industry or technology area. We used the original M&A
data and did not arbitrarily change it for the objectivity and validity of the study.
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Table 3. Inter-sub industries (Level 4) association analysis for each period.

Buyer Target
Period Ranking Sub-Industry Sub-Industry
(Number of Transaction; %) (Number of Transaction; %)
1 Asset Management and Custody Banks Application Software
(4313; 10.3%) (2093; 5.0%)
2 Application Software Internet Software and Services
(1549; 3.7%) (1926; 4.6%)
Peri Internet Software and Services Real Estate Operating Companies
eriod 1 3 o o
(2002-2004) . (1311; 3.1%) . (1171; 2.8%)
4 IT Consulting and Other Services (1046; Packaged Foods and Meats
2.5%) (1075; 2.6%)
5 Regional Banks Industrial Machinery
(967; 2.3%) (1003; 2.4%)
Application Software Application Software

Most Transaction (731, 1.7%)

Asset Management and Custody Banks ~ Real Estate Operating Companies

! (10,615; 11.4%) (4097; 4.4%)
2 Application Software Application Software
(2339; 2.5%) (3334; 3.6%)
Period 2 3 Packaged Foods and Meats Internet Software and Services
(2005-2007) (2324; 2.5%) (3282; 3.5%)
4 Internet Software and Services Packaged Foods and Meats
(2253; 2.4%) (2517; 2.7%)
5 IT Consulting and Other Services Construction and Engineering
(2243; 2.5%) (2397; 2.6%)
Packaged Foods and Meats Packaged Foods and Meats

Most Transaction (1688; 1.8%)

Asset Management and Custody Banks ~ Real Estate Operating Companies

! (9478; 10.7%) (7442; 8.4%)
2 Construction and Engineering Internet Software and Services
(2518; 2.8%) (3444; 3.9%)
Period 3 3 Internet Software and Services Construction and Engineering
(2008-2010) (2396; 2.7%) (2690; 3.0%)
4 Oil and Gas Exploration and Production Application Software
(2163; 2.4%) (2471; 2.8%)
5 Packaged Foods and Meats Oil and Gas Exploration and
(2016; 2.3%) Production (2368; 2.7%)

Asset Management and Custody Banks ~ Real Estate Operating Companies

Most Transaction (1930; 2.2%)

Asset Management and Custody Banks ~ Real Estate Operating Companies

! (13,263; 12.8%) (16,531; 15.9%)

2 Real Estate Operating Companies Internet Software and Services
(3722; 3.6%) (4566; 4.4%)

Period 4 3 Real Estate Development Application Software
(2011-2013) (3468; 3.3%) A .(2626; 2.5) . _

4 Internet Software and Service Construction and Engineering
(3209; 3.1%) (2578; 2.5%)

5 Construction and Engineering Oil and Gas Exploration and
(2683; 2.6%) Production (2388; 2.3%)

Asset Management and Custody Banks ~ Real Estate Operating Companies

Most Transaction (4455; 4.3%)
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Table 3. Cont.

Buyer Target
Period Ranking Sub-Industry Sub-Industry
(Number of Transaction; %) (Number of Transaction; %)
1 Asset Management and Custody Banks ~ Real Estate Operating Companies
(15,851; 15.0%) (20,660; 19.6%)
2 Real Estate Operating Companies Internet Software and Services
(5140; 4.9%) (5627;5.3%)
. Internet Software and Services Application Software
(Zg‘if;)f o 3 (3959; 3.8%) (3070; 2.9%)
4 Real Estate Development Hotels, Resorts and Cruise Lines
(3844; 3.6%) (2348; 2.2%)
5 Application Software Construction and Engineering
(2312; 2.2%) (2347;2.2%)
Most Transaction Asset Management and Custody Banks OReal Estate Operating Companies
(5930; 5.6%)
1 Asset Management and Custody Banks ~ Real Estate Operating Companies
(53,520; 12.4%) (49,901; 11.5%)
2 Internet Software and Services Internet Software and Services
(13,128; 3.0%) (18,845; 4.3%)
Whole Period 3 Real Estate Opera.tmgo Companies Apphcatlor? So(ftware
(2002-2016) (12,075; 2.8%) (13,594; 3.1%)
4 Real Estate Development Construction and Engineering
(10,705; 2.5%) (10,787; 2.5%)
5 Construction and Engineering Packaged Foods and Meats
(10,310; 2.4%) (10,235; 2.4%)
Most Transaction Asset Management and Custody( Eaglg; X z(s?al Estate Operating Companies

As shown below in Table 3, the sub-industry with the largest number of M&A transactions was
between asset management and custody banks (buyer) and real estate operating companies (target).
A total of 13,862 transactions were conducted, which accounted for 3.2% of all M&A transactions
between 157 subgroups (buyer) and 157 subgroups (target) over the whole period.

During 2002-2004 (period 1), the subgroups that participated most actively as buyer were asset
management and custody banks (4313 deals), which accounted for 10.3% of all transactions in the
period. The most actively targeted subgroups in M&A transactions was Application Software (2093
deals; 5.0%), followed by internet software and services (1926; 4.6%). The subgroups that traded the
most on the level 4 were application software (buyer) and application software (target), respectively.

During 2005-2007 (period 2), the subgroups that participated most actively as buyer were asset
management and custody banks (10,615 deals; 11.4%). The most actively targeted subgroups in M&A
transactions were real estate operating companies (4097 deals; 4.4%), followed by application software
(3334; 3.6%). The largest number of M&A transactions that occurred during period 1 was between
packaged foods and meats (buyer) and packaged foods and meats (target) subgroups, respectively
(1688; 1.8%).

During 2008-2010 (period 3), the subgroups that participated most actively as a buyer were Asset
Management and Custody Banks (9478 deals), which accounted for 10.7% of all transactions in the
period, followed by construction and engineering (2518; 2.8%). The most actively targeted subgroups
in M&A transactions were real estate operating companies (7442; 8.4%), followed by internet software
and services (3444; 3.9%). The subgroups that traded the most at level 4 were asset management and
custody banks (buyer) and real estate operating companies (target), respectively.

During 2011-2013 (period 4), the subgroups that participated most actively as buyer were asset
management and custody banks (13,263 deals), which accounted for 12.8% of all transactions in
the period. The most actively targeted subgroups in M&A transactions were real estate operating
companies (16,531; 15.9%), followed by internet software and services (4566; 4.4%). The largest number
of M&A transactions that occurred during period 4 was between the asset management and custody
banks (buyer) and real estate operating companies (target) sectors, respectively (4455; 4.3%).
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Lastly, during 2014-2016 (period 5), the subgroups that participated most actively as a buyer was
asset management and custody banks (15,851; 15.0%), followed by real estate operating companies
(5140; 4.9%). The most actively targeted subgroup in M&A transactions were real estate operating
companies (20,660; 19.6%), followed by internet software and services (5627; 5.3%). The subgroups
that traded the most were asset management and custody banks (buyer) and real estate operating
companies (target), respectively (5930; 5.6%).

7. Discussion and Conclusions

Companies that seek to diversify their business are looking for opportunities in new markets
by considering core competencies. However, companies are struggling to diversify and grow their
businesses due to a lack of information and opportunities for diversification and a low level of capability
for actual commercialization. Therefore, we need to develop a practical and usable methodology that
can explore new business opportunities for growth in the future. The objective of this paper is to
suggest a new methodology that can recommend promising industry and technology areas using
M&A transaction data.

The contents of the study are as follows.

Firstly, we analyzed theoretically whether all M&A transactions are related to promising areas.
Companies try to gain new growth momentum in the future and enter promising industries and
technologies through “growth” and “innovation”. Based on a literature review, we found that
companies are seeking “growth” and “innovation” by securing technological capability and growth
engines through M&As and improving productivity, thereby entering into promising industry and
technology areas. As a result of examining the purpose of M&As and types of M&A transactions,
we argue that most M&A transactions are helpful for finding promising areas. In sum, the key argument
we propose is that M&A transaction data can be a good steppingstone for finding promising areas, not
that all M&A transaction data are promising.

Companies seek out promising industries, markets, and technology with Mé&As and constantly
strive to explore sustainability and gain new growth engines.

Secondly, we extracted M&A data at the highest level (level 1) of S&P Capital IQ’s industry
segment and then conducted a time-series analysis of M&A transactions. Specifically, we showed the
analysis results for cumulative M&A transactions based on the number of M&A transactions by sectors
over the last 15 years (2002-2016). Further, we analyzed and compared the relative number of M&A
transactions of each period for each sector.

Thirdly, we conducted association analysis to analyze the M&A relationships between industry
and technology areas: sector to sector analysis and subgroup to subgroup analysis. We showed
the results of sector-to-sector association analysis at the top level (level 1) for a total of 433,888
deals. We constructed an m (Buyer) x n (Target) matrix to analyze the relationships between sectors.
Then, we conducted an association analysis between sectors for the entire period and for each of the
three-year periods (2002~2004, 2005~2007, 2008~2010, 2011~2013, and 2014~2016). We found the
sectors that participated most actively as buyers and sellers over the whole period and each three-year
period. The sectors that traded the most over the whole period in terms of buyer’s perspective
were financials, which accounted for 19.5% of the total transactions, followed by industrials (17.7%),
and consumer discretionary (14.7%). As for the target, industrials (18.5%) showed the largest volume
of transactions, followed by consumer discretionary (17.6%) and information technology (14.9%),
respectively. Furthermore, we suggested the results of association analysis between sub-industries
(level 4). A total of 433,327 transactions were made between 157 buyers and 157 target sub-industries
during the entire 15-year period. The sub-industry with the largest number of M&A transactions was
between asset management and custody banks (buyer) and real estate operating companies (target).
A total of 13,862 transactions were conducted, which accounted for 3.2% of all M&A transactions
between subgroups over the whole period. In addition, we found the subgroups that participated
most actively as buyers and sellers over the whole period and each period of three years, respectively.
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The possible uses of the research results derived from this study are as follows. First, the analysis
results based on M&A transaction information, among various open innovation activities, can be used
as data for discovering promising industry and technology areas. Second, by comparing the analysis
results of each period, it is possible to grasp overall trends in promising industries and sub-industries.
This information will be useful for R&D policymakers and investment bankers who need to decide on
promising industries to cultivate or invest in, and researchers who want to find promising industry
and technology areas and trends in an industry. The classification tree of S&P has nine levels for
each industry. It uses a representative word for an industry as it goes to the upper level, and a word
that represents a specific industrial classification or technology area at a further subdivided level. By
extending the association analysis presented in this study to a lower level, it is possible to generate
more sophisticated analysis results by analyzing the relationships between industries, sub-industries,
and even technology areas. Having said that, data availability remains a limitation and this calls for
future studies to identify promising areas more efficiently.
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