o ey 4
<@ sustainability ﬂw\p\py

Article

The Influence of a Firm’s Capability and Dyadic Relationship
of the Knowledge Base on Ambidextrous Innovation in
Biopharmaceutical M&As

Ye Jin Lee, Kwangsoo Shin * and Eungdo Kim *

Department of Biomedical Convergence, College of Medicine, Chungbuk National University, Chungdae-ro 1,
Seowon-gu, Cheong-ju, Chungbuk 28644, Korea
* Correspondence: sksidea@chungbuk.ac kr (K.S.); edkim@chungbuk.ac.kr (E.K.); Tel.: +82-43-261-2858 (K.S.)

check for

Received: 1 August 2019; Accepted: 6 September 2019; Published: 9 September 2019 updates

Abstract: In recent years, technological mergers and acquisitions (M&As) have become important
strategic tools for enterprises to access and utilize new external knowledge. In particular, in the
biopharmaceutical industry, M&A activities are actively being progressed due to an increase in new
drug development costs, a decrease in R&D productivity, and the patent expiration of blockbuster
drugs. However, there is a lack of research on the integrated view of (1) the acquirer’s capability and
(2) the dyadic relationship of the knowledge base between the acquirer and target on the innovation
performance of the acquirer. Furthermore, there are few empirical studies on the impact of these
factors on ambidextrous innovation; that is, exploitative and explorative innovation. Therefore,
with this integrated view in mind, this study analyzed the effect of each factor on the exploitative and
exploratory innovation performance of the acquirer. A negative binomial regression was conducted
using patent data to measure the innovation outcome of the acquirer after M&A. The findings
suggest that (1) the acquisition experience of the acquirer and (2) the technological commonness
between the acquirer and the target both had a significant impact on the exploitation and exploration
innovation performance.

Keywords: technological M&A; exploitation and exploration; firm’s capability; dyadic relationship
of the knowledge base; biopharmaceutical industry

1. Introduction

The trends in technology and product development have been rapidly evolving, with knowledge
and technology converging across a wide range of areas [1]. Consequently, it has become of prime
importance for a firm to quickly adopt and internalize a range of expert knowledge and technologies
for its long-term survival and technological competitiveness. However, it is impossible for a firm to
possess all the technologies required for internal innovation and to create sustainable core competencies
solely from internal capabilities [2—4]. For these reasons, most corporations depend on mergers and
acquisitions (M&As) to absorb other firms with promising technology, in order to bridge the gap in
their technological resources and expand their knowledge base for future innovation.

Many previous studies have explored why a firm may choose M&As as a growth strategy.
Specifically, M&As are used to resolve uncertainties in the economy, in specific industries, and
in transactions with other firms. Additionally, M&As enable relocation of existing resources for
more productive uses [5-7]. In some cases, corporations are able to diversify their technological
portfolio through M&As much faster than through inside research and development (R&D) efforts [8].
The tendency for most firms is to strengthen the past technological trajectory, leaning toward
self-reinforcement for short-term performance [9,10]. However, high-tech businesses faced with
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dramatic technological changes need to focus on acquiring outside knowledge [10]. Therefore,
acquisition of external knowledge can promote a firm’s sustainable innovation, long-term survival,
and growth, which can be easily overlooked.

There have been many studies on the factors influencing the technological innovation of
corporations after M&As. Studies on the acquisition of outside knowledge through M&As have
divided the elements of technological innovation roughly into a firm’s capability and the attributes of
the knowledge base of the merger (dyadic relationship of the knowledge base). From a resource-based
viewpoint, transferability of a firm’s resources and capabilities is a key factor in continuously obtaining
a competitive advantage while maximizing profits [11]. As such, it is particularly important for
knowledge resources to be transferrable inside the firm, as well as between firms [12]. Furthermore,
the technologies of an organization can be developed and retained only through experience [13], and
the existing competence and experience of firms help them fully understand and exploit new outside
knowledge and influence firm performance after M&As [10,13-16]. In addition, a considerable number
of studies argue that the dyadic relationship of the knowledge base between the acquirer and target
influences M&A outcomes through technological relatedness [17-20].

Previous studies have explored a firm’s capability and attributes of the knowledge base in relation
to innovation results from their own perspectives. Although these studies have pointed out that both
perspectives significantly influence innovation performance, there is limited research that attempts
to integrate the two major perspectives and explore the relationship with innovation results from
a mixed perspective. Additionally, most of the preceding research has analyzed innovation results
with a single-dimensional approach and failed to provide sufficient explanation of the differences
in management performance in relation to the major knowledge characteristics. Within this context,
this study analyzes the influence of the capability of acquirers and the dyadic relationship of the
knowledge base on exploitative and explorative innovation after M&As.

This study targets the biopharmaceutical industry as a representative case of M&As that are aimed
at expanding a corporation’s knowledge base. This industry not only has the biggest market size
globally but also has huge social and economic impacts. Furthermore, the technological development
of biopharmaceutical technologies requires high uncertainty, a high degree of convergence, and high
technological cumulativeness [21-24]. Therefore, the firms” knowledge base in the industry needs to be
constantly upgraded through acquiring external knowledge and technology. There are various open
innovation methods for this in the biopharmaceutical industry, and M&A activities have been actively
progressed due to an increase in new drug development costs, a decrease in R&D productivity, and
the patent expiration of blockbuster drugs. Consequently, the results of this study will have practical
implications for the management of a firm that is considering an M&A, or for consulting agencies,
to make an optimal decision in the biopharmaceutical industry.

Furthermore, the topic of corporate management in recent years is a long slump of the global
economy, regardless of developed and emerging countries, which have a common task of “overcoming
the low growth period” [25]. Although there are various strategies for overcoming the era of low
growth, the management strategy for exploitative and explorative innovation is more important than
anything. Tushman and O’Reilly [26] established it as the concept of “innovation by ambidextrous
organization”, that is, “ambidextrous innovation”. It means that a firm should be able to use both left
and right hands for exploitative and explorative innovation. Incorporating this into an organization
can be defined as the coexistence of “exploitation”, which is the ability to increase the efficiency of the
company itself and reduce the risk, and “exploration”, which is the ability to take risks for creativity.
Therefore, ambidextrous strategy through M&A is important for firm’s sustainable innovation and
growth [27].

Generally, startups and small-medium enterprises as the open innovation economy contribute to
big business as the closed innovation economy [25]. It can also lead to the social innovation economy
and ultimately help to emergence of creative and innovative startups in the open innovation economy.
This is called “entrepreneurial cyclical dynamics of open innovation” [28]. M&A is not only a means of
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open innovation but also an important way to overcome the limitations of low growth by developing
an industry dynamically. Likewise, the various M&A events among firms in biopharmaceutical
industry can lead to evolutionary industrial economic change as a complex adaptive system [29].
Therefore, the results of this study can also provide implications for the dynamic development of the
industry by demonstrating how the results of ambidextrous innovations result from M&A events in
the biopharmaceutical industry.

In Section 2, related theories are reviewed from prior studies and the hypotheses are established.
In Section 3, a model for empirical research is explained with data and variables. In Section 4, the results
of analysis and discussion are presented. Finally, in Section 5, conclusions are drawn.

2. Literature Review and Hypothesis

2.1. M&A Activities in the Biopharmaceutical Industry

Despite a recent decline in the size of the M&A market, the biopharmaceutical industry is
steadily gaining ground. In 2009, global M&A activities decreased by 28% to USD 2.1 trillion, while
pharmaceuticals and biotechnology-led healthcare transactions accounted for 11% in the pharmaceutical
industry out of the top four industry sectors [30].

M&A is an important tool to strengthen or increase a firm’s existing competencies [31]. Some researchers
insist that M&As have increased in the biopharmaceutical industry primarily because of the rise in the cost
of new drug development and the fall in R&D productivity [32,33]. To address these issues, corporations
utilize M&As as a short-term solution to acquire products released to the market, thereby supplementing
their pipeline and narrowing their sales gap.

Additionally, as the expiration of a patent for a blockbuster product can cause negative changes in
the financial structure of a biopharmaceutical firm, such a firm is faced with market pressure which
forces it to continue to develop new drugs to grow profits [34,35]. To solve this problem, corporations
tend to choose M&As as a quick solution [32]. Besides this, firms resort to M&As to deal with the rise
in marketing costs, to secure a competitive advantage by maintaining their scale and scope, and to
expand into new fields through market fragmentation [30].

Such constant growth of the biopharmaceutical industry’s M&A market is a characteristic that
differentiates it from other industries. This industry is a representative science-based industry
characterized by instant and close connections between basic scientific research and industrial
performance. It is an industry where technologies from a wide range of areas, including medicine,
chemistry, microbiology, pharmacology, and physiology, are converged, and a diversity of expertise is
involved in the development process. This process can be considered a science-driven development
related to the area of scientific advances where new knowledge is introduced, enabling progress to
the next stage [36]. Such scientific development requires more progress than the past for a firm to
create value. At the same time, a new discovery triggers an increase of strict government regulations
against risks and uncertainties, heightening development costs. Additionally, it is impossible for a
firm to develop drugs for all diseases because different treatment areas require different expertise.
Therefore, M&As are considered the main tool for biopharmaceutical firms to expand their expertise to
other areas.

However, some studies suggest there are negative effects of M&As in the biopharmaceutical
industry. For instance, the drivers of M&As, according to the attributes of the biopharmaceutical
industry, can solve problems faced by firms, but these solutions may be no more than a quick fix that is
heavily dependent on decision-making instead of being a long-term future strategy [30]. Others argue
that M&A has slightly or no positive influence on R&D productivity [34], or has no positive effect on
a firm’s profits [37]. Besides, some researchers believe that the expansion from an M&A negatively
influences R&D creativity in the initial stage of the integration and has a negative effect on synergy
and innovation after the M&A [38].



Sustainability 2019, 11, 4920 40f17

However, notwithstanding all the different opinions on the effects of M&As in the biopharmaceutical
industry, the size of M&As is increasing, which is believed to reflect management’s belief that M&As
provide a fast and easy path to reach firm’s goals and achieve growth [31]. These mixed results may
confuse managers, as many studies on M&As have resorted to financial measurement as an indicator of
value creation. Therefore, it is necessary to evaluate the performance of M&As using a different approach.

2.2. The Effect of M&As on the Innovation Performance of an Acquirer

M&As can be divided into technological and non-technological M&As; not all acquisitions
are conducted for technological reasons [39]. M&As may take place for different purposes related
to market entry and market structure, financial synergy, market dominance, or expansion of a
firm’s product range in the global market [30,40,41]. These varied purposes may motivate an
acquirer to pursue non-technological acquisitions that are less likely to provide them technological
knowledge. In particular, acquisitions that focus on non-technological interests such as short-term
profit growth may require much attention from an acquirer’s management, which dampens executive
commitment to long-term investments in innovation [38]. With few technological elements involved,
such M&As cannot affect technology systems and innovation routines, decreasing their influence on
innovation performance.

In comparison, technological M&As are defined as M&As with the purpose of absorbing
the acquired firm’s knowledge base to create technological innovation and secure sustainable
competitiveness [18,29,42]. The main goal of technological M&As is access to technology and
technological knowledge [6,43,44]. Acquirers conduct technological M&As to expand their knowledge
base by absorbing the knowledge of the acquired firm, or to create innovation by introducing resources
that they cannot create on their own [18].

Ahuja and Katila [18] argued that the size of the acquired knowledge base positively influences
the effect of technological M&As on innovation performance. Particularly in a knowledge-intensive
high-tech industry characterized by rapid technological innovation and complexity, it is extremely
important to gain external knowledge to create innovation [45]. High-tech firms in areas such as
biotechnology, and information and communications technology (ICT) mostly conduct M&As to
acquire external technology. The results of such M&As, with the purpose of acquiring external
knowledge, are directly shown in the R&D input, process, and innovation performance of the acquiring
firm, thereby positively influencing profitability and productivity [46].

Furthermore, a technological M&A is a process which provides new knowledge to the acquirer
and creates innovation through new knowledge; therefore, a technological M&A itself is an important
factor for future innovation [47,48]. Most innovations do not come from entirely new knowledge
but from the recombination of various existing knowledges. Consequently;, it is possible to diversify
a firm’s technology portfolio faster through acquisition of new external technologies than through
in-house R&D efforts, and also by enabling creative recombination through increasing the number of
internal and external knowledge elements available to the acquirer [18,49].

Meanwhile, if the acquirer fails to add a new knowledge base or adds just an insignificant amount,
the risk is very high. In such cases, an M&A can negatively impact innovation performance, as it is
time-consuming and costly to acquire and commercialize a new knowledge base [38,50,51].

2.3. Hypotheses

2.3.1. Acquirer’s Technological Capability

Acquisition of external knowledge is a type of learning, and a firm'’s learning ability is determined
by its internal knowledge base [13,16]. A firm’s knowledge base is a factor that influences firm
innovativeness in absorbing external knowledge, and innovation creates new value by recombining
existing capabilities, resources, and knowledge [7,12]. Consequently, one of the firms in an M&A
transaction develops absorptive capacity as a way to promote innovation [52].
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Additionally, introducing external knowledge is directly related to absorptive capacity and
indirectly related to innovation. Technological innovation is a driving force for a firm to stay competitive,
and absorptive capacity influences a firm’s innovation performance directly and indirectly [53].
In other words, absorptive capacity, a key element of organizational learning and innovation, is the
ability to recognize new external knowledge and routinize it for commercial purposes.

Previously accumulated knowledge serves as an absorptive capacity to collect potentially useful
information that exists in the external environment, to facilitate the process of complementing the
missing parts needed to solve problems and create new knowledge [13]. This may accelerate the pace
of innovation by enabling firms to understand and assess the importance of technological progress [54].

Since much of the useful information in the knowledge-intensive high-tech industry is based on
science, scientific capabilities within the firm are essential to assessing and appreciating information
that comes from outside the firm [36]. To maximize innovation performance, firms need to invest in
developing internal competence to successfully integrate and institutionalize an external knowledge
base [13]. In the biopharmaceutical industry, it is more difficult to assimilate and exploit new knowledge
due to its huge volume and the difficulty in learning such knowledge, as it is highly specialized.
As learning becomes more difficult, it is increasingly important to accumulate knowledge through
R&D efforts for effective learning. Cassiman et al. [46] insisted that the effect of an M&A depends on
whether a firm is undertaking more R&D investment and getting more involved in other innovation
activities. Constant development of absorptive capacity provides a basis for developing and applying
explicit knowledge [55], which in turn positively influences profitability after an M&A by reducing
restructuring costs and allowing the acquirer to choose a target that can complement the current
knowledge base, with confidence in the required knowledge [56].

Prabhu et al. [57] argued that the width and depth of the knowledge possessed by the acquirer
influence post-M&A performance, while Datta and Roumani [58] stated that innovativeness and the
size of the knowledge of the acquirer are the factors that impact performance. Based on these theories,
this study presents the following hypotheses:

Hypothesis 1a. The acquirer’s technological capability before an M&A positively (+) influences exploitation
innovation performance after the M&A.

Hypothesis 1b. The acquirer’s technological capability before the M&A positively (+) influences exploration
innovation performance after the M&A.

2.3.2. The Acquirer’s M&A Experience as Management Capability

Past acquisition experiences facilitate the development of richer knowledge by exposing a firm to
a variety of events and ideas [14]. This means that M&A events can provide knowledge to improve
future performance through acquisition-specific capability. In other words, the M&A experience can
cultivate the capacity to manage the M&A process well. Therefore, the more experience in M&As
acquirers have, the better M&A performance and more successful M&As they can make.

Henderson and Cockburn [49] pointed out in a study on biotech firms that acquirers generally
seek access to external knowledge so that when there are additional acquisitions, the acquirers can
benefit from the structural capabilities developed in the process. Firms that have gone through a
number of acquisitions can develop a routine using accumulated knowledge from past experiences,
are more likely to pursue additional M&As [38], and are able to prevent failure factors from occurring
in subsequent acquisitions [46]. Finkelstein and Haleblian [59] pointed out that routines and practices
formed in previous acquisition experiences could be transferred to succeeding acquisitions, while
organizational learning mechanisms useful in absorbing and integrating previous knowledge and
skills are built to affect performance [60].
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Fowler and Schmidt [61] argued that failed acquisitions, as well as successful ones, influence the
success of future M&As. Haleblian and Finkelstein [62] discussed the effect of acquisition experience on
M&A performance according to the similarity between goals of the past and the present. Bauer et al. [63]
stated that M&A experience positively influences exploitation and exploration performance. In short,
firms with past acquisition experience are more likely to succeed in converting acquired knowledge
into innovation. Based on this understanding, the following hypotheses are established:

Hypothesis 2a. The acquirer’s M&A experiences before an M&A positively (+) influences exploitation innovation
performance after the M&A.

Hypothesis 2b. The acquirer’s M&A experiences before an M&A positively (+) influences exploration innovation
performance after the M&A.

2.3.3. Technological Commonness

A significant number of researchers have pointed out the importance of technological relatedness
in the integration of different knowledge bases and innovation performance. A firm’s capability to
exploit internal knowledge leads to innovation by detecting market changes and adjusting strategic
directions [35]. There are arguments that similar targets generate M&A effects [46], and technological
similarities between firms enhance the acquirer’s capability to absorb and exploit the target’s knowledge
base [13,46,64].

Furthermore, a situation where two partners share a similar language and cognitive structure [48]
is favorable to the transfer and integration of knowledge by the acquiring firm [7,12]. By repetitively
using technological knowledge in specific areas, firms can accumulate relevant experience and build
distinctive competence over their competitors [65]. This leads to efficiency gains by avoiding errors
and minimizing the possibility of innovation in the wrong direction [65].

Meanwhile, a firm’s creative competence increases its capability to convert knowledge into
elements that are highly complementary or substitutive, and as a consequence exerts a positive
influence on innovation performance [35]. Development of new knowledge is made possible by
changing existing knowledge through learning from experience [18], and the exploitation of existing
knowledge can produce more efficient and effective results [66]. Based on existing know-how, firms will
be able to create subsequent innovations in an orderly manner [17], avoiding failures attributable to
unpredictable business experiments [65].

In contrast, if the technological knowledge of the partners overlaps excessively, it can be difficult
to receive sufficient new knowledge and recognize new information and stimulus from the outside [19].
Additionally, as technological learning in a specific area has limitations due to its path-dependence,
iterative learning in similar technology may improve capabilities, but at the same time may reinforce
structural inertia and reduce motivation to secure new technology and knowledge, thereby threatening
the long-term survival of the firm [26].

Therefore, the same knowledge base of the partners has a positive impact on business performance
up to a certain level, but if the similarity exceeds this level, it will adversely affect business performance.
Within this context, the following hypotheses can be drawn:

Hypothesis 3a. The degree a similar knowledge base exists between the acquirer and target has an inverted-U
relationship with exploitation innovation performance of the acquirer.

Hypothesis 3b. The degree a similar knowledge base exists between the acquirer and target has an inverted-U
relationship with exploration innovation performance of the acquirer.
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2.3.4. Technological Newness

New external knowledge leads to significant changes in the way existing knowledge and
knowledge systems are used, which drives innovation [67]. Firms can develop routines once they
are familiar with the newly acquired knowledge by repeatedly using it [68] and enhance their future
technological competence [46]. This routine provides the structure in which exploration of knowledge
can evolve into exploitation [68,69]. In addition, the target’s new technological knowledge influences
rethinking of the acquirer’s existing knowledge and the creation of new opportunities, thereby making
it more likely to develop radical innovation capability [70].

Firms maintain and activate new knowledge based on prior knowledge through their transformation
capability, which enables the retention and activation of existing knowledge. New knowledge is
accumulated as a firm’s absorptive capacity enables the early development of new functions [71]. This is
an open and flexible learning method that allows firms to create radical innovation [72]. Additionally,
firms are able to conduct various knowledge experiments using new external knowledge and to reap
different results from those of the past [73]. Thus, it is more likely for the acquirer to absorb the new
knowledge base of the partner and to produce new knowledge, which in turn contributes to the creation
of exploration innovation performance [74].

In contrast, some researchers have predicted that the integration of the knowledge base may
consume more resources, thereby decreasing productivity [50], as different technology areas between
firms can have different research methods and innovation routines [7]. Even if the target firm possesses
valuable knowledge, entirely different new knowledge may interfere with the transfer of knowledge
within the organization, making it difficult for the acquirer to absorb newly obtained knowledge [75].
Firms on the explorative extreme of the continuum can fall into the trap of failure, repeating exploration,
and failure [14,76,77]. Based on this understanding, the following hypotheses can be set:

Hypothesis 4a. The size of the new knowledge base from the target has an inverted-U relationship with the
exploitation innovation performance of the acquirer.

Hypothesis 4b. The size of the new knowledge base from the target has an inverted-U relationship with the
exploration innovation performance of the acquirer.

3. Methodology

3.1. Data

In this study, the following data was used for analysis. The M&A data of the acquirers and targets
were derived from the Medtrack data provided by INFORMA, including 1989 M&A deals sealed by
4714 firms in the United States, Europe, and other countries between 1985 and 2012. Fifty-one percent
(34 out of 67 nations) of the M&A transactions were carried out in the United States and European
nations. To clarify the M&A trends, re-acquisition deals were excluded. As for patent data, PASTAT
data between 1960 and 2017 from LexisNexis (which provides patent information in association with
the patent offices of more than 200 countries in the world) was used. Financial data between 1985 and
2012 were derived from materials from Medtrack.

3.2. Variables

3.2.1. Dependent Variable

This study used M&A performance (the number of technological innovations in the five years
after the M&A) as a dependent variable to assess the acquirer’s technological innovation performance.
With a five-year examination period, we were able to consider the annual variation, the delayed effect
of the internal knowledge base, and the effect of yearly changes of knowledge base accumulation of
each variable [78].
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To analyze innovation performance after the M&A, the partners’ patent data (the number of
registered patents by the acquirer between 1985 and 2017) were used. Patents are effective instruments
to protect firm technology and maintain technological advantages and a good indicator of different
innovation capabilities [79,80]. The indexing code of a patent represents the technologies used in the
present invention and enables the preceding technologies influencing the patent to be inferred, thus
providing more diverse information about the scope of a specific technology [81].

The innovation performance of firms was measured using two criteria. The types of innovation
performance were classified into exploration and exploitation performance, and subdivided into:
(1) the number of patents after the M&A in the areas which did not exist prior to the M&A and (2) the
number of patents after the M&A in the same areas as prior to the merger. This classification enables
the researchers to see how the attributes of the acquirer and the knowledge base of the target influence
specific types of innovation results by measuring the absolute size of the same knowledge before the
M&A and the new knowledge after the M&A.

3.2.2. Independent Variables

This research used technological capability, M&A experience as the management capability
of the acquiring firm, and technological relatedness between partners as independent variables.
The observation period was set as five years to match that of the dependent variable.

Technological capability: To evaluate the acquirer’s technological capability, its R&D intensity
for the five years prior to the M&A was measured. R&D intensity was used as the main independent
variable instead of a firm’s absorptive capacity. Since the study of Cohen and Levinthal [13], R&D
intensity has frequently been used to determine firm’s capability [56,82] and is the most widely used
criteria for absorptive capacity. R&D intensity was calculated by dividing R&D intensity (annual R&D
expenditure of the acquirer) by the annual gross sales [83-85].

Acquirer’s experience: Firms that implement M&A strategies tend to conduct Mé&As several
times. Therefore, it is necessary to examine M&A experience in the context of technological M&As to
understand innovation performance after the merger [52]. The acquirer’s experience was measured by
the number of M&As the firm went through before the year of the M&A.

Technological Commonness and Newness: Previous studies have measured the technological
relatedness between the acquirer and the target in a single dimension. However, such a method has
limitations: a target firm with a similar knowledge base as that of the acquirer may provide a high level
of new knowledge base, but firms with high similarities are likely to have a low level of newness [74].
In other words, the results of systematic exploitation activities create continuous innovation [86], and
technological diversity prefers new combination and leads to knowledge change by rethinking existing
knowledge, thereby enhancing the possibility of developing innovative capability [70].

In this study, technological relatedness was divided into technological commonness and
technological newness to measure the influence on innovation performance. The classification
of technological knowledge was based on the International Patent Classification (IPC) and used the
first four digits of the patent classification.

Technological commonness was measured using the ratio of the same kinds of IPC codes shared by
the acquirer and target out of the patents registered for the five years prior to the M&A. Technological
newness was measured using the ratio of the kinds of IPC codes which existed only in the target out of
the patents registered for the five years prior to the M&A.

3.2.3. Control Variable

The size and age of the firm, and the M&A period, which are presumed to influence innovation
performance in addition to the independent variables, were set as control variables.

Firm Size: Prior research on the relationship between a firm’s size and innovation performance
revealed that the economy of scale and access to funding for a large-scale R&D project have positive
effects on innovation performance [87]. Furthermore, larger firms, in general, can put in more resources
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to create more patents, consequently enhancing innovation performance [38]. To control these elements,
firm size was included as a control variable. A firm’s size was obtained through the natural logarithm
of the number of employees. According to previous studies, biopharmaceutical firms are likely to have
intangible assets and often make no sales; so, a firm’s size can be best measured by the number of
employees [88].

Firm Age: Prior research has shown a close relationship between a firm’s age and innovation
performance [89], so we selected firm age as the second control variable. Startup firms tend to be more
driven by innovation, and this may lead to a difference in innovativeness. To measure the age of a
firm, the number of years from the financial year on the relevant financial data to the year of the M&A
was used.

Period: To control the effect of the level of industrial development at the time of the M&A for
biopharmaceutical firms, the period of the M&A was adopted as a control variable. As this research
examines innovation performance of the firms that had M&A transactions by 2012, the base point was
set as 2007, based on several issues in the biopharmaceutical industry before 2012.

The biopharmaceutical industry is a technology-intensive area with high potential for growth
and expansion, along with the advance of science and technology. Recently, biotechnology has begun
making a leap in terms of technology and economy and is currently highly likely to create new
innovations. This study has paid attention to the relevant technology and industrial environment and
noted that the industry is faced with challenges due to the patent expiration of blockbuster drugs,
a major source of revenue for pharmaceuticals, and the increasing permissions for over-the-counter
drugs, which may expose pharmaceutical giants to financial risks and limitations in new drug
development, making it difficult for them to maintain a competitive advantage.

Additionally, the recession and financial crisis in the late 2000s generally caused difficulty in the
economy, and the number of M&A deals between pharmaceutical firms started to decline after 2007
(The Institute of Mergers, Acquisitions and Alliances (IMAA), worldwide M&A trend). It is presumed
that this was due to a number of environmental factors we have previously mentioned. In sharp
contrast, biotech firms witnessed a rise in annual revenue by 11% on average between 2003 and 2007.
The value of more specialized treatment based on biology made biotech firms a more appealing target
for pharmaceutical firms to acquire. Since 2000, M&As have increasingly been preferred [30]. As new
technology and changes in the social environment are highly likely to influence M&A performance,
M&A activities after the base point were set as 1, and M&A activities before the base point as 0.

3.3. Model

The research model of this study is illustrated in Figure 1. This study analyzed the effect of a
firm’s capabilities, acquisition experience, technological commonness, and technological newness on
its exploitation and exploration innovation performance.

Acquirer's Dyadic Perspective
Capability Acquirer's between
Perspective Technological Acquirer and Target
Innovation
Performance

Technological
Capability

Technological

e Commonness

Inno.

] Exploitation
M&A Experience Inno. Technological
as Management

Capability Newness

Figure 1. Research model.
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In this study, a negative binomial regression analysis was conducted to verify hypotheses on the
effect of the acquirer’s capability and the dyadic relationship of the knowledge base between the acquirer
and target on innovation performance as a proxy of patents since an M&A was undertaken. Patent as
proxy is a count variable. Poison regression and negative binomial regression are generally used when
the dependent variable is a count variable and its value leans toward zero. The Poisson model assumes
that the mean and variance of observed distributions are the same. However, a negative binomial
model has the advantage of being able to model heteroscedastic data by allowing overdispersion.
Therefore, we were able to verify our hypotheses through negative binomial regression.

4. Results and Discussion

Table 1 shows statistical descriptions of all variables used in the analysis and the correlations
between variables. Analytical results revealed a statistically significant relationship between some
variables, and the variance inflation factor (VIF) was examined with multicollinearity among variables
in mind. Table 2 shows the VIF result. The analysis revealed that there is no multicollinearity, as the
biggest value was 1.48 for all cases and all of the variables were included in the regression equation.
Tables 3 and 4 show the results of the negative binomial analysis.

Table 1. Statistical descriptions and correlations (1 = 1989).

Variables Mean  Std. Dev TC AE TCN TC FS FA PERI

TC 1.507 41.854 1
AE 1.440 2.863 -0.012 1

TCN 0.004 0.042 -0.002 —-0.003 1
TC 0.011 0.129 —-0.002 0.004 0.567 ** 1
FS 491 17.165 —0.006 0.313 *** 0.013 0.029 * 1
FA 13.97 7.447 -0.015 —0.085 ***  —0.053 ***  —(0.056 *** —0.016 ** 1

PERI 0.262 0.439 0.031 0.054 *** 0.054 *** 0.05 ** 0.066 * 0323 1

***p<0.01,*p<0.05*p<0.1.

Table 2. Variance inflation factor value (1 = 1989).

Variable VIF
TC 1.002
AE 1.118

TCN 1.482
TN 1.477
CS 1.114
CA 1.139

PERI 1.134

Table 3. Negative binomial regression results on exploitation performance (1 = 1989).

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Technological Capability —-0.0149 —0.009
Acquisition Experience 0.152 *** 0.132 ***
Technological Commonness Square —35.563 * —54.573 *
Technological Commonness 23.558 * 36.129 *
Technological Newness Square 3.418 0.763
Technological Newness —0.854 * —-0.283
Firm Size 0.049 *** 0.0434 *** 0.047 *** 0.048 *** 0.049 *** 0.042 ***
Firm Age =0.129**  —0.153**  —0.114**  -0.128**  -0.127**  —0.129 ***
M&A Period 0.592 ** 0.66 ** 0.519 ** 0.48 ** 0.548 *** 0.461 **
Log Likelihood —4036.436 ~ —2888.540  —4025.809  -4031.918  -4034.494  -2876.306
R-Square 0.30 0.32 0.35 0.34 0.35 0.47

***p<0.01,**p<0.05*p<0.1.
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Table 4. Negative binomial regression results on exploration performance (1 = 1989).

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Technological Capability —0.045 —-0.033

Acquisition Experience 0.156 *** 0.138 ***

Technological Commonness Square —46.38 * —82.508 **

Technological Commonness 30.731 ** 56.184 **
Technological Newness Square -3.853 —-0.418
Technological Newness 7.826* 0.584

Firm Size 0.056 *** 0.051 *** 0.055 *** 0.055 *** 0.056 *** 0.052 ***

Firm Age -0.126 ***  —0.157 *** -0.11** —-0.124**  -0.123**  —-0.137 ***

M&A Period 0.905 ** 1.114 ** 0.844 ** 0.77 ** 0.838 *** 0.885 ***

Log Likelihood -3212.178  -2386.285  —-3202.854  —3206.859 -3208.95 —-2876.306
R-Square 0.36 0.42 0.38 0.37 0.37 0.47

4 ) < 0.01, % p < 0.05,%p < 0.1,

Control variables were found to have a significant influence on both exploitation and exploration
innovation performance. The firm size (FS) was strongly supported (p < 0.01), the exploitation
performance at the time of the M&A was p < 0.05, and exploration performance was p < 0.01; these were
all statistically significant. As for the firm age (FA), both exploitation innovation performance (p < 0.05)
and exploration innovation performance (p < 0.01) showed strong negative correlations, supporting
the argument that profit falls as the acquirer grows [90]. This explains the situation where the aging
of a firm increases rigidity, raises operational costs, slows growth, causes problems in governance
and among the board of directors, and consequently decreases a firm’s motivation to engage in new
innovations [90].

The first hypothesis was not supported by statistically significant results for both exploitation
(—0.01) and exploration performance (—0.03) in the regression analyses. Therefore, Hla and H1b were
not supported. Some researchers argued that R&D intensity has a positive effect on innovation
performance [91]. However, there is no guarantee that R&D investment necessarily leads to
innovative performance.

Characterized by environmental factors such as high uncertainty and risks, and implicitness of
knowledge, the pharmaceutical industry displays a lower level of efficiency in R&D investment.
Recently, the R&D productivity of the industry has been declining since the Food and Drug
Administration (FDA) of the US and the EMA have begun tightening regulations on new drug
permissions, and clinical trials are becoming more complicated, larger, and extended. The R&D
investment of the pharmaceutical industry is among the highest in the research-intensive industries,
and the failure rate at each stage of development is also high. Additionally, previous R&D efforts have
raised the standard for success of any new research, while the approval result of new drugs based on
the New Drug Application (NDA) has been less than desirable despite the substantial increase in R&D
investment. This implies that it has become difficult to translate R&D outcomes into a patent or new
product in the current structure. Second, acquisition experience (AE) showed almost the same results
for exploitation performance (0.1321) and exploration performance (0.1381).

Both are statistically significant results, supporting Hypothesis 2a and Hypothesis 2b. These
results underpin the previous arguments that the acquirers’ acquisition experience (AE) exposes them
to different events and ideas, making it easy for them to adapt to a new environment [14,92], and firms
with rich acquisition experience are able to select the appropriate target for the needs and interests of
the organization and develop a purchase routine, thereby putting themselves in a better position to
adapt, improve, and deal with management problems in future transactions [93].

Third, the results of the statistical analysis of technological commonness (TCN) support
Hypothesis 3a at the level of p < 0.1, and 3b showed a stronger explanatory power at p < 0.05.
In order to verify the hypotheses, a squared term of the variable was included in the model. When
a single term and squared term are statistically significant and represent a positive coefficient (+)
and a negative coefficient (), respectively, it can be said that they have an inverted-U relationship.
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Exploration innovation performance was supported more strongly than exploitation innovation
performance; the existing knowledge base enables an effective absorption of more knowledge after the
acquisition, as the two partners share similar languages and recognition structures, thereby promoting
the transfer of explicit and implicit knowledge [17,52]. The above results also support the argument
that the use of skills and capabilities within the existing technological trajectory [68] accompanies the
development of knowledge [76], as an organization’s exploration activity comes from the exploitation
of existing knowledge [65].

Finally, as for technological newness (IN), neither Hypothesis 4a nor 4b was supported.
The analysis result showed that the regression coefficient was consistent with that of Hypothesis 4b in
terms of direction (TC squire: —0.2839, TC: 0.7630), but without any statistically significant result. Some
researchers insisted that diverse and new knowledge would promote innovation of the firms [94-96].

However, new knowledge, entirely different from existing knowledge, hampers transfer,
absorption, and digestion of knowledge and does not help to create technological innovation [7,75].

The results of this study imply that new technological knowledge, different from the existing
knowledge base, poses difficulties in its exploitation in the process of producing outcomes.
In other words, it is highly likely that the new knowledge base, which did not exist before,
has no influence on a firm’s exploitation and exploration performance. It takes a substantial amount of
time and energy for complex knowledge to be converged, assimilated, and digested in an organization
in order to create innovative technology. Two different knowledge bases between partners in the
biopharmaceutical industry, which is highly specialized and characterized by convergence, do not
have an effect on technological innovation performance. In short, it is crucial to select a target that is
similar enough to the acquirer to enable learning from each other but different enough to provide new
knowledge based on which new innovations can be achieved.

5. Conclusions

First, it was found that an acquirer, rich in acquisition experience, tends to have higher exploitation
and exploration performance after a merger. M&A is an effective strategy to address environmental
and technological uncertainties, and acquisition experience helps to eliminate risk factors and provides
empirical knowledge for choosing appropriate partners in future M&A transactions, contributing to the
creation of short- and long-term results after the M&A. Furthermore, if M&As can provide the acquirer
with opportunities to access new technologies, markets, and knowledge, they will be accumulated as
an internal knowledge base, serving as a basis for achieving innovative performance. Therefore, it is
evident that a firm’s M&A effort is important for exploitation and exploration performance.

Second, it is necessary for the acquirer to consider a target with which it has a common knowledge
base to maximize its exploitation and exploration performance. It was concluded that a certain level
of shared technological knowledge is a prerequisite for an easy entry to a new technological area,
to create exploration innovation performance. It is recommended that the management or personnel
considering M&As carefully examine similarities of the technological expertise between the acquirer
and target, and whether the acquirer can absorb new knowledge effectively through the understanding
and analysis of existing internal resources.

Third, although this study has limitations in terms of representation of the M&A cases of all
biopharmaceutical firms, given that M&A deals in 67 countries (including 34 European nations) were
used and most major firms are based in the United States and Europe, it was able to present a meaningful
research model on the strategy for innovation performance in the biopharmaceutical industry.

Finally, this study provided practical implications for firms and related parties (e.g., consulting
agencies) that may be considering M&As by analyzing the characteristics of firm activities and
knowledge necessary to formulate strategies for the progress of existing technology or the creation of
new knowledge.
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Despite its significant implications for future research on innovation after M&As, this study has
some limitations. First, patents are a key indicator of the creation of innovative knowledge, but it is
also likely for a firm to be evaluated as a potential partner based on the pipeline, not just the portfolio
of patents [97]. It is also important to compare various performance indicators such as products
and financial data by applying the exploitation and exploration performance model according to the
attributes of the knowledge base.

Second, this research aimed to identify the influence of the characteristics of knowledge on
ambidextrous innovation, that is, exploitation and exploration innovation performance. However,
the results of our analysis demonstrate no significant difference in these characteristics” influence
on the two kinds of innovation performance. In this study, patents were used to assess innovation
performance, but that might not be enough to show the results of the ambidextrous innovation of
the acquirer. To explain that the results of M&A in the biopharmaceutical industry are dynamically
circulating from startup and small-medium enterprises to big business, the future study based on the
financial performance (ex. revenue or profit) and new products or services is needed [29].

Third, although this research provided a meaningful contribution by conducting a dynamic
analysis of the influence on exploitation and exploration performance for the five years after the M&A,
five years may not be sufficient to observe improvements made by the firm’s exploration activities
given the characteristics of the biopharmaceutical industry. It takes a number of years for a patent
to be applied for and registered. It can be presumed that the above observation is also related to
this study’s result, showing that technological newness has no significant influence on performance.
Since exploration activities are characterized by a high level of uncertainty and an even higher rate
of failure [98], and the outcome of the exploration takes so long to be realized, it is not surprising
that exploration firms may show lower performance in the short-run [98,99]. Future research would
greatly benefit, as well as gain more accurate implications on the influence of M&As on management
performance, by adding the analysis of long-term data.
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