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Abstract Building on the observable trend toward in-
creasing division of scientific labor in entrepreneurial
ecosystems, we investigate the effects of different modes
of implementation for external knowledge sourcing such
as alliances and acquisitions. More specifically, by esti-
mating a Poisson model based on 951 acquisitions by 209
companies from the biotechnology industry, the study
analyzes two unique forms of external knowledge sourc-
ing, namely alliances and acquisitions. In line with theo-
retical arguments, we find a saturating association of the
exploration orientation of acquisitions with exploratory
innovation output, while comprehensively controlling for
prior exploratory and exploitative acquisitions and alli-
ances, as well as other firm-level and acquisition-level
determinants. We also find an inverted U-shaped associ-
ation between the exploitation orientation of acquisitions
and exploitative innovation output. These findings sug-
gest that utilizing dissimilar knowledge sourced through
acquisitions seems to have no inherent limitations; how-
ever, the inverted U-shaped relationship found for the
exploitation orientation of acquisitions and exploitation
innovation output indicates that utilizing similar knowl-
edge has limitations and consequently an optimum level.
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We discuss the implications of this in the context of the
knowledge spillover theory of entreprencurship.
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1 Introduction

Innovation research reports an enduring and increasingly
well-established trend of an increasing division of scien-
tific labor in entrepreneurial ecosystems. This especially
holds in the context of high-technology industries such as
biotechnology (biotech) or pharmaceuticals (pharma).
Biotech and pharma companies constantly build alliances
or acquire other firms, especially startups, to increase
their innovation output through external knowledge
sourcing. Such external knowledge transfers and spill-
overs have been argued to positively influence innovation
performance but at the same time, the question has been
raised of whether this process has limits (Berchicci 2013;
Hottenrott and Lopes-Bento 2016).

Sometimes, partners in different modes of implementa-
tion for external knowledge sourcing such as alliances,
acquisitions, or joint ventures offer knowledge that is too
similar or too different to generate innovation output (Orsi
et al. 2015; Phelps 2010). Additionally, in contract-based
modes, the duration of collaboration is limited, and con-
tracts may be changed or terminated when effects on
innovation performance stagnate. In contrast, equity-
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based modes such as acquisitions are less reversible and
cannot easily be terminated. Research has shown that post-
merger integration processes typically last for about 5 years
and comprise actions from the identification of differences
between acquirer and target firm through to the implemen-
tation of organizational change processes concerning both
strategic and operational activities (Quah and Young 2005).
Equity arrangements like mergers and acquisitions are
usually associated with a “controlling ownership” where-
as contractual relationships like alliances are not (Yin and
Shanley 2008). Accordingly, a merged entity can be
beneficial for knowledge creation because compared with
a mere contract-based relationship limitation like coordi-
nation or monitoring costs, the risk of knowledge disclo-
sure and the threat of opportunistic behavior of the col-
laborative partners (Hottenrott and Lopes-Bento 2016)
can be reduced. The literature provides a number of
studies on the effect of knowledge recombination on
innovation output in alliances (e.g., Rothaermel and
Deeds 2004; Zhang 2016), whereas hardly any studies
analyze whether the mechanisms found in contract-based
relationships are also present in the case of acquisitions.
In collaborations, knowledge is recombined to gener-
ate innovation output (Wadhwa and Basu 2013). Depen-
dent on whether unfamiliar or familiar resources are
complemented, exploratory or exploitative knowledge
transfers or spillovers occur. Accordingly, literature dif-
ferentiates between exploratory and exploitative modes
of knowledge spillover or transfer (e.g., Koza and Lewin
1998; Hill and Birkinshaw 2014). The distinction of
exploration and exploitation in existing literature
essentially goes back to March (1991) and Levinthal
and March (1993). Exploration implies a preparedness
to experiment with or engage in the search for new
knowledge or information, whereas exploitation focuses
on the refinement, standardization, or the enhancement
of existing competencies or technologies (March 1991;
Levinthal and March 1993; Lin et al. 2013). As noted
above, various studies examine alliance-based relation-
ships with respect to exploration or exploitation in the
knowledge generation process (e.g., Rothaermel 2001b;
Zhang 2016; Lavie and Rosenkopf2006; Lin et al. 2007)
whereas literature on equity arrangements is scarce.
Studies find equity-based arrangements for external
knowledge sourcing have both positive (Ahuja and Katila
2001; Dushnitsky and Lenox 2005; Entezarkheir and
Moshiri 2017; Mishra and Slotegraaf 2013) and negative
(Hitt et al. 1991; Fernald et al. 2015; Van de Vrande et al.
2011) effects on innovation output. The literature also
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highlights different results concerning the relationship be-
tween the type of equity arrangement and the character of
innovation output; for example, corporate venture capital
investments are positively related to the generation of
radical innovation (Van de Vrande et al. 2011), whereas
joint ventures were found to have a limited effect on
exploitative innovation output (Dunlap et al. 2015). Some
studies show that mergers or acquisitions are positively
related to radical or exploratory innovation output
(Wubben et al. 2015; Wagner 2011).

In the post-merger integration phase, acquirer and
target must overcome numerous challenges, such as
cultural or organizational differences (Quah and Young
2005). In the case of generation of innovation output
after acquisitions, this specifically concerns the combi-
nation of new or related knowledge. The literature refers
to products (Stettner and Lavie 2014), patent classes
(Karamanos 2012), patent citations (Chiu 2014), or the
industry (Lavie and Rosenkopf 2006) to gauge differ-
ences or similarities among the knowledge bases be-
tween target and acquirer, or more generally, between
collaborating partners. Nevertheless, literature also indi-
cates contradictory assumptions about the relationship
between the (dis-) similarity of knowledge transferred or
spilled over between partners and innovation output
(Wadhwa et al. 2016; Van de Vrande 2013). Further-
more, existing studies mainly focus on increases or
reductions in innovation output but less frequently ad-
dress the qualitative characteristics of such output.

Therefore, we contribute to the literature by analyz-
ing same- and different-industry acquisitions and their
impact on innovation output characteristics by address-
ing the following questions: When is a mode of knowl-
edge transfer/spillover characterized as exploratory or
exploitative? And is there a relationship between the
characteristic of the mode of knowledge transfer/
spillover and exploratory or exploitative innovation out-
put? To anchor these research questions in the existing
literature, we review prior research in the next section.
Subsequently, we develop hypotheses and identify suit-
able data to test them. Finally, we present the results of
the empirical analysis and discuss them and the impli-
cations for future research flowing from our study.

2 Literature review

Knowledge to fuel innovation may be sourced from inside
an organization or from outside, as in the case of alliances
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and acquisitions (Stettner and Lavie 2014). Literature dif-
ferentiates between predominantly exploratory or exploit-
ative organizational modes of knowledge sourcing and
transfer. Within an organization, research laboratories
largely support the generation of exploratory knowledge
(Hill and Birkinshaw 2014) whereas exploitative knowl-
edge is often generated when existing knowledge is
recombined in day-to-day business activities. In terms of
external knowledge sourcing, some types of alliances such
as R&D joint ventures can be categorized as largely
aiming for the transfer of exploratory knowledge
(Colombo et al. 2006); other alliance types, research con-
tracts, licensing, or franchising instead largely focus on
sourcing exploitative knowledge (Koza and Lewin 1998;
Laursen et al. 2010).

When defining exploration and exploitation, the liter-
ature often specifies the parts of the value chain affected.
Exploration in this respect mostly refers to research and
development activities at the front end of the value chain
(Zhang 2016; Rothaermel 2001a). In contrast, exploita-
tion is linked more to marketing and sales activities at the
customer end of the value chain (Lavie et al. 2011; Lin
et al. 2009). Accordingly, research tends to assign explo-
ration more to technological knowledge creation and
exploitation to commercialization activities. Another def-
initional differentiation relates exploration to so-called
upstream activities (e.g., R&D collaboration) and exploi-
tation to downstream activities (e.g., collaboration with
customers or suppliers) (Stettner and Lavie 2014; Yang
et al. 2014). Yet, another stream of literature relates both
exploration and exploitation to technical knowledge cre-
ation, and thus to the first part of the value chain (e.g.,
Nooteboom et al. 2007; Phelps 2010). The current re-
search aligns with this last categorization method and
uses a technological definition of both exploration and
exploitation, based on whether new knowledge is created.
The literature defines newness of knowledge in different
dimensions; for example, knowledge that is “new to the
world” (Blindenbach-Driessen and Van den Ende 2014),
“new to the industry” (Gilsing et al. 2008), or “new to the
firm” (Gilsing et al. 2008). In line with this and given our
level of analysis is the acquisition by an individual firm,
we define exploratory innovation output as being new to
the acquirer. Consistent with this definition of newness at
the firm level, we relate exploitative innovation output to
the creation of knowledge that builds on existing knowl-
edge, that is, knowledge that is not new to the firm.

Other streams of literature characterize different
modes of implementation for external knowledge

sourcing, spillover, or transfer as exploratory or exploit-
ative according to their characteristics. Collaborative
relationships with new partners are in this respect seen
as indicative of exploration (Dittrich and Duysters 2007;
Lavie and Rosenkopf 2006) and collaborations with
recurrent partners as indicative of exploitation (Russo
and Vurro 2010; Zhang 2016). Furthermore, collabora-
tions with partners from different industries (Stettner
and Lavie 2014) or with a focus on different technolog-
ical fields (Belderbos et al. 2010; Cirillo et al. 2014;
Gilsing et al. 2008) are also categorized as exploratory
modes. Consequently, relationships with partners from
similar or related industries (Lavie and Rosenkopf2006;
Russo and Vurro 2010) or partners with familiar tech-
nological knowledge bases (Nooteboom et al. 2007;
Phelps 2010) are seen as representing exploitative
modes of sourcing, spillover, or transfer.

In summary, the literature provides different ways in
which to characterize modes of collaboration or their
output as exploratory or exploitative, whereas there are
only a few empirical studies that link the exploratory or
exploitative innovation output of firms to equity-based
knowledge sourcing or transfer from external partners
(Schamberger et al. 2013). More specifically, we find
studies investigating the relationship between explora-
tion and/or exploitation in different collaborative modes
on firm performance in general (Hill and Birkinshaw
2014; Nielsen and Gudergan 2012; Yamakawa et al.
2011) or innovation performance in particular
(Rothaermel 2001a, b; Kim and Park 2013; Faems
et al. 2005). We also find studies investigating factors
like geographic ties, network configurations, or learning
aspects as they affect exploratory or exploitative inno-
vation output in different forms of collaboration (Ozer
and Zhang 2015; Karamanos 2012; Wang and Hsu
2014). However, these studies mainly investigate non-
equity-based relationships or do not differentiate be-
tween equity and contract-based relationships. Few
existing studies on equity-based relationships refer to
factors that influence exploratory (exploitative) activity
or output (Phene et al. 2012; Lin 2014; Wagner 2011) or
focus expressly on venture capital investments, rather
than mergers or acquisitions in general (Titus et al.
2014; Wadhwa and Basu 2013).

Equity and non-equity-based alliances are character-
ized differently with respect to risk and structure and
accordingly present different challenges concerning the
transfer of knowledge (Delerue, 2004). Equity-based
transactions follow rather hierarchical structures and
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are assumed to reduce the risk occasioned by opportu-
nistic behavior (Das and Teng, 1996; Delerue, 2004). In
line with those hierarchical structures, the transfer of
knowledge is assumed to follow a determined line of
communication. This assumption contrasts with the sit-
uation with non-equity alliances where the degree of
control concerning the actions of the individual actors
in a company, and even their commitment, can be rather
low (Das and Teng, 1996). Consequently, the diversifi-
cation of risk is greater in non-equity-based partnerships
(Das and Teng, 1996). Following this argumentation,
the knowledge transfer can be assumed to differ be-
tween non-equity-based and equity-based transactions.
In non-equity-based transactions, there may be a lack of
knowledge transferred because of the missing hierarchi-
cal structures that impose the transfer of knowledge.
Furthermore, employees might hide potentially relevant
knowledge because of a lack of commitment. The sur-
vival of the individual entities may not depend on the
success of the contractual alliance. Compared with other
equity arrangements, the success of mergers and acqui-
sitions depends greatly on the commitment of the parties
involved (Van de Vrande, 2013). Accordingly, a merged
entity depends on the cooperation and knowledge trans-
fer of employees from the previously independent enti-
ties. Such transfers are also fostered by the hierarchical
structures that create an atmosphere of control in the
post-merger phase. Furthermore, equity arrangements
are investments where capabilities have to be formed
over the long term. Accordingly, and in contrast to
contract-based relationships, the long-term success of
innovation depends on whether the knowledge transfer
is based on a well-founded and sustainable basis. Van de
Vrande (2013) therefore assumes integrated modes of
operation like acquisitions are the most attractive form
for technologically distant collaborative relationships.
Most studies in the literature explore the exploration—
exploitation nexus exclusively from either an input or an
output perspective; that is, they only determine knowl-
edge sources or innovation outcomes to be exploration—
or exploitation-oriented. Only very few studies examine
the exploration—exploitation nexus from a combined
input and output perspective, by considering what re-
sults from exploration—or exploitation-oriented modes
of implementing external knowledge sourcing and
transfer. One such is the study of Zhang et al. (2015)
that scrutinizes the exploration of subsidiaries from
multinational corporations and the novelty of innovation
output, but however does not address equity-based
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modes. To fill this gap, our research specifically focuses
on acquisitions as a frequent equity-based mode of
external knowledge sourcing and transfer and examines
the effect of exploration- versus exploitation-based ex-
ternal knowledge sourcing as an input on the type of
innovation output (exploratory versus exploitative) sub-
sequently generated in acquiring firms.

3 Hypothesis development

The current study develops its hypotheses based on the
literature examining the impact of diverse or similar
knowledge bases on performance (Miller 2006; Pianta
and Meliciani 1996; Sampson 2007). Furthermore, we
extend the conceptual basis by incorporating the absorp-
tive capacity theory introduced by Cohen and Levinthal
(1990) and its extension by Zahra and George (2002).
According to Cohen and Levinthal (1990), absorptive
capacity is the “ability to recognize the value of new
information, assimilate it, and apply it to commercial
ends.” Zahra and George (2002) differentiate between
potential and realized capacity that covers the “acquisi-
tion and assimilation” of knowledge respectively the
“transformation and exploitation.” Based on this theory,
an organization has to have knowledge like basic skills
or information on technological developments in order
to utilize external knowledge (Cohen and Levinthal
1990). In a collaborative relationship, the partners
screen each other to find a suitable counterpart. Zahra
and George (2002) relate the identification of proper
knowledge and the establishment of new relationships
with the acquisition phase, which suggests prior knowl-
edge is built prior to the relationships and thus a precon-
dition for the generation of absorptive capacity is
established. As an acquisition is a long-term partnership,
the development of absorptive capacity can be assumed.
In collaboration, the knowledge of the partners is com-
bined to generate innovation output. Nesta and Saviotti
(2005) find a positive relationship between the scope
and the coherence of a knowledge base and innovation
performance. Knowledge to be combined may be sim-
ilar or dissimilar depending on the relatedness of the
partners’ knowledge bases. In an acquisition, the knowl-
edge bases of the acquirer and the acquisition target are
combined. Accordingly, the acquirer’s knowledge base
is expanded by that of the target (Ahuja and Katila
2001). This combined knowledge has to be interpreted
and serves as basis for learning (Zahra and George



The influence of exploratory versus exploitative acquisitions on innovation output in the biotechnology... 663

2002). Zahra and George (2002) define this as the
“assimilation phase.”

Several studies identify a positive relationship be-
tween technological diversity and firm performance in
general (Miller 2006; Suzuki and Kodama 2004), or
innovation performance in particular (Kotabe and
Swan 1995). This relationship also is supported in the
case of acquisitions featuring complementary knowl-
edge bases (Cassiman et al. 2005; Makri et al. 2010).

A combination of different knowledge bases may lead
to newly recombined knowledge (Nooteboom et al.
2007). From the absorptive capacity theory view, organi-
zations with internal research and development activities
have an advantage in the absorption of external knowl-
edge as the necessary capability is generated as a second-
ary product of the respective activity (Cohen and
Levinthal 1990). Zahra and George (2002) find that ac-
cording to prior research, there is a relationship between
the absorptive capacity of an organization and its innova-
tive output. In the transformation phase, knowledge is
combined, and new opportunities are discovered (Zahra
and George 2002). Afterwards, the identified opportuni-
ties are followed up, and new competencies are created in
the exploitation phase (Zahra and George 2002).

Furthermore, Van de Vrande et al. (2011) find that the
technological distance of alliance partners is associated
with an increase in radical innovation. In line with this
result, Phelps (2010) finds a positive association of
technological diversity in alliances with exploratory
innovation output. Zahra and George (2002) further-
more assume a positive influence of the diversity and
complementarity of external knowledge and the ability
of an organization to develop its potential absorptive
capacity. Nooteboom et al. (2007) assume that people
with different knowledge bases help and stimulate each
other when they work together and especially in the case
of equity-based relationships, a hierarchical communi-
cation structure should support such knowledge ex-
change. This positive relationship should hold as long
as the difference between knowledge bases is not so
large as to cause resistance in knowledge transfer
(Empson 2001) or communication problems
(Nooteboom et al. 2007), when opportunities for inno-
vation will no longer be identified (Nooteboom et al.
2007). This last issue may be especially challenging in
acquisitions where the structures for knowledge transfer
are predetermined. Nooteboom et al. (2007) conse-
quently assume a decreasing absorptive capacity for
collaborative relationships where the partners have

different knowledge bases. With regard to acquisitions,
if the parties knowledge bases differ too much, integrat-
ing the knowledge can be too complex in the post-
acquisition phase (Van de Vrande 2013). According to
Van de Vrande (2013), monitoring costs associated with
integration rise with complexity in general. Despite the
risk of opportunistic behavior in equity-based partner-
ships being lower than in contractual relationships (Das
and Teng 1996), that risk still exists and binds resources
that are diverted from innovation. In scrutinizing
corporate venture capital investments, Wadhwa et al.
(2016) find an inverted U-shaped relationship between
the diversity of investment portfolios and innovation
performance. Van de Vrande (2013) consistently finds
an inverted U-shaped relationship between the relative
technological variance and innovation performance.
Moreover, Sampson (2007) finds an inverted U-shaped
relationship between technological diversity and
innovation output in alliances. Finally, a study by
Gilsing et al. (2008) identifies an inverted U-shaped
relationship between technological distance and explo-
ration. As exploratory acquisitions are acquisitions
where diverse knowledge is combined, we assume ex-
ploratory acquisitions exert an increasing influence up
to a certain degree of exploration orientation. The ac-
quirer takes the opportunity to absorb new knowledge
from the acquired entity and to use it for creating knowl-
edge new to the organization. This may be seen as a
consequence of a proper target selection process where
the aim of acquisition is to gain additional knowledge.
The approach permits previously unknown knowledge
in particular to be used to enhance technology and
product lines, and is in line with our definition of ex-
ploratory innovation output. When knowledge becomes
too different, we assume exploratory innovation output
declines in line with the literature. Given the focus of
this research paper is on the post-acquisition phase, we
suppose that the time frame is too short to handle aspects
of knowledge that lead to innovation that are too differ-
ent. Accordingly, we hypothesize:

H1: Exploration orientation of acquisitions has an
inversely U-shaped or saturating association with ex-
ploratory innovation output.

The knowledge base of the acquisition target is new
to the acquirer when it is different from its own knowl-
edge base. In that case, the acquisition can be character-
ized as exploratory. The knowledge is familiar to the
acquirer when the knowledge bases of both acquirer and
acquisition target are similar or related. In this case, the
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acquisition can be characterized as exploitative (Stettner
and Lavie 2014). Therefore, knowledge recombination
in equity arrangements may refer to exploratory or ex-
ploitative input. In the post-acquisition phase, innova-
tion output is created by the merged entity. The literature
finds a negative effect of similar technologies and sub-
stitutes on innovation performance (Colombo and
Rabbiosi 2014; Cassiman et al. 2005). Accordingly,
too great similarity of knowledge bases seems to hinder
innovation output. At the same time, too little similarity
of knowledge may be an obstacle as is suggested by the
inverted U-shaped relationship of the relatedness of
knowledge with innovation performance found in extant
research (Cloodt et al. 2006; Cefis et al. 2015).
Nooteboom et al. (2007) assume that a certain degree
of familiarity in knowledge bases fosters the mutual
exchange of knowledge. Especially in acquisitions, fa-
miliarity is important for the transfer of tacit and uncod-
ified knowledge as it creates an atmosphere of trust.

Whereas the authors state that a too great a degree of
familiarity prevents innovation as absorptive capacity
declines (Nooteboom et al. 2007), Datta and Roumani
(2014) focused on the time required to release products
and launch ideas after acquisition and found that related
acquired knowledge reduces this time more than does
unrelated knowledge.

In acquisitions, entities with similar knowledge bases
build upon related foreknowledge when they start work-
ing together, which should facilitate communication
between the entities. But organizations with similar
knowledge bases may also tend toward more incremen-
tal innovation (Makri et al. 2010) as the knowledge
bases of acquirer and target are too similar to push
radical innovation. Accordingly, acquisitions based on
related knowledge foster exploitation in the post-merger
phase (Lin 2014). We assume that the acquisition of
rather similar targets is intended to refine or improve
products in line with the basic definitions of exploitative
innovation. Orsi et al. (2015) find a positive effect for
the technological similarity of the acquirer and acquisi-
tion target on the acquirer’s efficiency in using the
acquired knowledge up to a certain level of similarity.
Accordingly, innovation seems to be best supported if
knowledge bases are not too similar. Prahbu et al. (2005)
confirm this by finding that moderate levels of similarity
relate to the highest innovation output from acquisitions.
If knowledge bases are too similar, the knowledge bases
cannot be extended, and the aim of the acquisition may
be based on the extension of capacities but not on
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thoughts about the extension of the existing knowledge
base. Following this, the innovation output is not in-
creased when knowledge bases are too similar. In line
with this, we hypothesize:

H2: Exploitation orientation of acquisitions has an
inversely U-shaped or saturating association with ex-
ploitative innovation output.

4 Sample and data

We test our hypotheses using company data from the
biotech industry. Research and development activities in
this industry are often characterized by high costs, in-
calculable risks, and distant time horizons (Fernald et al.
2015). Accordingly, external knowledge sourcing is
important for incumbents not only for product develop-
ment but also for commercialization (Fernald et al.
2015). At the same time, the industry is characterized
by a large number of entrants that typically lack the
resources necessary to successfully commercialize new
products on their own (Deeds and Hill 1996) but are
often specialists in dedicated fields of research. Finan-
cially, startups and small firms in the biotech industry
are often backed by venture capital (Lazonick and
Tulum 2011). Therefore, trade sales are an important
exit strategy option for investors, because, for example,
initial public offerings are dependent on market condi-
tions and are thus not always possible (Cooke 2007).
These characteristics make the biotech industry a suit-
able context to test our hypotheses. To do so, we col-
lected data from the Thomson SDC Mergers & Acqui-
sitions database and identified the biotech companies
included in our analysis based on Standard Industrial
Classification (SIC) codes. SIC codes at the 4-digit level
for the primary activities of organizations are commonly
used in empirical research on biotech companies to map
homogeneity or heterogeneity of activities (e.g., Hand
2007; George et al. 2001; Kim and Park 2013;
Rothaermel and Thursby 2007). The first two digits of
an SIC code specify the industrial sector and the last two
the area of activity (United States Department of Labor
2017). For our analysis, we included companies with the
following seven SIC codes': 2833 referring to “Medic-
inal chemicals and botanical products”; 2834 referring

! Descriptions of the SIC codes are taken from the "Standard Industrial
Classification (SIC) System Search" website of the United States
Department of Labor.
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to “Pharmaceutical preparations”; 2835 referring to
“In vitro and in vivo diagnostic substances”; 2836 re-
ferring to “Biological products, except diagnostic sub-
stances”; 5122 referring to “Drugs, drug proprietaries,
and druggists’ sundries”; 8071 referring to “Medical
laboratories™; and 8731 referring to “Commercial phys-
ical and biological research”. Our sample consists of
acquiring companies that acquired rather small targets.
We calculated the quotient between the deal value and
the total assets of the acquirer in order to get an idea
about the size relation of the deals. However, those data
were available for only around half of the acquisitions
reviewed. Available data show that in 95.24% of the
acquisitions, this quotient is smaller than one. By impli-
cation, 4.76% of acquisitions would have a quotient
between deal value and total assets of the acquirer that
is greater or equal to one.

To measure knowledge flows, we linked acquisitions
to patent data from the National Bureau of Economic
Research (NBER) extended database, which contains
US patent data from 1963 to 2006 (Hall et al. 2001,
Bessen 2009). Finally, our data are complemented by
alliance data from the Thomson SDC Joint Ventures &
Alliances database to control the impact of prior explor-
atory or exploitative alliances. Combining these three
data sources made it possible to include 951 acquisitions
of 209 biotech companies in our analysis for the years
from 1978 to 2001. Accordingly, we can capture a time
horizon of 5 years after acquisition to account for post-
acquisition knowledge creation with the NBER
database.

5 Variables

Our dependent variables, exploratory (exploitative) in-
novation output, are based on the change in patent
classes of the patents applied for by the acquiring com-
pany during the 5 years after acquisition, as compared
with the patent pool of the 5 years before acquisition.
Patent classes are a commonly used measure to map
diversity of innovation activities in literature (e.g.,
Lerner 1994; Belderbos et al. 2010). We analyze our
patent data based on the 4-digit level of the International
Patent Classification System (IPC). If a patent applied
for in the 5 years after acquisition is categorized in a
different technology class than patents applied for in the
5 years before acquisition, that patent is classified as
exploratory. When the focal patent is in the same

technology class as patents applied for 5 years before
acquisition, that patent is classified as an exploitative
patent. We set the time horizon for comparison up to
5 years before the event in focus, the acquisition. This is
an interval commonly used in the literature to categorize
exploratory (exploitative) innovation output (e.g.,
Nooteboom et al. 2007; Karamanos 2012). We calculate
the exploratory (exploitative) innovation output by sum-
ming the exploratory (exploitative) patents in the 5 years
after acquisition.

For the operationalization of our independent var-
iables, namely weighted exploration (exploitation)
orientation of acquisitions, we compare the SIC
codes of the acquirer and the acquisition target.
When the SIC code of the acquirer is the same as
that of the acquisition target, we take it to indicate
an exploitation-oriented acquisition. When the SIC
code of the acquiring company and the acquisition
target differ, we interpret that as signaling an
exploration-oriented acquisition. We use the primary
SIC code as well as secondary SIC codes of the
acquirer and target and look for accordance and
differences. To account for their relative importance,
accordance and differences in the primary SIC code
are weighted doubly, whereas accordance or differ-
ences in the secondary SIC codes are weighted
singly. For the weighted exploration orientation of
acquisitions, we sum the weighted differences in the
primary and secondary SIC codes between acquirer
and target and divide them by the total number of
SIC codes of the acquirer. For the weighted exploi-
tation orientations of acquisition, we sum the weight-
ed accordance in the primary and secondary SIC
codes and divide them by the total number of SIC
codes of the acquirer.

While definitionally acquisitions are somewhat clos-
er to knowledge transfers, in our view, they represent at
best imperfect transfers. This is due to the uncertainties
of post-merger integration outcomes but also due to the
bounded rationality of decision makers pre-acquisition,
which Thaler (1994) referred to as the “winner’s curse”
paradox (i.e., those companies willing to make the
highest acquisition bid are most likely prone to sub-
optimal information processing). Given these inherent
uncertainties, acquisitions have at least some elements
of knowledge spillovers. This matters particularly when
these issues are related to different types of knowledge
(e.g., exploratory vs. exploitative) and is consistent with
the knowledge spillover theory of entreprencurship that
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can help to explain heterogeneity in and development of
capabilities due to acquisitions as a means to change the
resource base of the firm (Agarwal et al. 2010). There-
fore, acquisitions seem to be an important aspect of that
theory and merit further study and analysis.

Alongside our independent variables, we added a
number of control variables and time dummies to our
model. We control for the home country difference
between acquirer and target in order to account for
internationalization effects and because a positive rela-
tionship between cross-border acquisitions and innova-
tion performance has been found (McCarthy and
Aalbers 2016). It has been suggested that this is because
differences in home countries foster exploratory inno-
vation output as knowledge bases are more different
(Dunlap-Hinkler et al. 2010). Therefore, we construct
a dummy variable that takes a zero value when acquirer
and target are based in the same home country, and a
value of one if acquirer and target have different home
countries.

Because alliances can enhance the knowledge ba-
ses of cooperating partners (Steensma et al. 2012),
we control for prior exploratory (exploitative) alli-
ances in the 5 years preceding the acquisition and
the year of the acquisition by comparing the SIC
codes of alliance partners and the acquirer. In alli-
ances, the cooperating partners obtain access to each
other’s knowledge bases and can accumulate com-
plementary knowledge (Jiang and Li 2009). Keil
et al. (2008) suggest that learning in alliances might
be expected or unexpected depending on the goal of
the collaborative relationship. In so-called learning
alliances, for example, knowledge is actively trans-
ferred, whereas in other forms of alliances, learning
may be a by-product of collaboration (Keil et al.
2008). When the focus of the alliance fits the focus
of the following acquisition, the prior alliance should
strengthen the corresponding innovation output. Fur-
thermore, prior studies have generally shown that
alliances have a positive impact on innovation output
(Fernald et al. 2015; Stuart 2000; Sampson 2007).
Accordingly, we assume that when an acquirer has
entered an alliance with a company that has the
same primary SIC code (which is considered exploit-
ative) and later acquires a target firm with the same
SIC code as its own (exploitative acquisition), that
action should support the exploitative character of
innovation output later on. Conversely, when an
acquirer enters an alliance with a company with a

@ Springer

different primary SIC code (which is considered
exploratory) and later acquires a target firm with a
different SIC code than itself (exploratory acquisi-
tion), subsequent innovation output should be explor-
atory in character. We assume that an alliance has its
greatest effect when it is in the same year as the
acquisition and loses influence the more time has
passed since it occurred. Accordingly, and in line
with the depreciation rate of knowledge stock sug-
gested by Hall (1990), we discount the impact of
prior alliances based on the following weights rela-
tive to the year of the acquisition t: at t-1, 0.9; at t-
2, 0.8; at t-3, 0.7; at t-4, 0.6; and at t-5, 0.5. Next,
we calculate a prior alliance exploration (respective-
ly: exploitation) ratio by summing all weighted ex-
ploratory (exploitative) alliances as defined above
and dividing them by the total number of explorato-
ry (exploitative) alliances.

Furthermore, we include a control variable for
prior exploratory (exploitative) acquisitions in the
5 years before and within the year of the focal
acquisition. To action that we compare the SIC
codes of the acquirer and target firms. When the
character of the acquisition is the same as the char-
acter of the focal acquisition, the prior acquisition
should support the corresponding innovation output
characteristics. Hence, when the acquirer purchases a
target that has the same SIC code (exploitative) and
the later focal acquisition is also an exploitative one,
then this acquisition should support the exploitative
characteristic of innovation output afterwards. In con-
trast, when the prior acquisition is characterized by
the acquirer and target having different SIC codes
(i.e., it is exploratory) and the focal acquisition also
has an exploratory character, then this should support
subsequent exploratory innovation output.

With regard to alliances, by analogy, we assume
that a prior acquisition has the greatest effect on
innovation output in the same year as the focal
acquisition so that a prior acquisition loses influence
the longer it is since the focal acquisition took place.
Thus, we discount prior acquisitions with the follow-
ing weights relative to the year of acquisition: at t-1,
0.9; at t-2, 0.8; at t-3, 0.7; at t-4, 0.6; at t-5, 0.5.
Following that step, we calculate a prior acquisition
exploration (exploitation) ratio by summing all
weighted exploratory (exploitative) acquisitions and
dividing them by the total number of exploratory
(exploitative) acquisitions.
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The innovation-related characteristics of a
company’s ultimate parent influence the innovation
output of the parent firm’s affiliates (Belderbos
2003). Therefore, we control for SIC code difference
between the acquirer’s ultimate parent and the acquir-
er to account for different or similar knowledge bases
that increase the absorptive capacity of the acquirer
(Cohen and Levinthal 1990). We assume that differ-
ent SIC codes foster the generation of exploratory
innovation output after acquisition as the firm is used
to combining different knowledge bases. While this
increases absorptive capacity for exploratory innova-
tion, having the same SIC increases absorptive capac-
ity for exploitative innovation. Thus, we create a
dummy variable that takes a value of one if the SIC
code of the acquirer and its ultimate parent is differ-
ent, and a value of zero otherwise.

Moreover, we control for the SIC code difference
between the acquirer’s ultimate parent and the target.
Since especially in knowledge-intensive sectors like
the biotech industry, collaborative relationships play
a considerable role in learning and technology de-
velopment (Powell 1998). We therefore assume that
the knowledge base of the ultimate parent enhances
the knowledge base of the acquirer, and thus the
absorptive capacity of the latter, in turn benefiting
knowledge generation after acquisition. In this, the
ultimate parent having a different SIC code from the
target necessitates the recombination of different
knowledge bases, and therefore fosters the creation
of exploratory innovation output. Conversely, we
anticipate a positive influence exerted by the
acquirer’s ultimate parent and the acquisition target
having the same SIC code according to exploitative
innovation output. Therefore, we create a dummy
variable that takes a zero value when SIC codes
are the same and a value of one otherwise.

Finally, we control for the total sum of patents
generated in the 5 years after acquisition to control
for knowledge investments (which increase a firm’s
absorptive capacity and hence its ability to receive
knowledge generated by others) and size effects.
Given the literature reveals contradictory results on
the influence of acquisitions for the characteristics of
the innovation output (Wubben et al. 2015; Dunlap
et al. 2015), we assume that a general increase in
the overall number of patents is positively associated
with both exploratory and exploitative innovation
output.

6 Model and estimation

In our model, the level of analysis is the individual
acquisition. We test our hypotheses based on the follow-
ing two equations:

NEXIP, /-5 = o + 8, *EIA?, + 3,*EIA,
+ SB5*SP, /145 + B, HCD + B5*SAA
+ fBs*SAT + 3,*FERA, ;-5
+ Bs*FEIA, s + Bo*FEIAL, /s
+3;9*FERAL, -5 + time effects
+e (I)

NEXRP, /5 = o+ 3, *ERAZ, + 3,*ERA,
+ B3*#SP, /iy 5 + 3, 4HCD
+ B5s*SAA + B5*SAT
+ 3,*FERA, /,_5 + Bs*FEIA, /s
+ B9 *FEIAL, /-5
+ f819*FERAL, ), s + time effects
+e (11)

with (see also Table 1):

NEXIP,;+ s Exploitative innovation output at
time fto £+ 5

NEXRP,;+ s Exploratory innovation output at
time fto £+ 5

EIA?, Squared weighted exploitation

orientation of acquisitions at time ¢
EIA, Weighted exploitation orientation of
acquisitions at time ¢

ERA?, Squared weighted exploration
orientation of acquisitions at time ¢

ERA, Weighted exploration orientation of
acquisitions at time ¢

SP.;+ 5 Total sum of patents generated at
time fto £+ 5

HCD Home country difference between
acquirer and target

SAA SIC code difference between
acquirer’s ultimate parent and
acquirer
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Table 2 Estimation results Poisson model with dependent variable “exploitative innovation output”

Dependent variable

Exploitative innovation output at time # to £+ 5

Independent variable Model 1 Model 2 Model 3
Squared weighted exploitation orientation of acquisition at time t — 1.19%** (0.15)
Weighted exploitation orientation of acquisitions at time ¢ —0.11%* (0.05) 0.85%** (0.13)

Total sum of patents generated at time # to £+ 5

Home country difference between acquirer and target

SIC code difference between acquirer’s ultimate parent and acquirer

SIC code difference between acquirer’s ultimate parent and target

Ratio of further exploratory acquisitions at time #to t —5

Ratio of further exploitative acquisitions at time to ¢ — 5

Ratio of further exploitative alliances at time 7 to ¢ — 5

Ratio of further exploratory alliances at time # to t — 5

0.001%+* (0.00)
0.37+%% (0.02)
0.08** (0.03)
—0.09%%% (0.02)
—0.62%%* (0.04)
0.02 (0.05)
—0.44%%% (0.05)
0.38*% (0.06)

0.001++% (0.00)
0.36%+* (0.02)
0.10%* (0.03)
—0.13%%% (0.02)
—0.62#%* (0.04)
0.02 (0.05)
—0.43%%% (0.05)
0.37%%% (0.06)

0.001%%% (0.00)
0.35%#% (0.02)
0.06 (0.03)
—0.05% (0.02)
—0.63%%* (0.04)
0.04 (0.05)
—0.43%%% (0.05)
0.39%** (0.06)

Constant 4.15%%* (0.06) 4.18%** (0.06) 4.11%%%* (0.06)

Time effects Yes Yes Yes

Log likelihood —6621.72 —6614.25 —6576.63

N 951 951 951

Likelihood ratio chi® test 7587.76% %% 7594.21%%** 7660.78%**

Vuong test 8.91%**

p<0.1; %p <0.05; #p < 0.01; **%p < 0,001

SAT SIC code difference between FEIA - 5 Ratio of further exploitative
acquirer’s ultimate parent and target acquisitions at time £ to £ — 5

FERA,, s Ratio of further exploratory FEIAL,, s Ratio of further exploitative

acquisitions at time 7 to £ — 5.

alliances at time tto t — 5

Table 3 Estimation results logit model with dependent variable “exploitative innovation output”

Dependent variable

Independent variable

Exploitative innovation output at time # to 7+ 5

Model 1

Model 2

Model 3

Squared weighted exploitation orientation of acquisition at time ¢

Weighted exploitation orientation of acquisitions at time ¢

Total sum of patents generated at time #to ¢ + 5

Home country difference between acquirer and target

SIC code difference between acquirer’s ultimate parent and acquirer

SIC code difference between acquirer’s ultimate parent and target

Ratio of further exploratory acquisitions at time # to #—5

Ratio of further exploitative acquisitions at time ¢ to =5

Ratio of further exploitative alliances at time ¢ to 5

Ratio of further exploratory alliances at time # to =5

Constant
Time effects

Zero observations

—0.02*** (0.003)
—0.59* (0.24)
1.56%** (0.38)
0.27 (0.23)
—0.23 (0.44)
1.09%* (0.48)
1.12%* (0.36)
1.77%%% (0.42)
—17.10 (769.1)
Yes

310

1.80%* (0.63)
—0.02*** (0.003)
—0.58%* (0.25)
1.31%%* (0.39)
0.94*%* (0.33)
—0.23 (0.44)
1.09%* (0.48)
0.98%* (0.37)
1.80%** (0.43)
—16.86 (459.11)
Yes

310

5.24%% (1.89)
—1.94 (1.45)
—0.02%** (0.003)
—0.53% (0.25)
1.45%%% (0.40)
0.74* (0.34)
—0.23 (0.45)
1.08* (0.49)
1.05%* (0.37)
1.75%%% (0.43)
—16.71 (444.08)
Yes

310

p<0.1; *p<0.05; **p < 0.01; ***p <0.001
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Table 4 Estimation results Poisson model with dependent variable “exploratory innovation output”

Dependent variable

Independent variable

Exploratory innovation output at time 7 to £+ 5

Model 1

Model 2

Model 3

Squared weighted exploration orientation of acquisitions at time ¢
Weighted exploration orientation of acquisitions at time t

Total sum of patents generated at time # to £+ 5

Home country difference between acquirer and target

SIC code difference between acquirer’s ultimate parent and acquirer
SIC code difference between acquirer’s ultimate parent and target
Ratio of further exploratory acquisitions at time ¢ to =5

Ratio of further exploitative acquisitions at time ¢ to =5

Ratio of further exploitative alliances at time ¢ to 5

Ratio of further exploratory alliances at time ¢ to =5

Constant

Time effects

Log likelihood

N

Likelihood ratio chi? test

Vuong test

0.002%*%** (0.00)
0.15%#* (0.01)
0.33#%*% (0.01)
—0.06*** (0.005)
0.19%%* (0.01)
0.26*** (0.01)
0.08*** (0.01)
0.29%*%* (0.02)
5.05%%% (0.03)
Yes
—54,739.89
951
352,881.71%**

0.29%** (0.01)
0.0027** (0.00)
0.14%*% (0.01)
0.38%*%* (0.01)
—0.16%** (0.01)
0.18%** (0.01)
0.26*** (0.01)
0.10%** (0.01)
0.26*** (0.02)
4.85%** (0.03)
Yes
—54,333.26
951
353,688.64%**

—0.10%* (0.03)
0.41%%* (0.04)
0.002%** (0.00)
0.14%*% (0.01)
0.37%%*% (0.01)
—0.16%** (0.01)
0.18%*%* (0.01)
0.26*** (0.01)
0.10*** (0.01)
0.26*** (0.02)
4.83%** (0.03)
Yes
—54,326.45

951
353,696.76%**
4.87%**

p<0.1; #*p <0.05; **p <0.01; ***p <0.001

FERAL,, 5 Ratio of further exploratory
alliances at time rto 1 — 5
€ Error term

Table 1 shows the descriptive statistics and correla-
tions of our variables. Since one variable is the comple-
ment to the other, a perfect negative correlation between

Table 5 Estimation results logit model with dependent variable “exploratory innovation output”

Dependent variable

Exploratory innovation output at time ¢ to ¢+ 5

Independent variable Model 1 Model 2 Model 3
Squared weighted exploration orientation of acquisitions at time ¢ —5.27*%(2.35)
Weighted exploration orientation of acquisitions at time t 1.87* (0.77) 8.67** (3.22)
Total sum of patents generated at time # to 1+ 5 —0.01** (0.004) —0.01** (0.004) —0.01** (0.004)
Home country difference between acquirer and target -0.27 (0.27) -0.35(0.27) —0.44 (0.28)
SIC code difference between acquirer’s ultimate parent and acquirer ~ —21.28 (119.79) —21.10 (116.77) —20.78 (97.28)
SIC code difference between acquirer’s ultimate parent and target —0.57* (0.24) —1.26%*(0.37) —0.98%* (0.38)
Ratio of further exploratory acquisitions at time 7 to =5 0.36 (0.46) 0.31(0.47) 0.33 (0.48)
Ratio of further exploitative acquisitions at time ¢ to =5 —0.80 (0.60) —0.82 (0.61) —0.72 (0.61)
Ratio of further exploitative alliances at time ¢ to 5 —0.54 (0.42) —0.42 (0.42) —0.44 (0.43)
Ratio of further exploratory alliances at time # to =5 —1.08* (0.49) —1.11* (0.49) —1.07* (0.50)
Constant —18.88(73,079.6) —19.97(72,876.2)  —21.22 (60,095.24)
Time effects Yes Yes Yes

Zero observations 126 126 126

p<0.1; *p<0.05; **p < 0.01; ***p <0.001
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Table 6 Results of U-test

Dependent variable

Exploitative innovation
output at time £ to 7+ 5

Exploratory innovation
output at time zto ¢ + 5

Independent variable

Weighted exploitation (exploration) 0.85%** 0.41%**
orientation of acquisitions at time ¢

Squared weighted exploitation (exploration) =~ — 1.19%%%* —0.10%*
orientation of acquisitions at time ¢

Interval [0; 1] [0; 1]

Slope at lower bound 0.85%%* 0.41

Slope at upper bound — 1.53%%* 0.21

Overall test for (inverted) U-shape Not applicable

t value 6.71

P>l 1.62#107"

Extreme point 0.36 2.09

p<0.1; *p<0.05; **p<0.01; Fieller interval (90% confidence level) [0.32;0.39] [1.53; 4.16]

**¥p <0.001

the weighted exploration orientation of acquisitions and
the weighted exploitation orientation of acquisition ex-
ists. For the estimations, this correlation is however not
problematic because we use the variables in separate
models.

To conduct the estimation, we use a Poisson model
because it is appropriate for dependent count variables
and can sufficiently address aspects of the variable
distribution in our case (Greene 1994). Given the evi-
dence for overdispersion, based on the Vuong test, we
report results for the zero-inflated variant of the Poisson
model.

7 Results

Results from the zero-inflated Poisson model estima-
tions are shown in Tables 2, 3, 4, and 5. Hypothesis 1
predicts that exploration orientation of acquisitions has
an inversely U-shaped or saturating association with
exploratory innovation output. Model 1 in Table 4
shows the baseline estimations concerning this hypoth-
esis. Model 3 shows the full specification with the linear
and the quadratic term. The linear term here is positive
and significant and the quadratic term is negative and
significant. Accordingly, and as proposed in our hypoth-
esis H1, an inverted U-shaped or saturating influence of
exploratory acquisitions on the exploratory innovation
output is therefore found in the data. We conducted
further tests as proposed by Lind and Mehlum (2010)
to test for the existence of an inverted U-shape and
present the results in Table 6. We calculated the slope

at the lower and upper bound by applying the following
equation: slopeiowsup = 51 + 232Xiowmp- The slope at the
lower bound is positive but not significant (Sp g = 0.41).
The slope at the upper bound is also positive and not
significant (Syg = 0.21). The extreme point is at Xex =
—(1/23,) =2.09 and thus lies out of the data range. In
summary, we cannot support the assumption of an
inverted U-shaped influence but a saturating effect.
Model 1 also shows the influence of control variables
on the exploratory innovation output. We find positive
and significant influences of the total sum of patents and
the home country difference on exploratory innovation
output that are consistent with our expectations. Further-
more, we find significant and positive relationships of the
ratio of further exploratory acquisitions and the ratio of
further exploratory alliances on exploratory innovation
output in line with our assumptions. Furthermore, the

1980 1985 1990 1995 2000
Year of the Acquisition

! ! ! ! !

!

5000 10000 15000 20000 25000 30000

Explorative Innovation Output at Time t to t+5

0

Fig. 1 Explorative innovation output 5 years after the acquisition
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ratio of further exploitative alliances and the ratio of
further exploitative acquisitions both also have a positive
and significant influence on exploratory innovation out-
put. Finally, whereas the SIC code difference between
the acquirer’s ultimate parent and target is significantly
negatively associated with exploratory innovation out-
put, the SIC code difference between the acquirer’s ulti-
mate parent and acquirer is significantly positively asso-
ciated with exploratory innovation output.

Turning to hypothesis 2 proposing that exploitation
orientation of acquisitions has an inversely U-shaped or
saturating association with exploitative innovation out-
put, model 1 in Table 2 provides the baseline estima-
tions. The results for the full specification in model 3
reveal the significance of the linear and the quadratic
parameters with the signs as expected. Given the sign of
the linear term is positive and the sign of the quadratic
term is negative, the hypothesized inversely U-shaped
or saturating relationship between the exploitation

orientation of acquisitions and exploitative innovation
output is confirmed in the data.

To test for the existence of a U-shape, we again
conduct the tests proposed by Lind and Mehlum
(2010) and report the results in Table 6. The slope at
the lower bound is increasing and significant (Syp=
0.85%**), while that at the upper bound is negative at a
significant level (Syg = — 1.53%%%). The extreme point is
positioned at 0.36 and thus is within the data range. We
also verified the result using the Fieller interval. In
summary, we can support our assumption of the exis-
tence of an inverted U-shape of the weighted exploita-
tion orientation of acquisitions on exploitative innova-
tion output.

Regarding the control variables, we find significant
positive effects of the total sum of patents, the SIC code
difference between acquirer’s ultimate parent and ac-
quirer, the ratio of further exploitative acquisitions, the
home country difference, and the ratio of further

Table 7 Sensitivity analysis—estimation results Poisson model with dependent variable “exploitative innovation output”

Dependent variable

Exploitative innovation output at time 7 to +5

Independent variable Basic model

S-model 1

S-model 2 S-model 3 S-model 4

Squared weighted exploitation orientation
of acquisition at time t

Weighted exploitation orientation of
acquisitions at time t

Total sum of patents generated at
time 7to 7+ 5

Home country difference between acquirer 0.35%** (0.02)
and target

0.85%%%* (0.13)

0.001%##* (0.00)

0.79%#%* (0.13)
0.0017*%#%* (0.00)

0.34%%% (0.02)

—1.19%** (0.15) —1.14%** (0.15) —1.14%%* (0.15) —1.15%%*% (0.15) —1.06%** (0.15)

0.78##* (0.13)  0.80*** (0.13)  0.71%%* (0.13)

0.001##* (0.00)  0.001**%* (0.00)  0.001*** (0.00)

0.33#%% (0.02)  0.34%%*(0.02)  0.33%%* (0.02)

SIC code difference between acquirer’s 0.06 (0.03) 0.08%* (0.03) 0.08* (0.03) 0.07* (0.03) 0.07* (0.03)
ultimate parent and acquirer
SIC code difference between acquirer’s —0.05* (0.02) —0.06* (0.02) —=0.07**(0.02) —0.06* (0.02) =0.07** (0.02)

ultimate parent and target

Ratio of further exploratory acquisitions
at time # to =5

Ratio of further exploitative acquisitions
at time # to =5

Ratio of further exploitative alliances
at time 7 to =5

Ratio of further exploratory alliances
at time # to =5

0.04 (0.05)

0.39%** (0.06)

0.01 (0.05)
—0.43%%%(0.05) —0.32%%* (0.07) —0.28%* (0.08)

0.29%** (.08

—0.63**% (0.04) —0.62%** (0.04) —0.62%** (0.04) —0.62%** (0.04) —0.60*** (0.04)

0.02 (0.05) 0.05 (0.05) 0.08 (0.05)

—0.40%**% (0.07) —0.82%%* (0.10)
0.19* (0.09)

0.31*** (0.07)  0.40%*%* (0.10)

Constant 4.11%% (0.06)  4.12%%* (0.06)  4.12%%% (0.06)  4.11°* (0.06)  4.13*** (0.06)
Time effects Yes Yes Yes Yes Yes

Log likelihood —6576.63 —6604.00 —6610.58 —6593.28 —6580.58

N 951 951 951 951 951
Likelihood ratio chi® test 7660.78%* 7615.89%:# 7603.01 % 7627.56%* 7669.63 %%
Vuong test 8.9 1k 8.74% %% 8.7 5% % 8.7 7% 8.64H

p<0.1; %p < 0.05; **p < 0.01; **¥p < 0.001
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Table 8 Sensitivity analysis—estimation results logit model with dependent variable “exploitative innovation output”

Dependent variable

Exploitative innovation output at time  to £+ 5

Independent variable Basic model

S-model 1

S-model 2 S-model 3 S-model 4

Squared weighted exploitation 5.24%* (1.89)
orientation

of acquisition at time ¢

5.42%% (1.86)

5.38%%* (1.86) 5.38%* (1.88) 5.42%% (1.84)

Weighted exploitation orientation of —1.94 (1.45) —2.02(1.43) —2.04 (1.43) —2.09 (1.45) —1.90 (1.42)
acquisitions at time ¢

Total sum of patents generated at —0.02%** —0.02%** —0.02%** —0.02%** —0.02%**
time 7to 7+ 5 (0.003) (0.003) (0.003) (0.003) (0.003)

Home country difference between —0.53*(0.25) —0.55%(0.25) —0.59*(0.25) —0.57* (0.25) —0.59* (0.25)

acquirer and target
SIC code difference between acquirer’s
ultimate parent and acquirer

1.45%5% (0.40)

141555 (0.40)

1.41%** (0.40) 1.46%** (0.40) 1.35%%(0.39)

SIC code difference between acquirer’s — 0.74* (0.34) 0.77* (0.34) 0.79* (0.34) 0.75* (0.34) 0.82* (0.34)
ultimate parent and target

Ratio of further exploratory acquisitions —0.23 (0.45) —0.18 (0.45) —0.27 (0.46) —0.34 (0.46) —0.14 (0.45)
at time 7 to 5

Ratio of further exploitative acquisitions 1.08* (0.49) 1.02%* (0.48) 1.05* (0.49) 1.06* (0.49) 1.00%* (0.48)
at time 7 to 5

Ratio of further exploitative alliances 1.05%* (0.37) 0.85* (0.42) 1.36%* (0.50) 1.33%% (0.43) 0.82 (0.52)

at time 7 to =5
Ratio of further exploratory alliances
at time 7 to =5

1.75%%% (0.43)

Constant
Time effects Yes Yes
Zero observations 310 310

2.11%%% (0.58)

1.93%% (0.65)  2.00%% (0.54)  2.35%* (0.77)

—16.71 (444.08) —14.27 (123.06) —20.29 (2442.2) —17.17(570.01) —14.48 (123.31)

Yes Yes Yes
310 310 310

p<0.1; %p <0.05; *%p < 0.01; **%p < 0.001

exploratory alliances on exploitative innovation output
and thus can confirm our assumptions. As well, we find
a negative and significant influence of the SIC code
difference between the acquirer’s ultimate parent and
target, the ratio of further exploratory acquisitions, and
the ratio of further exploitative alliances on exploitative
innovation output.

In order to counter the assumption that the change in
exploratory/exploitative innovation output is attribut-
able to a general change in the innovation output, we
analyze the distribution of the variables exploratory
innovation output, exploitative innovation output, and
their means by year of acquisition. The absolute 5-year
explorative innovation output by year of the acquisition
is illustrated by Fig. 1. Reflecting the number of acqui-
sitions per year, we find large mean values for explor-
ative innovation output for acquisition years with only
low absolute patent output, but find low mean values for
explorative innovation output in acquisition years where
the absolute patent output is relatively large. For exploit-
ative innovation output, this effect is not apparent as this

output generally is much reduced compared with the
explorative innovation output.”

8 Sensitivity analysis

We assume that prior exploratory and exploitative alli-
ances have their greatest influence in the year of the main
acquisition and thus follow an ascending weighting as
described for the variable prior exploratory (exploitative)
alliances (basic model). However, argumentation in the
literature also points to there being learning effects from
prior relationships. Consequently, some authors assume
that the relationship has to be established for some time
before the alliance works (Saxton 1997; Kale et al. 2001;
Lui 2009). Furthermore, the literature states that previous
collaboration experience causes a rise in innovation out-
put from external linkages (Love et al. 2014). Aware of

’F igures showing these descriptive illustrations of the variables are
available from the authors on request.
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Table 9 Sensitivity analysis—estimation results Poisson model with dependent variable “‘exploratory innovation output”

Dependent variable

Exploratory innovation output at time 7 to £+ 5

Independent variable Basic model

Model 1

Model 2 Model 3 Model 4

Squared weighted exploration orientation ~ — 0.10%* (0.03)
of acquisitions at time ¢

Weighted exploration orientation of
acquisitions at time ¢

Total sum of patents generated at
time #to £+ 5

Home country difference between acquirer 0.14*** (0.01)
and target

SIC code difference between acquirer’s
ultimate parent and acquirer

SIC code difference between acquirer’s
ultimate parent and target

Ratio of further exploratory acquisitions
at time # to =5

Ratio of further exploitative acquisitions
at time # to =5

Ratio of further exploitative alliances
at time # to =5

Ratio of further exploratory alliances
at time # to =5

0.41%%% (0.04)

0.37#%* (0.01)

0.18%** (0.01)
0.26%** (0.01)
0.10%** (0.01)

0.26%** (0.02)

—0.10%* (0.03)

0.41%%% (0.04)

0.14%%% (0.01)

0.37#%% (0.01)

0.17#%% (0.01)
0.26%#* (0.01)
0.11%** (0.02)

0.49%%% (0.02)

—0.13*¥#%(0.03) —0.12*%*(0.03) —0.10%* (0.03)

0.46%%% (0.04)  0.43%+% (0.04)  0.41%%* (0.04)

0.002%#* (0.00) ~ 0.002*** (0.00)  0.002*** (0.00) 0.002*** (0.00) 0.002*** (0.00

0.15%*% (0.01) ~ 0.15%**(0.01)  0.14%** (0.01)

0.36%#* (0.01)  0.36*** (0.01)  0.37#** (0.01)

—0.16%*% (0.01) —0.15%%*(0.01) —0.14%**(0.01) —0.15%*%* (0.01) —0.16*** (0.01)

0.17#%% (0.01)  0.18*** (0.01)  0.18%** (0.01)

0.25%#% (0.01)  0.25%**(0.01)  0.27#** (0.01)

0.28*** (0.02)  0.22%¥*(0.02)  0.11*** (0.02)

0.51#%%(0.02)  0.39%**(0.02)  0.55%** (0.02)

Constant

Time effects
Log likelihood
N

Likelihood ratio chi’ test

Vuong test

4.83%*%* (0.03)
Yes
—54,326.45
951
353,696.76%**

4.82%** (0.03)
Yes
—54,135.12
951
354,081.30%**

4.81%*%* (0.03)
Yes
—53,966.84
951
354,415.75%**
4.87%**

4.81%** (0.03)
Yes
—54,051.67
951
354,244.09%**
4.86%**

4.83%** (0.03)
Yes
—54,210.95
951

353,927 .40%**
4.88%**

p<0.1; *p<0.05; **p < 0.01; ***p <0.001

that argumentation, we conducted sensitivity analysis
with different weighting schemes. The results for the
sensitivity models (S-models) are shown in Tables 7
and 8 for the dependent variable exploitative innovation
output and Tables 9 and 10 for the dependent variable
exploratory innovation output. To prevent endogeneity,
we exclude the year of the main acquisition from the
weighting in sensitivity model 1 (S-model 1). Sensitivity
model 2 follows the argumentation that it takes time until
the collaboration works and thus follows a descending
weighting (S-model 2), that means the contrary weighting
scheme compared with the basic model. This weighting
is also used for sensitivity analysis without considering
the year of the main acquisition (S-model 3). Finally, both
lines of reasoning, that is, the descending and the ascend-
ing weighting are combined as a centered weighting in
sensitivity model 4 (at t-1, 0.2; at t-2, 0.6; at t-3, 1; at t-4,
0.6; at t-5, 0.2). As illustrated in Tables 7, 8, 9, and 10, the
results for the main effects remain constant for all four

@ Springer

sensitivity models in comparison with the basic model.
The learning effects from prior relationships seem to be
only marginal.

We integrate further sensitivity analysis to test the
influence of exploitative (explorative) acquisition on the
explorative (exploitative) innovation output. As both in-
dependent variables are perfectly correlated, we are not
able to integrate the reverse variable as a control variable.
Results presented in Table 11 show that both the linear
and the quadratic term of exploitative acquisitions have a
negative effect on explorative innovation output. How-
ever, explorative acquisitions show an inverted U-shaped
influence on exploitative innovation output.

9 Conclusions and discussion

The current study analyzes the relationship between
exploitative (exploratory) acquisitions and exploitative



The influence of exploratory versus exploitative acquisitions on innovation output in the biotechnology... 675

Table 10 Sensitivity analysis—estimation results logit model with dependent variable “exploratory innovation output”

Dependent variable

Exploratory innovation output at time # to £+ 5

Independent variable Basic model

Model 1

Model 2 Model 3 Model 4

Squared weighted exploration —5.27%(2.35)
orientation of acquisitions at time t

Weighted exploration orientation of
acquisitions at time ¢

Total sum of patents generated at time
ttot+5

Home country difference between
acquirer and target

SIC code difference between
acquirer’s ultimate parent and acquirer

8.67%% (3.22)

—0.44 (0.28)

—20.78 (97.28)

—5.42% (2.35)
8.90%* (3.23)
~0.01%* (0.004) —0.01** (0.004) —0.01*%(0.004)
~0.44 (0.28)

—20.75 (97.05)

—5.53%(2.35) —5.43%(2.35) —5.53%(2.36)

9.06%* (3.23)  8.90%*(323)  9.13%% (3.24)

—0.01%% (0.004) —0.01%* (0.004)
—0.43 (0.28)

—0.43 (0.28) —0.44 (0.28)

—21.10 (117.85) —21.13 (117.21) —21.08 (117.56)

SIC code difference between —0.98**(0.38) —1.01**(0.38) —1.02%*(0.38) —1.00** (0.38) —1.05%* (0.38)
acquirer’s ultimate parent and target

Ratio of further exploratory 0.33 (0.48) 0.31 (0.48) 0.36 (0.49) 0.38 (0.48) 0.37 (0.49)
acquisitions at time # to =5

Ratio of further exploitative —0.72 (0.61) —0.73 (0.61) —0.69 (0.61) —0.68 (0.61) —0.72 (0.61)
acquisitions at time 7 to 5

Ratio of further exploitative —0.44 (0.43) —0.57 (0.50) —0.76 (0.64) —0.60 (0.53) —1.04 (0.73)
alliances at time ¢ to =5

Ratio of further exploratory —1.07* (0.50) —1.16 (0.67) —1.64*% (0.79) —1.53* (0.63) —1.82 (0.94)

alliances at time ¢ to 5

Constant
Time effects Yes Yes
Zero observations 126 126

—21.22(605.24) —21.29 (602.42) —21.78 (721.08) —21.76 (726.53) —21.83 (726.67)

Yes Yes Yes
126 126 126

p<0.1; %p < 0.05; **p <0.01; **%p < 0.001

(exploratory) innovation output, where acquisitions are
understood as one important form of opportunity-
seeking behavior in the context of the knowledge spill-
over theory of entreprencurship (Agarwal et al. 2010).
While controlling for other important forms of such
behavior, for example, in terms of alliances (which also
proxy for ecosystem and network conditions as sources
for interorganizational flows and spillovers of knowl-
edge), we find support for two hypotheses derived in
this context for the exploitative input—output
relationship.

More specifically, we find support for our first hy-
pothesis by establishing a saturating relationship of ex-
ploratory acquisitions and exploratory innovation out-
put. Extant research points to a declining influence of
too diverse knowledge on innovation output generation
(Wadhwa et al. 2016; Van de Vrande 2013), which is
confirmed by our findings. In our independent variable,
we analyze acquisitions where acquirer firms have at
least seven different SIC codes whereas their acquired
targets are characterized by 109 different SIC codes.
Accordingly, the range of combined knowledge in

acquisition is very broad which contributes to extend
extant literature in terms of the scope of applicability.
Concerning our second hypothesis, exploitative ac-
quisitions are found to have an inverted U-shaped rela-
tionship with exploitative innovation output. The find-
ing is in line with those that suggest too similar knowl-
edge diminishes the generation of innovation output
(Orsi et al. 2015). Nevertheless, exploitative acquisi-
tions may still foster incremental output that does not
lead to patents. This finding could concern knowledge
that is characterized by a too low inventive step to merit
patenting, or knowledge that the company did not want
to pursue patent applications for because of costs, or
uncertainty over whether the patent would be granted.
As mentioned above, extant literature finds differing
relationships between equity-based arrangements and
innovation output as compared with non-equity arrange-
ments (e.g., Ahuja and Katila 2001; Hitt et al. 1991).
Furthermore, the question of whether mergers and ac-
quisitions generally lead to more exploratory or more
exploitative innovation output is equivocal (e.g.,
Wubben et al. 2015; Van de Vrande et al. 2011). In
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Table 11 Sensitivity analysis—results of weighted exploitative (explorative) acquisition on explorative (exploitative) innovation output

Dependent variable

Exploitative innovation
output at time £ to £+ 5

Exploratory innovation
output at time #to 7+ 5

Independent variable Full model Full model
Squared weighted exploitation orientation of acquisition at time # —0.10%*
(0.03)
Weighted exploitation orientation of acquisitions at time ¢ —0.21%%*
(0.03)
Squared weighted exploration orientation of acquisitions at time ¢ — 1.19%%*
0.15)
Weighted exploration orientation of acquisitions at time t 1.53 %%
(0.18)
Total sum of patents generated at time # to 1+ 5 0.002%** 0.0017%**
(0.000004) (0.00002)
Home country difference between acquirer and target 0.14%#%* 0.35%#*
0.01) (0.02)
SIC code difference between acquirer’s ultimate parent and acquirer 0.37%#%* 0.06
(0.01) (0.03)
SIC code difference between acquirer’s ultimate parent and target —0.16%** —0.05%
(0.01) (0.02)
Ratio of further exploratory acquisitions at time # to #—5 0.18%** —0.63%**
0.01) (0.04)
Ratio of further exploitative acquisitions at time # to 5 0.26%** 0.04
(0.01) (0.05)
Ratio of further exploitative alliances at time ¢ to 5 0.10%%* —0.43%%**
(0.01) (0.05)
Ratio of further exploratory alliances at time ¢ to =5 0.26%%* 0.39#:#*
(0.02) (0.06)
Constant 5.14%%* 377
(0.03) (0.08)
Time effects Yes Yes
Log likelihood —54,326.45 —6576.63
N 951 951
Likelihood ratio chi® test 353,696.76%** 7660.77%%*
Vuong test 4.87%%* 8.9k

p<0.1; %p < 0.05; = < 0.01; *%p < 0.001

conclusion, our study clarifies if and under which con-
ditions acquisitions as an important form of external
knowledge sourcing benefit exploratory or exploitative
innovation output which can explain contradictory re-
sults found across past work and shows that the explor-
atory or exploitative character of an acquisition has a
significant association with the character of correspond-
ing innovation output. We also analyzed learning effects
in our sensitivity analysis. We do not find significant
changes in the main effects when applying different
weighting to other relationships of the acquirer. Conse-
quently, we can show that further relationships like
explorative (exploitative) acquisitions and alliances

@ Springer

influence the character of the innovation output; how-
ever, the learning effects do not seem to depend on the
time the relationship was established in the pre-
acquisition phase. We find spillover effects, but they
do not change the main effect regardless of whether
the collaborative partnership was established 5 years
before the acquisition or in the year of the main acqui-
sition. We additionally analyzed the effect of explorative
(exploitative) acquisitions on exploitative (explorative)
innovation output. We find that exploitative acquisitions
counteract explorative innovation output. However, ex-
plorative acquisitions have a positive effect on exploit-
ative innovation output up to a certain point.
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Those acquisitions are not only an important tool in the
market for products but also in the market for ideas and for
the financial market. A trade sale is an important exit
strategy, especially for investors in young entrepreneurial
firms that have a scientific background (Colombo et al.
2010). We hope the results from this study can be applied
to support investors in choosing a suitable acquirer.

In the market for ideas, small and young firms in
particular can profit from cooperation with an
established organization (Gans and Stern 2003). The
incumbent may offer an opportunity to commercialize
products arising from ideas and technologies (Gans and
Stern 2003), and accordingly, an acquisition might not
only be an exit strategy in the financial market but also
offer the opportunity to compete in the market for ideas.

Furthermore, our study contributes to the literature on
knowledge spillover entrepreneurship by analyzing the
complementary effects of knowledge flows by means of
acquisition while controlling for the effect of other modes
of implementation for external knowledge sourcing, such
as alliances. The current research therefore extends the
knowledge spillover theory of entrepreneurship, by fo-
cusing on and allowing for acquisitions of new ventures
by existing firms, with an additional mechanism beyond
the possibility of existing firms creating new ventures
that is highlighted in Agarwal et al. (2007).

Our findings in this respect help to clarify the current
picture by showing how firms that opt to not exploit
knowledge internally can in principle use a market-
based mechanism such as acquisitions to enable knowl-
edge cycling through spillovers or transfers. The finding
is linked to the question of how spillovers can bring
about win—win situations in a wider ecosystem, where
alliances have an additional role of enabling network
and ecosystem embeddedness.

While the current research employs comprehensive
and novel variables accounting for parallel mechanisms
of knowledge transfer and spillover to understand the
whole exploratory (exploitative) input—output relation-
ship of innovation and acquisitions, and in so doing also
makes important methodological contributions to the
field (for example, in terms of novel weighting schemes
for prior alliances and acquisitions), some limitations
and areas for future research must be acknowledged.
First, data limitations meant it was impossible to com-
prehensively control for size and age among the focal
firms. Information on total assets loses about one-third
of our observations and therefore any inference on this
basis must be considered far less representative and

reliable. Furthermore, we find a strong correlation in
the data between total assets and the sum of patents as
used in our estimations. More direct re-testing of age
and size effects with better data would certainly be
worthwhile in future research.

Second, an extension of the analysis to performance
effects would be desirable, since it has been argued that
knowledge spillovers ultimately relate to firm growth
(Agarwal et al. 2010). Such an extension would facili-
tate further analysis relating to how changes to a firm’s
resource base and its capabilities through the mecha-
nism of acquisitions (while controlling for other mech-
anisms for interorganizational knowledge flows and
spillovers, such as alliances or joint ventures) ultimately
affect firm heterogeneity at an economic outcome level.
To sum up, our study, by looking at the effects of
exploratory versus exploratory acquisitions on corre-
sponding innovation outputs contributes to the knowl-
edge spillover theory of entrepreneurship by highlight-
ing additional channels for knowledge spillovers. It also
therefore offers an empirical contribution by analyzing
new data and by developing and applying comprehen-
sive new measures that enable better control of other
relevant factors when testing our hypotheses, as detailed
above. In doing so, the study should ultimately foster a
better understanding of how boundaries for different
types of knowledge are transcended by several actors
dividing scientific labor in a specific entrepreneurial
ecosystem, and also in part address geographical and
other distances in the context of knowledge sourcing
strategies.
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