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product and marketing studies have found that insight is central to a firm's creativity
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and innovation. Creativity and innovation studies have found that individuals often
relate to external information through an analogical reasoning process and that this
process develops insight into a firm's innovation. Although the AC concept has been
associated with this insight, it however faces significant difficulties explaining its
development. This is because AC has been defined by a social structure where myo-
pic tendencies can preclude its individual members from assimilating new external
experiences. As insight often requires an exposure to previously unconnected or
unrelated experiences, this myopia can reduce a firm's ability to produce insight in its
AC process. By drawing on an individual level analogical reasoning process, this study
argues that a firm's coherence and unigueness offer a social structure that not only
leverages this individual level analogical reasoning process but also produces an
assimilation that develops insight in the firm's AC process. In using a sample of US
biotechnology firms, this study finds empirical support for these arguments to explain

the development of insight in ways not possible with AC explanations.
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1 | INTRODUCTION developed insights by drawing on connections to technologies that
were not previously related to their current design problems. These

insights offered novel solutions to overcoming problems that could

Creativity is the power to connect the seemingly

unconnected.

William Plomer

Various product and marketing studies have shown that the

development of insight is central to a firm's creativity and innovation
(Dahl & Moreau, 2002; Gassmann & Zeschky, 2008; Jeong &
Kim, 2014). This is because insight offers a deep understanding of the
information environment in ways that overcome impasses from previ-
ously established views. For instance, in Hargadon and Sutton's
(1997) study of the product design firm IDEO, design engineers

not have been solved by the firm's established engineering designs.
As such insight requires a deep understanding of a firm's information
environment, absorptive capacity (AC) research offers a means to
develop this understanding (e.g., Bozi¢ & Dimovski, 2019; Muiller
et al., 2021). AC refers to a firm's ability to recognize, assimilate and
exploit external information (Cohen & Levinthal, 1990) where studies
find this ability has been associated with a firm's insight (BoZi¢ &
Dimovski, 2019; Cohen & Levinthal, 1990; Miller et al., 2021;
Zahra & George, 2002). This is because a firm's assimilation of exter-

nal experiences creates new external associations that offer new
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perspectives to impacting a firm's innovative performance. For
instance, in Muller et al.'s (2021) AC study of German Small Medium
Enterprises (SMEs), they found a SME's ability to assimilate informa-
tion about their customer needs offered insights in developing new
business models that better served their needs.

While the concept of AC offers an attractive approach to explain-
ing a firm's insights, there are challenges in explaining its develop-
ment. These challenges are rooted in structural explanations of the
AC concept (Cohen & Levinthal, 1990; Enkel et al., 2018; Jansen
et al, 2005; Todorova & Durisin, 2007; Zahra & George, 2002).
According to Cohen and Levinthal (1990), AC is a ‘distinctly organiza-
tional’ (p. 131) level concept where a firm's AC extends beyond the
AC of its members. This AC includes a social structure involving a set
of ‘overlapping experiences’ (Cohen & Levinthal, 1990; p. 133) that
increase efficiencies in a firm's ability to assimilate external informa-
tion (Jo et al., 2016; Lane & Lubatkin, 1998). This structure also con-
sists of a diversity of connected experiences that enable the firm to
create novel associations with its external environment (e.g., Enkel &
Heil, 2014; Lin et al., 2012). Furthermore, since this social structure is
comprised of the experiences of its members (Cohen &
Levinthal, 1990), AC researchers have argued that individual members
can engage in an assimilation and transformation that can affirm the
assimilative and creative benefits of this social structure
(e.g., Todorova & Durisin, 2007). Yet the challenge with these social
structural explanations is that Cohen and Levinthal (1990) and others
(Kauppila, 2015; Kim et al., 2016) have argued that the assimilative
benefits of a social structure can drive out the knowledge creation
benefits of its diversity.

This is because since an individual's assimilation and transforma-
tion operate with a greater social structure of shared experiences, AC
studies have found that members of this social structure will assimi-
late external information in ways that reinforce their shared under-
standings (Kim et al., 2016; Lin et al., 2012; Schildt et al., 2012). AC
studies have argued that this exchange of similar information can cre-
ate myopic behaviours that reduce an individual member's ability to
associate with new or previously unconnected ideas (Kauppila, 2015;
Kim et al., 2016; Saiz et al., 2018). This myopia can reduce an individ-
ual member's ability to transform their past experiences and reduce
their ability to produce novel insight. Hence, the challenge facing AC
research is that the firm's social structure prevents the transformation
of experiences (Todorova & Durisin, 2007) that are needed to develop
the firm's insight. The following research questions are posed: Since a
firm's AC has been widely associated with its innovative performance,
how can a firm develop social structures that produce insight in its AC
process and how does this AC process influence its innovative
performance?

The objective of this study is to develop and empirically examine
a social structural concept of AC that addresses these research ques-
tions. In developing this study's AC concept, innovation studies have
argued that individuals appeal to analogies as a powerful source of
insight (Dahl & Moreau, 2002; Gavetti et al, 2005; Kalogerakis
et al., 2010). These analogies involve a reason by analogy process

(RAP) in which individuals gain insight by relating the solutions of one

knowledge domain to solving the problems of another. For instance,
Thomas Edison and his colleagues drew on their insights of electro-
magnetic power from the telegraph industry to solving the technical
problems in the lightning, telephone, phonograph, railway and mining
industries (Hargadon & Sutton, 1997). Yet, as the development of
such insight is a highly individualized learning process, analogical
(Dahl & Moreau, 2002; Gavetti et al., 2005; Kalogerakis et al., 2010)—
as well as AC (Enkel & Heil, 2014)—research do not explain the social
structures that connect to this individual level learning process (see,
e.g., Song et al, 2018; Todorova & Durisin, 2007; Zahra &
George, 2002). This study argues that an organizational concept of
coherence (Foss & Christensen, 2001; Leten et al, 2007; Lien &
Klein, 2013; Nesta & Saviotti, 2005; Teece et al., 1994) offers such a
social structure. Studies have shown that coherent firms exhibit a
relatedness in their combined business activities and that a shared or
common understanding of these related activities influences a firm's
AC (Leten et al., 2007; Lien & Klein, 2013; Teece et al., 1994). This
study argues that coherence offers a social structure that relates the
knowledge domains of an individual's RAP process and that a shared
understanding of these related domains influences the development
of insight in the firm's AC. In addition, this study argues that a unique
social structure—consisting of a diverse set of network connections—
integrates distant knowledge domains into an individual's RAP pro-
cess. This structure also promotes the development of insights in a
firm's AC process. In using patent data from the US biotechnology
industry, hypotheses were developed to empirically examine the inno-
vative performance of a firm's coherent and unique social structures.
This study offers two contributions to AC research. First, as AC
involves the assimilation and transformation of new knowledge expe-
riences (Kim et al., 2016; Todorova & Durisin, 2007; Yao &
Chang, 2017; Zahra & George, 2002), a firm's coherence and unique-
ness offer an exploitation where the assimilation of external solutions
transforms its members' ability to develop new insights. These con-
cepts can overcome the myopic problems found in structural explana-
tions of AC research. Second, the exploitation of a firm's coherence
and uniqueness introduces a higher order learning to the AC process.
This higher order learning suggests that, unlike the individual level
processes described in AC research, the separation of an individual's
assimilation and transformation process (Todorova & Durisin, 2007)
would reduce this higher order learning and thus reduce the innova-

tive potential of the AC concept.

2 | CONCEPTUAL DEVELOPMENTS

21 | Conceptof AC

AC is commonly defined by ‘the ability of a firm to recognize the
value of new, external information, assimilate it, and apply it to com-
mercial ends’ (Cohen & Levinthal, 1990, p. 128). A basic premise
underlying this concept is that ‘prior knowledge’ is essential to the
assimilation of new and external knowledge (Cohen &
Levinthal, 1990; Volberda et al., 2010). This observation is rooted in
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cognitive-memory research where Cohen and Levinthal (1990) argued
‘that the concept of absorptive capacity can best be developed
through an examination of the cognitive structures that underlie
learning’ (p. 129). These cognitive structures involve an individual
level ‘associative learning’ process where individuals store informa-
tion events into memory ‘by establishing linkages amongst pre-
existing concepts’ (p. 129). These associations increase a member's
ability to recall patterns from their experiences and to apply these pat-
terns into assimilating novel associations with a firm's external envi-
ronment (Cohen & Levinthal, 1990).

Given the importance of these learning associations, Todorova
and Durisin (2007) extends Cohen and Levinthal's (1990) cognitive
explanations by offering two distinct associative learning processes
involving assimilation and transformation. Assimilation involves asso-
ciating new ideas that fit well into the individual's existing cognitive
schema (i.e., assumptions, models and experiences), where the idea is
modified to fit the individual's cognitive schema. While this assimila-
tion is consistent with Cohen and Levinthal's (1990) associative learn-
ing process, Todorova and Durisin (2007) argue that the assimilation
of novel experiences requires an alternative associational process.
They argue that, when external ideas cannot be modified, novel ideas
are assimilated through a transformation where the individual's cogni-
tive structure is modified to fit these external ideas. This transforma-
tion introduces new patterns of associations or experiences that
enable individuals to associate with new ideas not possible with
assimilation. This suggests that assimilation and transformation reflect
distinct associational processes where individuals can engage in either
the assimilation or transformation of external experiences but not
both (Todorova & Durisin, 2007).

While these (Todorova & Durisin, 2007) and other related associ-
ational processes (Kim et al., 2016; Lane & Lubatkin, 1998; Yanez-
Araque et al., 2017) have enriched the cognitive underpinnings of the
AC concept, Cohen and Levinthal (1990) have argued that AC is a
‘distinctly organizational’ level phenomenon that extends well beyond
the cognition/experiences of its individual members. This organiza-
tional level phenomena refers to a social structure that connects the
knowledge and experiences of specialized members (Cohen &
Levinthal, 1990; Yao & Chang, 2017). Specifically, this social structure
consists of an ‘overlapping’ set of connected experiences where a
shared understanding of language, codes and symbols increases effi-
ciencies in transferring external information to (1) a firm's connected
members and (2) to those who are in the best position to exploit this
assimilated information (Cohen & Levinthal, 1990; Jo et al., 2016;
Schildt et al., 2012). For instance, AC studies find that these shared
understandings increase the transfer, codification and assimilation of
external experiences (Jo et al., 2016; Lane & Lubatkin, 1998; Yanez-
Araque et al., 2017; Yao & Chang, 2017) and that these shared under-
standings increase efficiencies in a firm's ability to assimilate external
information. Cohen and Levinthal (1990) further argued that a firm's
social structure requires a ‘sufficient’ degree of diversity. This is
because a diverse background increases the firm's ability to assimilate
information from a broader range of information environments (see
also Enkel et al., 2018; Enkel & Heil, 2014; Santoro et al., 2020).

In recognizing these structural benefits, dynamic capability
(DC) explanations (Song et al., 2018; Todorova & Durisin, 2007,
Zahra & George, 2002) have extended Cohen and Levinthal's (1990)
social structural explanations. According to this DC view, a firm's
social structure is explained by its social integrating mechanisms
(Enkel et al., 2018; Jansen et al., 2005; Todorova & Durisin, 2007;
Zahra & George, 2002). Social integration mechanisms ‘refer to the
shared values, norms, and other mechanisms that build connectedness
and socialization among members of an organization but also among
collaborating partners that are not part of the same organization’
(Enkel et al., 2018, p. 1262).

Jansen et al. (2005) argued that these social integration mecha-
nisms offer a means to manage the potential (PACAP) and realized
(RACAP) aspects of a firm's AC (Zahra & George, 2002). A firm's
potential absorptive capacity (PACAP)—consisting of acquisition and
assimilation—promotes an exploration of external information, while a
firm's realized absorptive capacity (RACAP)—involving transformation
and exploitation—seeks to recombine this external information in
ways that leverage a firm's internal competencies (Ahmed et al., 2019;
Engelman et al, 2017; Kostopoulos et al., 2011; Todorova &
Durisin, 2007; Zahra & George, 2002; Zobel, 2017). Jansen et al.
(2005) and others (Enkel et al., 2018; Yang & Tsai, 2019) show that a
firm's social integration mechanisms—involving the use of cross-
functional teams—integrate diverse member experiences and that
they increase a firm's PACAP to adapt to changing external condi-
tions. These cross-functional teams also promote an integration and
recombination of external/internal experiences and thus influence a
firm's RACAP (Jansen et al., 2005). These and other related social inte-
gration mechanisms have been argued and or found to have a positive
influence on the firm's innovative performance (Jansen et al., 2005;
Kang & Lee, 2017; Zhao et al., 2020). For instance, Kang and Lee's
(2017) study found that social integration mechanisms offer a shared
knowledge that increases a firm's PACAP and RACAP and that this
shared understanding increased an employee's innovative
performance.

While social structural explanations have played an important role
to the AC concept, these social structural explanations are vulnerable
to myopic or competency trap-like behaviours. This is because a basic
tenet of the AC concept is that individuals assimilate information in
ways that affirm their past experiences (Cohen & Levinthal, 1990,
p. 131; Kauppila, 2015; Kim et al., 2016; Saiz et al., 2018; Volberda
et al., 2010). This assimilation can create a social structure in which
members are connected to increasingly similar or redundant experi-
ences. Such redundancy produces myopic and competency trap-like
behaviours that impede members' ability to discover novel associa-
tions with their external environment (Jo et al, 2016; Schildt
et al., 2012). Authors like Todorova and Durisin (2007) would argue
that an individual's transformation can develop new associations that
mitigate such myopic tendencies. The challenge with this explanation
is that since an individual's transformation operates within a greater
social structure, the overlapping or redundant connections of this
social structure would prevent these individuals from associating with

new experiences and thus reduce an individual's transformation.
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For instance, Cohen and Levinthal (1990) and others (Jo
et al, 2016; Kauppila, 2015; Kim et al., 2016; Saiz et al., 2018;
Schildt et al., 2012) argued that an overlapping social structure can
produce an ‘inward looking absorptive capacity’ (Cohen &
Levinthal, 1990) that insulates individuals from new external experi-
ences. Such myopic behaviours have also been recognized in DC
explanations, where Jansen et al. (2005) argued that redundant
social structures and socialization tactics can negatively influence a
firm's PACAP and RACAP. This is also consistent with network and
AC studies that have argued highly embedded or redundant social
structures reduce the assimilation of new external experiences
(Kauppila, 2015; Kim et al, 2016; Lin et al, 2012; Schildt
et al,, 2012). As a result, these studies suggest social structures can
insulate the firm from new experiences to which prevent its mem-
bers from transforming their cognitive schemas into discovering

new ways to relate to their information environment.

2.2 | Reason by analogy process

In departing from the cognitive and associative learning processes of
AC research (Cohen & Levinthal, 1990; Kim et al., 2016; Todorova &
Durisin, 2007; Yao & Chang, 2017), innovation studies find individuals
relate to their external environment through a RAP (Enkel &
Heil, 2014; Gassmann & Zeschky, 2008; Gavetti et al., 2005;
Kalogerakis et al., 2010). A RAP involves a structural mapping process
in which an individual applies the solutions of a base knowledge
domain to solving the problems of a target domain (Gavetti
et al., 2005; Gentner & Colhoun, 2010; Gentner & Markman, 1997). A
target domain can be a design problem or concept that an individual
seeks to explain or solve (Christensen & Schunn, 2007; Dunbar, 1997,
Kalogerakis et al., 2010). The base domain consists of a set of external
solutions in which the individual draws on to understand the target
(Dunbar, 1997; Kalogerakis et al., 2010). An analogy is formed when
the external solutions of the base domain are structurally mapped to
solving the problems of the target domain (Christensen &
Schunn, 2007; Dunbar, 1997; Gavetti et al., 2005). The implication to
AC research (Cohen & Levinthal, 1990; Todorova & Durisin, 2007) is
that because RAP is a problem driven process, an individual's assimila-
tion or transmission is not based on the fitness of the external infor-
mation to their cognitive schemes. Rather, RAP involves an
associative learning process where this fitness is based on the extent
to which the external solution solves the individual's problems. This
suggests that unlike Todorova and Durisin (2007), an individual's
assimilation and transformation are related learning processes,
because RAP introduces a relatedness where the assimilation of exter-
nal solutions from a base domain transforms an individual's under-
standing of their targeted problem. Analogical research argues that
this relatedness offers a source of insight because it enables the indi-
vidual to relate to external information in ways not previously consid-
ered (Dahl & Moreau, 2002; Gavetti et al, 2005; Hargadon &
Sutton, 1997). As the RAP is an important source of insight, this
insight is defined by a structural mapping process in which an

individual draws on the external solutions of a base domain to devel-
oping solutions to a targeted problem.

To illustrate this insight, the development of CRISPR (Clustered
Regularly Interspaced Short Palindromic Repeats) has been one of the
most significant technological breakthroughs in genetic engineering.
CRISPR offers an unprecedented tool to target, delete and replace
specific genes in any organism and has the potential to offer revolu-
tionary advances in cancer therapies, develop resistances in animal
and plant products and eliminate various genetic disorders. Yet,
despite these modern genomic advances, micro-biologists have long
recognized and understood that bacteria for millions of years have
been using the CRISPR system as a natural defense against viruses. It
was not until 2012-2013 that molecular biologists, Drs. Jennifer
Doudna and Zhang Feng, had realized that this well understood sys-
tem of genomic editing can offer insights to explaining the editing of
genes in eukaryotic cells that contain a nucleus membrane. This appli-
cation offered a novel application of CRISPR technologies because
knowledge surrounding CRISPR in bacteria cells belonged to a domain
of prokaryotic cells that do not have a nucleus membrane. Yet, by
drawing on the insights of how CRISPR worked in these prokaryotic
cells, Drs. Jennifer Doudna and Zhang Feng discovered a way to apply
this base knowledge domain of prokaryotic cells into solving the tar-

geted problems of genomic editing in eukaryotic cells.

2.3 | Social structure: Coherence

While the RAP offers an insight that cannot be explained by the asso-
ciative learning process of AC research, a firm's AC, however, requires
a social structure that connects these learning processes. An organiza-
tional concept of coherence (Foss & Christensen, 2001; Leten
et al., 2007; Lien & Klein, 2013; Teece et al., 1994) offers such a social
structure. Having origins in cognitive and organizational learning
research, coherence underscores that a firm is a distributive knowl-
edge system (Foss & Christensen, 2001; Lien & Klein, 2013; Teece
et al., 1994) in which elements of this distributed system are con-
nected by a set of relationships that are ‘common’ to a firm's com-
bined activities (Teece et al., 1994). Teece et al. (1994) describes:

a firm exhibits coherence if its lines of business are
related, in the sense that there are certain technologi-
cal and market characteristics common to each. A
firm's coherence increases as the number of common
technological and market characteristics found in each
product line increases. Coherence is thus a measure of
relatedness. A corporation fails to exhibit coherence
when common characteristics are allocated randomly

across a firm's line of business (p. 4).

The ‘common’ aspects of a firm's coherence underscore that
members/units of a firm have a shared understanding of those
exchanges that are common amongst a firm's combined business

activities. This common understanding has been the basis for
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explaining a firm's diversification where studies show that coherent
firms diversify into experiences that are common to its business activ-
ities (Foss & Christensen, 2001; Leten et al., 2007; Lien & Klein, 2013;
Teece et al., 1994). While the focus of coherence research has been
on a firm's diversification, coherence also emphasizes an assimilation
of external activities that are closely related to a firm's combined
experiences (Leten et al., 2007; Teece et al., 1994). For instance,
Teece et al. (1994) study found that a firm with a coherent knowledge
structure assimilates external information that strengthens or rein-
forces the common relationships amongst a firm's combined elements.
Yet, since a firm's assimilation of external information depends on its
members' cognition, the cognitive origins of these common relation-
ships however have not been explained (Foss & Christensen, 2001;
Leten et al., 2007; Lien & Klein, 2013; Teece et al., 1994).

To explain the cognitive foundations of a firm's coherent social
structure, its common relations or common relational associations are
attributed to the aggregate structural mappings of its members
(Foss & Christensen, 2001; Lien & Klein, 2013). This aggregation
introduces a competitive process where each member competes by
making inferences about whether the external solutions of a base
domain can be related to solving the problems of a firm's target
domain. Individuals who succeed in identifying a relational association
between their base-target domains are more likely to combine these
knowledge domains over those associations that do not. This is
because according to coherence research, the competitive process is
subject to a ‘survivor principle’ where efficient combinations of activi-
ties are selected over those that are less efficient (Lien & Klein, 2013;
Teece et al., 1994). This survivor principle also suggests that efficient
combinations of knowledge activities are more likely to be recom-
bined and reproduced by other members, because they have greater
survival prospects over other combinations of knowledge activities
(Lien & Klein, 2013). As a result, individuals who succeed in identifying
a relational association between their base-target domains will have
their combinations of knowledge activities reproduced by other mem-
bers. This reproduction creates a common or shared understanding of
these relational associations.

By drawing on these common relational associations, the individ-
ual's RAP not only promotes a shared understanding of these rela-
tional associations, but it also reinforces the individual member's RAP
to make inferences about its external information environment. This
mutual reinforcement improves the communication of analogies
amongst a firm's members to which increases a member's RAP to form
analogical inferences to other parts of a firm's information environ-
ment. This self-reinforcing process can yield a set of overlapping
experiences where the individual's RAP is mutually reinforced by the
firm's coherent knowledge structure. Behavioural researchers would
argue that these common or shared relational associations would pro-
mote redundant and myopic knowledge exchanges.

While these are valid concerns, these arguments do not account
for the ‘polysemous’ property of analogies (Bowdle & Gentner, 2005).
This polysemous property finds that analogies are subject to multiple
interpretations and that these interpretations are applied in ways spe-
cific to a targeted problem (Bowdle & Gentner, 2005; Hargadon &

Bechky, 2006; Hargadon & Sutton, 1997). This polysemous property
suggests that the shared understandings in the firm's coherence
require that individuals draw on their specialized expertise to apply
these understandings in ways that fit the salient features of their tar-
geted problem. For instance, in Hargadon and Sutton's (1997) study
of IDEO, they observed that IDEO had a collection of ‘shared cool’
technologies. These shared technologies served as a common pool of
analogies that enabled designers to solve the technical problems in
different industries (see also Christensen & Schunn, 2007;
Hargadon & Bechky, 2006; Kalogerakis et al., 2010). But to apply this
shared understanding, engineers had to draw on their design expertise
to re-interpret these shared understandings to fit the problems faced
by their targeted industry (Hargadon & Bechky, 2006).

As a result, since a firm's coherence is rooted in a shared under-
standing of analogies, these analogies exhibit a polysemous property
that does not constrain its members to self-similar or myopic
experiences. But instead enables its members to develop new inter-
pretations of these shared understandings in solving its targeted prob-
lems. In defining this coherence, a firm's coherence refers to a set of
common relational associations in which the shared understanding of
these relational associations (i.e., shared understanding of analogies)
enables a firm's members to relate the external solutions of a base

domain to solving the problems of a firm's target domain.

24 | Coherence: AC and innovative performance

By drawing on the common relational associations of a firm's coher-
ence, a firm's coherence offers an AC that increases its members' abil-
ity to ‘recognize, assimilate, and exploit’ external experiences. In
explaining the components of this AC, recognition involves a capacity
to explore and identify the value of external information (Todorova &
Durisin, 2007; Zobel, 2017). This recognition leverages a firm's coher-
ence where its common relational associations enable its members to
recognize whether the solutions of an external environment can be
structurally mapped into solving a firm's targeted problem. Specifi-
cally, when these external solutions involve a base domain that is
included in a firm's common relational associations, members can
make analogical inferences about the relevance of these external solu-
tions in solving the firm's targeted problems. In contrast, for those
external solutions that are not included in a firm's common relational
associations, these base solutions cannot be structurally mapped into
solving the firm's targeted problems, and therefore, members cannot
recognize the value of these external solutions to the firm. Hence,
unlike AC research, the recognition of the value of external knowl-
edge is not based on its similarity to an individual's experiences or
cognitive schemas (Cohen & Levinthal, 1990; Lane & Lubatkin, 1998;
Schildt et al., 2012; Todorova & Durisin, 2007). But rather, the value
of this external knowledge is recognized because the external solu-
tions of a base domain can be structurally mapped by a firm's common
relational associations. This is consistent with analogical research that
finds members draw on analogies from a ‘coherent knowledge struc-

ture’ when information in the base domain shares a ‘common’

35UBD| T SUOWIWOD A1) 3|geat|dde ay3 Aq pausenob ake Saoie YO ‘3N Jo 3N 10} A%eiqi]auluQ /8|1 UO (SUOIIPUOD-PUR-SLLBIW0D A3 1M Aleiq 1 BU1UO//:SdIY) SUORIPUOD pue SWB | aU} 89S *[720z/2T/6T] uo ARlqiauljuQ MM * (-ou]eAnge ) agqnopesy - uobely zayoues "4 opeuos Aq 8ySzT Wed/TTTT OT/I0p/wod A3 Im Akeiqpul|uo//sdny woij pepeojumod ‘T ‘#7202 ‘T698L9vT



¢ | WILEY

NG and SANCHEZ-ARAGON

relational association with this knowledge structure (Gentner &
Colhoun, 2010; Gentner & Markman, 1997).

By recognizing the value of these external solutions, common
relational associations assimilate these external solutions into a mem-
ber's experiences. Assimilation involves understanding and dissemi-
nating the value of external knowledge within a firm's internal
experiences (e.g., Kostopoulos et al., 2011). Common relational associ-
ations offer an assimilation in which the external solutions of a base
domain are diffused amongst members because these solutions can
be structurally mapped into solving a member's targeted problems.
Hence, unlike Todorova and Durisin (2007), this assimilated informa-
tion is not governed by an individual's cognitive schemes but by a
competitive process where analogies are assimilated because they
solve an individual's targeted problem. This assimilation reinforces the
relatedness found amongst the common relational associations of a
firm's coherence. These common relational associations are used in
subsequent periods to assimilate other external solutions that can be
structurally mapped by these relational associations. As a result, these
common relational associations offer an assimilation process in which
the base-target relationships not only solve a member's targeted
problems, but that the adoption of these base-target relationships
reinforces a shared understanding of common relational associations.
This is consistent with AC research that finds social interactions pro-
mote a shared understanding of norms and an assimilation of external
information that reinforces the firm's shared understandings
(e.g., Engelman et al., 2017; Jansen et al., 2005; Kang & Lee, 2017;
Zhao et al., 2020).

Common relational associations also promote an exploitation of
the externally assimilated information. Exploitation refers to an appli-
cation in which the value of external knowledge is leveraged into
extending and refining a member's specialized experiences or skills
(Todorova & Durisin, 2007; Zahra & George, 2002; Zobel, 2017). Spe-
cifically, since common relational associations or shared understand-
ings lack specificity in addressing a firm member's targeted problem
(i.e., polysemous property), individuals exploit these relational associa-
tions by drawing on their unique or specialized understandings of
their targeted problem (see also Hargadon & Sutton, 1997). By
exploiting a member's unique understandings, members are not only
more likely to structurally map the external solutions to solving their
firm's targeted problems, but this structural mapping offers an exploi-
tation that efficiently recombines a firm's external/internal experi-
ences. In particular, as a firm's coherent structure involves leveraging
the specialized expertise of its members (Foss & Christensen, 2001;
Lien & Klein, 2013; Teece et al., 1994), this coherence introduces an
exploitation where the firm's assimilated solutions are transformed by
the specialized expertise of its members. This exploitation is consis-
tent with BoZi¢ & Dimovski's (2019) Business Intelligence Analytics
(BIA) study. They find that in order to fully exploit the firm's BIA
assets (i.e., computer systems that support the collection, analysis and
dissemination of data), the assimilated data had to be re-interpreted
by their data experts who had specialized understanding of their firm's
business activities. This specialized understanding enabled these data

experts to transform the assimilated data into new understandings

about their firm's value creation activities. This suggests that, unlike
Todorova and Durisin (2007), coherence introduces an exploitation
where assimilation and transformation cannot be treated as separate
learning processes.

As the common relational associations of a firm's coherence
enable the recognition, assimilation and exploitation of external infor-
mation, this coherence increases a firm's innovative performance.
According to AC research, a firm's innovative performance is attrib-
uted to a recombination external/internal experiences that offer com-
mercially valued uses (Cohen & Levinthal, 1990; Kostopoulos
et al., 2011; Todorova & Durisin, 2007; Zahra & George, 2002). A
firm's coherence offers ‘coordination efficiencies’ (Foss &
Christensen, 2001) that promote this recombination. These coordina-
tion efficiencies refer to a ‘capacity to generate and exploit what may
be called the economies of diversity’ (Foss & Christensen, 2001,
p. 222). Foss and Christensen (2001) argue that these coordination
efficiencies are an important feature of a coherent social structure
because by leveraging the economies of diversity, a coherent struc-
ture ‘increases the probability of making new combinations’ (p. 222).
This study argues that these coordination efficiencies are attributed
to the common relational associations of a firm's coherence. These
common relational associations coordinate a firm's members' experi-
ences by promoting a shared understanding of analogies. This shared
understanding increases its members' ability to recognize and assimi-
late the external solutions of a base domain and to exploit these
external solutions by leveraging each member's unique understand-
ings of their firm's targeted problems. As insight involves a structural
mapping of these base-target domains, these common relational asso-
ciations offer a shared understanding that recombines the experiences
in these base-target domains. This recombination not only produces
insight into solving the firm's targeted problems, but by solving these
problems, this insight reveals the commercial value of a firm's com-
bined activities. Hence, since common relational associations are a
central feature of a firm's coherent social structure, a firm's coherence

produces an insight that impacts its innovative performance.

Hypothesis H1. A firm's coherence has a positive influ-

ence on its innovative performance.

Analogical studies have shown that a member's unique analogical
inferences can also be a source of insight to a firm's innovative perfor-
mance (Dahl & Moreau, 2002; Gassmann & Zeschky, 2008;
Kalogerakis et al., 2010). Unique analogical inferences occur when
individuals draw on solutions from ‘distant’ base domains to solving
their targeted problems (Dahl & Moreau, 2002; Gassmann &
Zeschky, 2008; Kalogerakis et al., 2010). Analogical studies have
found that the greater is this distance, the greater is an individual's
ability to discover novel solutions (Dahl & Moreau, 2002; Gassmann &
Zeschky, 2008; Kalogerakis et al., 2010). Such analogical inferences
have been described as ‘out of the box thinking’ in which individuals/
inventors seek unconventional solutions to technical design problems.
For instance, design engineers at Nike recognized that the suspen-

sions found in formula race cars can offer shock absorption
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characteristics that can be applied to their shoe designs (Kalogerakis
et al., 2010). Kalogerakis et al.'s (2010) argue that these unique ana-
logical inferences can play an important role in AC research (see also
Enkel & Heil, 2014) because analogies formed across distant base-
target domains can increase a firm's ability to assimilate distant knowl-
edge experiences (see also Miller et al., 2021).

Although these unique analogical inferences have been recog-
nized in AC research (Enkel & Heil, 2014; Kalogerakis et al., 2010;
Muiller et al., 2021), an understanding of the social structural proper-
ties surrounding such inferences remains limited. For instance,
Engelman et al. (2017) argue that social integration mechanisms can
promote the identification of distant technologies and that this identi-
fication can increase a firm's PACAP to explore new market trends.
However, with the possible exception of (Enkel & Heil, 2014), an
understanding of the individual learning processes responsible for this
social structure remains unspecified (see also Miiller et al., 2021;
Yao & Chang, 2017). This study argues that, through the RAP, unique
analogical inferences introduce distant base-target relationships that
can impact a firm's social structure. This is because since a member's
unique analogical inferences expose a firm to distant base-target rela-
tionships (Dahl & Moreau, 2002; Gassmann & Zeschky, 2008;
Kalogerakis et al., 2010), these relationships increase the diversity of a
firm's social connections. This greater diversity enables members to
engage in their own unique analogical inferences. By exposing mem-
bers to distant base-target relationships, each member can then learn
from the distant experiences of their connected members in solving
their own targeted problems. As individuals learn from the unique
analogical inferences of others, these exchanges develop an increas-
ingly unique or diverse social network structure (see also Enkel &
Heil, 2014). This unique social network is consistent with Enkel &
Heil's (2014) study, who argued that distant analogical inferences can
promote a greater diversity of social connections. However, unlike
their study, a member's unique analogical inferences not only intro-
duce a unique or diverse social structure, but that this social structure
also develops a firm's AC to recognize, assimilate and exploit distant
external knowledge.

To elaborate, a firm's unique social structure offers a recognition
that appeals to a firm's explorative search (e.g., Enkel & Heil, 2014).
According to AC research, Enkel and Heil (2014) describe that an
exploration of distant partner experiences increases a firm's ability to
recognize external experiences not recognized by a locally connected
group. Specifically, while both coherent and unique social structures
emphasize a relatedness between a base-target domain, a unique
social structure offers an exploration that leverages the distant
aspects of relatedness. With this distinction, a unique social structure
offers an exploration of distant base solutions that cannot be recog-
nized by the common relational associations of a firm's coherence.
This is because these common relational associations can only recog-
nize those base solutions that can be structurally mapped by these
associations. As a result, a unique social structure offers an explora-
tion that increases a firm's ability to recognize distant base solutions
that cannot be recognized by the common relational associations of a

firm's coherence.

By recognizing the value of these distant solutions, a unique
social structure emphasizes an assimilation that increases the diversity
of its internal connections. This assimilation of distant base solutions
introduces opportunities to develop new associations to a firm's tar-
geted problems. These associations offer alternative ways to recom-
bine distant base-target relationships and thus increase the diversity
of connections in a firm's unique social structure. This greater diver-
sity then increases a member's ability to form unique analogical infer-
ences to other distant base-target relationships and thus reinforces
the diversity of connections in a firm's unique social structure. This
yields an assimilation process in which the assimilation of distant
base-target relationships reinforces members' unique analogical infer-
ences. Thus, unlike the common relational associations of a firm's
coherence, a unique network structure offers an assimilation that pro-
motes a diverse rather than a shared understanding of analogies. This
assimilation also differs from Todorova and Durisin's (2007) explana-
tions where members of a unique network are no longer confined to
an assimilation of experiences that are consistent with their cognitive
schemes. For instance, Ferraris et al.'s (2020) AC study found food
companies sought partnerships with creative industries because they
offered new ways to market their food products (see also Akram
et al., 2020).

Last, a unique social structure promotes an exploitation in which
distant base solutions are recombined with a firm member's special-
ized experiences. By engaging in this recombination, members can
exploit their specialized expertise in ways not previously envisioned
(see also Ferraris et al., 2020). This exposure to distant solutions
offers new perspectives that can re-cast a member's expertise in a dif-
ferent light (Hargadon & Bechky, 2006; Kannan-Narasimhan &
Lawrence, 2018). This re-casting is consistent with Hargadon and
Bechky (2006) notion of ‘reframing’ in which an exposure to new
information fundamentally re-examines an individual's underlying
assumptions and mental models. Studies find this reframing offers
opportunities to exploit a firm's assets/resources in ways not previ-
ously considered (Belso-Martinez et al., 2019; Kannan-Narasimhan &
Lawrence, 2018; Mller et al., 2021). For instance, Miller et al.'s
(2021) German manufacturing study found that the assimilation of
new knowledge experiences yielded a critical reassessment of the
firm's business activities. This reassessment resulted in transforming
their firm's business model where new business activities were devel-
oped to better serve their customer needs (see also Belso-Martinez
et al, 2019; Kannan-Narasimhan & Lawrence, 2018; Tzokas
et al, 2015). This reframing is also consistent with Kannan-
Narasimhan and Lawrence's (2018) study, which finds exposure to dif-
ferent discourse can re-conceptualize or reframe the valued uses from
an organization's resources (see also Belso-Martinez et al., 2019). As
uniqueness exposes its members to distant experiences, uniqueness
introduces an exploitation where the assimilation of ‘distant’ informa-
tion offers a transformation that reframes the firm's understanding of
its target problem. Hence, like coherence, this exploitation suggests
that a firm's assimilation cannot be separated from its transformation.

By drawing on the recognition, assimilation and exploitive proper-

ties of this unique social structure, a unique social structure increases
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a firm's innovative performance. This unique social structure leverages
members' unique analogical inferences to recognize and assimilate dis-
tant knowledge sources and to exploit this distant knowledge by
reframing members' understandings of their firm's targeted problems.
Through these processes, a unique network structure offers a refram-
ing where distant experiences are recombined with a members' spe-
cialized expertise to solve targeted problems in ways not previously
envisioned by the member's expertise. As result, a unique social struc-
ture develops insights that reveal new commercial applications or val-
ued uses from this recombination of distant experiences and thus

impacting a firm's innovative performance.

Hypothesis H2. A firm's unique social structure has a

positive influence on its innovative performance.

3 | METHODS

3.1 | Dataandsample

As longitudinal studies are scarce in AC research (Chen &
Chang, 2019; Enkel et al., 2018; Kang & Lee, 2017; Song et al., 2018;
Yao & Chang, 2017), a panel data set was developed for a sample of
US biotechnology firms. The US biotechnology market (Lane &
Lubatkin, 1998) was chosen because it is widely recognized for its
propensity to innovate. The Bioscan database was used to identify
this study's sample of biotechnology firms in which this sample was
used to collect patent application data from the United States Patent
and Trade Office (USPTO). While patent application data have been
used in a variety of innovation (Hall et al., 2001; Kostopoulos
et al, 2011)—as well as AC—studies (Jo et al., 2016; Schildt
et al., 2012; Vasudeva & Anand, 2011), few studies have used patent
application data to examine the RAP (Dahl & Moreau, 2002; Jeong &
Kim, 2014; Lin et al., 2012). This study's patent data offers an exami-
nation of this RAP in a panel setting. In addition to this patent data,
financial data involving a biotechnology firm's revenue and R&D
expenditures (in US$) were collected from the Mergent database. The
USPTO patent application and Mergent financial data were then con-
solidated at the firm level.

A sample of 1,759 firm observations covering a sample period
from 1987 to 2005 (19 years) was available for empirical examination.
This sample period was chosen to capture the biological advances
during this period (Linton et al., 2008). Specifically, according to a
2008 USPTO report (Linton et al., 2008), advances in biological sci-
ences during the earlier 1980s allowed for the genetic manipulations
of micro-organisms. These micro-organisms were used to produce
biocatalysts that had various commercial applications to the chemical
and pharmaceutical industries. With these genetic advances, the late
1980s and early 1990s experienced a period of growth where the
number of awarded patents grew from approximately 3,500 in 1993
to just under 9,000 patents in 1999 and, by 2005, declined to a little
over 6,000 patents (Linton et al., 2008). The advantage of this study's
sampling -1987-2005- period is that it captures this full life cycle of

patent activity. This is important because studies that do not capture
this full lifecycle can lead to an over or under reporting of patent
activities and thus can impact the innovative findings of the AC con-
cept. One disadvantage however is that the validity of this study's
findings highly depends on its sampling period.

3.2 | Dependent variable

As AC focuses on the firm's ability to commercialize its inventions
(Cohen & Levinthal, 1990; Song et al., 2018; Todorova &
Durisin, 2007; Zahra & George, 2002), this ability has been found to
impact the firm's innovative performance (Maldonado et al., 2019; Xie
et al, 2018). AC studies have drawn on a firm's number of patent
applications and forward patent citations to measure the firm's inno-
vation performance (Kostopoulos et al., 2011; Song et al., 2018;
Vasudeva & Anand, 2011). This study chose a firm's forward patent
citations because they reflect a measure of originality and have been
strongly correlated with a firm's commercial success (Jaffe & de
Rassenfosse, 2017; Trajtenberg, 1990). For instance, studies find for-
ward citations have been related to improvements in technology and
have been associated with the firm's commercial value (Jaffe & de
Rassenfosse, 2017; Verhoeven et al., 2016). This suggests that firms
that receive a greater number of forward patent citations are more
likely to exhibit a greater degree of newness and disruption, because
their commercial success is likely to have a greater impact in spawning
new technological advances (Jaffe & de Rassenfosse, 2017,
Verhoeven et al., 2016). However, as the focus of AC research is on
the firm's commercialization of external ideas, rather than their disrup-
tion (Zou et al., 2018), the firm's forward patent citations were used
to measure this commercialization. Furthermore, since patents are
often built on the technical achievements of others (i.e., prior techno-
logical art) (Hall et al., 2001; Ng et al., 2019), a firm's patent inventions
are the result of recombining these external technical achievements
within a firm's internal scientific expertise (see also below). Hence, a
firm's forward patent citations not only measure the commercial value
of a firm's patent inventions, but it also measure the commercial value
of these combined technical experiences. With these considerations,
the firm's forward patent citations, Pat_Cit, are measured by the
annual number of citations received by the firm's patent applications

in its patent portfolio.

3.21 | Coherence

Coherence is defined at the level of a firm's patent portfolio and is
measured by modifying a methodology developed by Leten et al.
(2007). In defining a firm's patent portfolio, it consists of K patent
applications submitted by the patent applicants/inventors of the firm.
Each patent applicant is tasked with a target problem of developing a
novel invention that offers a practical/commercial solution that is
non-obvious. According to USPTO law, solutions to this target prob-

lem require a search of the patent application's ‘prior technological
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art’ (Ng et al., 2019). This ‘prior art’ refers to the cited patents in
which a patent application is built upon (Hall et al, 2001; Ng
et al,, 2019). In analogical terms, these cited patents constitute the
patent application's ‘base domain’ where this base domain offers a
set of external technological solutions used in solving the technical
problems targeted by the invented patent.

To construct these knowledge domains (see also Lin et al., 2012;
Schildt et al., 2012), we designate the base, j, (i.e., cited patents) and
target, i, (i.e., patent inventions) domains by the vectors O; and O,
respectively. According to the USPTO, cited, j, and invented patents, i,
are assigned to one of 400+ USPTO patent technology classes. We
assigned these technology classifications to each of the elements of
the base, Oj, and target, O;, domain vectors. Specifically, in defining
the kth element within the target domain vector, O;, we let Oy =1 if a
firm's invention in patent application k is assigned to a technology
class i. Similarly, for the base domain vector, O;, we let Oy =1 if a
firm's invention in patent application k references a cited patent in a
technology class j.

To measure the relational associations formed between the base,
0;, and target, O;, domain vectors, a joint occurrence matrix, O, was
computed (see also Christensen & Schunn, 2007; Dahl &
Moreau, 2002; Dunbar, 1997; Kalogerakis et al., 2010). This joint
occurrence matrix, O;;, measures the number of times in which tech-
nology classes of a base, j, and target, i, domain jointly occur. Analogy
researchers have used a similar measure in which the greater is this
joint occurrence, the greater is the extent to which base solutions in
technology class, j, are being structurally mapped to the target
domain, i (see also Dahl & Moreau, 2002; Dunbar, 1997).

0=, OuO. (1)

where O;=3",0;.

Yet, since these joint occurrences, Oj;, can occur because of ran-
dom chance, this joint occurrence, O;, matrix is compared to the
expected likelihood that their joint occurrences would have occurred
from random chance alone (see also Teece et al., 1994). In drawing on
Leten et al. (2007), an expected random joint occurrence, Ej, was
computed by taking the total number of occurrences for each patent
application in class i, O;, and weighting this vector by the number of
cited patents classified in class j, Nj, over the total number of patent
citations, T=3;N;.

N;

Ej=0r7 2)

A relatedness, R;, matrix was then constructed where the sum of
the symmetric elements of the observed joint occurrence matrix,
Oj+0;;, is divided by the respective sum of the symmetric elements
of the expected random joint occurrence matrix, Ej; + Ej;.

_ [0y, +Gj,
Ri= |: Ej+Ej ’ ®)

where R; =R;.

The challenge with this relatedness, Rj, matrix is that Leten et al.
(2007) and other coherence studies (Lien & Klein, 2013; Nesta &
Saviotti, 2005) assume that the elements of this relatedness, Rj,
matrix are symmetric, where R;=R;. Yet, since a patent application
cannot influence a previously cited patent, this symmetry is inconsis-
tent with the analogical reasoning process. An asymmetric technologi-
i
components of this measure were excluded.

cal relational association, R}, is instead proposed where the symmetric

ij>
by the total number of cited patents, N;, in class j, to the total number

This asymmetric relational association matrix, R;, is then weighted
of cited patent classes in a firm's patent portfolio, Z#]-Nj. This yields
a weighted average relatedness, WAR;, measure. WAR; measures the
relational associations between a patent application class in target
domain i to all other cited reference classes in the base domain j (Leten
et al,, 2007; Nesta & Saviotti, 2005).

2 RiN;
WAR; =2 (5)
YN

iZj

A firm's coherence, Coherence, is then computed by aggregating
the weighted average relational measure, WAR;, across all the patent
application classes in the target domain i. An increase in the value of
this coherence measure, Coherence, indicates an increasing degree of
relatedness amongst the patent classes of a firm's patent application
portfolio. The greater is this relatedness, the greater is the likelihood
that the relational associations in a firm's coherence share a common

relational association (see also Teece et al., 1994).

P.
Coherence = WAR; —=— 6
Z,-: 1 ZPI ( )

i

3.2.2 | Uniqueness

A firm's unique social structure is measured by aggregating elements
of the asymmetric relational association matrix, R; Each of these ele-
ments measures the distance between the technological classes of the
base-target domains. However, since a unique social structure
involves only distant base-target relationships, these distances are
measured by aggregating only those relational elements that do not
share the same technology class. Studies by Jo et al. (2016), Lin et al.
(2012) and Schildt et al. (2012) have used a similar distinction to mea-
sure the technology distance between these domains. To develop this
study's distance measure, the distant base-target relations of a firm's

unique social structure are measured by Equation (7). The greater is
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this value, the greater is the distance in which distant knowledge is
being structurally mapped across a firm's base and target domains,
and thus the greater is the uniqueness in a firm's social structure (see
also Jo et al., 2016; Lin et al., 2012; Schildt et al., 2012).

Uniqueness = ZiZI.R,?}, )

where i #j.

3.2.3 | Control variables

In explaining this study's controls, a firm's R&D Intensity is commonly
used to measure a firm's AC (Song et al., 2018; Zou et al., 2018). A
firm's R&D Intensity is computed by taking the ratio of a firm's R&D
expenditures to its revenues. Due to its skewness, the log of this R&D
Intensity variable was used. As a firm's diversity of experiences influ-
ences its AC, a firm's diversity of experiences (e.g., Cohen &
Levinthal, 1990; Schildt et al., 2012), DIV, is measured by the diversity
of patent classes in the firm's patent portfolio (Jaffe & de
Rassenfosse, 2017; Vasudeva & Anand, 2011). This diversity was
computed by a Herfindahl-Hirshman Index (Vasudeva &
Anand, 2011). A firm's cumulative number of patents applications,
Cum_Pat, was included to account for path dependent effects in the
AC process and is measured by aggregating the cumulative number of
patent applications filed by a firm over each sampling period (see also
Ng et al., 2019; Ng & Sanchez-Aragon, 2021; Schildt et al., 2012). AC
research also finds that a firm's appropriation regime can influence a
firm's AC (Chen & Chang, 2019; Cohen & Levinthal, 1990; Ng &
Sanchez-Aragon, 2021; Todorova & Durisin, 2007; Zahra &
George, 2002). This appropriation regime is measured by
aggregating—for each sample period—the annual number of patent
claims made by all firms, PRights, in the sample (Ng et al., 2019; Ng &
Sanchez-Aragon, 2021). In addition, a time trend, Trend, was included
because patent citation data is vulnerable to truncation problems (Hall
et al., 2001). Lastly, Thornhill (2006) study showed that an industry's
dynamism can influence a firm's opportunity to innovate. An indus-
try's dynamism, Dynamism, is measured by aggregating—for each sam-
ple period—the R&D expenditures of all firms in the sample (Jo
et al., 2016; Thornhill, 2006).

3.3 | Econometric approach

To control for firm level sources of heterogeneity, fixed effect
(FE) Poisson and negative binomial panel estimators are commonly
used in estimating patent-based outcomes (Jo et al., 2016; Nesta &
Saviotti, 2005; Ng et al., 2019; Trajtenberg, 1990). In panel studies, a
common approach is to use the conditional FE negative binomial
model, because it adds a parameter value that allows for over-
dispersion. However, Allison and Waterman (2002) find that FE nega-
tive binomial models do ‘not accomplish what is usually desired in a

fixed-effect method’ (pp. 263-264). They showed that by including
the over-dispersion parameter in the likelihood function, it does not
condition out the individual FEs and can produce inconsistent esti-
mates. These authors proposed that a FE Poisson model that adjusts
for the standard errors for over-dispersion can be used. To adjust for
this over-dispersion, Wooldridge (1999) showed that a FE Quasi-
Maximum Likelihood (QML) Poisson estimator can produce consistent
estimates (see also Ng et al., 2019). For robustness, the FE negative
binomial and FE QML Poisson estimations involving the respective
xtnbreg and xtpgml commands of the Stata 16 statistical package
were used.

While over dispersion problems have been addressed by FE nega-
tive binomial and FE QML Poisson estimations, the challenge with
these estimations is that they do not control for endogeneity. Endo-
geneity is commonly attributed to an (1) omitted variable, (2) measure-
ment error and/or (3) simultaneity. As this study's concept Coherence
involves a dynamic process, simultaneity can be a potential problem.
In that, since a firm's Coherence is based on its cited patents, a firm's
patent citations of a previous period can influence a firm's patent
inventions to cite those that have cited its patents and thus influence
a firm's Coherence. A failure to control for this reverse causality could
cause a simultaneity problem where the error term will be correlated
with the Coherence variable.

To account for this endogeneity, an instrumental variable
(IV) approach was used. An instrument, Z, has the property where it is
correlated with the endogenous variable(s), but is independent of the
error term (Wooldridge, 2010). A firm's one period lagged coherence,
Coherence;.4, is used as an instrument, Z, for the endogenous, Coher-
ence, variable. This is because since a firm's shared understanding
influences its present understandings, a firm's Coherence;.4, in period
t—1 is likely correlated with its Coherence; in period t. Furthermore,
since the previous period, Coherence;.,, does not affect the error term
of the current period, t, the Coherence;._4 variable should be exogenous
and therefore offer a suitable instrument to the endogenous Coher-
ence variable. While this may appear to be a reasonable justification,
the use of a lagged instrument is problematic in a FE panel setting. FE
panel estimates do not allow the use of a lagged dependent variable
because the lagged dependent variable is correlated with the error
term. Dynamic panel models involving the use of the Arellano-Bond
(Arrellano & Bond, 1991) estimator have been developed to resolve
this type of endogeneity problem.

In using a GMM approach, an attractive feature of the Arrellano-
Bond estimator is that a set of lagged dependent and/or lagged inde-
pendent variables can be used as instruments for dependent and inde-
pendent variables. This feature can be used in controlling for
simultaneity bias. In particular, since a firm's Coherence can be influ-
enced by both its Coherence;.; (i.e., shared understandings of a past
period) and Pat_Cit; 4 (i.e., simultaneity), the Arellano-Bond estimator
can be used to control for the endogeneity surrounding this dynamic
process. Specifically, the Arellano-Bond estimator utilizes the first dif-
ferences of the panel data to remove the time-invariant FE. The
lagged variables constitute legitimate instruments if their residuals are

free from second-order serial correlation (Arrellano & Bond, 1991). In
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Descriptive statistics and correlations.

TABLE 1

Std. dev.

Mean

Variables

0.1453
0.3466 0.0095

—0.0141
—0.0095 —0.2803
0.0876
—0.2695

0.0687
—0.0034

0.5731
0.024
—0.0198

0.0751
—0.0201
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using the xtabond2 command in Stata 16, the firm's Coherence; is
regressed on the Pat_Cit; ., and Coherence; 1 variables where the sec-
ond and third lagged values of these variables were used as their
instruments. This estimation includes all the control variables specified
in our models where the Trend variable was treated as exogenous. In
using the Arellano-Bond test for serial correlation, the serial correla-
tion for the second order differences (AR2) (Prob. > z = 0.453) were
not significant. This test indicates that the second and third period
lags for the Coherence - Coherence;., and Coherence; 3 - and Pat_Cit -
Pat_Cit;.,. and Pat_Cit;.3 -variables were valid instruments in our
model.

In using the logic of a 2SLS approach, the endogenous Coherence
variable in our FE negative binomial and QML Poisson models is
replaced by the predicted coherence, Pred_Coherence, values of the
Arellano-Bond estimation. Yet, since the 2SLS procedure is based on
an extension of OLS, we are not aware of any available 2SLS approach
that can be applied to a count estimation procedure. One approach is
to use a control function (CF) approach (Wooldridge, 2010) where the
predicted residuals from the Arellano-Bond estimations—resid—are
included as a regressor in the second stage count estimations. Signifi-
cant values for the predicted residuals indicate the residuals are con-
trolling for the endogeneity. We use this CF approach to estimate the
FE Negative binomial and QML Poisson models in the second stage.

4 | RESULTS AND DISCUSSIONS

The descriptive statistics and correlations are shown in Table 1. Of
particular interest in Table 1 is the forward patent citation, Pat_Cit,
variable has a mean of 116.2 and a standard deviation of 845.78. This
suggests that a problem of over dispersion is present and thus war-
ranted the use of this study's proposed approach. With respect to the
correlation matrix, there were high correlations amongst some of the
independent variables. A VIF test was conducted. The average VIF
scores for all variables were 1.95, and the VIF scores for the highly
correlated variables, Dynamism, PRights, Trend Cum_Pat and Unique-
ness, were, respectively, 2.1, 2.01, 1.71, 3.14 and 3.18. As these VIF
scores were less than the recommended value of 10, multi-collinearity
does not appear to be an issue (Wooldridge, 2010).* Table 2 reports
the FE estimates for the negative binomial (models 1-4) and QML
Poisson (models 5-8) models. By drawing on this study's 2SLS CF
approach, the Arellano-Bond estimator of the FE negative binomial
(models 1-4) and FE QML Poisson (models 5-8) models are reported
in table 3.

41 | Control variables

In explaining the estimates on the control variables in Table 2, the
industry Dynamism was negative and significant in models
5(p = —1.04e-12*,p < .1) and 7 (8 = —9.49e-13*, p < .1). These find-
ings do not support Thornhill's (2006) arguments. A firm's cumulative

patent, Cum_Pat, was positive and significant in models 1 ( = 1.09e-
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TABLE 4 Marginal effects of

Variation 25% 50% 75% 100% X .
coherence and uniqueness on Pat_Cit.

Coherence 0.37281963 0.88463374 1.5872622 2.55184434

Uniqueness 0.06834897 0.14136952 0.21938095 0.30272438

04, p<.01), 2 (B=1.14e-04, p <.01), 5 (B =9.36-05, p <.01) and
6 (B = 9.42e-05, p < .01). A firm's history of technical achievements
appears to have a positive influence on the firm's innovative perfor-
mance. As a firm's ability to commercialize external information is
influenced by the environment's ‘property right regime’ (Ng &
Sanchez-Aragon, 2021; Zahra & George, 2002), PRights was consis-
tently positive and significant in all models. The Trend variable was
negative and significant in all models, and thus, the inclusion of this
variable to control for truncation problems was warranted. With
respect to a firm's AC, a firm's R&D Intensity was positive and signifi-
cant in models 5 (p=0.0912, p<.05), 6 (p=0.0722, p<.1),
7 (p=0.0875, p <.05) and 8 (B = 0.0695, p <.1). The DIV variable
was positive and significant in all models. These models support the
conclusions of AC research (Cohen & Levinthal, 1990; Volberda
et al., 2010).

In explaining our main variables of interest, Table 2 shows that
Coherence is robust to the FE negative binomial (models 2 and 4) and
QML Poisson specifications (models 6 and 8). The coefficient estimate
on the Coherence variable was positive and significant in models
2 (3 =0.453,p <.01) and 6 (p = 1.201, p < .01). When examining the
joint effects of a firm's Coherence and Uniqueness, Coherence was also
positive and significant in models 4 (B =0.441, p<.01) and
8 (B = 1.134, p < .01). These estimates were also examined in Table 3
that controlled for endogeneity. The FE negative binomial Arellano-
Bond estimation shows that the Coherence variable was positive and
significant in models 2 (8 = 3.075, p < .01) and 4 (p = 3.203, p < .01).
Similarly, for the FE QML Arellano-Bond Poisson estimator, the
Coherence variable was positive and significant in  models
6 (p=5.983,p <.05)and 8 (p = 4.677, p < .10). It is important to note
that while Hypothesis H1 cannot be rejected in Tables 2 and 3, the
Coherence estimates in Table 3 are considerably larger than those in
Table 2. This suggests that estimates that do not correct for endo-
geneity (e.g., Leten et al., 2007) might underestimate the influence of
this variable. In addition, Table 3 shows that a firm's Coherence offers
a more robust explanation for a firm's innovative performance than
the AC's measure of R&D Intensity. For instance, when examining
models 2, 4, 6 and 8 of Table 3, the coefficient estimate on the Coher-
ence variable was consistently positive and significant, while the firm's
R&D Intensity was not. Like Coherence, Tables 2 and 3 show that
Uniqueness is robust to all model specifications. In Table 2, the FE neg-
ative binomial models 3 (p = 1.55e-04, p < .01) and 4 (§ = 1.48e-04,
p <.01) and QML Poisson models 7 (B = 1.36e-04, p <.01) and
8 (B = 1.26e-04, p < .01) show that Uniqueness is positive and signifi-
cant. When controlling for endogeneity, Table 3 in models
3 (B =1.38e-04, p < .01), 4 (B = 1.45e-04, p < .01), 7 (B = 1.26e-04,
p <.01) and 8 (B = 1.23e-04, p < .01) show that Uniqueness was also
positive and significant. Hypothesis H2 cannot be rejected.?

To examine the magnitude of these main effects, the coefficient
estimates for the Coherence and Uniqueness variables in the Arrellano-
Bond estimation in Table 3 model 8 were used to compute their effect
sizes (Cameron & Trivedi, 2005) and are presented in Table 4. To
account for differences in the scales of these variables, the unit
changes in the Coherence and Uniqueness variables were examined
from the standpoint of an increase of up to a 1 standard deviation
from the means of these variables. This involved incrementally
increasing each of these variables by 25% (i.e., 0.25, 0.5, 0.75 and 1.0)
of their standard deviations. When interpreting the magnitude of their
effects, they are interpreted in terms of a % increase in the perfor-
mance variable of interest with respect to these increases.

In examining their magnitude of effects, Table 4 shows that an
increase of 25% in the Coherence and Uniqueness variables yielded a
respective 37.3% and 6.8% increase in a firm's forward patent cita-
tions. When examining a 1 standard deviation increase in the Coher-
ence and Uniqueness variables, a firm's Coherence and Uniqueness,
respectively, increased to 255.2% and 30.3%. As empirical examina-
tions of the effectiveness of different social structures remain
extremely limited in AC research (e.g., Enkel et al., 2018; Enkel &
Heil, 2014; Kalogerakis et al., 2010), these results show that a firm's
coherence has a substantially greater marginal effect on a firm's inno-
vative performance than a firm's unique social structure. This suggests
that there is a greater need to examine a firm's coherence over the
distant explanations found in AC research (e.g., Enkel et al., 2018;
Enkel & Heil, 2014; Kalogerakis et al., 2010).

5 | DISCUSSIONS

This study advances AC research in two ways. First, Cohen and
Levinthal (1990) argued that the firm's creative capacity involving the
‘behavioral phenomenon of insight’ and AC are ‘quite similar pro-
cesses’ (p. 130). Yet, since insight is an individual-level phenomenon,
AC researchers have not explained the individual level processes that
contribute to the development of this insight and how this individual-
level insight can be bridged to the firm level AC (see Cohen &
Levinthal, 1990; Kim et al., 2016; Song et al., 2018; Todorova &
Durisin, 2007; Volberda et al., 2010; Yao & Chang, 2017; Zahra &
George, 2002). To address this challenge, a firm level AC concept
involving coherence and uniqueness was developed where these
social structures are shaped by the individual level RAP. This coher-
ence and uniqueness contribute to AC research by introducing a prob-
lem driven process to the firm's assimilation. This problem-driven
focus argues that, unlike AC explanations, firms do not assimilate
external experiences because it is related to their past experiences or
cognitive schemas (Cohen & Levinthal, 1990; Lane & Lubatkin, 1998;
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Todorova & Durisin, 2007; Volberda et al., 2010), but because it offers
insights into solving a firm's targeted problems. This problem driven
focus is important because it generates insights that can overcome a
firm's previously established views and thus can overcome the myopic
problems found in structural explanations of AC research. Hence, a
contribution of this study's concept of coherence and uniqueness is
that it is based on a micro-cognitive foundation (RAP) that enables the
firm to relate to external experiences in ways that are not constrained
by its past experiences/cognitive schemas and thus more fully realizes
the innovation potential of the AC concept.

Second, while DC explanations have been used to explain the var-
ious dimensions of the AC concept—recognition, assimilation, trans-
formation and exploitation (Ahmed et al., 2019; Song et al., 2018;
Todorova & Durisin, 2007; Zahra & George, 2002; Zobel, 2017; Zou
et al, 2018)—DC explanations however have not explained how
higher order processes can shape these dimensions (Song et al., 2018;
Todorova & Durisin, 2007; Zahra & George, 2002; Zobel, 2017; Zou
et al.,, 2018). This study argues that a firm's coherence and uniqueness
offer social structures where their exploitation draws on both the
firm's assimilation that transformation. Namely, these structures offer
an exploitation where the assimilation of external solutions transforms
their members' ability to re-examine the assimilated information in a
different light. By engaging in this exploitation, coherence and unique-
ness offer a higher order learning where the firm develops insight by
integrating the AC dimensions of assimilation and transformation. This
suggests that unlike DC explanations (Todorova & Durisin, 2007),
assimilation and transformation cannot be examined as separate
dimensions of the AC concept (see also Zahra & George, 2002;
Zobel, 2017). This is because this separation would undermine the
development of insight that is needed in developing the firm's higher
order learning. As result, coherence and uniqueness contribute to DC
explanations of AC research where they offer social structures that
not only integrate the assimilation AND transformation dimensions of
AC, but this integration offers insights that enable the firm to better
adapt to their changing information environments.

This study's concepts of coherence and uniqueness also offer
implications for management. First, managers can develop their firm's
coherence by promoting a shared understanding of how their technol-
ogies can offer analogical solutions to different problems (see also
Hargadon & Bechky, 2006; Hargadon & Sutton, 1997). This shared
understanding can reveal synergies that offer opportunities to diver-
sify into new lines of related business. Furthermore, firm managers,
especially in the biotechnology industry, face increasing pressures to
develop new or disruptive innovations. While our uniqueness findings
do not examine such influences (see Xie et al., 2018), a firm's unique-
ness can offer an assimilation of diverse experiences that can promote
the development of such disruptive influences. For instance, studies
find firms that develop broad and diverse relationships to supply chain
partners can offer new perspectives to the firm's product innovations
(Akram et al., 2020; Ferraris et al., 2020; Ng & Sanchez-Aragon, 2021;
Xie et al., 2018). This study argues that firm-managers can develop

their firm's uniqueness by engaging in these supply chain relationships

and that these relationships can offer an important source of disrup-

tive innovation.

5.1 | Limitations and future directions

This study outlines two limitations and future directions. First, this
study's findings were limited to the biological advances made during
the earlier periods of the biotechnology industry. As there have been
many advances made since this study's sampling period (i.e., CRISPR),
future research should examine the robustness of this study's findings
with a more recent or extended sampling period. Second, there are
other properties of coherence that have not been examined by this
study. For instance, crisis management has become an increasingly
important concern where managers face pressures to innovate to
unexpected events (i.e., COVID disruptions on the supply chain), while
maintain commitments to their firm's established competencies. Ambi-
dexterity research is useful to addressing this crisis management
(Birkinshaw et al., 2016). This is because ambidexterity involves devel-
oping the firm's ability to explore new ideas, while exploiting the firm's
established competencies. As coherence enables the firm to exploit its
firm's past relational associations (i.e., shared understandings) and at
the same time allow for the exploration of new relational associations,
coherence offers a type of ambidexterity that can deal with a firm's
crisis management. Future research is called to examine this ambidex-

terity property of coherence.

6 | CONCLUSIONS

As knowledge is increasingly recognized as a source of competitive
advantage, the challenge facing modern firms is that a firm must
continually develop new skills that promote the creation, acquisition
and transfer of external knowledge. To develop such skills, this
study argues that firms should harness the analogical benefits of its
coherent and unique social structures. By appealing to a RAP, this
study finds empirical support that coherent and unique social struc-
tures offer an assimilation process that can develop insights to a
firm's innovative performance. This study outlines the key learning
processes (i.e., RAP) and social structures that can promote the
development of these insights. This advancement is significant
because the underlying learning and social mechanisms responsible
for such insights are not well understood in innovation research
(Dahl & Moreau, 2002; Gassmann & Zeschky, 2008; Hargadon &
Sutton, 1997; Jeong & Kim, 2014). Furthermore, as the learning pro-
cesses and social structures surrounding the AC concept remain the
least understood aspect of AC research (Yao & Chang, 2017), this
study also advances AC research. This study argues that the RAP
offers an important micro foundation to explaining how a firm's
social structures—coherent and unique social structures—can influ-
ence a firm's recognition, assimilation and exploitation of external

information.
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ENDNOTES

Nevertheless, as Uniqueness appears to have a high correlation with the
CumPat variable, count estimations were conducted where the corre-
lated CumPat variable was removed. The estimates on this study's main
effect variables—Coherence and Uniqueness—remained positive and sig-
nificant at the 1% level.

[

N

Additional estimations that include the non-linear effects of Coherence,
Coherence? and Uniqueness, Uniqueness® were also conducted. These
estimations show that the main effects—Coherence and Uniqueness—
remained positive and significant, while their non-linear effects were
negative and significant. These findings indicate that Coherence and
Uniqueness may exhibit potential diminishing return effects. Future
research is called for to further examine these diminishing effects.
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