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Abstract: Due to the high risk in development process, the bio-pharmaceutical industry has trans-
formed itself into an open innovation framework in order to overcome economic risk. This study
examines the relationship between outbound open innovation and financial performance in bio-
pharmaceutical industry. Specifically, this study extends knowledge-based view to link the open
innovation performance and licensor’s sustainability. In order to provide empirical evidence, this
study uses econometric methodology with several databases including bio-pharmaceutical firms. The
analysis shows firm’s desorptive capabilities have a significant effect on financial performance, con-
firming the application of knowledge capacity framework. The result of the study can suggest the way
how the licensors can maintain the sustainability of competitiveness in bio-pharmaceutical industry.

Keywords: outbound open innovation; knowledge-based view (KBV); bio-pharmaceutical industry;
out-licensing

1. Introduction

The nature of the bio-pharmaceutical industry is innovation as the main driving
force behind its growth. To overcome the challenges that the industry has been facing
for several years and to inflect stagnating Research and development (R&D) productivity,
bio-pharmaceutical companies started to disclose their R&D results to external innova-
tion [1]. The bio-pharmaceutical industry has distinguished features that make it a fertile
ground for adopting open innovation and for studying its managerial and organizational
implications [2].

Because of the complexity of the bio-pharmaceutical R&D process, soaring technology
intensity [3], the importance of technology transfer [4], the intensity of relationships be-
tween bio-pharmaceutical firms, universities and research institutes [5], and the birth of a
venture capital market specialized in supporting biotech ventures [6], several scholars ar-
gue that the traditional business model in the bio-pharmaceutical industry needs to evolve
to solve the problem of a declining R&D productivity [7,8]. Without R&D productivity
increase, bio-pharmaceutical industry cannot maintain sufficient innovation incentives
to replace the decrease of revenues because of patent expirations [8]. Recently, the in-
novation strategies have been designed in considering an openness, while the processes
for producing products and services have been extended across the boundaries of firms
and industries because of the necessity of external knowledge to complement internal
knowledge bases [9,10].

“Open innovation” is one of the most frequently used keywords in management of
technology field, and the management of intellectual property (IP) forms an inevitable
component in this strategy for technology-based firms [11,12]. Open innovation is defined
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as “the use of purposive inflows and outflows of knowledge to accelerate internal inno-
vation and expand the markets for external use of innovation” [11]. Alternatively, it is
“systematically relying on a firm’s capabilities of internally and externally carrying out the
major technology management tasks along the innovation process” [13,14].

Bio-pharmaceutical firms need to explore improved commercialization opportunities
and increasingly adopt a more proactive IP management strategy with additional values
occurred in externally exploiting their IP [11]. Regarding the bio-pharmaceutical industry,
increased complexity of new technologies and increased pressure on time and cost have
accelerated the adoption of open innovation [1]. Today, multinational bio-pharmaceutical
firms start to realize the potential of open innovation as they have begun to harness external
sources of innovation by accessing ideas, technologies and the results of R&D projects. The
bio-pharmaceutical industry has transformed itself into an open innovation ecosystem,
and licensing strategy has become a core business model for biotechnology companies [15].
In the open innovation model, companies fill the gap of their internal product portfolio
through licensing and acquisition of drug candidates [16]. In-licensing compound from a
biotech company or a university allows the bio-pharmaceutical companies to avoid the full
cost of development, decrease the early risk and selectively choose products that fit the
firm’s business model. Companies can out-license abundant projects or technologies to
cover high cost and to focus their efforts on a specific indication or technology [17].

The bio-pharmaceutical industry has a relatively high licensing propensity [18]. In the
bio-pharmaceuticals industry, an IP is a means of appropriating rents from a technology,
and thus the licensing propensity is quite higher. Research suggests that licensing out
technologies is becoming more common [19]. Some firms have even made it a strategic
priority to out-license technologies [20]. In the biotechnology industry, licensing is one
of the most important strategies to overcome the economic crisis and is recognized as an
exit strategy. This raises important question that is addressed in this paper: What are the
factors that affect licensing that affect a company’s innovative performance?

This paper addresses this question by conceptually and analytically linking knowledge-
based view (KBV) with firm performance. It is suggested that KBV is indirectly linked
with firm performance to change a firm’s portfolio of resources, capacities, which in turn
affect financial performance. Thus, this research used bio-pharmaceutical data to prove
this empirically. We used a framework “KBV” to prove open innovation performance. The
framework helps understand how firms may profit financial value from open innovation
strategy. A firm’s resources and capacities determine its positional advantage, which, in
turn, leads to firm performance. We notice that the relationship between KBV and firm
performance is more complex rather than a simple and direct effect. We will present an
integrative framework for managing KBV in the context of open innovation by considering
firm capacities and resources. Drawing implications through quantitative analysis.

2. Research Background
2.1. Characteristics of Bio-Pharmaceuticalindustry in Terms of Open Innovation

The main practices of open innovation in general are patent licensing, merge and
acquisition (M&A), outsourcing, collaboration, and joint investment [21]. In particular,
inbound open innovation based on absorptive capacity has been of interest to academia.
However, the concept of knowledge flow with increased flexibility and the expectation
to completely utilized technologies led outbound innovation to the academic attention.
Knowledge such as the patent became the primary factor in innovation process, and
knowledge transfer process including outside-in and inside-out innovation, beyond the
organizational boundaries, is now emphasized in open innovation research [22,23].

The main practices of open innovation adopted in the bio-pharmaceutical industry
are out-licensing in innovation and R&D process [24] and M&A [25]. Particularly, a
product approved by authority can be competitive in the bio-pharmaceutical market by
only charging a licensing fee to potential demand firms [21]. Currently, the open innovation
framework and its methodologies are inevitable in bio-pharmaceutical industry [26], and
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most of empirical studies in bio-pharmaceutical area are approached by open innovation
theory and constructs [21,24,27].

The bio-pharmaceutical industry in general has been through a lot of changes over the
decades with mergers and down-sizing of R&D functions within companies [28]. Because
of significant changes in the competitive situation such as globalized markets, extreme
dynamics in technology development process [2] and a growing mobility of highly skilled
people [29], closed innovation strategies become less viable and restrict interactions with
the firms’ environment [30]. Many firms have recognized the potential of disclosing their
innovation processes and therefore they increasingly explore and share ideas out of their
organizational boundaries [31].

The fact that only one of the 10,000 substances found during the research and develop-
ment phase in the bio-pharmaceutical industry can be marketed [32] shows the significant
risks these companies face with regard to the results of technological innovation. Bio-
pharmaceutical firms have organized over time to exchange technologies and knowledge
with different classes of external organizations (e.g., universities or competitors) along
the different stages of the R&D process (e.g., drug discovery and drug development) [2].
They have changed their business models by consolidating other firms (M&A), increasing
partnerships, outsourcing information technology and R&D functions, or reorganizing
their entire R&D.

Since Chesbrough presented an “open innovation” concept [33], research interests
have been increasing in many scholars, especially in the areas of management and innova-
tion. A number of bio-pharmaceutical firms have announced that they have been doing
an open innovation strategy and 55% of the top 20 bio-pharmaceutical companies of 2016
“open innovation opportunity” on their web pages [16].

Bio-pharmaceutical firms need to seek knowledge from multiple areas both inside
and outside of firm boundaries. In the last decade the number of externally sourced
drug programs in big pharma’s pipeline have increased significantly. Drug development
process has transformed into an open innovation ecosystem where small biotech compa-
nies are the innovators and where the large bio-pharmaceutical companies act as their
commercialization partner [15].

2.2. Outbound Open Innovation with Knowledge Based View
2.2.1. Licensing as Outbound Open Innovation Strategies

Open innovation encompasses various activities, e.g., inbound, outbound, and cou-
pled activities [21,23] with emphasis mainly on the inbound strategy [34], whereas the
outbound strategy has received little attention. Outbound open innovation can have
monetary and strategic advantages for firms exploiting their technological knowledge
outside their boundaries or co-developing it with another organization [35]. Inside-out
(outbound) process refers to one of key approaches focusing on the externalization of the
firm’s internal knowledge for bringing new ideas to commercialize faster than it can be
done only through internal R&D. The outbound open innovation refers to “earning profits
by bringing ideas to market, selling IP, and multiplying technology by transferring ideas to
the outside environment” [22]. Lichtenthaler et al. find a relationship between inside-out
activities (e.g., external technology commercialization) and firm performance [36].

Licensing is one of the practices of the outbound open innovation strategy. Firms now
can commercialize their IP externally, out-license and sell patented technologies [37,38].
The importance of technology licensing has been emphasized by the previous literature on
management of technology [39]. Licensing agreements is a commonly observed type of
inter-firm alliances, especially in technology-intensive industries [40]. Patent licensing is an
important strategy for technology transfer [41]. By licensing external technology, licensees
can use it to fill technological or strategical gaps, overcome blind spots, and complement
their internal capabilities [42]. The patent licensing means the transfer of the right to use
the patent from the licensor to the licensee. It refers that a patented technology owner can
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authorize another firm to use the technology in a certain way for a certain period of time,
and the licensee should pay for it to the licensor [41].

In bio-pharmaceutical industry, a firm with relatively full of drug candidates at one
clinical phase is likely to license out some of drug candidates at the same stage [43].
Out-licensing of IP involves selling or offering licenses or royalty agreements to other
organizations so as to profit from licensor IP [31,44–46]. More competitions and faster
product and technology life cycles have led firms to make a thorough evaluation of their
technology bundles, considering licensing as a commercialization strategy to generate more
revenues without additional cost. By out-licensing, firms can more fully leverage their
investments in R&D, partnering with actors adept at bringing inventions to the market-
place [3]. Licensing-out requires firms to determine the value of IPs, contract with partners,
and implement agreements that allow partners to use the patented knowledge [47].

Because drug development is expensive, time consuming, and risky, the importance of
licensing deals between bio-pharmaceutical companies is highlighted. Because the licensor
company lacks financial and physical resources to commercialize its technology, it seeks
to create additional value through the out-licensing [48]. For small and medium-sized
bio-pharmaceutical companies in partnership with Big Parma, licensing is an essential
element in business models. Therefore, in order to grow and succeed in industry, it is
important for biotech companies to excel in licensing activities [15]. Licensing has been an
essential part of bio-pharmaceutical industry [49].

The bio-pharmaceutical industry is a well-known as technology market has rapidly
grown [50]. According to Cortellis, licensing accounted for 45% of all transactions in the
bio-pharmaceutical industry in 2017 and 77% of companies participating in the 2018 Bio
Convention were looking for licensing opportunities. Out-licensing allows firms to capture
additional value from their technology [51,52].

2.2.2. Resource-Based View (RBV)

Resources are generally defined as “all assets, capabilities, organizational processes,
firm attributes, information, knowledge, etc., controlled by a firm.” [53] Resources are valu-
able when they help improve the firm’s efficiency and effectiveness [53]. Firm performance
may be an aggregated result of the different effects of different resources [54]. Resources
can form the basis of exclusive value-creating strategies and their activity systems leading
to competitive advantage [55].

Resources are at the center of the resource-based view (RBV). The RBV is one of the
most widely accepted theoretical perspectives in the strategic management field [56,57].
It is an influential theoretical framework for understanding how competitive advantage
is realized and how that advantage is maintained over time [58,59]. A firm consists
of “a collection of productive resources.” [60] According to RBV, each firm even in the
identical industry performs differently because they differ in terms of the resources they
control [19,61]. RBV notes that the ability to use resources relevantly is the point to firms’
innovation and financial success [57,62] and the extent of innovation is decided by the
resources of the organization.

RBV assumes that firms can be conceptually developed as an array of resources,
that those resources are heterogeneously distributed across firms, and that differences of
resource continue over time [19,63]. The RBV expands the knowledge of individual firm
performance and helps understand of strategic management [57,63]. The RBV has been
expanded to use corporate resources in a strategic way for the firm’s innovation [57,64].

2.2.3. Dynamic Capabilities

Teece et al. proposed the dynamic capabilities approach as an extension of the RBV [62].
Dynamic capabilities are developed over time through complex interactions between the
firm’s resources [19]. The dynamic capability perspective extends the RBV by addressing
how valuable, rare, and difficult to imitate and imperfectly compatible resources can be
created and how the current stock of valuable resources can be improved in changing envi-
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ronments [24,65,66]. RBVs emphasize sustainable competitive advantage while dynamic
capabilities focus on competitive survival issues that address today’s rapidly changing
business climate. The dynamic capabilities, which refer to “the firm’s ability to integrate,
build and reconfigure internal and external competencies to address rapidly changing
environments” [62], has been used to explain the reason that firms in the same industry
perform in a different way.

A dynamic capability is the capability of an organization to deliberately create, extend,
or modify its resource base [67]. The emergence of dynamic capabilities has reinforced the
RBV by suggesting the evolutionary nature of firm resources and capabilities in connection
with environmental changes and enabling identification of firm-specific processes that are
critical to firm innovation [68].

The effects of dynamic capabilities on firm performance are relatively complex. If a
firm enhances its particular capabilities as directed by its strategic targets and if capability
development and firm strategy are effectively coordinated, dynamic capabilities may
lead the firm to have better performance. Dynamic capabilities are often steered by firm
strategy [68]. This study extends the RBV to dynamic capabilities by combining it with
open innovation theory.

2.2.4. Knowledge Based View (KBV)

The ratio of knowledge-based assets is increasing in terms of resource base of the
organization [69,70]. Firms are repositories of knowledge. Knowledge is the most impor-
tant firm resource which conceptualizes the firm as a unique bundle of distinguishable
resources and capacities [60,71]. Knowledge creation fuels innovation. A dynamic and
comprehensive view may strengthen “our understanding of knowledge strategies, their
modification over time, and their effects on innovation performance” [72,73]. Evidences
that firm performance is influenced by firms’ abilities to integrate, build, and reconfigure
their knowledge, resources, and capabilities are increasing.

It is generally accepted that the KBV of the firm is an extension of the RBV because it
considers that organizations are heterogeneous entities loaded with knowledge [74,75]. The
KBV is the logical evolution of the RBV considering the temporal evolution of its resources
and the capabilities that maintain the competitive advantage [76]. In comparison with the
RBV, the KBV takes a more fine-grained and profound understanding of knowledge as
its basis.

KBV is indirectly linked with firm performance to change a firm’s portfolio of capaci-
ties, resources, which in turn affect economic performance. Companies need to develop
“knowledge capabilities” to benefit from open innovation [11,77]. The KBV focuses on how
knowledge capacities and resources are utilized and coordinated [78]. The resources and
capabilities generate economic returns to the firm [19]. Now that the concepts of the KBV
place substantial emphasis on firm financial performance, the research model of this study
is divided into firm resources and firm capacities based on KBV.

2.3. Research Framework and Hypothesis
2.3.1. Firm Capacity

This study focuses on the relationship between external connections for knowledge
capacities within a licensor firm’s innovation process. Lichtenthaler et al. identify “knowl-
edge capacities”, which represent a firm’s capabilities of managing various knowledge
processes reconfigures and realigns knowledge capacities of managing critical knowledge
processes [79]. To capture external knowledge exploration, retention, and exploitation,
we consider three interfirm main component factors of capacities, namely, absorptive
capability, desorptive capability and connective capability. Table 1 describes how the
three components together explain firms’ mechanism of linking capacity advantage to
competitive advantage, namely licensor financial performance.
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Table 1. Classification of the Interfirm Knowledge Capacities.

Knowledge Exploration Knowledge Retention Knowledge Exploitation

External (Interfirm) Absorptive capacity Connective capacity Desorptive capacity

Considering existing studies in regards to KBV, knowledge retention is not frequently
covered perspective. However, since connectivity among innovation actors is important in
open innovation, knowledge retention by connective capacity should be considered [79].
Based on KBV, the linkage between knowledge capacities and financial performance
should be more explained and enhanced in open innovation perspective, and thus the
constructs used in this study will help understand of the relationship in order to enhance
the knowledge capacities.

2.3.2. Absorptive Capacity

Absorptive capacity relates to exploring external knowledge inside the firm. It consists
of the process stages of acquiring external knowledge and absorbing this knowledge by
incorporating it into the firm’s knowledge base [80,81]. Zahra and George [82] view
absorptive capacity as a knowledge capacity that affects the nature and sustainability of a
firm’s competitive advantage.

For absorptive capacity, firms are required to have prior related knowledge to un-
derstand the knowledge being absorbed [80,83]. Firms with higher absorptive capacity
demonstrate stronger ability of integrating external information and embedding it into
firm’s own knowledge. The examination of various knowledge processes complements
prior absorptive capacity literature, and it improves our understanding of knowledge
capacities [84]. Absorptive capacity is positively related to firm performance, making it
an important construct from a managerial perspective [85,86]. An important characteristic
of the licensee is its absorptive capacity, which concentrates on how the firm deals with
external knowledge for developing innovative performance. In-licensing is considered as a
process that a licensee absorbs and integrates a part of the licensor’s knowledge into its
own knowledge base.

Literature supporting the positive effect of absorptive capacity on in-licensing is
growing [84,87]. A potential licensee is typically a large firm that can conduct substantial
and complementary in-house R&D [80].

Based on the literature, in this study, the organizational dimension of licensee’s
absorptive capacity is considered by the number of in-licensing. In addition, we considered
the number of patents as the technological dimension. Because patents can confirm the
technological development and absorptive capacity, patent analysis can reveal how a
company’s technology can affect its absorptive capacity [27]. Thus, hypothesis is derived
as follows.

Hypothesis 1 (H1). In the licensing agreement, licensor’s “Absorptive Capacity” will be positively
correlated with licensor’s financial performance.

Hypothesis 1a (H1a). The number of patents will be positively correlated with licensor’s finan-
cial performance.

Hypothesis 1b (H1b). The number of in-licensing will be positively correlated with licensor’s
financial performance.

2.3.3. Desorptive Capacity

Lichtenthaler et al. complemented absorptive capacity by introducing desorptive
capacity, pointing at the relevance of external knowledge exploitation, comprehended as
outward knowledge transfer [79]. As opposed to absorbing external knowledge, desorptive
capacity refers to “a firm’s ability to externalize internal knowledge assets in order to ap-
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propriate returns from innovation” [47]. One of streams of literature which are particularly
rich in insights about outbound open innovation is theory work on desorptive capacity [67].
External knowledge exploitation refers to outbound knowledge transfer such as technology
licensing [88] which has recently become a broader trend [20]. After identifying external
knowledge exploitation opportunities based on the financial and strategic incentives for
transferring knowledge, a firm may transfer its own knowledge to the recipient [38].

Absorptive capacity is associated with its desorptive capacity in bi-directional knowl-
edge transfers [38]. External knowledge exploitation refers to the exploitation of knowledge
outside the firm boundaries through selling of such as patents, out-licensing [89,90]. Since
literature stated that desorptive capacity can contribute to enhancing a firm’s overall finan-
cial performance [91], in this study, we considered the number of forward patent citations
at the technical dimension and the number of out-licensing at the organizational dimension
in terms of the desorptive capacity of licensor. Hypothesis is derived as follows.

Hypothesis 2 (H2). Licensor’s “Desorptive Capacity” will be positively correlated with licensor’s
financial performance.

Hypothesis 2a (H2a). The number of forward patent citations will be positively correlated with
licensor’s financial performance.

Hypothesis 2b (H2b). The number of out-licensing will be positively correlated with licensor’s
financial performance.

2.3.4. Connective Capacity

As connective capacity refers to a firm’s ability to maintain knowledge in relationships
between firms, it consists of elements of alliance capacity [92] and relational capability [93].
Firms build strongly on interorganizational knowledge transactions to extend their in-
ternal knowledge bases [72,94]. Connective capacity also refers to the ability to establish
links to other elements, and these links help access knowledge [24,95]. Following this
logic, connective capacity is defined as a firm’s ability to maintain knowledge outside
its organizational boundaries. Accordingly, connective capacity consists of the process
stages of retaining knowledge in interfirms’ relationships and subsequently reactivating
this knowledge [96,97].

External knowledge retention means knowledge maintained in the interorganizational
relationship of an enterprise, e.g., alliances or collaborations [94]. The more knowledge
a firm has in a specific field, the easier it is to manage interorganizational relationships
and to profit from external knowledge possession. Bio-pharmaceutical firms with strong
collaborations processes for accessing outside knowledge may achieve much better perfor-
mance [98]. Many bio-pharmaceutical companies simultaneously collaborate R&D with
multiple biotechnology firms [99].

Researchers recently started to relate each of absorptive, desorptive, and connective
capacities to a firm’s KBV. We articulated the linkages between each component capacity
with a viewpoint of KBV to explain the transformational mechanisms. The emerging KBV
of the firm offers new insight into the causes and management of interfirm alliances [97].

In this study, we considered the number of same International Patent Classification
(IPC) code at the technical dimension and the number of R&D collaboration at the organi-
zational dimension in terms of the connective capacity of licensor and licensee. In contrast
with R&D collaboration which is frequently used as a proxy, the degree of sharing IPC
code is useful to examine the connectivity between firms since it is of interest in patent
analysis [100]. Hypothesis is derived as follows.

Hypothesis 3 (H3). Licensor and licensee’s “Connective Capacity” will be positively correlated
with licensor’s financial performance.
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Hypothesis 3a (H3a). The number of same IPC code will be positively correlated with licensor’s
financial performance.

Hypothesis 3b (H3b). The number of R&D collaboration will be positively correlated with
licensor’s financial performance.

2.3.5. Firm Resource

Knowledge capacities refer to a firm’s capacity to arrange resources, usually in com-
bination, using organizational processes, to bring a desired end, whereas knowledge
resources are “stocks of available factors that are owned or controlled by the firm” [19]. The
resources explain the differences in performance between firms, as a consequence firms
with specific competitive advantages obtain higher returns. Firm resources are the base
of the organization’s strategy and are major tools to implement it. The realization of the
potential value of resources is dependent on the strategy of the firm and how the strategy
is implemented and resources are utilized [58,101]. KBV is an important approach towards
firm resources that forms the basis for establishing resources in the structural and routine
activities of the firm. In terms of firm resources, this study considered R&D intensity and
firm size—here, the number of employees, which are frequently used as the proximity of
firm resources [24,79,102]. Hypothesis is derived as follows.

Hypothesis 4 (H4). Licensor firm resources will be positively correlated with licensor’s financial
performance.

Hypothesis 4 (H4a). The degree of R&D intensity will be positively correlated with licensor’s
financial performance.

Hypothesis 4 (H4b). The number of employees will be positively correlated with licensor’s
financial performance.

Figure 1 summarizes the research model and hypotheses used in this study.

Figure 1. Research model and hypotheses.

3. Methodology
3.1. Data

Medtrack database from Informa is the most comprehensive, fully integrated, global
bio-pharmaceutical database providing a one-stop-shop for information on companies,
products, patents, pipelines, sales, deals, and venture financing. GPASS database from
LexisNexis provides patent information of over 200 countries around the world. Com-
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pustat database from Standard & Poor’s is the award-winning research platform and
business intelligence tool for over 40,000+ corporate, academic, government, and nonprofit
clients at over 400+ institutions in 30+ countries. This study uses the above database to
extract patents, licensing, R&D investment, manpower, and financial data from a total of
431 multinational bio-pharmaceutical companies from 2001 to 2015.

3.2. Econometric Method

The Ordinary Least Squares (OLS) is the most frequently used regression analysis
method, which minimizes the square of the error term (e) of the regression equation. Regres-
sion tests the relationship between two or more independent variables and one dependent
variable. The basic assumption of a regression model is that there is no correlation among
independent variables that do not significantly affect dependent variables but since there
are more than two independent variables, there is a possibility that a fairly high correlation
between independent variables may be issued, which is called multi-collinearity. Multi-
collinearity can be checked by using the Variance Inflation Factor (VIF). If the VIF exceeds
10, then there is usually a problem with multi-collinearity. The Durbin–Watson analysis
is performed to determine the correlation of residuals. The reference value will be two
representing the normal distribution curve, which is not correlated with the residuals. A
positive correlation is closer to zero, a negative correlation is closer to four, and a regression
model is inappropriate because of the correlation between residuals. If the tolerance is less
than 0.1, it is interpreted that there is a problem with multi-collinearity. Endogeneity is a
problem that occurs when the error term and the independent variable are not indepen-
dent each other. This is a phenomenon that occurs when undiscovered cause (but not an
independent variable) contained in an error term has a significant correlation.

3.3. Variables

Because of the difficulties inherent in measuring knowledge capacities and resources
from KBV, many researchers have found ways to strictly operationalize their constructs
with observable proxies [101,103].

3.3.1. Dependent Variable

The firm capacities and resources may affect the economic performance of the firms [104].
In order to focus on the significant results between variables through the financial perfor-
mance of each licensor firm, this study uses licensor’s average sales over three years after
licensing as a dependent variable (FP).

3.3.2. Independent Variables

(1) The Number of Forward Patent Citation (CITN)

A cited patent can represent the extent of the technology level [105]. Patent citation
analysis is used to examine the effectiveness or efficiency of technology transfer and innova-
tion [106,107]. Patent citation is considered that technological progresses are characterized
by technological paradigms, trajectories, and path dependencies [108]. If a firm cited a
patent in the past, it may still require same types of technologies and attempt to access
them. Then patent citation information can be an indicator for present or future technology
transfer in terms of the path dependency of technology [109]. Forward patent citations,
which are made by later patents to a patent previously issued, similarly indicates the
traces of the importance of commercial innovations; although, the process by which they
are generated is less deferential to status [110]. Harhoff et al. [111] found a noisy but
positive correlation between forward patent citation and patent value. Reitzig [112] stated
that both theoretically and empirically forward citations are an important determinant of
patent value.

In bio-pharmaceutical industry, where patents are used to appropriate returns to
innovation, citation rates are more likely than in other industries to contain information re-
garding the technological and economic value of a specific invention [113]. Narin et al. [114]
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measure cited patents among registered patents of the US pharmaceutical industry. Cited
patents are also being investigated for their effect on firm performance as valuable knowl-
edge [115]. The positive relationship between the number of cited patents and the financial
performance is examined [27]. Thus, forwards citations are employed in this study to trace
forward the source of newly created knowledge-capacity for licensor. CITN is calculated
by the difference between the sum of forward citations of patents that the licensor has for
each year and self-citations that the patent has.

(2) The Number of Patents (PAT)

Technology is mainly measured as the number of patents and the level of patent
information [116] so that the patent analysis can evaluate a firm’s technology development.
Patents are important knowledge capacities for firm and can affect firm performance [117].
Previous studies have shown that patents are valuable not only as resources for achieving
strategic goals like technology protection but also as sources of technical capacity that
affect firm performance. Increasingly, firms use patents to grow and sustain competitive
advantages in a KBV [118]. In the bio-pharmaceutical industry, compared with other
industries, a patent is used as a means of appropriating incentive from a technological
innovation [119]. Thus, this study focuses on the number of patents when we looked at
KBV from a technological perspective. PAT is derived by the sum of patent applications
that the licensee has for each year.

(3) The Number of Out-Licensing (OUT) and In-Licensing (IN)

In perspective of management of patent, opening up the innovation process needs a
movement from the traditional patent protection to a wider approach considering patents
as tradable assets [47]. Licensing out and in are much more common and are now the
most important method for commercializing and diffusing new technologies outside
the firm [120]. In recent years, technology out-licensing has drawn increasing attention
as a method for outward technology transfer. Technology-based firms are focusing on
maximizing revenues from their own technologies, and in this context, out-licensing can be
referred as an important commercialization means that complements their traditional R&D
processes [10]. Therefore, this study considers the number of out-licensing and in-licensing
as firm capacities. OUT is derived by the number of licensees that the licensor has matched
and IN is derived by the number of licensors that the licensee has matched.

(4) Number of Same IPC Code (IPC)

The International Patent Classification (IPC) is a general technological index designed
by the World Intellectual Property Organization (WIPO) and operates like a keyword
system estimating technological trajectories. A patent may be assigned only one or more
than a dozen different eight-digit IPC code, depending largely upon the patent’s breadth of
coverage. The existence of IP is the core of collaborative relationships between firms [121].
Patents in many cases have multiple IPC code, so the patents characteristics can be precisely
identified by using the IPC code. This study measures IPC as the number of identical IPC
code between the licensor and the licensee to see the connective capacity.

(5) R&D Collaboration (COLA)

Bio-pharmaceutical companies gain access to external technologies through out-
licensing and joint R&D, further expanding upon the internal knowledge base [1]. A recent
paper further documents the critical role of collaborations between bio-pharmaceutical
firms [2]. Many large pharmaceutical companies simultaneously collaborate R&D with
multiple biotechnology firms [99]. COLA is derived by the number of R&D collaborations
that the licensor has.

(6) R&D Intensity (RND)

R&D intensity is the most frequently used measure “to estimate the relative importance
of R&D among firms in the industry.” It has been defined as the ratio of R&D expenditures
to the firm’s total expenditures. In general, high-tech industries such as bio-pharmaceutical
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are characterized by the highest R&D intensity. The resource accumulation process is
considered as a reflection of firm’s innovative R&D activities. Johnson [122] shows that the
combination of a firm’s past R&D activities and its current R&D investments contributes to
innovative performance. R&D intensity is the key indicator in monitoring firm resources.
RND is calculated by the ratio of R&D expenditures to the licensor’s total expenditures.

(7) Firm Size (SIZE)

In an RBV, Hitt et al. [58] verified both the direct and moderating roles of human
resources on firm performance and tested the independent effects of a firm’s human
resources and its leveraging capability on its performance. In a way, human resource
directly contributes to improving the financial performance of firms by enhancing firms’
overall capabilities to seek out and seize new technological and business opportunities [123].
This supports assumption that human resource affects firm performance within the open
innovation paradigm in which a workforce performs knowledge transfers both inside and
outside of firm boundaries [124]. SIZE is measured by the number of employees that is
frequently used to examine firm size [125]. Table 2 summarizes variables used in this study
and Equation (1) using these variables is used as a regression equation.

FP = B0 + B1CITN + B2OUT + B3PAT + B4IN + B5IPC + B6COLA + B7RND + B8SIZE + ε (1)

Table 2. Explanation of Variables.

Variables Explanation Source References

Dependent variable Financial Performance (FP) Average sales over three years after licensing Compustat [126]

Independent
Variable

(Knowledge
Capacities)

Desorptive
capacity

Number of forward citation patents GPASS [24]
Number of Out-licensing Medtrack [2]

Absorptive
capacity

Number of patent applications GPASS [24]
Number of In-licensing Medtrack [2]

Connective
capacity

Number of same IPC code GPASS [121]
Number of R&D Collaboration Medtrack [2]

Control variables
R&D intensity R&D Intensity Compustat [127]

Firm size Number of Employees Compustat [24]

4. Estimation Results

Table 3 shows the descriptive statistics of independent variables, and the coefficient
of correlation and VIF. According to VIF values for each variable, we can confirm that
multi-collinearity problem does not exist in this model.

Table 3. Statistical Characteristic of Independent Variables.

Mean Std.Dev VIF CITN OUT PAT IN IPC COLA RND SIZE

CITN 2.48600 0.99009 1.82277 1.000
OUT 5.70998 3.59222 1.68487 0.50507 1.000
PAT 0.30034 0.72335 1.24103 −0.0518 0.02905 1.000
IN 2.41067 2.53914 1.03440 0.03716 0.03502 −0.05644 1.000
IPC 0.01998 0.14772 1.24168 −0.0022 0.00836 0.42450 0.01391 1.000

COLA 1.70998 2.61780 1.33455 0.38976 0.37361 −0.05222 0.13902 −0.03722 1.000
RND 4.84061 0.28990 1.14128 −0.2668 −0.1826 −0.08521 −0.03782 −0.10952 −0.17654 1.000
SIZE 63.91102 41.30372 1.86925 0.57277 0.54282 0.00439 −0.06320 −0.04018 0.14024 −0.27889 1.000

Table 4 shows the estimation results. The regression coefficient for the variable “IN”
was found to be “−0.02522”, the value of t was “−1.78” and the value of p was “<0.1”.
Therefore, it can be interpreted that the variable “IN” has a significant amount (-) effect
on the dependent variable from a significant level of 10 percent. The regression coefficient
for the variable “PAT” was found to be “−0.02209” but statistically insignificant. Thus, H1
including H1a and H1b is rejected. The regression coefficient for the variable “CITN” was
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found to be “0.10909”, the value of t was “2.27” and the value of p was “<0.05”. Therefore,
it can be interpreted that the variable “CITN” has a significant amount (+) effect on the
dependent variable from a significant level of 5 percent. The regression coefficient for the
variable “OUT” was found to be “0.05904”, the value of t was “4.63” and the value of p
was “<0.01”. Therefore, it can be interpreted that the variable “OUT” has a significant
amount (+) effect on the dependent variable from a significant level of 1 percent. Those
lead to the acceptance of H2 including H2a and H2b. H3 including H3a and H3b is rejected
because of the variables representing connective capacity were statistically insignificant.
The regression coefficient for the variable “RND” was found to be “−1.13318”, the value
of t was “−8.71” and the value of p was “<0.01”. Therefore, it can be interpreted that
the variable “RND” has a significant amount (−) effect on the dependent variable from a
significant level of 1 percent. The regression coefficient for the variable “SIZE” was found
to be “0.01654”, the value of t was “14.15” and the value of p was “<0.01”. Therefore, it can
be interpreted that the variable “SIZE” has a significant amount (+) effect on the dependent
variable from a significant level of 1 percent. Thus, H4 is rejected because H4a is rejected in
spite of the acceptance of H4b. The value of intercept, B0, is “7.82585” with the value of
t “11.77”, and R square is 0.6701. The analysis of the F values shows a significant value,
“107.15” with the significant level of 1 percent but the correction factor is high, which makes
it a sufficient research model.

Table 4. Estimation Results.

Variables Explanation Performance Variables:
Financial Performance (FP)

Knowledge capacity
variables

Absorptive
capacity

Number of patent applications
(PAT)

−0.02209
(−0.41)

Number of In-licensing
(IN)

−0.02522 *
(−1.78)

Desorptive
capacity

Number of forward citation patents
(CITN)

0.10909 **
(2.27)

Number of Out-licensing
(OUT)

0.05904 ***
(4.63)

Connective
capacity

Number of same IPC code
(IPC)

0.22263
(0.84)

Number of R&D collaboration
(COLA)

−0.00307
(−0.20)

Control
variables

R&D intensity R&D Intensity
(RND)

−1.13318 ***
(−8.71)

Firm size Number of Employees
(SIZE)

0.01654 ***
(14.15)

Note: t-statistics in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.

5. Discussion and Implications

According to the estimation, only H2 is fully supported. As a result, desorptive
capacity has a positive correlation with licensor financial performance. This is consistent
with previous studies suggesting that patent citations and out-licensing affect the financial
performance of a firm [27,36]. Furthermore, in-licensing in the organizational aspect of
absorptive capacity had a negative correlation with licensor financial performance. This
does not have a positive impact on financial performance for the next three years just
because of licensing, but because of additional spending, such as R&D investment.

In addition, H4 is statistically significant and H4-2 is supported. Those are consistent
with previous research (e.g., [102]), meaning that the R&D intensity is not favored in terms
of financial performance while the firm size shows positive effect on financial performance.
However, R&D intensity itself is a critical factor in firms’ innovation performance in
enhancing knowledge capabilities [80,102]. Thus, appropriate balancing strategy between
financial performance and innovation performance should be followed for the licensors.
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Based on the analysis, this paper can give several implications. First, theoretically,
this article has implications for research into outbound open innovation with KBV. The
research framework in this study integrates prior KBV research. This paper analyzes how
the KBV complements outbound open innovation by incorporating KBV along these two
dimensions: firm capacities and firm resources. With regard to open innovation, this study
integrates knowledge from several research areas and advances toward the theory of open
innovation. As such, it helps fill the theoretical gap of prior open innovation literature,
which limited our understanding of outbound open innovation practices [13].

Second, practically, it is noteworthy that the relationship between desorptive capacity
and financial performance emphasizes the importance of relevant partnership exploration.
For the sustainability in bio-pharmaceutical industry, firms should maintain consistent
collaboration and construct strategic alliance in order to retain partnership candidates, and
continuously explore relevant partners to increase performance. Such strategic activities
will surely provide advantage in maintaining sustainability.

Finally, in perspective of policy, despite the surprising progress in technology devel-
opment driven by open innovation framework, associate regulations cannot keep pace
with the technology, causing many products and services are not commercialized on time.
Thus, regulatory reforms regarding bio-pharmaceutical products and services should be
followed. Institutional supports such as regulatory sandbox can help demonstrate and
verify creative products and services, deregulate and amend some outdated laws and rules,
and therefore invigorate promising business in bio-pharmaceutical industry.

6. Conclusions

The fact that only one of the 10,000 substances found during the R&D phase in the
Bio-pharmaceutical industry can be marketed shows the significant risks companies face
with regard to the results of technological innovation. Thus bio-pharmaceutical industry
has transformed itself into an open innovation ecosystem, and licensing has become a core
business exit strategy to overcome economic risk. This study examines the relationship
between outbound open innovation and financial performance with open innovation
strategy. Specifically, this study extends knowledge-based view to link the open innovation
performance and licensor’s sustainability. The analysis shows firm’s desorptive capabilities
have a significant effect on financial performance, confirming the application of knowledge
capacity framework.

Empirical research on firm resources and capacities has not yet reached maturity, in
spite of significant growth in a decade. Our research proposed an integrated framework
for identifying transformational mechanisms that link firms’ capacities and resources to
licensor firm performance. This study discovered a wide range of bio-pharmaceutical
industry-specific capacities and resources relevant to KBV. By drawing on knowledge-
based arguments, the framework considers the dynamic interaction of external knowledge
in open innovation processes. This integrative view is complemented by three knowledge
capacities—absorptive capacity, desorptive capacity, and connective capacity. While further
study is required to elaborate the research framework, the integration of the KBV will
help understanding of the interfirm heterogeneity in knowledge capacities and resources,
organizational boundaries, and innovation performance.

One of limitations in this study is that the time-lag analysis was not taken into account
in the process of affecting the firm performance of capacities and resources. As a further
study, more sophisticated approach can be carried out through time-lag reflection models.
In addition, this study proposes IPC code as a proxy of connective capacity. However, it
does not show statistically significance. Thus, additional instruments capturing connective
capabilities should be explored and this can be a further study.
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