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Abstract—This article examines the mediating impact of open
technology strategies (OTS) on the link between three types of
external knowledge sources (i.e., scientific, institutional, and indi-
rect partners) and business performance (BP). Structural equation
modeling is conducted in order to test the research model based on
a survey of 241 companies drawn from the database of Turkey’s
largest 500 manufacturing companies. The study’s findings indicate
that the implementation of OT'S mediates the relationships between
external knowledge sourcing (EKS) from scientific partners and
indirect partners with BP. However, no support is found for the
mediation effect of OTS on the link between EKS from institutional
partners and BP. This article extends the innovation literature by
empirically investigating open innovation in large-scale companies
in emerging country settings.

Index Terms—Business performance (BP), external knowledge
sources, open innovation (OI), open technology strategies (OTS),
Turkey.

I. INTRODUCTION

INCE Chesbrough’s [1] seminal work on open innovation

(OI), the notion of external knowledge sources in the OI
field has received mounting interest in both academic and busi-
ness circles [1]-[5]. Focusing only on internal research and
development (R&D) cannot be seen as sufficient to sustain a
company’s competitiveness and innovativeness. Companies can
acquire crucial knowledge for OI from several external sources,
including universities, laboratories, start-ups, customers, and
consultants. There are several advantages of relying on external
knowledge sources, ranging from enabling much more exchange
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of new ideas, reduced R&D costs to acceleration of the innova-
tion process [6].

However, acquiring knowledge from external sources is not
sufficient per se to have a higher level of OI efficiency. External
knowledge needs to be integrated into the company’s internal
R&D processes to facilitate the effective implementation of OI.
Nowadays, even the large-scale companies that rely merely on
internal R&D efforts can no longer create sustainable product
advantages [6]. They should acquire technology from outside
sources using well-crafted open technology strategies (OTS) to
cope with the ever-increasing complexity and speed of new prod-
uct development (NPD) [7]. These OTS are generally grouped
under three main categories, including technology acquisition
(e.g., buying patents, copyrights, and trademarks), technology
exploitation (e.g., selling patents, licenses, and trademarks), and
coupled strategies (e.g., open production, open-sourced projects,
and strategic alliances with external partners).

Despite the growing popularity of OI, the relationship be-
tween OI and business performance (BP) is not well understood.
Existing research on the Ol-performance relationship has gen-
erated mixed results. Some scholars found positive, curvilinear,
or even negative relationships between OI and performance
(e.g., [2], [3], [8], [9]). While there are also several studies
investigating the direct effects of external knowledge sources
and technology strategies as the key components of Ol on BP [3],
[10]-[13], there is an obvious gap in Ol literature that attempts to
unbundle the link between various types of external knowledge
sources and BP. In order to fill this lacuna, our study first offers a
new conceptual framework to consider the influence of OTS as
a mediator on the links between three types of external knowl-
edge sources (i.e., scientific partners, institutional partners, and
indirect partners) and BP.

Second, there is a paucity of empirical studies on OI within
the context of companies from emerging market settings, as
most of the studies have focused on innovating companies from
developed countries. However, emerging country companies
might have different perspectives with respect to their search for
various types of external knowledge sources, as they are more
in need of external knowledge to nurture their growth easily.
At the same time, they may not be technology-savvy enough to
access, identify, and absorb such knowledge using OTS [10]. Our
survey setting, Turkey, serves as an appropriate country setting
to represent emerging economies due to its sizeable economy
and its close resemblance to many other big emerging market
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economies in terms of the industrial and institutional environ-
ment [14]. The Turkish government recognizes the importance
of technology diffusion and innovation, having set ambitious
targets with a focus on the private sector. Accordingly, both
public expenditures on science and technology and share of
the private sector in total R&D expenditures have increased
considerably in recent years [15].

Third, this article relies on a survey of 241 companies drawn
from the database of Turkey’s largest 500 manufacturing com-
panies. Although early studies on OI research were undertaken
with large-scale companies [16]-[21], most of the subsequent
studies shifted their attention to small- and medium-sized en-
terprises (SMEs) [22]-[30]. As compared to SMEs, large-scale
companies may display different patterns regarding the innova-
tion process. For example, SMEs have organizational flexibility
and greater incentives to carry out riskier and more unusual
innovative projects, provided that they can finance them. In
contrast, while large-scale companies are good at large-scale
development, manufacturing, and marketing, they are at a com-
parative disadvantage in managing innovation research because
of the costs associated with conducting a heterogeneous set
of tasks [31], [32]. Also, bureaucratization within the large
companies and financial constraints imposed by capital markets
are likely to hamper the innovation process.

Finally, we employ structural equation modeling (SEM) to test
our proposed model, involving direct and indirect links between
external knowledge sources, OTS, and BP. The SEM method
enables researchers to simultaneously estimate and test complex
theoretical models with empirical data [33].

The rest of this article is organized as follows. The next
section reviews the relevant literature and sets out the study’s
hypotheses. The third section explains the research methodol-
ogy, followed by the results. The final section concludes this
article.

II. LITERATURE REVIEW AND HYPOTHESES
A. Theoretical Background

Although OI has become one of the key themes in innovation
literature, there is still a dearth of strong theoretical knowledge
about our understanding of the OI concept. In order to develop a
coherent body of knowledge about OI, Vanhaverbeke and Cloodt
[34] argue that there is a need to combine existing management
theories as none of them can entirely explain how companies
benefit from OI. In a similar vein, Huizingh [35, p. 3] asserts
that open innovation is not a clear cut concept. Open innovation
comes in many forms and tastes, which adds to the richness
of the concept but hinders theory development. Therefore, it is
necessary to develop open innovation frameworks. For instance,
the network perspective on OI calls for an integration of several
theoretical lenses such as transaction costs paradigm, resource-
based view, value chain analysis, and the relational view of the
company [36]. OI has been considered as an organizational
innovation by which large companies seek to adapt to these
changes and has led researchers to examine a new phenomenon
of strategic management [37].
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Similarly, the important role of external knowledge sources
as determinants of OI has also been stressed in innovation
literature from different theoretical perspectives ranging from
the knowledge-based view of the company and an interorga-
nizational perspective to evolutionary theory and a multilevel
organizational perspective. The knowledge-based view of the
company argues that knowledge is the crucial input in manu-
facturing and is an essential value source [38]. Moreover, inter-
company collaboration may enhance the efficiency with which
specialized knowledge is utilized [39]. Besides, the perspective
of the interorganizational network suggests that external partners
are a significant aspect of the innovation process that frequently
requires knowledge flow among companies [40], [41]. Internally
focused logic drawing on an old-fashioned closed innovation
paradigm is no longer sustainable for being innovative; instead,
a sophisticated set of interactions with external organizations is
required [1]. Companies access external knowledge through the
interorganizational networks that they cannot produce internally.
The term OI reflects the networked nature of innovation. As
put forward by Chesbrough [1, p. xxiv], Ol is a paradigm that
assumes that companies can and should use external ideas as
well as internal ideas ... as the firms look to advance their
technology.

On the other hand, evolutionary theorists propose that inno-
vation involves a process of open-ended technological change,
the combining of knowledge located at different sites, and in-
teractive learning between the company and the diverse agents
surrounding it. System diversity affects innovation since it influ-
ences technical and organizational learning and also contributes
to the knowledge base of the economy [42]-[44]. Transmission
of knowledge crucially affects how companies can effectively
get access to knowledge externalities and innovative opportuni-
ties [45].

B. External Knowledge Sourcing and Open
Technology Strategies

The openness of the companies to external knowledge sources
is a significant component of OI when determining their in-
novation capacity [46]. External knowledge sources can span
numerous types of innovation partners, who relate to various
knowledge flows and may provide access to widely differ-
ent realms such as technology, science, product-market trends,
customer insights, design, and societal trends [23]. Based on
previous literature and widely acknowledged business practices,
we categorize external knowledge sources under three groups,
namely scientific partners, institutional partners, and indirect
partners [3], [10], [19], [47]-[49].

Scientific partners as academic organizations develop and
spread avant-garde knowledge to companies for producing cut-
ting edge technology. Scientific research supported by govern-
mental and charitable agencies that is performed in academic
and governmental research institutions is a driving force behind
producing high technology and economic growth [50]. The
fruitful economic and social benefits of universities and research
institutes such as conducting academic research and generating
scientific knowledge, educating graduates and postgraduates,
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providing life-long learning opportunity to society, creating
instrumentation infrastructures have long been recognized as
crucial source for industrial innovation [S0]-[54].

Institutional partners are those organizations or institutions
which may include international trade fair organizations, inter-
national exhibition associations, chambers of trade and indus-
try, and patent institutions. In this article, external knowledge
sourcing (EKS) from institutional partners essentially cover the
following activities: fairs, exhibitions, conferences, and meet-
ings or publications and documents published by these institu-
tions (e.g., scientific journals and trade/technical publications,
patents, public databases) providing objective information to
the public. Companies are increasingly using exhibitions, fairs,
public databases, expert magazines, customers, and clients for
knowledge transfer due to their ease of accessibility [55].

Indirect partners are not among the primary close technology
sources with which the company communicates and generally
include those companies that are not direct competitors or
involve those operating in other industries. There are weaker
relationships with indirect partners than directly related part-
ners. According to the weak-tie theory originally developed
by Granovetter [48], infrequent and distant (indirect-weak) re-
lationships are efficient for knowledge sharing because those
partners provide access to novel information and opportunities
by bridging otherwise disconnected individuals and groups in an
organization [47], [56]. Companies with many indirect partners
are privy to more knowledge than companies whose reach in the
network is more restricted [57].

OTS constitute one of the most important aspects of the
OI process in a company powered by EKS. Chesbrough and
Crowther [58] define two types of OI that companies may
engage in. These are, namely, inbound (outside-in) and out-
bound (inside-out) OI movements of ideas and technologies
and are also labeled as “technology acquisition” and “technol-
ogy exploitation,” respectively [21], [29]. At the core of the
OI phenomenon, competitive advantage usually emanates from
inbound-outside to in OI, “which is the practice of leveraging
the discoveries of others: companies need not and indeed should
not rely exclusively on their own R&D” [58, p. 229]. Outbound-
inside to out Ol is the practice of building relationships with
external partners in order to exploit innovative opportunities
commercially [59]. Besides inbound and outbound aspects,
Gassmann and Enkel [60] propose an additional driver, the
coupled OI process, which refers to coupling the inbound and
outbound processes by working in alliances with complementary
partners in which give and take is critical for success.

In this article, we focus on technology acquisition strategy
and coupled strategy perspectives rather than technology ex-
ploitation strategy. Most Turkish companies, including business
groups like their counterparts in other emerging countries, were
predominantly more in favor of technology acquisition and
coupled strategy rather than technology exploitation strategy due
to their failure of developing sufficient technological capabilities
for technology exploitation [61]. Technology acquisition strat-
egy refers to purchasing an intellectual property from external
sources, such as copyrights, patents, or trademarks [2], [62], [63]
viatechnology licensing, R&D cooperation, spin-ins, and corpo-
rate venturing [64], [65]. Implementing technology acquisition

strategy has various strategic benefits, such as reducing the high
costs of internal R&D and transaction costs [66], achieving fast
growth, risk reduction, increasing returns to manufacturing and
marketing investment [67], accelerating the invention process
[68], and even gaining access to “state of the art” technology
[69]. Vanhaverbeke et al. [70] assert that a company utilizing
technology alliances to learn from its external partners may
accomplish high innovative output and enlarge its technolog-
ical knowledge base. Besides, the coupled strategy requires
coinnovation with complementary partners through structured
collaboration such as joint ventures, alliances, open-sourced
projects, and open production.

EKS help to develop new technological capabilities while also
reinforcing existing capabilities [71]. Developing technologi-
cal knowledge is expensive, tacit, and time-consuming [72].
Technology acquisition strategy requires the use of external
knowledge. Its integration with the knowledge of the company
is a significant determinant of a company’s ability to gain a
competitive advantage in markets. Also, it enables companies
to benefit from cutting edge technologies through integration
with external partners that could improve the company’s in-
novativeness [73]. However, sometimes OI can be expensive,
time-consuming, and laborious [3]. Establishing relations with
different external knowledge sources is costly as companies need
to respect and understand these distinct organizational attributes
such as habits, norms, and rules. Furthermore, when companies
build too many external relations, they are probably to experi-
ence attention allocation problems and, therefore, cannot benefit
effectively from the available external knowledge [74]. On the
other hand, implementing OTS may also have costs in some
respects. According to the Christensen, Olesen, & Kjer [75],
alliances and licensing contracts between large incumbents and
technology entrepreneurs frequently suffer from high coordi-
nation costs, including contractual renegotiation costs that may
cause the alliances quite inefficient.

Collaborating with external partners in order to acquire their
knowledge can improve a company’s technological capabilities,
allowing it to better integrate the external knowledge sources
into its innovation processes [76], [77]. A company successfully
utilizing external knowledge is likely to improve its performance
by gaining access to a technological know-how that it lacks
[78]. Collaboration among companies is positively related to
such outcomes as patenting, R&D performance, learning, and
knowledge acquisition [79]-[82]. For example, patents, as one
of the external knowledge sources, contain vital information for
technology management [83].

We assert that the EKS from scientific partners to develop OTS
[84] is an interesting research topic in the context of emerging
countries. Industry—university collaboration has been one of the
technology acquisition channels discussed extensively in the
literature [65], [85]-[89]. Moreover, establishing institutional
partnerships provides companies with publicly available and
reliable knowledge and thus are the most frequently used by
companies as external sources of ideas to improve or develop
products and processes [49]. Besides, indirect partners act as a
significant knowledge channel between the company and many
indirect contacts, leading to new alliances between companies
[471, [90]. Ahuja [57] noted that indirect partners had a positive
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effect on innovation. In an interorganizational technology link-
age network, a company’s indirect connections serve as a mech-
anism for knowledge spillovers and contribute significantly to
its innovation output. Salman & Saives [47] considered indirect
partners as one of the company’s intangible strategic resources.

These relationships facilitate cooperation between different
partners and help develop OTS, such as acquiring technology,
open production, or developing open collaborative projects. This
interaction may enhance innovative outputs.

Thus, we assume the following multipart hypothesis that seeks
to investigate the effects of EKS from all three types of external
partners on implementing OTS.

Hla: External knowledge sourcing from scientific partners has a
positive effect on the implementation of open technology strategies.

H1b: External knowledge sourcing from institutional partners has a
positive effect on the implementation of open technology strategies.

Hlc: External knowledge sourcing from indirect partners has a
positive effect on the implementation of open technology strategies.

C. Open Technology Strategies and Business Performance

A company acquiring external technologies can enhance its
technological knowledge heterogeneity, leading to innovative
products with substantial enhancements [7], [91]. External tech-
nology acquisition strategies are valuable because they lead to
further innovation [92]. Matching external technology acqui-
sition with internal capabilities is likely to generate a more
profound impact for large-scale companies desiring to improve
their performance. By acquiring external technology, companies
may gain various advantages, such as reducing the time and
risks required to develop the technology. In addition, companies
can enhance their performance by expanding their acquired
technological knowledge [13], [68]. A company that adopts
technology acquisition strategy can increase its technological
knowledge and strengthen its capability by the external search
[93]. This leads to higher performance through the process or
product innovation [13].

On the other hand, implementing OTS may also have costs in
some respects. According to the Christensen, Olesen, & Kjer
[75] alliances and licensing contracts between large incumbents
and technology entrepreneurs frequently suffer from high co-
ordination costs that may cause the alliances quite inefficient.
These costs generally arise from the following sources: bargain-
ing power and asymmetric information problems, difficulties of
subtle financial incentive conflicts and associated opportunistic
behavior (i.e., rents sharing from the joint production), and
trust and communication problems due to cultural differences,
procedures, norms, and language between the parties.

Even though coupled strategy is a complex process due to its
interactive nature and longevity [94], it enables the cocreation
process with partners to produce more innovative products or
technologies. In order to improve the BP, implementing coupled
strategies may enhance the investment level of the NPD process
with collaborating external partners. This allows a closer inter-
action to create opportunities for both sides to generate high
return value; provides more opportunity to monitor behaviors
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and strengthen relationships, and enables risk reduction on each
side [95]. Synergies arise when partners with different abilities
work together in the NPD process, which can positively affect
the company’s performance by increasing innovative outputs.

When viewed from the previous literature, some support has
been noted concerning the impact of OTS on company-level
performance outcomes. Aschhoff and Schmidt [96] found that
R&D collaboration with research institutes has a positive effect
on a company’s financial performance with market novelties;
on the other hand, R&D collaboration with competitors leads
to considerable cost savings in innovation processes. From a
different perspective, Tsai and Wang [97] revealed that inward
technology licensing did not contribute significantly to innova-
tion performance, and internal R&D investment moderated the
impact of R&D outsourcing on innovation performance nega-
tively. Besides, internal R&D investment contingently affects
the different partner types in innovation performance. Collab-
oration with different partners is an appropriate means to ob-
tain external technological knowledge for enhancing innovation
performance. Mazzola et al. [12] show that acquisition affects
both kinds of performance differently; it positively influences
financial performance while negatively affecting innovation per-
formance. Furthermore, manufacturing alliances have a simulta-
neous negative effect, while copatents positively influence both
types of performance. Copatents appear to have a simultaneous
impact on performance by reducing lead times and costs of new
patent development as well as improving technological quality
and market adaptability of innovative outputs.

Hung and Chou [11] found a positive association between
external technology acquisition and BP. In contrast, they did
not find any support regarding the relationship between ex-
ternal technology exploitation and BP. In their study of 168
R&D-intensive companies from Japan, the U.S., and Europe,
Belderbos et al. [98] found an inverted-U type relationship
between the share of explorative technological practices and
financial performance. In their study with 120 biopharmaceu-
tical companies, Mazzola et al. [99] revealed that in-licensing
and platform biotech companies negatively influence innovation
performance while positively affecting financial performance.
Moreover, the number of copatents the company develops with
other organizations is negatively associated with the growth of
revenue, while it is positively related to the number of patents.
Likewise, the number of strategic alliances the company estab-
lishes is negatively associated with the growth of revenue, while
it is positively linked with the number of patents.

Based on the arguments above and confirming evidence from
the previous literature, we assume the following hypothesis:

H2: The implementation of open technology strategies has a positive
effect on business performance.

D. Mediating Effect of Open Technology Strategies

When viewed from the relevant literature [10], [91], [100]-
[102], companies with a heterogeneous network of different
types of external partners have been found to have better innova-
tion performance as synergies arise from a networked innovation
approach [100], [103]. EKS from different partner types brings
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companies a large spectrum of sources for innovation [10].
Cohen and Levinthal [104] argue that the ability to exploit
external knowledge is a crucial constituent of innovation perfor-
mance. Especially for companies in emerging markets, access to
external knowledge sources becomes a critical driver for inno-
vation performance due to their limited and weak resources. For
example, Miotti and Sachwald [102] argue that cooperation with
different partners positively affects innovation success. Becker
and Dietz [100] also reached a similar conclusion, suggesting
that the mix of heterogeneous partners in R&D collaboration
releases synergies, improves the productivity of research, and
heightens the probability of NPD. Furthermore, the likelihood
of realizing product innovations increases with the number of
partners involved in R&D cooperation. Consequently, compa-
nies have a positive influence on creating new products by
utilizing technological opportunities and obtaining additional
resources. Faems er al. [105] noted an indirect association
between technology alliance portfolio diversity (i.e., external
knowledge sources) and product innovation performance via
internal innovation efforts. According to Lundvall [44], an ex-
ternal knowledge search that takes place in science-oriented or
academic organizations outside the private companies brings
forward another sort of raw materials for the innovation process.

Although it is generally acknowledged that the EKS may
positively affect various company-level performance outcomes
[10], [106], [107], companies cannot solely hinge on external
knowledge sources to accomplish their goals. They can only
strengthen the company’s engagement with external partners or
help to improve its knowledge base. Only through the proper
implementation of OTS, EKS is likely to improve a company’s
innovation capacity, which in turn positively influences BP.

Collaborating with scientific partners not only helps to iden-
tify relevant academic research, whether published or not, but
also provides the company with gaining access to the tacit
knowledge and enabling them to quickly build on the latest
research findings [9], [108]. Moreover, R&D collaboration with
scientific partners enables access to a wide range of knowledge
base for product innovation [109]. Collaborating with univer-
sities and their research centers also improves new technology
implementation, NPD and spin-offs, manufacturing costs, and
lead time; reduces production and R&D costs; and increases the
number of patents [110].

Institutional partners provide novel and objective knowledge
to the company. For instance, trade fairs contribute to the meeting
of partners in the NPD process [111]. Thus, an environment
conducive to developing new product ideas and effective OTS
can be created. By displaying new product prototypes, ideas
can be exchanged with the experts, enabling the production
of more developed prototypes. In addition, scientific/technical
journals, public databases, and patents provide proven infor-
mation. Therefore, these external knowledge sources can help
businesses to develop smart OTS.

It is widely acknowledged that indirect partners foster the
conditions for OI by enabling of information sharing and knowl-
edge transfer [47]. This leads companies to design more astute
OTS. Acquiring technology or implementing coupled strategies
with external partners may enhance the BP of the large-scale
manufacturing companies, particularly in emerging markets.

Consistent with earlier arguments, the successful implementa-
tion of OTS is a precursor to BP and serves a mediating role in
the relationships between EKS from all three types of external
partners and BP. Then, we assume the following three-part
hypotheses:

H3a: The implementation of open technology strategies mediates
the relationship between external knowledge sourcing from scientific
partners and business performance.

H3b: The implementation of open technology strategies mediates the
relationship between external knowledge sourcing from institutional
partners and business performance.

H3c: The implementation of open technology strategies mediates
the relationship between external knowledge sourcing from indirect
partners and business performance.

Our proposed model, along with the hypothesized relation-
ships, are shown in Fig. 1.

III. RESEARCH METHODOLOGY
A. Sample and Data Collection

A cross-sectional survey design was adopted to examine the
hypothesized links in our research model. A survey instrument
relying on a self-administered questionnaire was designed. The
questionnaire was piloted several times to confirm that the
wording, format, and sequencing of questions were appropriate
and also to enhance its content validity. It was then reviewed by
eight academics and eight business professionals with relevant
knowledge and experience in innovation practices to give its
final shape.

The database of the Istanbul Chamber of Industry was iden-
tified as the sampling frame of this survey. The sampling frame
consists of Turkey’s largest 500 manufacturing companies op-
erating in various industries. Questionnaires were mailed to all
500 companies. It was solicited that the questionnaire is filled
out by a senior manager in charge of R&D or an executive with
at least some knowledge and expertise in innovation practices.
After two reminders, a total of 241 usable questionnaires were
received, indicating an effective response rate of 48.2%, which
was excellent, given the confidential nature of the questionnaire
and the position of respondents.

The key features of the sample are briefly shown in Table 1.
The survey sample consists of the largest industrial companies
in Turkey, with the mean number of employees being 1349. The
sample represents companies from various industries, including
iron, steel, and metal (20.3%); food and beverages (19.1%);
automotive and related industries (12.4%); consumer durables
(11.2%); textile and apparel (10.8%); and construction (10.8%).
The majority of the sample companies (74.3%) have been opera-
tional for at least 20 years. With respect to equity ownership, the
majority of the sample includes domestic companies (74.3%),
while the remainder has varying levels of foreign ownership.

B. Measurement of Variables

The ensuing subsections present brief descriptions of the
variables, alongside with the control variables. All of the study’s
constructs were measured using seven-point Likert scales. The
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} Control Variables: }
Scientific | © Ownership type ‘
| Industry type }
partners | * Company age |
} * Ownership structure |
| * Company size }
,,,,,,, A
Institutional Open technology Business
partners strategies performance
Indirect partners
Fig. 1. Proposed model. Mediation hypotheses: H3a: Scientific partners — Open technology strategies — Business performance. H3b: Institutional partners —

Open technology strategies — Business performance. H3c: Indirect partners — Open technology strategies — Business performance.

TABLE I
CHARACTERISTICS OF THE SAMPLE

Characteristics Number %
Company age (Years) Young companies (Less than 20 years) 62 25.7
Middle-age companies (20-40 years) 92 38.2
Mature companies (More than 40 years) 87 36.1
Ownership type Domestic 179 74.3
MNC subsidiary 62 25.7
Industry type (Technology level) Low-technology 82 34
High-technology 159 66
Industry Food and beverages 46 19.1
Chemical and pharmaceuticals 24 10.0
Iron, steel, and metal 49 20.3
Automotive and related 30 12.4
Consumer durables 27 11.2
Textile and apparel 26 10.8
Construction industry 26 10.8
Other manufacturing 13 5.4
Company size (Number of employees) Less than 500 74 30.7
500-1000 54 22.4
1001-1500 39 16.2
1501-2000 33 13.7
More than 2000 41 17
Ownership structure Listed 32 13.3
Unlisted 209 86.7
Total 241 100.0

operationalization of the study’s constructs and the exact word-
ing of the questions and their sources are provided in the Ap-
pendix.

1) Dependent Variable: BP is measured by three dimensions:
financial performance, NPD performance, and OI performance.
Assessing BP through various dimensions may provide a more
realistic measurement than a single performance dimension,

such as financial or innovation performance. All three dimen-
sions constituting BP consist of 16 items and are drawn from
previous studies [2], [12], [112]-[114].

2) Independent Variable: EKS was measured by 18 items
adapted from earlier studies [3], [19]. EKS essentially consists
of three types of external knowledge sources: scientific, institu-
tional, and indirect partners.
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3) Mediator Variable: OTS were broadly classified into two
categories (i.e., technology acquisition and coupled strategy),
consistent with earlier research [2], [12], [112]. The implemen-
tation level of OTS was measured by a total of 12 items, of which
eightitems represent the coupled strategy and the remaining four
denote technology acquisition strategy, respectively.

4) Control Variables: The following three control variables
were included to check the likelihood of extraneous

effects on BP.

Ownership type (OWN). The sample consists of Turkish
domestic companies and subsidiaries of multinational corpora-
tions (MNC) operating in Turkey. MNC subsidiaries can ob-
tain benefits from the parent companies, for example, more
sophisticated technology and better management techniques,
than is available to domestic companies. They are also likely to
have greater access to finance to engage in innovation activity.
Hence, MNC subsidiaries may have a greater ability to develop
new products and processes. Therefore, given the presumed
likelihood of different propensities to innovate, we control for
the ownership type, which is measured by a categorical variable
where 0 denotes domestic company, 1 represents a subsidiary of
MNC.

Industry type (IND). Industry differences based on technolog-
ical intensity should be considered when examining the effect
of EKS on BP. In some industries, for example, those highly de-
pendent on R&D, innovation is a critical element of competition
where companies frequently launch new products or services to
address quickly changing customer needs. In other industries
where consumers respond less to innovativeness, there is not
the same obligation for companies to regularly introduce new
products [115]. The industry type is included as a categorical
variable where two groups of industries are created (i.e., low
versus high-technology) based on the OECD’s classification of
industries in line with their level of R&D intensity [116]. The
OECD’s classification of industries is based on a sample of 37
OECD countries, including emerging countries such as Turkey,
Brazil, Colombia, Chile, and Estonia, among others. Hence, it
is seemingly applicable to other emerging countries.

Company age (AGE). Newer companies are supposed to be
more entrepreneurial and innovative than mature companies
[117]. While younger companies may be more flexible and
agile, more mature companies might emphasize established core
routines. As a result, pursuing innovation in young companies
may be much easier than mature companies, such that the former
may benefit more from innovation than the latter [118]. Hence,
three broad age categories are created to control for the effect of
company age. Young companies include those aged less than 20
years, middle-aged companies include those whose ages vary
between 20 and 40, and mature companies are those aged over
40 years.

Company size (SIZE). Company size was captured using five
categories, based on the number of employees (i.e., 1 = “less
than 500,” 2 = “500-1000,”, 3 = “1001-1500,” 4 = “1501—
2000,” and 5 = “more than 2000”).

Ownership structure (STR): Companies are categorized into
listed versus unlisted firms based on whether their shares are
quoted in Borsa Istanbul (BIST). A value of 1 is assigned to
listed firms (32 firms) and O for unlisted firms (209 firms).

IV. RESULTS

The proposed research model, as displayed in Fig. 1, was
tested by SEM using AMOS. The data analysis was undertaken
at four steps. In the first step, an exploratory factor analysis
(EFA) with varimax rotation was conducted to identify the
underlying dimensions of EKS, OTS, and BP. The second step
included testing of the measurement models for each construct
using confirmatory factor analysis (CFA) in order to verify
if the extracted factors in step 1 exhibited a good fit to the
data. Next, common method bias (CMB) and endogeneity were
checked. Finally, we tested our hypothesized relationships using
covariance-based SEM.

A. Exploratory Factor Analysis

An attempt was made to generate a parsimonious set of
distinct nonoverlapping variables from the full set of items
constituting each construct. EFA using varimax rotation was
executed distinctly on the EKS, OTS, and BP in order to re-
veal the dimensions of each construct. Tables II-IV show the
results of EFA. A content analysis was performed to purify
the uncovered factors as items measuring the same factor must
have consistent meanings. Thus, items that had inconsistent
substantive meanings with the factor or that had low factor
loadings were omitted from further analysis.

The EFA on EKS yielded four factors initially. In line with the
purification process, four items were removed (see Appendix),
and the remaining 14 items were again factor analyzed and
generated three factors, which explained 63.45% of the observed
variance, as shown in Table II. Based on the item loadings,
these three factors were very much in line with our typology of
EKS identified a priori and thus were labeled, respectively, as
scientific partners, institutional partners, and indirect partners.
The Cronbach’s alpha values of reliability for the underlying
factors ranged from 0.74 to 0.90, denoting a satisfactory level
of construct reliability [119].

Similarly, EFA was conducted to generate a set of parsi-
monious dimensions of OTS. The EFA produced three factors
that explained 73% of the observed variance (see Table III).
Cronbach’s alphas for the underlying factors ranged from 0.74
through 0.87. These factors were named as collaboration strat-
egy with partners, technology acquisition strategy, and open
production strategy. While the OTS was initially categorized
into two dimensions, the EFA revealed three dimensions. This
stems from the division of coupled strategy further into two parts
as collaboration strategy with partners and open production
strategy and makes conceptual sense.

To extract the underlying dimensions of the BP, the EFA
generated three factors, explaining 65% of the observed variance
(see Table 1V). These factors were, respectively, labeled as
NPD performance, OI performance, and financial performance.
Again, the Cronbach’s alpha values for the underlying factors
exhibited a satisfactory level of construct reliability.

B. Confirmatory Factor Analysis

CFA tests the measurement model of variables. In order to
assess the construct validity, EKS, OTS, and BP were tested with
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TABLE II
FACTOR ANALYSIS OF EXTERNAL KNOWLEDGE SOURCES
Factor Factor Eigen-
External knowledge sources loadings | loadings vflue ex;;:ir;:gc(e,, %) C""(“:Z ;’ﬁve Craolgll:::ch
(EFA) (CFA)
Scientific partners 4.15 29.66 29.66 .90
EKSS8 | Private research institutes .81 77
EKS7 | Commercial laboratories/R&D enterprises .81 .76
EKS9 | Universities or other higher education institutions .78 .79
EKS10 | Government research organizations .77 .80
EKS6 | Experts/consultants .68 .65
EKS17 | Technoparks and enterprises in technoparks .65 12
EKS18 | Technology transfer offices/centers (TTO/TTC) .63 .70
Institutional partners 2.85 20.37 50.03 .79
EKS14 | Scientific journals and trade/technical publications 72 .65
EKS12 | Fairs, exhibitions 1 .66
EKS11 | Conferences, meetings 71 .82
EKS15 | Public databases .70 .59
EKS16 | Patents .66 .60
Indirect partners 1.88 13.42 63.45 .74
EKS4 | Other enterprises in your sector that are not direct .86 .66
competitors (e.g., operating in different geographic regions)
EKSS5 | Other enterprises in other sectors .81 .90
Notes: K-M-O Measure of Sampling Adequacy = 0.896.
Barlett Test of Sphericity = 1589.21, p < 0.01.
TABLE III

FACTOR ANALYSIS OF OPEN TECHNOLOGY STRATEGIES

Factor Factor Eigen- Variance Cumulative| Cronbach
Open technology strategies loadings | loadings | ST | explained (%) alpha
(EFA) | (CFA) (%) ° P

Collaboration strategy with partners 2.41 26.74 26.74 .87
cs1 In innovation projects, our enterprise usually integrates 88 82

all internal and external partners’ information. ' '

In innovation projects, our enterprise coordinates the
CS2 - . . .83 .88

activities of exchange of information among partners.
Cs3 In innovation projects, our enterprise keeps internal and 83 78

external partners updated about new information. ' ’
Open production strategy 2.18 24.23 50.97 .81

Our enterprise conducts open production through the
CS7 o L . .86 7

community’s participation (peer to peer production).
CS8 Our egtemrlsg aims to enhance knowledge production 80 80

by setting up joint ventures.
CS6 | Our enterprise develops open-sourced projects. 77 72
Technology acquisition strategy 1.98 22.03 73.00 74
TA3 Our enterprise often buys R&D-related services from 87 84

external partners.

Our enterprise usually buys an intellectual property,
TA4 | such as patents, copyrights, or trademarks, from external .81 .65

partners to be used in our innovation projects.

All our innovation projects are highly dependent upon
TA2 o 71 .62

the contribution of external partners.

Notes: K-M-O Measure of Sampling Adequacy = 0.838.
Barlett Test of Sphericity = 1250.63, p < 0.01.
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TABLE IV
FACTOR ANALYSIS OF BUSINESS PERFORMANCE
Business performance (BP) Factor loadings|Factor loadings | Eigen- Variance |Cumulative| Cronbach
(EFA) (CFA) value |explained (%) (%) alpha
New product development performance (NPDP) 3.92 24.53 24.53 .90
NPDP3 | Degree of new product differentiation .80 17
NPDP4 | First to market with new applications .79 .79
NPDP6 | Acquiring the image of an innovative 78 79
supplier
NPDP2 | New product success rate 77 .76
NPDP1 | New product introduction rate .76 .76
NPDP5 | New product cycle time (e.g., 72 .70
inception to rollout)
Open innovation performance (OIP) 3.73 23.33 47.86 .87
OIP3 The number of R&D agreements .82 .90
OIP4 The number of R&D joint ventures .82 92
OIP2 The number of co-patents .79 .64
OIP6 The number of joint ventures for co- 79 .62
production
OIP5 The number of manufacturing 7 6
agreements
OIP1 The number of patents .60 51
Financial performance (FP) 2.74 17.14 65.0 .82
FP2 Sales .82 .83
FP3 Market share .78 .76
FPI1 Return on investment 5 .69
FP4 Profitability 74 .65
Notes: K-M-O Measure of Sampling Adequacy = 0.867.
Barlett Test of Sphericity = 2122.60, p < 0.01.
TABLE V
CONFIRMATORY FACTOR ANALYSIS
Factors ydf GFI AGFI CFI TLI RMSEA
External knowledge sourcing 1.53 95 92 .98 .97 .04
Open technology strategies 2.28 95 91 .96 95 .07
Business performance 1.86 92 .88 .96 .95 .06

a first-order confirmatory factor model. Table V indicates that
the model fit indices were within generally accepted ranges, dis-
playing an excellent level of fit to the data. The values of (x?/df)
for EKS, OTS, and BP are 1.53,2.28, and 1.86, respectively, and
within the range of 0-5, where smaller values indicate better fit
[120], [121]. Moreover, goodness-of-fit index (GFI), adjusted
goodness-of-fit index (AGFI), comparative fit index (CFI), and
Tucker—Lewis index (TLI) for all three constructs were highly
satisfactory, as these indices are closer to 1 and show a good fit
[122]. The root mean square error of approximation (RMSEA)
was also satisfactory as RMSEA values for all three constructs
were lower than the threshold value of 0.08 [123].

Tables VI-VIII show the reliability and validity of the under-
lying constructs of EKS, OTS, and BP, respectively. In addition
to the Cronbach alpha values reported earlier in Tables II-IV,
all of the underlying dimensions of the three constructs also had
high scores of the composite reliability, which also exceeded the
threshold value of 0.70, denoting acceptable levels of construct
reliability [124], [125].

The convergent validity of the measures was examined by
the average variance extracted (AVE) values of the constructs.
Tables VI-VIII show that the AVE values were higher than the
threshold value of 0.50, verifying the convergent validity of
the constructs [126]. Moreover, highly significant standardized
regression weights of the individual variables (p < 0.01), as
shown in Tables II-IV, are acknowledged as the indicators of
convergent validity [127].

As displayed in Tables VI-VIII, the AVE values of the con-
structs were all greater than their respective values of maximum
shared squared variance (MSV), confirming the discriminant
validity of the study’s constructs [126].

C. Common Method Bias and Endogeneity

We employed different techniques to cope with the likelihood
of CMB for our study. First, we used several design-related
methods to mitigate potential CMB. In so doing, we initially
prequalified potential respondents that had a basic knowledge
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TABLE VI
RELIABILITY AND VALIDITY OF EXTERNAL KNOWLEDGE SOURCES®

E 1k . Composite AVE M Scientific Institutional Indirect
xternal knowledge sources reliability \% SV partners partners partners

Scientific partners .90 .57 41 .75

Institutional partners .76 Sl 41 .64%* 72

Indirect partners .76 .62 27 S52% 33%* .79

Notes: * Italicized values on the diagonal are the square root of the AVE values.
*p < 0.01.
TABLE VII
RELIABILITY AND VALIDITY OF OPEN TECHNOLOGY STRATEGIES®
Composite Collaboration Technology Open
Open technology strategies reliall))ili ¢ AVE MSV  with partners acquisition production
Y strategy strategy strategy
Collaboration with partners strategy .87 .68 .36 .83
Technology acquisition strategy 75 .50 .10 28% 71
Open production strategy .81 .58 .36 .60%* 31 .76
Notes: * Italicized values on the diagonal are the square root of the AVE values.
xp < 0.01.
TABLE VIII
RELIABILITY AND VALIDITY OF BUSINESS PERFORMANCE
Composite New product Open Financial
Business performance npos AVE MSV development innovation performance
reliability
performance performance

New product development 89 53 23 76
performance
Open innovation performance .86 Sl 12 46%* 72
Financial performance .82 .54 28 53%* 27* .74

Notes: * Italicized values on the diagonal are the square root of the AVE values.
xp < 0.01.

of the research subject. Next, we assured all respondents that
their responses would be confidential and anonymous and could
not be traced to identify the individual at any stage of our re-
search. Moreover, we separated the dependent and independent
variables from each other and randomized the items within each
construct.

Second, we conducted Harman’s single factor test to examine
whether a single factor could explain the majority of the variance
[128]. In this single factor test, all of the items in this study were
subjected to EFA [129], [130]. The number of factors extracted
from the EFA was forced to one. If there is considerable common
variance, the single factor is expected to generate the majority
of the covariance among all factors. The results revealed that the
common method variance accounted for 21.58% of the total vari-
ance. Hence, the CMB is not considered to be statistically signifi-
cant since it is lower than the threshold value of 0.50 [129], [130].

Before testing the hypotheses, we also considered necessary to
check if endogeneity is a serious concern due to reverse causality
[131]. Therefore, we conducted a number of tests to determine
whether endogeneity is likely to pose a serious threat.

First, we performed a two-stage least squares (2SLS) regres-
sion using instrumental variables. Industry type denoted by the
level of technological intensity and ownership structure (i.e.,
listed versus unlisted) were selected as potential instrumental
variables because they were not significantly correlated to OTS
(see Table IX). Additionally, customer integration, adapted from
earlier studies [132], [133] (see Appendix for the measurement
items), was selected as another instrumental variable because it
is likely to be associated with each type of external knowledge
sources but is not necessarily correlated with OTS. According
to 2SLS, we first regressed all three dimensions of external
knowledge sources (i.e., scientific, institutional, and indirect
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TABLE IX
SUMMARY STATISTICS AND CORRELATION COEFFICIENTS

Variable names Definiti Mean S.D. 1 3 4 5 6 7 8 9 10 11 12 13 14
External knowledge sourcing 1. Scientific partners 490 1.21 1

2. Institutional partners 529 1.04 .54"

3. Indirect partners 437 139 44" 257 1
Open technology strategies 4. Collaboration strategy with partners 477 124 32" 307 15" 1

5. Open production strategy 390 150 .53" 33" 377 50" 1

6. Technology acquisition strategy 3.61 140 30" 0.08 21" 237 27" 1
Business performance 7. New product development performance 5.27 1.12 .17 257 .19 267 307 .06 1

8. Financial performance 557 98 .01 16" .04 .07 .12 -04 46" 1

9. Open innovation performance 3.56 141 39" 28" 207 24T 477 22" 427 26T 1
Control variables 10. Ownership type .26 44 -00 -.02 .03 .03 .01 A1 A1 .09 .07 1

11. Industry type .66 48 .03 .03 .05 .04 03 -12 15" 12 16" .10 1

12. Company age 2.10 .78 .03 .01 -08 .02 -07 -10 -05 .03 -06 -.08 -00 1

13. Ownership structure 13 34 19" -04 -05 .06 .01 .07 A1 12 .08 16" .05 31 1

14. Company size 264 146 -12 -13 -15 19" -04 -15" -02 .02 .09 .06 160 19" 0.11 1
Notes: xp < 0.05, xxp < 0.01.
S.D. = Standard Deviation.
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Fig. 2. Results of the structural model. Notes: xp < 0.05 *xp < 0.01.

partners) on controls and instrumental variables, then used the
residual of this regression as an additional regressor in our
hypothesized equations. The parameter estimates for the residual
were not significant, indicating that external knowledge sources
were not endogenous in our setting, consistent with our concep-
tualization.

Second, we conducted the Durbin—-Wu-Hausman endogene-
ity test to determine if the exogenous variables are endogenous.
The results of this test were not significant (p > 0.1), suggesting
that the estimates of the OLS and 2SLS models do not differ
from one another. Thus, the test results confirm the validity
of instruments indicating that our results are unlikely to be
influenced by endogeneity.

D. Hypotheses Testing

The final stage involved testing the hypothesized paths in
our research model. SEM results are displayed in Fig. 2. In
addition, summary statistics, including correlation coefficients

among the constructs, are given in Table IX. There are significant
correlations among EKS, OTS, and BP constructs.

The model parameters related to our hypotheses, as shown in
Fig. 2, were computed with the maximum likelihood estimation
method in SEM. The fit indices for the model were highly
adequate (x*/df = 1.56, GFI = 0.85, CFI = 0.93, AGFI = 0.81,
TLI = 0.92, RMSEA = 0.05) [125].

Table X shows the results of hypotheses testing. Strong sup-
port is found for our direct hypotheses, Hla and Hlc, in that
the EKS from scientific partners (8 = 0.52, p < 0.01) and
indirect partners positively affect OTS (5 = 0.19, p < 0.05). In
other words, collaborating with scientific partners and indirect
partners triggers the development and implementation of OTS.
No support, however, is found for H1b regarding the direct effect
of EKS from institutional partners on OTS (8 = 0.03, p > 0.1).

In a similar vein, H2, which postulates that OTS has a di-
rect and positive influence on BP, also receives strong support
(6 =0.55,p <0.01).
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TABLE X
HYPOTHESES TESTING RESULTS

Hypotheses | Total effect | Direct effect | Indirect effect (CI) | Level of support
Direct effects

Hla: Scientific partners — Open technology strategies 52 Supported
HIb: Institutional partners — Open technology strategies .03 Not supported
Hlc: Indirect partners — Open technology strategies 19%* Supported
H2: Open technology strategies — Business performance S55%* Supported
Indirect effects

H3a: Scientific partners — Open technology strategies — Business performance 22%* -.07 .29%* (0.09, 0.61) Supported
H3b: Institutional partners — Open technology strategies — Business performance 34%* 32%* .02(-0.09, 0.10) Not supported
H3c: Indirect partners — Open technology strategies — Business performance 14* .03 .11* (0.01, 0.22) Supported
Control variables

Ownership type — Business performance 11

Industry type — Business performance 22%*

Company age — Business performance .08

Ownership structure — Business performance A7F*

Company size — Business performance .09

#p < 0.05; =xp < 0.01 (two-tailed).
Bootstrapping N = 5000, CI = Upper and lower limits of 99% confidence interval.

The mediation hypotheses in our model (H3a to H3c) can be
tested by examining the relationship of the direct and indirect
effect (via mediator) between two latent variables [ 125]. Table X
shows that the total effects between the independent variables
(i.e., scientific partners, institutional partners, and indirect part-
ners) and the dependent variable (i.e., BP) are all significant
in the absence of the mediator variable (i.e., OTS) [scientific
partners — BP = 0.22, p < 0.01; institutional partners — BP =
0.34, p < 0.01; indirect partners — BP = 0.14, p < 0.05]. Then,
we applied the traditional Sobel test approach [134], [135] in
order to test the existence of the mediation effects. To do this,
we computed indirect effects between independent variables
and dependent variable using a mediator. As shown in Table X,
there is a strong support for H3a and H3c, confirming the full
mediation effect of OTS on the relationship between EKS from
scientific partners and BP [(scientific partners — OTS)+(OTS —
BP)=0.52x0.55=0.29; Sobel test statistics = 2.56, p < 0.01] as
well as on the relationship between EKS from indirect partners
and BP [(indirect partners — OTS)*(OTS — BP) = 0.19%0.55
= 0.11; Sobel test statistics = 1.97, p < 0.05]. No support,
however, is found for H3b concerning the mediating effect of
OTS on the link between EKS from institutional partners and
BP. It should be noted that although there is no mediation effect
of OTS on the relationship between institutional partners and
BP, a significant link exists between institutional partners and
BP.

The presence of mediation effects was also tested using the
bias-corrected bootstrapping technique. The use of this tech-
nique has been recommended over the traditional Sobel test,
or the causal steps approach, as the bootstrapping method has
higher power in controlling type I error [136]. To run the
bias-corrected bootstrapping technique, as suggested by Hayes
and Preacher [137], 5000 resamples were produced to examine
if the indirect effect differed significantly from zero. For the
mediation to be established, the confidence interval (CI) must
be entirely above or below zero. Bias corrected bootstrapping
analysis showed that the standardized CI limits for the indirect
effects of both EKS from scientific partners (lower CI = 0.09,
upper CI = 0.61) and EKS from indirect partners (lower CI =
0.01, upper CI = 0.22) on BP through OTS are also in line with

the suggested standardized CI limits, attesting the full mediation
effect of OTS.

Among the control variables, only industry type and owner-
ship structure were noted to have a significant effect on BP (p <
0.01). In other words, companies operating in high-technology
industries and those that are listed in BIST have higher BP com-
pared to those in low-technology industries. These companies
are characterized by high level of corporate reputation and brand
equity and also have better corporate governance practices that
are likely to have a positive effect on their BP.

V. CONCLUSION

Companies are progressively looking to the outside for novel
ideas and new knowledge, and acquiring technology, and coop-
erating with partners in order to strengthen their technological
capabilities as a means of gaining competitive advantage. By
unlocking the black box between EKS from three types of
partners (i.e., scientific, institutional, and indirect partners) and
BP by investigating the role that OTS play as a mediating
variable, this article has contributed to the innovation literature
within the context of large-scale companies from a key emerging
country setting. Relying on a sample of 241 companies drawn
from Turkey’s largest 500 manufacturing companies, this ar-
ticle’s findings reveal that the association between EKS from
scientific partners and indirect partners and BP becomes stronger
with the mediating role of implementing technology acquisition
or coupled strategies with external partners. While there is a
significant link between EKS from institutional partners and
BP, implementation of OTS is noted to have a no mediating
effect on the relationship between institutional partners and
BP.

EKS from scientific partners and indirect partners focuses
on creating novel technologies that can be converted eventually
into commercial development. Our results suggest that such
knowledge sourcing was an effective mechanism for large-scale
companies in emerging countries to overcome the innovation
challenges they face. In the context of emerging countries, both
scientific partners and indirect partners seem to be providing
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companies with cutting-edge knowledge that promotes devel-
oping high-tech products, processes, and innovation outcomes.
On the other hand, the finding that implementing OTS does
not mediate the relationship between EKS from institutional
partners and BP is not particularly surprising. This may be ex-
plained by large-scale companies’ proclivity not to feel obliged
to pursue a particular open technology strategy while leveraging
institutional partners’ knowledge. The knowledge obtained from
institutional partners is proven and reliable and thus, is likely to
have a direct effect on BP.

A. Managerial Implications

This article suggests some managerial implications for senior
executives and innovation managers of large-scale companies.
From an emerging country perspective, Ol is an effective strategy
to catch up with the leading economies in many industrial
sectors. OI can be a vital tool to enlarge the company’s strat-
egy space, and it might assist senior managers in identifying
new opportunities and avoiding competitive threats by enabling
strategic innovation [138].

First, managers should focus on searching for knowledge from
beyond the company’s boundaries because such focus is bene-
ficial for gaining access to extraordinary ideas, new technology,
and further knowledge, facilitating the creation of new ideas
for products or processes, and providing market opportunities.
Nevertheless, keeping close connections with all types of ex-
ternal partners necessitates significant effort and time. In order
to acquire higher Ol efficiency, companies are recommended to
determine the most appropriate external partners that are suit-
able for their capabilities [10]. Within the context of emerging
countries, it should be noted that large-scale companies place
more emphasis on collaboration with scientific partners and
indirect partners than institutional partners in gaining access
to external knowledge sources because scientific partners may
provide more convenient access to scientific knowledge and
technology. Cooperation with the universities, research centers,
technoparks, and technology transfer offices/centers may offer
several benefits to companies. Besides, it is expensive and
cumbersome for companies to invest in technology and produce
new technological knowledge with their internal resources, as
well as to acquire a highly talented workforce to generate this
knowledge and continuously improve it. Thus, thanks to the
synergy created by university—industry cooperation, companies
are likely to increase the output of innovative products by
evaluating the technological knowledge developed by scientists
and the technological investments of the universities. It should
also be noted that EKS not only affects BP positively but also
contributes to the reduction of R&D costs by enabling the new
technology developed by the scientific partners to be placed into
companies’ operational processes easily and quickly. Moreover,
indirect partners can enhance BP through developing OTS.
Indirect partners, as a type of EKS, even if they are not frequently
used, can facilitate companies to connect with many different
sources. Also, they contribute to the adaptation of innovations
and practices in different sectors to innovation processes by

benchmarking. On the other hand, while we found that EKS from
institutional partners directly affects BP, implementing OTS
does not have any indirect effect on the relationship between
EKS from institutional partners and BP.

Second, while the diversity of external knowledge sources
adds value to the innovation process, it is insufficient to increase
BP alone. However, it is also equally important to what extent
the company incorporates the knowledge obtained from these
sources into its processes. This integration can be possible with
the adoption of well-crafted OTS. The interaction between EKS
and implementation of technology acquisition, open production,
and collaboration strategy with partners may lead to better per-
formance for large-scale manufacturing companies. Therefore,
large-scale companies should consider the execution of OTS
as a facilitating strategy tool for improving BP. In addition to
gaining access to external knowledge sources, managers should
also be cognizant of integrating this novel input correctly into
their companies’ internal innovation processes.

B. Limitations and Future Research Agenda

As in most studies, this article is also subject to some limita-
tions. First, this article is based on the managerial perceptions of
single respondents; it would have been ideal to acquire data from
multiple respondents. We should also admit that the accuracy of
perceptual data is likely to pose a serious issue in studies like
ours. Still, for some constructs (e.g., EKS and OI adoption), it
is difficult to develop objective measures. Nevertheless, we urge
researchers to supplement perceptual data with more objective
data whenever possible. We essentially focused on the largest
500 manufacturing companies in Turkey without sectoral sepa-
ration. Future research can investigate OI in specific sectors or
focus on certain industries to enable sectoral comparisons and
detect the differences among them. In addition, examining OI
from a comparative perspective, which may involve companies
regardless of size, could be a useful addition to the literature. As
our study looked at the Turkish context, future studies can design
their research by comparing the effectiveness and adoption of
OI in different emerging markets and may shed light on the
potential impact of the cultural differences in implementing OI
in emerging market contexts.

Moreover, future research should not only focus on the
managers’ viewpoint but also include the employee’s per-
spective for an improved understanding of the links among
EKS, OI, and performance. As also put forward by Rand-
hawa et al. [139], existing research has hitherto mainly con-
centrated on the company-centric OI features when studying
R&D, technology, and knowledge. However, incorporating net-
works, users, and community perspectives provide some useful
directions for future research to develop a more rounded view
of OL
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APPENDIX

IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT

MEASUREMENT OF CONSTRUCTS

Construct Items

Source

External knowledge sourcing

. Suppliers of equipment, materials, components, or softwarc*
. Customers*
Rivals*

Over the past three years, please indicate to what extent each of the following external knowledge sources has been used in your
company’s innovation activities (1= “not used/no information was obtained”

[3]
[19]
[112]

*; 7= “key source/crucial information was obtained”).

Other enterprises in your sector that are not direct

(e.g., op
Other enterprises in other sectors

Experts/consultants

Commercial laboratories/R&D enterprises

. Private research institutes

Universities or other higher education institutions

10. Government research organizations

11. Conferences, meetings

12. Fairs, exhibitions

13. Professional and industry/trade associations*

14. Scientific journals and trade/technical publications

15. Public databases alien to your company (e.g., Internet)*
16. Patents*

17. Technoparks and enterprises in technoparks

18. Technology transfer offices/centers (TTO/TTC)

0 o s

ing in other hic regions)

Open technology strategies
scales, where 1= "‘strongly disagree™ to 7= “strongly agree™).

Please indicate your level of agreement/disagreement regarding the use of following open technology strategies in your company’s innovation activities (7-point

Technology acquisition strategy 1. External partners are directly involved in all our innovation projects.*
3. Our enterprise often buys R&D-related services from external partners.

used in our innovation projects.

2. All our innovation projects are highly dependent upon the contribution of

4. Our enterprise usually buys an intellectual property, such as patents, copyrights, or trademarks, from external partners to be

[2]

external partners.

Coupled strategy

(Collaboration strategy with partner - 1

2. In innovation projects, our enterprise the activities of

1. In innovation projects, our enterprise usually integrates all internal and external partners’ information.

[2]

Open production strategy) 3. In innovation projects, our enterprise keeps internal and external partners

4. Generally, designing new products by setting up strategic alliances with

of information among partners.
updated about new information.

[112]

to our success.*

commercialize them.*
6. Our enterprise develops open-sourced projects.
7. Our enterprise conducts open production through the community’s partici

5. Our enterprise combines knowledge from acquired by the external sources with internally produced knowledge and

8. Our enterprise aims to enhance knowledge production by setting up joint ventures.

'y partners is very important

pation (peer to peer production).

Business performance Relative to your major rival in your industry, please indicate your company”

7= “much better”).

s performance over the past three years on each of the following criteria (1= “much worse™,

New product development performance | 1. New product introduction rate

New product success rate

Degree of new product differentiation

First to market with new applications

New product cycle time (e.g., inception to rollout)
Acquiring the image of an innovative supplier

[113]; [2]

Open innovation performance The number of patents®

The number of co-patents

The number of R&D agreements

The number of R&D joint ventures

The number of manufacturing agreements

The number of joint ventures for co-production

1121 [12]

Return on investment
Sales

Market share
Profitability

Financial performance

Ealadiadial e ol ol B I ol g

[114]

Customer integration

1. We frequently are in close contact with our customers.

2. Our customers give us feedback on our quality and delivery performance.
3. We consider our customers’ forecasts in our supply chain planning.

4. Our customers do not have access to our production plans.

5. We consider our customers as our partners.

6. Our customers involve us in their improvement efforts.

Please indicate your level of agreement/disagreement regarding the extent of your customer’s involvement in your company’s
innovation activities (7-point scales, where 1= “strongly disagree” to 7= “strongly agree”).

[132]; [133]

Notes: The marked (k) items are deleted and removed from further analysis.

REFERENCES 9]
H. W. Chesbrough, Open Innovation: The New Imperative for Creating
and Profiting From Technology. Boston, MA, USA: Harvard Business
School Press, 2003.
C. C. J. Cheng and E. K. R. E. Huizingh, “When is open innovation
beneficial? The role of strategic orientation,” J. Prod. Innov. Manage.,
vol. 31, pp. 1235-1253, 2014.
K. Laursen and A. Salter, “Open for innovation: The role of openness in
explaining innovation performance among U.K. manufacturing firms,”
Strategic Manage. J., vol. 27, no. 2, pp. 131-150, Feb. 2006.
J. West and M. Bogers, “Leveraging external sources of innovation: A
review of research on open innovation,” J. Prod. Innov. Manage., vol. 31,
no. 4, pp. 814-831, 2014.
N. K. Kim andJ. M. Ahn, “What facilitates external knowledge utilisation
in SMEs?—An optimal configuration between openness intensity and
organisational moderators,” Ind. Innov., vol. 27, no. 3, pp. 210-234,
Mar. 2020.
D. Rigby and C. Zook, “Open-market innovation,” Harvard Bus. Rev.,
vol. 80, no. 10, pp. 80-89, 2002.
K. H. Tsai, M. H. Hsieh, and E. J. Hultink, “External technology acqui-
sition and product innovativeness: The moderating roles of R&D invest-
ment and configurational context,” J. Eng. Technol. Manage., vol. 28,
no. 3, pp. 184-200, Jul. 2011.
S. Lhuillery and E. Pfister, “R&D cooperation and failures in innovation
projects: Empirical evidence from French CIS data,” Res. Policy, vol. 38,
no. 1, pp. 45-57, Feb. 2009.

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

J. Du, B. Leten, and W. Vanhaverbeke, “Managing open innovation
projects with science-based and market-based partners,” Res. Policy,
vol. 43, no. 5, pp. 828-840, Jun. 2014.

Y. Chen, W. Vanhaverbeke, and J. Du, “The interaction between internal
R&D and different types of external knowledge sourcing: An empirical
study of Chinese innovative firms,” R & D Manage., vol. 46, no. S3,
pp. 1006-1023, Oct. 2016.

K.-P. Hung and C. Chou, “The impact of open innovation on firm
performance: The moderating effects of internal R&D and environmental
turbulence,” Technovation, vol. 33, no. 10-11, pp. 368-380, Oct. 2013.
E. Mazzola, M. Bruccoleri, and G. Perrone, “The effect of inbound, out-
bound and coupled innovation on performance,” Int. J. Innov. Manage.,
vol. 16, no. 06, Dec. 2012, Art. no. 1240008.

K.-H. Tsai and J.-C. Wang, “External technology acquisition and firm
performance: A longitudinal study,” J. Bus. Venturing, vol. 23, no. 1,
pp. 91-112, Jan. 2008.

E. Tatoglu et al., “Why do emerging market firms engage in voluntary
environmental management practices? A strategic choice perspective,”
Brit. J. Manage., vol. 31, no. 1, pp. 80-100, Jan. 2020.

“Turkey national innovation and technology system,” World Bank, Report
No. 48755-TR, 2009.

H. W. Chesbrough, Open Innovation: The New Imperative for Creating
and Profiting From Technology. Cambridge, MA, USA: Harvard Business
School Press, 2003.

H. W. Chesbrough and S. Brunswicker, “Managing open innovation in
large firms survey report: Executive survey on open innovation,” Stuttgart,

Authorized licensed use limited to: ULAKBIM-UASL - Ibn Haldun Universitesi. Downloaded on February 16,2021 at 08:42:46 UTC from IEEE Xplore. Restrictions apply.



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

AVUNDUK et al.: HOW DOES EXTERNAL KNOWLEDGE SOURCING AFFECT BUSINESS PERFORMANCE 15

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Germany: Fraunhofer Verlag, 2013, Accessed: May 19, 2019. [On-
line]. Available: http://openinnovation.gv.at/wp-content/uploads/2015/
08/Fraunhofer-2013-studie_managing_open-innovation.pdf

J. F. Christensen, “Wither core competency for the large corporation
in an open innovation world,” in Open Innovation: Researching a New
Paradigm, H. W. Chesbrough, W. Vanhaverbeke, and J. West, Eds. New
York, NY, USA: Oxford Univ. Press, 2006, pp. 35-61.

J. Cruz-Gonzilez, P. Lopez-Sédez, J. E. Navas-Lopez, and M. Delgado-
Verde, “Open search strategies and firm performance: The different mod-
erating role of technological environmental dynamism,” Technovation,
vol. 35, pp. 3245, Jan. 2015.

M. Dodgson, D. Gann, and A. Salter, “The role of technology in the shift
towards open innovation: The case of procter & gamble,” R&D Manage.,
vol. 36, no. 3, pp. 333-346, Jun. 2006.

U. Lichtenthaler, “Open innovation in practice: An analysis of strategic
approaches to technology transactions,” /IEEE Trans. Eng. Manage.,
vol. 55, no. 1, pp. 148-157, Feb. 2008.

A. Brem, P. A. Nylund, and E. L. Hitchen, “Open innovation and intel-
lectual property rights,” Manage. Decis., vol. 55, no. 6, pp. 1285-1306,
Jul. 2017.

S. Brunswicker and W. Vanhaverbeke, “Open innovation in small and
medium-sized enterprises (SMEs): External knowledge sourcing strate-
gies and internal organizational facilitators,” J. Small Bus. Manage.,
vol. 53, no. 4, pp. 1241-1263, Oct. 2015.

S. Gentile-Liidecke, R. Torres de Oliveira, and J. Paul, “Does organi-
zational structure facilitate inbound and outbound open innovation in
SMEs?,” Small Bus. Econ., vol. 55, pp. 1091-1112, 2020.

F.P. Hochleitner, A. Arbussa, and G. Coenders, “Inbound open innovation
in SMEs: Indicators, non-financial outcomes and entry-timing,” Technol.
Anal. Strategic Manage., vol. 29, no. 2, pp. 204-218, Feb. 2017.

J. Jin, M. Guo, and Z. Zhang, “Selective adoption of open inno-
vation for new product development in high-tech SMEs in emerg-
ing economies,” IEEE Trans. Eng. Manage., to be published, doi:
10.1109/TEM.2019.2948739.

S. Lee, G. Park, B. Yoon, and J. Park, “Open innovation in SMEs—
An intermediated network model,” Res. Policy, vol. 39, pp. 290-300,
2010.

V. Parida, M. Westerberg, and J. Frishammar, “Inbound open innovation
activities in high-tech SMEs: The impact on innovation performance,” J.
Small Bus. Manage., vol. 50, no. 2, pp. 283-309, Apr. 2012.

V. van de Vrande, J. P. J. de Jong, W. Vanhaverbeke, and M. de
Rochemont, “Open innovation in SMEs: Trends, motives and manage-
ment challenges,” Technovation, vol. 29, no. 6-7, pp. 423—437, Jun. 2009.
K. Henttonen and H. Lehtimiki, “Open innovation in SMEs: Collabora-
tion modes and strategies for commercialization in technology-intensive
companies in forestry industry,” Eur. J. Innov. Manage., vol. 20, no. 2,
pp. 329-347,2017.

A. Arora and A. Gambardella, “The changing technology of technologi-
cal change: General and abstract knowledge and the division of innovative
labour,” Res. Policy, vol. 23, no. 5, pp. 523-532, Sep. 1994.

B. Holmstrom, “Agency costs and innovation,” J. Econ. Behav. Org.,
vol. 12, no. 3, pp. 305-327, Dec. 1989.

D. Aloini, L. Pellegrini, V. Lazzarotti, and R. Manzini, “Technological
strategy, open innovation and innovation performance: Evidences on the
basis of a structural-equation-model approach,” Meas. Bus. Excellence,
vol. 19, no. 3, pp. 22-41, Aug. 2015.

W. Vanhaverbeke and M. Cloodt, “Theories of the firm and open innova-
tion,” in New Frontiers in Open Innovation. Oxford, U.K.: Oxford Univ.
Press, 2014, pp. 256-278.

E. K. R. E. Huizingh, “Open innovation: State of the art and future
perspectives,” Technovation, vol. 31, pp. 2-9, 2011.

W. Vanhaverbeke, “The interorganizational context of open innovation,”
in Open Innovation: Researching a New Paradigm, W. Henry, W. V.
Chesbrough, and J. West Eds. New York, NY, USA: Oxford Univ. Press,
2006, pp. 205-219.

M. Crema, C. Verbano, and K. Venturini, “Linking strategy with open
innovation and performance in SMEs,” Meas. Bus. Excellence, vol. 18,
no. 2, pp. 14-27, May 2014.

R. M. Grant, “Prospering in dynamically competitive environments:
Orginizational capability as knowledge integration,” Org. Sci., vol. 7,
no. 4, pp. 375-387, 1996.

R. M. Grant, “Toward a knowledge-based theory of the firm,” Strategic
Manage. J., vol. 17, no. S2, pp. 109-122, Dec. 1996.

R. Huggins and P. Thompson, “Entrepreneurship, innovation and regional
growth: A network theory,” Small Bus. Econ., vol.45,no. 1, pp. 103-128,
Jun. 2015.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

U. Lichtenthaler, “External commercialization of knowledge: Review
and research agenda,” Int. J. Manage. Rev., vol. 7, no. 4, pp. 231-255,
Dec. 2005.

C. Edquist, “Systems of innovation approaches—Their Emergence and
characteristics,” in Systems of Innovation: Technologies, Institutions
and Organizations, C. Edquist, Ed. London, U.K.: Routledge, 2006,
pp;1-35.

B. Johnson, “Institutional learning,” in National Systems of Innovation:
Toward a Theory of Innovation and Interactive Learning, B.-A. Lundvall,
Ed. London, U.K.: Anthem Press, 2010, pp. 23-45.

B. A. Lundvall, “Post script: Innovation system research — Where it came
from and where it might go,” in National Systems of Innovation: Toward
a Theory of Innovation and Interactive Learning, B.-A. Lundvall, ed.
London, U.K.: Anthem Press, 2010, pp. 317-349.

S. Breschi and F. Malerba, “Sectoral innovation systems: Technological
regimes, schumpeterian dynamics, and spatial boundaries,” in Systems
of Innovation: Technologies, Institutions and Organizations, C. Edquist,
Ed. London, U.K.: Routledge, 2006, pp. 130-156.

Y. Caloghirou, I. Kastelli, and A. Tsakanikas, “Internal capabilities and
external knowledge sources: Complements or substitutes for innovative
performance?,” Technovation, vol. 24, no. 1, pp. 29-39, Jan. 2004.

N. Salman and A.-L. Saives, “Indirect networks: An intangible re-
source for biotechnology innovation,” R & D Manage., vol. 35, no. 2,
pp. 203-215, Mar. 2005.

M. S. Granovetter, “The strength of weak ties,” Amer. J. Sociol., vol. 78,
no. 6, pp. 1360-1380, 1973.

N. Amara and R. Landry, “Sources of information as determinants
of novelty of innovation in manufacturing firms: Evidence from the
1999 statistics Canada innovation survey,” Technovation, vol. 25, no. 3,
pp. 245-259, Mar. 2005.

F. Narin, K. S. Hamilton, and D. Olivastro, “The increasing linkage
between U.S. technology and public science,” Res. Policy, vol. 26, no. 3,
pp. 317-330, Oct. 1997.

E. Mansfield, “Academic research underlying industrial innovations:
Sources, characteristics, and financing,” Rev. Econ. Statist., vol. 77, no. 1,
pp. 55-65, 1995.

E. Mansfield, “Academic research and industrial innovation,” Res. Policy,
vol. 20, no. 1, pp. 1-12, Feb. 1991.

M. Perkmann and K. Walsh, “University—industry relationships and open
innovation: Towards aresearch agenda,” Int. J. Manage. Rev., vol. 9, no. 4,
pp. 259-280, Dec. 2007.

B. Yoon and B. Song, “A systematic approach of partner selec-
tion for open innovation,” Ind. Manage. Data Syst., vol. 114, no. 7,
pp. 10681093, Aug. 2014.

K. H. Kang and J. Kang, “How do firms source external knowledge for
innovation? Analysing effects of different knowledge sourcing methods,”
Int. J. Innov. Manage., vol. 13, no. 1, pp. 1-17, Nov. 2009.

M. T. Hansen, “The search-transfer problem: The role of weak ties in
sharing knowledge across organization subunits,” Administ. Sci. Quart.,
vol. 44, no. 1, pp. 82-111, 1999.

G. Ahuja, “Collaboration networks, structural holes, and innovation: A
longitudinal study,” Administ. Sci. Quart., vol. 45, no. 3, pp. 425-455,
2000.

H. W. Chesbrough and A. K. Crowther, “Beyond high tech: Early adopters
of open innovation in other industries,” R D Manage., vol. 36, no. 3,
pp. 229-236, Jun. 2006.

D. Chiaroni, V. Chiesa, and F. Frattini, “The open innovation journey:
How firms dynamically implement the emerging innovation management
paradigm,” Technovation, vol. 31, no. 1, pp. 34—43, Jan. 2011.

O. Gassmann and E. Enkel, “Towards a theory of open innovation:
Three core process archetypes,” in Proc. R&D Management Conf., 2004,
Lisbon, Portugal, Jul. 6-9, 2004.

S. F. Karabag, “Factors impacting firm failure and technological devel-
opment: A study of three emerging-economy firms,” J. Bus. Res., vol. 98,
pp. 462-474, May 2019.

B. Cassiman and R. Veugelers, “Complementarity in the innovation strat-
egy: Internal R&D, external technology acquisition and cooperation,”
CEPR Discussion Paper, 2002.

S. Kurokawa, “Make-or-buy decisions in R&D: Small technology based
firms in the United States and Japan,” IEEE Trans. Eng. Manage., vol. 44,
no. 2, pp. 124-134, May 1997.

J. Chen, Y. Chen, and W. Vanhaverbeke, “The influence of scope, depth,
and orientation of external technology sources on the innovative per-
formance of Chinese firms,” Technovation, vol. 31, no. 8, pp. 362-373,
Aug. 2011.

Authorized licensed use limited to: ULAKBIM-UASL - Ibn Haldun Universitesi. Downloaded on February 16,2021 at 08:42:46 UTC from IEEE Xplore. Restrictions apply.


http://openinnovation.gv.at/wp-content/uploads/2015/08/Fraunhofer-2013-studie_managing_open-innovation.pdf
https://dx.doi.org/10.1109/TEM.2019.2948739

16

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[751

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

T. U. Daim and D. F. Kocaoglu, “How do engineering managers evaluate
technologies for acquisition? A review of the electronics industry,” Eng.
Manage. J., vol. 20, no. 3, pp. 44-52, Jan. 2008.

S. W. Hung and R. H. Tang, “Factors affecting the choice of technology
acquisition mode: An empirical analysis of the electronic firms of Japan,
Korea and Taiwan,” Technovation, vol. 28, no. 9, pp. 551-563, Sep. 2008.
N. Capon and R. Glazer, “Marketing and technology: A strategic coalign-
ment,” J. Market, vol. 51, no. 3, pp. 1-14, Jul. 1987.

Y. Wang, W. Cao, Z. Zhou, and L. Ning, “Does external technology
acquisition determine export performance? Evidence from Chinese man-
ufacturing firms,” Int. Bus. Rev., vol.22,no. 6, pp. 1079-1091, Dec. 2013.
G. K. Jones, A. Lanctot, and H. J. Teegen, “Determinants and perfor-
mance impacts of external technology acquisition,” J. Bus. Venturing,
vol. 16, no. 3, pp. 255-283, May 2001.

W. Vanhaverbeke, B. Beerkens, and G. Duysters, “Explorative and ex-
ploitative learning strategies in technology-based alliance networks,” in
Acad. Manage. Proc., 2004, pp. J1-J6.

H. L. Li and M. J. Tang, “Vertical integration and innovative perfor-
mance: The effects of external knowledge sourcing modes,” Technova-
tion, vol. 30, no. pp. 7-8, pp. 401-410, Jul. 2010.

C.J. Lambe and R. E. Spekman, “Alliances, external technology acquisi-
tion, and discontinuous technological change,” J. Prod. Innov. Manage.,
vol. 14, no. 2, pp. 102-116, Mar. 1997.

F. P. Tajudeen, N. I. Jaafar, and A. Sulaiman, “External technology
acquisition and external technology exploitation: The difference of open
innovation effects,” J. Open Innov. Technol. Market Complexity, vol. 5,
no. 4, 2019, Art. no. 97.

K. Laursen, “User—producer interaction as a driver of innovation: Costs
and advantages in an open innovation model,” Sci. Public Policy, vol. 38,
no. 9, pp. 713-723, Nov. 2011.

J. F. Christensen, M. H. Olesen, and J. S. Kjer, “The industrial dynamics
of open innovation—Evidence from the transformation of consumer
electronics,” Res. Policy, vol. 34, no. 10, pp. 1533-1549, Dec. 2005.

M. Bagherzadeh, S. Markovic, J. Cheng, and W. Vanhaverbeke, “How
does outside-in open innovation influence innovation performance? Ana-
lyzing the mediating roles of knowledge sharing and innovation strategy,”
IEEE Trans. Eng. Manage., vol. 67, no. 3, pp. 740-753, Aug. 2020.

W. G. Biemans, “The managerial implications of networking,” Eur
Manage. J., vol. 8, no. 4, pp. 529-540, Dec. 1990.

B. Cassiman and R. Veugelers, “External technology sources: Embod-
ied or disembodied technology acquisition,” University Pompeu Fabra,
Economics and Business Working Paper, 2000, Art. no. 444.

J. A. C. Baum, T. Calabrese, and B. S. Silverman, “Don’t go it alone:
Alliance network composition and startups’ performance in Canadian
biotechnology,” Strategic Manage. J., vol. 21, no. 3, pp.267-294,
Mar. 2000.

1. Michelfelder and J. Kratzer, “Why and how combining strong and weak
ties within a single interorganizational R&D collaboration outperforms
other collaboration structures,” J. Prod. Innov. Manage., vol. 30, no. 6,
pp. 1159-1177, Nov. 2013.

W. Shan, G. Walker, and B. Kogut, “Interfirm cooperation and startup
innovation in the biotechnology industry,” Strategic Manage. J., vol. 15,
no. 5, pp. 387-394, Jun. 1994.

G. Vasudeva and J. Anand, “Unpacking absorptive capacity: A study
of knowledge utilization from alliance portfolios,” Acad. Manage. J.,
vol. 54, no. 3, pp. 611-623, Jun. 2011.

H. Ernst, “Patent information for strategic technology management,”
World Pat. Inf., vol. 25, pp. 233-242, 2003.

S. Qiu, X. Liu, and T. Gao, “Do emerging countries prefer local knowl-
edge or distant knowledge? Spillover effect of university collaborations
on local firms,” Res. Policy, vol. 46, no. 7, pp. 1299-1311, Sep. 2017.
D. D. Dill, “University/Industry research collaborations: An analysis
of interorganizational relationships,” R&D Manage., vol. 20, no. 2,
pp. 123-129, Apr. 1990.

G. V. Kamala and K. N. K. Swamy, “A model for small-scale indus-
try/university collaboration in the U.K. based on case studies,” R&D
Manage., vol. 15, no. 1, pp. 41-50, Jan. 1985.

R. E. Lopez-Martinez, E. Medellin, A. P. Scanlon, and J. L. Solleiro,
“Motivations and obstacles to university industry cooperation (UIC): A
Mexican case,” R&D Manage., vol. 24, no. 1, pp. 017-030, Jan. 1994.
J.Jin, S. Wu, and J. Chen, “International university-industry collaboration
to bridge R&D globalization and national innovation system in China,”
J. Knowl. Innov. China, vol. 3, no. 1, pp. 5-14, Apr. 2011.

K. Laursen, T. Reichstein, and A. Salter, “Exploring the effect of geo-
graphical proximity and university quality on university—industry collab-
oration in the United Kingdom,” Reg. Stud., vol. 45, no. 4, pp. 507-523,
2011.

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[971

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT

R. Gulati, “Social structure and alliance formation patterns: A longi-
tudinal analysis,” Administ. Sci. Quart., vol. 40, no. 4, pp. 619-652,
Dec. 1995.

M. J. Nieto and L. Santamaria, “The importance of diverse collaborative
networks for the novelty of product innovation,” Technovation, vol. 27,
no. 67, pp. 367-377, Jun. 2007.

M. A. Hitt, R. D. Ireland, and H. Lee, “Technological learning,
knowledge management, firm growth and performance: An introduc-
tory essay,” J. Eng. Technol. Manage., vol. 17, no. 3-4, pp. 231-246,
Sep. 2000.

D. Chatterji, “Accessing external sources of technology,” Res. Technol.
Manage., vol. 39, no. 2, pp. 48-56, 1996.

C. Chou, K.-P. Yang, and Y.-J. Chiu, “Coupled open innovation and
innovation performance outcomes: Roles of absorptive capacity,” Corp.
Manage. Rev., vol. 36, no. 1, pp. 37-68, 2016.

E. Fang, R. W. Palmatier, and K. R. Evans, “Influence of customer
participation on creating and sharing of new product value,” J. Acad.
Market. Sci., vol. 36, no. 3, pp. 322-336, Sep. 2008.

B. Aschhoff and T. Schmidt, “Empirical evidence on the success of R&D
cooperation—Happy together?,” Rev. Ind. Org., vol. 33, no. 1, pp. 41-62,
Aug. 2008.

K. H. Tsai and J. C. Wang, “External technology sourcing and innovation
performance in LMT sectors: An analysis based on the Taiwanese tech-
nological innovation survey,” Res. Policy, vol. 38, no. 3, pp. 518-526,
Apr. 2009.

R. Belderbos, D. Faems, B. Leten, and B. Van Looy, “Technological
activities and their impact on the financial performance of the firm:
Exploitation and exploration within and between firms*,” J. Prod. Innov.
Manage., vol. 27, no. 6, pp. 869-882, Nov. 2010.

E. Mazzola, M. Bruccoleri, and G. Perrone, “Open innovation and
firms’ performance: State of the art and empirical evidences from the
bio-pharmaceutical industry,” Int. J. Technol. Manage., vol. 70, no. 2-3,
pp. 109-134, 2016.

W. Becker and J. Dietz, “R&D cooperation and innovation activities of
firms—Evidence for the German manufacturing industry,” Res. Policy,
vol. 33, no. 2, pp. 209-223, Mar. 2004.

R. Belderbos, M. Carree, and B. Lokshin, “Cooperative R&D and
firm performance,” Res. Policy, vol. 33, no. 10, pp. 1477-1492,
Dec. 2004.

L. Miotti and F. Sachwald, “Co-operative R&D: Why and with whom?
An integrated framework of analysis,” Res. Policy, vol. 32, no. 8,
pp. 1481-1499, Sep. 2003.

H. Bahemia and B. Squire, “A contingent perspective of open innovation
in new product development projects,” Int. J. Innov. Manage., vol. 14,
no. 04, pp. 603-627, Aug. 2010.

W. M. Cohen and D. A. Levinthal, “Absorptive capacity: A new perspec-
tive on learning and innovation,” Administ. Sci. Quart.., vol. 35, no. 1,
pp. 128-152, Oct. 1990.

D. Faems, M. De Visser, P. Andries, and B. Van Looy, “Technology
alliance portfolios and financial performance: Value-enhancing and cost-
increasing effects of open innovation,” J. Prod. Innov. Manage., vol. 27,
pp. 785-796, 2010.

M. Brettel and N. J. Cleven, “Innovation culture, collaboration with
external partners and NPD performance,” Creativity Innov. Manage.,
vol. 20, no. 4, pp. 253-272, Dec. 2011.

H. Tanriverdi and N. Venkatraman, “Knowledge relatedness and the
performance of multibusiness firms,” Strategic Manage. J., vol. 26, no. 2,
pp. 97-119, 2005.

K. R. Fabrizio, “Absorptive capacity and the search for innovation,” Res.
Policy, vol. 38, no. 2, pp. 255-267, Mar. 2009.

Y. Kim and S. S. Lui, “The impacts of external network and business
group on innovation: Do the types of innovation matter?,” J. Bus. Res.,
vol. 68, no. 9, pp. 1964-1973, Sep. 2015.

J. Lee and H. N. Win, “Technology transfer between university re-
search centers and industry in Singapore,” Technovation, vol. 24, no. 5,
pp. 433-442, May 2004.

T. Bauer and K. Borodako, “Trade show innovations—Organizers im-
plementation of the new service development process,” J. Hospitality
Tourism Manage., vol. 41, pp. 197-207, 2019.

Z. B. Avunduk, “Ac¢ik Inovasyon stratejilerinin Igletme performansina
etkisi: Tiirkiye’nin 500 biiyiik sanayi kurulugu Uzerine bir uygulama (The
effects of open innovation strategies on business performance: The case
of the largest 500 industrial enterprises in Turkey,” Istanbul University,
Istanbul, Turkey, 2017.

W. E. Baker and J. M. Sinkula, “The synergistic effect of market orien-
tation and learning orientation on organizational performance,” J. Acad.
Market. Sci., vol. 27, no. 4, pp. 411-427, Oct. 1999.

Authorized licensed use limited to: ULAKBIM-UASL - Ibn Haldun Universitesi. Downloaded on February 16,2021 at 08:42:46 UTC from IEEE Xplore. Restrictions apply.



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

AVUNDUK et al.: HOW DOES EXTERNAL KNOWLEDGE SOURCING AFFECT BUSINESS PERFORMANCE 17

[114] S. Im and J. P. Workman, “Market orientation, creativity, and new
product performance in high-technology firms,” J. Market., vol. 68, no. 2,
pp. 114-132, Apr. 2004.

N. Mizik and R. Jacobson, “Trading off between value creation and value
appropriation: The financial implications of shifts in strategic emphasis,”
J. Market., vol. 67, no. 1, pp. 63-76, Jan. 2003.

F. Galindo-Rueda and F. Verger, “OECD taxonomy of economic activities
based on R&D intensity,” Paris, France, 2016.

G. T.Lumpkin and G. G. Dess, “Clarifying the entrepreneurial orientation
construct and linking it to performance,” Acad. Manage. Rev., vol. 21,
no. 1, pp. 135-172, Jan. 1996.

N. Rosenbusch, J. Brinckmann, and A. Bausch, “Is innovation always
beneficial? A meta-analysis of the relationship between innovation and
performance in SMESs,” J. Bus. Venturing, vol. 26, no. 4, pp. 441457,
Jul. 2011.

J. C. Nunnally, Psychometric Theory, 2nd ed. New York, NY, USA:
McGraw-Hill, 1978.

H. W. Marsh and D. Hocevar, “Application of confirmatory factor analysis
to the study of self-concept. First- and higher order factor models and their
invariance across groups,” Psychol. Bull., vol. 97, no. 3, pp. 562-582,
May 1985.

S. G. West, A. B. Taylor, and W. Wu, “Model fit and model selection
in structural equation modeling,” in Handbook of Structural Equation
Modeling, R. H. Hoyle, Ed. New York, NY, USA: The Guilford Press,
2012, pp. 209-231.

N. J. Blunch, Introduction to Structural Equation Modeling Using IBM
SPSS Statistics and AMOS, 2nd ed.. Los Angeles, CA, USA: Sage
Publications, 2013.

M. W. Browne and R. Cudeck, “Alternative ways of assessing model fit,”
in Testing Structural Equation Models, K. A. Bollen and J. S. Long, Eds.
Newbury Park, CA, USA: Sage Publications, 1993, pp. 136-162.
R.P.Bagozziand Y. Yi, “On the evaluation of structural equation models,”
J. Acad. Market. Sci., vol. 16, no. 1, pp. 74-94, Mar. 1988.

J.F. Hair, W. C. Black, B. J. Babin, and R. E. Anderson, Multivariate Data
Analysis, 7th ed. Edinburgh, U.K.: Pearson Education Limited, 2014.
C. Fornell and D. F. Larcker, “Evaluating structural equation models with
unobservable variables and measurement error,” J. Market. Res., vol. 18,
no. 1, pp. 39-50, Feb. 1981.

J. C. Anderson and D. W. Gerbing, “Structural equation modeling in
practice: A review and recommended two-step approach,” Psychol. Bull.,
vol. 103, no. 3, pp. 411-423, 1988.

P. M. Podsakoff, S. B. MacKenzie, J. Y. Lee, and N. P. Podsakoff,
“Common method biases in behavioral research: A critical review of
the literature and recommended remedies,” J. Appl. Psychol., vol. 88,
no. 5, pp. 879-903, Oct. 2003.

N. K. Malhotra, S. S. Kim, and A. Patil, “Common method variance in
IS research: A comparison of alternative approaches and a reanalysis of
past research,” Manage. Sci., vol. 52, no. 12, pp. 1865-1883, Dec. 2006.
P. M. Podsakoff and D. W. Organ, “Self-reports in organizational re-
search: Problems and prospects,” J. Manage., vol. 12, no. 4, pp. 531-544,
Dec. 1986.

G. Lu, X. D. Ding, D. X. Peng, and H. Hao-Chun Chuang, “Addressing
endogeneity in operations management research: Recent developments,
common problems, and directions for future research,” J. Oper. Manage.,
vol. 64, pp. 53-64, Nov. 2018.

P. Danese and P. Romano, “Relationship between downstream integra-
tion, performance measurement systems and supply network efficiency,”
Int. J. Prod. Res., vol. 50, no. 7, pp. 2002-2013, Apr. 2012.

T. van der Vaart and D. P. van Donk, “A critical review of survey-based
research in supply chain integration,” Int. J. Prod. Econ., vol. 111, no. 1,
pp. 42-55, Jan. 2008.

R.M. BaronandD. A. Kenny, “The moderator—mediator variable distinc-
tion in social psychological research: Conceptual, strategic, and statistical
considerations,” J. Pers. Social Psychol., vol. 51, no. 6, pp. 1173-1182,
1986.

M. E. Sobel, “Asymptotic confidence intervals for indirect effects in
structural equation models,” Sociol. Methodol., vol. 13, pp.290-312,
1982.

K.J.Preacher and A. F. Hayes, “Asymptotic and resampling strategies for
assessing and comparing indirect effects in multiple mediator models,”
Behav. Res. Methods, vol. 40, no. 3, pp. 879-891, 2008.

A. F. Hayes and K. J. Preacher, “Statistical mediation analysis with a
multicategorical independent variable,” Brit. J. Math. Statist. Psychol.,
vol. 67, no. 3, pp. 451-470, Nov. 2014.

U. Lichtenthaler, “Open innovation: Past research, current debates, and
future directions,” Acad. Manage. Perspectives, vol. 25, no. 1, pp. 75-93,
Feb. 2011.

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]
[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139] K. Randhawa, R. Wilden, and J. Hohberger, “A bibliometric review of
open innovation: Setting a research agenda,” J. Prod. Innov. Manage.,
vol. 33, no. 6, pp. 750772, Nov. 2016.

Zehra Binnur Avunduk received the B.Sc. (Hons.),
M.B.A., and Ph.D. degrees in business administra-
tion from the Faculty of Economics, Istanbul Uni-
versity, Istanbul, Turkey, in 2009, 2012, and 2017,
respectively.

She is currently a Lecturer with the Vocational
School of Social Sciences, Istanbul University-
Cerrahpasa, Istanbul, Turkey. Her research interests
include innovation strategies, open innovation, en-
trepreneurship, technology management, and produc-
tion management.

Dr. Avunduk has served as an ad-hoc reviewer in several prestigious journals.

Halim Kazan received the B.Sc. degree in mathemat-
ics and the M.B.A. degree from Selcuk University,
Konya, Turkey, in 1989 and 1993, respectively, and
the Ph.D. degree in quantitative sciences from Istan-
bul University, Istanbul, Turkey, in 1997.

He is currently a Professor of Operations Research
with Istanbul University, where he was the Head of
Business Administration Department with the Fac-
ulty of Economics, Istanbul University. He has au-
thored and coauthored more than 150 papers and
six books. His research interests include production
and operations management, multicriteria decision-making, smart logistics,
advanced applied research techniques, computer integrated manufacturing, per-
formance management, entrepreneurship, and innovation management.

Ekrem Tatoglu received the B.Sc. degree in manage-
ment from Middle East Technical University, Ankara,
Turkey, in 1991, the M.B.A. degree from the Univer-
sity of Nottingham, Nottingham, U.K., in 1994, and
the Ph.D. degree in international business from the
University of Leeds, Leeds, U.K., in 1998.

He is currently a Professor of International Busi-
ness with the Gulf University for Science & Technol-
ogy, Mubarak Al-Abdullah, Kuwait, and Ibn Haldun
University, Istanbul, Turkey. He has coauthored two
books and more than 100 academic articles in various
scholarly journals such as Omega, Journal of World Business, International
Journal of Production Research, Management International Review, Decision
Support Systems, Journal of Business Research, and Human Resource Manage-
ment. His research interests include global management strategies, operations
management, and strategy in emerging countries.

Prof. Tatoglu was also on several editorial boards, including Employee Rela-
tions, International Journal of Emerging Markets, European Journal of Inter-
national Management, and International Journal of Multinational Corporation
Strategy.

Selim Zaim received the B.Sc. degree in mechanical
engineering from Istanbul Technical University, Is-
tanbul, Turkey, in 1986, and the M.B.A. and Ph.D.
degrees in production and operations management
from Istanbul University, Istanbul, Turkey, in 1989
and 1994, respectively.

He is currently a Professor with the Industrial
Engineering Department, Istanbul Sabahattin Zaim
University, Istanbul, Turkey. He has authored or coau-
thored more than 60 scholarly articles in various inter-
nationally refereed journals, including International
Journal of Production Research, Omega, Decision Support Systems, Expert Sys-
tems With Applications, and Journal of the Operational Research Society among
others. His research interests include multivariate data analysis, supply chain
management, data analytics, quality control, and multicriteria decision-making.

Prof. Zaim was the Chair of Industrial Engineering Department, Istanbul Tech-
nical University. He consulted for a privately owned manufacturing company in
Turkey for two years. He was a Quality Coordinator at Marmara University and
Istanbul Technical University. He regularly serves on several academic journals
as an Associate Editor and Editorial Board Member. He carried out several
European Union Projects related to education quality. He is the Board Member
of Association of Production Research and a Member of Industrial Management
and Development Associations and Quality Association in Turkey.

Authorized licensed use limited to: ULAKBIM-UASL - Ibn Haldun Universitesi. Downloaded on February 16,2021 at 08:42:46 UTC from IEEE Xplore. Restrictions apply.



