Technological Forecasting & Social Change 186 (2023) 122114

Technological
Forecasl&
Social Change

An Inlernational Journal

Contents lists available at ScienceDirect

Technological Forecasting & Social Change

FI. SEVIER

journal homepage: www.elsevier.com/locate/techfore o

t.)

Check for

Open innovation and sustainable competitive advantage: The role of ol
organizational learning

Xiaobin Zhang®, Zhaofang Chu"™ ", Lei Ren?, Jianguo Xing®

@ Dongwu Business School, Soochow University, 215021 Suzhou, China
b School of Business, Anhui University, 230039 Hefei, China

ARTICLE INFO ABSTRACT

Keywords:

Open innovation

Exploratory learning

Exploitative learning
Ambidexterity

Knowledge management capability
Sustainable competitive advantage

With intensifying competition and increasing dependence on external partners, open innovation has been
becoming an inevitable and prevalent strategy to achieve long-term competitive advantage. Considerable
research has investigated the benefit of open innovation, the mechanism through which open innovation
translates into sustainable competitive advantage have yet been well examined. Drawing on the strategy-
competence-competitive advantage framework and the knowledge-based view, this study examines the role of
ambidextrous organizational learning in mediating the relationship between open innovation and sustainable
competitive advantage as well as the moderating role of knowledge management capability. Based on data
collected from 269 Chinese high-tech enterprises in 2021, we found that open innovation contributes to sus-
tainable competitive advantage through enhancing organizational learning including both exploratory and
exploitative learning as well as their balance. Moreover, knowledge management capability positively moderates
the relationships of open innovation to exploration and exploitation as well as their combination. Research and

practical implications are discussed.

1. Introduction

As a result of globalization, technological complexity, increased
competition and resource scarcity, organizations are changing and
adopting a more open, cooperative approach to building their compet-
itive advantage (Barrett et al., 2021; Lewis et al., 2010). Hence, open
innovation has been becoming an important concept in both academic
research and industrial practice; it refers to “the use of purposive inflows
and outflows of knowledge to accelerate internal innovation, and
expand the markets for external use of innovation, respectively”
(Chesbrough, 2006). Compared with closed innovation, open innovation
permits firms to explore outside knowledge and to externally exploit
existing internal resources to gain a competitive edge (Drechsler and
Natter, 2012; Popa et al., 2017). The more a business interacts with
other organizations, the higher its chances of acquiring external ideas,
capabilities, knowledge, technology and other intangibles, and the
greater its chances of successful innovation (Greco et al., 2016). More-
over, the complementarity and collaboration of internal and external
innovation resources will gradually improve enterprises' innate inno-
vation capability, helping them to ultimately form their own core
competitiveness (Lichtenthaler, 2011).
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Despite such prospective benefits, empirical evidence suggests that
the impact of open innovation on performance is unclear (Carmona-
Lavadoa et al., 2021; Greco et al., 2017). For example, several studies
have found a positive impact of an open innovation strategy on orga-
nizational performance (Caputo et al., 2016; Cheng and Huizingh, 2014)
and innovation performance (Chen et al., 2011; Greco et al., 2017).
However, some scholars believe it is difficult to measure the impact of
internal innovation openness on innovation and economic measures,
and findings show that its impact is limited (Kratzer et al., 2017),
leading to diminishing marginal returns on innovation performance or
even a negative impact on it (Greco et al., 2017; Lin, 2014). These
inconsistent findings may be due to our limited understanding of the
mechanism through which open innovation positively contributes to
competitive advantage and the conditions under which firms can benefit
from open innovation (Greco et al., 2017; Lazzarotti et al., 2017; Car-
mona-Lavadoa et al., 2021). To fill this void, this research examines how
and when open innovation can be turned into competitive advantage.

Drawing on the strategy-competence-competitive (SCC) framework
(Teece et al., 1997; March, 1991; Grant, 1996) and the knowledge-based
view (KBV), this research argues that firms can leverage open innovation
for competitive advantage by enhancing organizational learning.
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According to the SCC standpoint, as a strategy, open innovation brings
competitive advantage by building competence (Carmona-Lavadoa
et al., 2021). The KBV suggests that knowledge is a key determinant of
competitive advantage, and importantly, knowledge is generally refined
and/or created in the process of organizational learning (Valentim et al.,
2016; Mueller et al., 2012; Chalikias et al., 2014). Integrating the SCC
perspective and KBV, open innovation contributes to competitive
advantage via organizational learning. In fact, firms can benefit from the
information and knowledge acquired from the outside environment due
to open innovation only when such knowledge is processed and utilized
to develop new knowledge that is necessary for generating competitive
advantage (Carmona-Lavadoa et al., 2021). In line with this thinking,
organizational learning is necessary, as it enables firms to refine and
improve existing knowledge (exploitative learning) and create new
knowledge (exploratory learning). In other words, organizational
learning is a necessary mediating mechanism through which open
innovation can turn into competitive advantage. Moreover, the KBV
suggests that the efficacy of organizational learning is contingent upon
the capability of knowledge management. In sum, this research ad-
vances and tests a model that proposes the mediating role of organiza-
tional learning (i.e., exploration, exploitation, and ambidexterity) on the
relationship between open innovation and sustainable competitive
advantage and the moderating effect of knowledge management
capability.

The findings, based on data collected from 269 Chinese enterprises,
contribute to the literature in three ways. First, they shed light on how
the open innovation strategy serves as a catalyst for firms' competitive
advantage, as we found the significant mediating role of organizational
learning (i.e., exploration, exploitation, and ambidexterity). Second, the
findings reveal a contingent condition that affects the translation of open
innovation into competitive advantage, as we confirmed the significant
moderating effect of knowledge management capability, indicating that
knowledge management capability can vary the role of organizational
learning in turning open innovation into competitive advantage.
Furthermore, the use of polynomial regression with response surface
analysis is another contribution, as it helps scrutinize the role of orga-
nizational ambidexterity in terms of organizational learning.

The remainder of this paper is organized as follows. In the next
section, this study outlines the theoretical background and reviews the
literature. Then, this study develops the underlying hypotheses of the
direct and indirect effects, followed by the methodology and results.
Finally, we conclude with the discussion and limitations and offer po-
tential avenues for future research.

2. Theoretical background
2.1. Open innovation

With intensifying competition and increasing dependence on
external partners, the open innovation paradigm has attracted
increasing attention from academics and practitioners (Popa et al.,
2017; Stanko et al., 2014; Bogers et al., 2018). Despite rising interest in
the “openness” construct in academia, the existing literature has not
unified the definition of open innovation. From the perspective of a
paradigm, open innovation refers to a distributed innovation strategy
based on purposively managed knowledge flows across organizational
boundaries, using pecuniary and non-pecuniary mechanisms in line with
each organization's business model (Chesbrough, 2006; Chesbrough and
Bogers, 2014). From the perspective of process, the open innovation
process has three core processes: outside-in, inside-out, and coupled
(Gassmann and Enkel, 2004). Sometimes, these processes complement
one another, although the outside-in process usually dominates. From
the perspective of outcomes, open innovation means that good technical
solutions can be obtained from outside and inside the enterprise, and
innovative ideas from inside and outside are treated equally to present
innovation to consumers in the shortest time and at the lowest cost
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(Yang, 2006). In this paper, we focus on the problem of how to transform
an open innovation strategy into sustained competitive advantage.
Therefore, Chesbrough's (2006) paradigm view of open innovation is
followed. Open innovation refers to an innovation paradigm that
consciously integrates enterprise capabilities and resources with exter-
nally acquired resources, and develops market opportunities through
various channels.

Over the years, open innovation has been widely examined from
various perspectives. One stream of the literature focuses on the devel-
oping open innovation by examining its enablers and antecedents, such
as citizenship behaviors (Nagshbandi, 2016), organizational culture
(Nagshbandi et al., 2015), human asset specificity (Hsieh et al., 2016),
informal ties (Zhu et al., 2019), and business models (Hung and Chiang,
2010).

The other stream of the research focuses on the value of open inno-
vation through investigating its impact on firm performance (Greco
et al., 2016; Lopes and De Carvalho, 2018) in terms of economic per-
formance (such as sales growth, market share, profitability, financial
indicators, customer performance, and turnover) and innovation per-
formance (such as new product, R&D, and intellectual property). Some
authors advocate for a positive influence of open innovation strategies
on a firm's performance, whereas some authors contend that the open
innovation approach may have diminishing marginal returns or even a
negative effect on a firm's performance (Duysters and Lokshin, 2011;
Kang and Kang, 2009; Lin, 2014). Moreover, Carmona-Lavadoa et al.
(2021) even assert that openness per se may not be a determinant of
performance unless it is supported by complementary assets (e.g., co-
ordination and learning capabilities). In sum, although open innovation
has been mainly believed to bring benefits, the findings of extant
research on the relationship between open innovation and performance
remain mixed. Such a lack of a consistent conclusion suggests the need of
further investigations on this relationship and especially the necessity to
examine the mediating mechanisms through which open innovation
contributes to performance and the contingencies that affect the value of
open innovation.

2.2. Organizational learning

According to March (1991), learning is generally divided into two
categories: exploitative and exploratory learning. Exploration is an
organizational activity characterized by seeking, discovering, and
creating new knowledge and trying new opportunities. Exploitation
activities involve selecting, implementing, improving, and refining
existing knowledge. These two types of learning distinguish each other
and play different roles (Andriopoulos and Lewis, 2010). Exploitive
learning is an in-depth investigation of existing knowledge to refine
overall strategic planning into specific tasks, to be executed by specific
departments to improve employees' understanding of organizational
strategies. In contrast, the purpose of exploratory learning is to promote
the absorption and transformation of new knowledge and ideas, and
enhance the response to market demand and the external environment
to promote the implementation of innovation strategies. However, they
are both important. Enterprises not only need exploratory learning to
seize and respond to new market opportunities and demands, but also
need ensure existing competitive advantage and capabilities through
exploitative learning (March, 1991).

To better leverage the advantages of these two types of organiza-
tional learning, researchers have suggested the need to pursue the
combination and balance of them as the term “organizational ambi-
dexterity” (Lee et al., 2017). In line with these researchers, this study
examines the organizational ambidexterity of learning. Following Cao
et al. (2009) and Junni et al. (2013), this study conceptualizes organi-
zational ambidexterity from a balanced aspect (hereinafter, OAB) and a
combined aspect (hereinafter, OAC). OAB means that the distribution of
exploration and exploitation activities should be relatively close, while
OAC represents the overall synergy of the two activities (Cao et al.,
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2009; Lee et al., 2017). In fact, most prior studies have examined these
two aspects of organizational ambidexterity affecting firm performance
separately. The combined view highlights the need to pursue exploita-
tion and exploration simultaneously (Koryak et al., 2018) and argues
that the exploration of new knowledge is organically integrated with the
refinement of existing knowledge, thus the combination of exploration
and exploitation can spawn innovative results (Cao et al., 2009; Jin
etal., 2016) and superior performance (Junni et al., 2013). The balanced
view emphasizes the need to avoid risks associated with the exclusive
pursuit of either exploitation or exploration and argues that the imbal-
ance between exploitation and exploration leads to performance dete-
rioration due to a higher level of unstructured control over performance
risk (Lewis et al., 2010; Atuahene-Gima and Murray, 2007).

With a brief review of literature, the findings on the relationship
between exploration and exploitation and performance are ambiguous,
ranging from positive (Cao et al., 2009) to an inverted U-shaped influ-
ence (Li et al., 2013). These various findings may suggest that explora-
tion and exploitation need to be configurated properly (Lee et al., 2017;
Junni et al., 2013). Therefore, this study examines organizational
ambidexterity aiming to identify the optimal configuration of explora-
tion and exploitation in translating open innovation into performance.

2.3. Integrating the SCC framework and the KBV

This study builds on the SCC framework (Teece et al., 1997; March,
1991; Grant, 1996), which argues that business strategies can be effec-
tively implemented and ultimately transformed into competitive
advantage by building capabilities (Teece et al., 1997). However, based
on the KBV, knowledge is a key determinant of competitive advantage,
which is difficult to obtain through the market, but it can be refined and/
or created in the process of organizational learning (Grant, 1996).
Therefore, as a means of integrating resources and creating new
knowledge, organizational learning is critical for enterprises to imple-
ment business strategies and obtain sustainable competitive advantage.
In sum, in integrating the SCC framework and KBV, this study proposes
that firms on the basis of their open innovation need to engage in
learning activities to increase competitive advantage, and knowledge
management capability can promote adaptive learning activities (See
Fig. 1).

3. Hypotheses
3.1. Open innovation and sustainable competitive advantage
Since open innovation strategies represent enterprises breaking

through closed boundaries and taking advantage of knowledge re-
sources flowing in and out in a planned way (Chesbrough and Crowther,

owledge
Management
Capabili
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2006), it contributes to the long-term competitive advantage in the
following aspects. First, the KBV holds that a company's core task is to
acquire, integrate, and use knowledge. Knowledge is an essential
resource in enterprises' long-term competitiveness (Grant, 1996).
Through the inward or outward flow of knowledge, technology and
resources, innovation elements can be differentiated and integrated to
accelerate the pace of innovation and reduce the cost and risk of inno-
vation (West, 2006). Second, the effective integration of knowledge,
information, and capital in the external environment can compensate for
a company's own shortcomings, enrich the resource base for innovation
(Rigby and Zook, 2002), expand innovation output, and open new
markets (Chesbrough and Schwartz, 2007). Finally, from the perspective
of an organization's external network, enterprises can obtain valuable
social capital from the outside innovation network, seeking more
development opportunities and living space by searching through the
resources of the network's members (Wang et al., 2014). External net-
works can bring enterprises opportunities and technological advantages
to break through their own technological bottlenecks and to help en-
terprises occupy a favorable market position (Rass et al., 2013).
Therefore, we suggested that:

H1. Open innovation has a positive association with sustainable
competitive advantage.

3.2. The mediating role of exploration and exploitation

While openness has been proposed as a new paradigm for innovation
management (Chesbrough, 2003; Gassmann, 2006; Gassmann et al.,
2010), it seems difficult to adopt an open innovation model and benefit
from it. The resource-based view (RBV) has illustrated the advantages of
open innovation in accumulating material and cognitive resources.
However, possession of resources does not necessarily imply efficient
use, especially for non-material resources such as knowledge. Tu and Wu
(2021) argue that “how to refine abstract strategies into concrete prac-
tices is also an urgent problem faced by enterprises.” Based on the KBV,
knowledge is an indispensable, intangible resource in fierce market
competition. Thus, as the main means of knowledge discovery and
creation (Mueller et al., 2012), organizational learning has a vital
impact on the implementation of a company's strategy and the returns of
innovation activities (Gerschewski et al., 2015), which eventually af-
fects competitiveness.

While researchers have acknowledged the importance of these two
learning approaches, they have also identified their different roles.
Lichtenthaler and Lichtenthaler (2009) combine two different organi-
zational learning modes with the open innovation practice of enter-
prises, confirming the significant position of exploratory learning in
companies' acquisition of external knowledge and the decisive role of

Open

Innovitioy

Exploration
> Ambidexterity

Exploration

ustainable
Competitive
dvantage

Fig. 1. Theoretical model.
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exploitative learning in the process of externalizing their own research
and development results. Similarly, Bianchi et al. (2011) point out that
open innovation input mainly serves to improve companies' “explora-
tion” capabilities, while open innovation output is closely related to the
“exploitation” of their basic knowledge and technology. To obtain and
apply the knowledge beneficial to innovation activities from the stra-
tegic action of improving openness, enterprises must increase their in-
vestments in exploratory and exploitative efforts (Hull and Covin, 2011;
Tu and Wu, 2021). We therefore posited that:

H2a. Exploitative learning positively mediates the relationship be-
tween open innovation and sustainable competitive advantage.

H2b. Exploratory learning positively mediates the relationship be-
tween open innovation and sustainable competitive advantage.

3.3. The mediating role of organizational ambidexterity

As discussed above, companies can benefit from open innovation
when they have the capabilities to connect closed and open approaches
to innovation (Prudhomme Van Reine, 2015). Researchers generally
recognize the importance of dual capabilities in implementing innova-
tion strategies and stress the role of organizational context in facilitating
and balancing exploitation and exploration for better development (Cao
et al.,, 2009; Gibson and Birkinshaw, 2004). They also affirm that
organizational ambidexterity is a meta-capability that should be grad-
ually developed and institutionalized within an organization. Hence,
this study argues that organizational ambidexterity, as a form of
learning, plays an important role in strengthening the relationship be-
tween the open innovation strategy and competitive advantage. Spe-
cifically, with regard to OAC, although open innovation can help build
up exploitation and exploration, firms need to possess organizational
capabilities to create synergistic effects between the two (Lee et al.,
2017). Similarly, Lichtenthaler (2009) identifies that firms need to un-
derstand the complementarity of the exploratory and exploitative
learning processes. With regard to OAB, based on their competitive
edge, firms need to build capacities to manage the structural risks arising
from exploitation and exploration, to advisably mix the two activities,
and to properly allocate resources between the two (Grant, 1996).
Hence, although open innovation may influence competitive advantage,
ambidexterity plays a vital role in effectively channeling and utilizing it
for competitive advantage enhancement. New information from
external networks—such as customers, suppliers, scientific research in-
stitutions, and other external partners—is important for both the
exploitation of current resources and the capabilities required for
exploitation and the development of new resources and the capabilities
required for exploration (Kiss et al., 2020); this leads to a higher level of
organizational ambidexterity to enjoy sustainable competitive advan-
tage and thrive (Cao et al., 2009; He and Wong, 2004). On the other
hand, open innovation aims to generate more new products and tech-
nologies through external cooperation (Kyriakopoulos et al., 2019).
With the help of a relatively balanced distribution of exploration and
exploitation, enterprises' innovation strategy can be prevented from
falling into the “success trap” caused by an excessive focus on exploi-
tation and the “failure trap,” which is caused by an excessive focus on
exploration (Chakma et al., 2021). As such, we posited that:

H3a. OAC positively mediates the relationship between open innova-
tion and sustainable competitive advantage.

H3b. OAB positively mediates the relationship between open innova-
tion and sustainable competitive advantage.

3.4. The moderating role of knowledge management capability

Knowledge has become the main source of a company's competitive
advantage (March, 1991; Grant, 1996). Effective knowledge manage-
ment is a prerequisite for enterprises to use knowledge effectively (Chen
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and Huang, 2009). Knowledge management capability is the ability of a
business to coordinate and integrate various knowledge resources and to
continuously use and create knowledge resources. Its central purpose is
to enhance a company's management and use of resources to carry out
research and development (R&D) activities or innovative activities
(Tanriverdi and Venkatraman, 2005). In a fiercely competitive envi-
ronment, it is difficult for enterprises to have all the resources needed for
R&D. With the promotion of open innovation activities, companies can
acquire new technologies and knowledge from the outside. However,
without the management capability of internal and external knowledge,
the open innovation process will be disordered or even fail.

The improvement of knowledge management capability encourages
enterprises to acquire, select, disseminate and utilize external, hetero-
geneous knowledge from open innovation activities (Castro, 2015). At
the same time, the literature have acknowledged knowledge manage-
ment capability as a driving factor of organizational ambidexterity by
showing positive effects of knowledge management capability on
exploration and exploitation (Santoro et al., 2021; Soto-Acosta et al.,
2018). Hence, this study postulates that the level of a company's
knowledge management capability would determine the influence of its
interaction with open innovation on organizational learning activities.
The improvement of the openness level of innovation activities will
bring more abundant, complex external information and knowledge to
enterprises; it has become a precondition for enterprises to conduct
exploration and exploitation to extract truly valuable knowledge from
information, or to select potential R&D objects from many potential
business partners (Fidel et al., 2015). In addition, more information and
business knowledge from outside leads to a larger set of potential (re)
combinations of different information that is beneficial for both
exploitation and exploration with the help of knowledge management
capability (Yu et al., 2005). In sum, when an enterprise gradually im-
proves the openness of its innovation activities, the knowledge existing
inside and outside the organization leads to more extensive communi-
cation and collision. In this process, knowledge management capability
can help enterprises effectively identify valuable heterogeneous
knowledge, integrate it with their own knowledge base, and promote the
balance and interaction between exploration and exploitation to
improve overall learning capabilities. Hence, we proposed the following
hypotheses:

H4a. Knowledge management capability positively moderates the
relationship between open innovation and exploitative learning.

H4b. Knowledge management capability positively moderates the
relationship between open innovation and exploratory learning.

H4c. Knowledge management capability positively moderates the
relationship between open innovation and OAC.

H4d. Knowledge management capability positively moderates the
relationship between open innovation and OAB.

4. Methods
4.1. Data collection

The sample is selected from the list of high-tech firms that registered
in the Yangtze River Delta region where the economy is highly devel-
oped and tends to be open. The sample collection process is as follows:
First, we excluded companies that have been established for less than
three years and have an annual revenue of <10 million. Then we
randomly selected 1000 companies from this list. Second, we contacted
with the selected companies to obtain their agreement on participating
our research. Third, a two-stage survey was conducted to collect data
from the agreed companies, so as to reduce the impact of common
method bias (Meier and Spector, 2013). The first stage took place in
March 2021, in which senior executives answered questions about their
personal backgrounds and their perceptions of open innovation and
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knowledge management capability. The second stage took place in May
2021, and the above respondents reported on exploitative learning,
exploratory learning, and sustainable competitive advantage. Finally, a
total of 408 questionnaires were sent out; and 312 completed ques-
tionnaires were received. After eliminating unqualified questionnaires,
269 was valid and used in our data analysis.

The average age of the sample firms was 17.81. Among them, 17 (6.3
%) had been open for 3 to 5 years; 24 (8.9 %) had been open for 6 to 10
years; 67 (24.9 %) had been open for 11 to 15 years; 73 (27.1 %) had
been open for 16 to 25 years; and 88 (32.7 %) had been open for 25 years
or longer. The firms represented various sectors such as software, in-
formation technology and telecommunications (115); electronic and
communication equipment manufacturing (44); new materials and new
energy (20); energy conservation, environmental protection, biology
and pharmaceutical industries (25); chemical, textiles and other tradi-
tional manufacturing enterprises (54); and others. The sample industry
is widely distributed to meet the basic requirements of the study. Table 1
describes the profile of the respondent firms.

4.2. Measures

We took the scales in this paper from previously validated studies.
Before the survey, we invited eight domain experts and entrepreneurs in
the field to evaluate and modify the questionnaire, and adjusted the
measurement items appropriately according to the Chinese context. All
items and responses were scored on a 5-point Likert-type scale ranging
from 1 (strongly disagree) to 5 (strongly agree). Appendix I summarizes
the measurement items used in the survey.

4.2.1. Exploitative and exploratory learning

We adapted the scale of exploration and exploitation from Atuahene-
Gima and Murray (2007) and Zhao et al. (2016). Exploitative learning
consists of 5 items that measure the competence, efficiency, and reli-
ability of searching for intellectual capital within an organization based
on existing knowledge of products and market areas with which the
business is familiar. Exploratory learning comprises 4 items that capture
an organization's efforts to search for entirely new intellectual capital

Table 1
Demographic profile of the respondent firms.
Characteristics Classifications Frequency  Percentage
Firm age (year of 3-5 17 6.3
establishment) 6-10 24 8.9
11-15 67 24.9
16-25 73 27.1
Above 25 88 32.7
Firm size (no. of 100-600 148 55.0
employees) 600-1000 16 5.9
1000-2000 22 8.2
Above 2000 83 30.9
Firm ownership Public enterprise 72 26.8
Private enterprise 91 33.8
Joint company 15 5.6
Foreign capital firm 91 33.9
Industry type Software, information 115 42.8
technology and
telecommunications
Electronic and communication 44 16.4
equipment manufacturing
New materials and new energy 20 7.4
Environmental protection, 25 9.3
biology and pharmaceutical
Chemical, textiles and other 54 20.1
traditional manufacturing
Others 11 4.1
Annual revenue RMB 10-50 million 65 24.2
RMB 50-1000 million 89 33.1
RMB 1000-2000 million 35 13.0
Above RMB 2000 million 80 29.7
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outside of its current experience. In addition, we followed the approach
of Mom et al. (2007) to measure organizational ambidexterity. OAC was
measured by multiplying exploration and exploitation, and OAB was
measured by the absolute value of the difference between the two.

4.2.2. Open innovation

We adapted the scale developed by Nagshbandi (2016) to measure
open innovation. It comprises 6 items that capture a firm's degree and
philosophy of openness in all aspects.

4.2.3. Knowledge management capability
The scale we adapted to measure knowledge management capability
is from Pérez-Lopez and Alegre (2012), which consists of 7 items.

4.2.4. Sustainable competitive advantage

We employed a subjective scale to measure sustainable competitive
advantage because of data privacy issues and the context of this study.
This scale, consisting of 6 items, was adopted from Chang (2011), which
have repeatedly used and validated by several scholars (Camison and
Villar-Lopez, 2011; Chen et al., 2009; Ali, 2021).

Additionally, we controlled for five contextual variables that might
have a potential influence on sustainable competitive advantage: firm
size, age, revenue, ownership, and industry type. These variables have
been confirmed to have an impact on a firm's sustainable competitive
advantage in previous studies (Ali, 2021).

5. Analysis
5.1. Reliability and validity

We used Cronbach's alpha to assess reliability (Nunnally, 1978). As
Table 2 shows, the values for Cronbach's alpha of all measures were
greater than the threshold of 0.7, suggesting adequate reliability (For-
nell and Larcker, 1981). In terms of convergent validity, the standard-
ized factor loadings were significant and above the suggested value of
0.6 excepting one of knowledge management capability was 0.55; the
values of average variance extracted (AVE) surpassed the minimum
threshold of 0.5 (Fornell and Larcker, 1981) excepting that of exploit-
ative learning was 0.474; and thus the convergent validity was accept-
able. Furthermore, it can be seen from Table 3 that the proposed five-
factor model (e.g., exploitative learning, exploratory learning, open
innovation, knowledge management -capability, and sustainable
competitive advantage) had a better fit than alternative models (y2/df =
1.95, CFI = 0.92, TLI = 0.91, and RMSEA = 0.06), indicating that the
main variables concerned in this study had good discriminant validity
(Bentler and Bonett, 1980).

5.2. Common method bias (CMB) assessment

Several approaches were conducted to test CMB. First, the analysis of
Harman's single-factor test indicated that no single factor accounted for
>50 % of the variance, suggesting no evidence of CMB (Podsakoff and
Organ, 1986). Second, the fit of the single-factor model was very un-
satisfactory (as shown in Table 3), indicating no serious CMB in the
sample (Podsakoff et al., 2012). Finally, the unmeasured latent method

Table 2

Reliability and validity of variables.
Constructs Factor loadings ~ «value CR AVE
Open innovation 0.67-0.88 0.89 0.894 0.586
Exploitative learning 0.62-0.75 0.82 0.818  0.474
Exploratory learning 0.64-0.84 0.83 0.832  0.556
Knowledge management 0.55-0.80 0.89 0.887  0.533

capability

Sustainable competitive advantage = 0.65-0.76 0.86 0.859  0.504
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Table 3
Confirmatory factor analysis results.

Model x2 df x>/df  CFI TLI RMSEA

661.73 340 1.95 0.92 0.91 0.06
738.04 344 2.15 0.90 0.89 0.07
1248.89 347 3.60 0.78 0.77 0.10
1418.66 349 4.07 0.73 0.71 0.11
1573.71 350 4.50 0.70 0.67 0.11

Five-factor model®
Four-factor model®
Three-factor model®
Two-factor model?
One-factor model®

Note: a hypothesis model; b exploitative learning and exploratory learning were
combined into one factor; ¢ open innovation, exploitative learning and explor-
atory learning were combined into one factor; d open innovation, exploitative
learning, exploratory learning and knowledge management capability were
combined into one factor; e all variables were combined into one factor.

construct (ULMC) approach which can shut out half of the studies
heavily influenced by CMB (Podsakoff et al., 2012) was conducted. The
results showed no significant improvement in simulation fitting after the
addition of the method construct, in which RMSEA decreased by 0.006
(<0.05) and CFI and TLI increased by 0.018 and 0.015 (<0.1), respec-
tively, eliminating concerns about CMB.

6. Results
6.1. Hypothesis testing

Table 4 shows the descriptive statistics and correlation analysis on all
variables.

Before the regression analysis, we mean-centered all variables to
minimize multicollinearity. After centering, the results revealed that the
VIF values of each model ranged from 1.029 to 3.579, and the tolerance
was >0.100, implying no serious multicollinearity problem (Kock,
2015). We also analyzed the sample proportion; the sample proportion
of balanced learning was 47.584 %, and the sample proportions of “high
exploration-low exploitation” and “low exploration-high exploitation”
of imbalanced learning were 26.022 % and 26.394 %, respectively,
which met the requirements of polynomial regression (Shanock et al.,
2010). The empirical regression results of this paper were depicted in
Tables 5 and 6. Table 5 showed that open innovation had a significant,
positive effect on sustainable competitive advantage (Model 9, = 0.49,
p < 0.001), supporting H1. In addition, open innovation had a signifi-
cant, positive effect on exploratory learning (Model 1, f = 0.34, p <
0.001), exploitative learning (Model 3, g = 0.47, p < 0.001), OAB
(Model 5, g = 0.25, p < 0.001), and OAC (Model 6, # = 0.17, p < 0.05)
respectively. It can be seen from Table 6 that exploratory learning
(Model 10, g = 0.51, p < 0.001), exploitative learning (Model 11, g =
0.64, p < 0.001), OAB (Model 14, f = 0.22, p < 0.001), and OAC (Model
13, f = 0.10, p < 0.05) had significant, positive effects on sustainable
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competitive advantage. Thus, we further tested the mediating effect via
the SPSS Process V3.3 plugin performing Bootstrap 5000 repeated
sampling to test whether the confidence interval at the 95 % level
contains 0 (Hayes, 2017). The mediating effect value of exploitative
learning was 0.25, and the confidence interval was [0.17, 0.32], thereby
supporting H2a. The mediating effect value of exploratory learning was
0.13, and the confidence interval was [0.07, 0.19], thus supporting H2b.
The mediating effect value of OAC was 0.01, and the confidence interval
was [—0.01, 0.05], which did not support H3a. The mediating effect
value of OAB was 0.02, and the confidence interval was [0.01, 0.05],
supporting H3b.

As Table 5 indicated, the interaction terms of open innovation and
knowledge management capability had a significant, positive correla-
tion with exploratory learning (Model 2, g = 0.11, p < 0.01), exploit-
ative learning (Model 4, g = 0.10, p < 0.01), and OAC (Model 8, =
0.32, p < 0.001). Therefore, H4a, H4b and H4c were supported, but not
H4d. Simple slope testing was presented in Figs. 3, 4 and 5. Open
innovation had a positive effect on exploratory learning and OAC, but
only under a high level of knowledge management capability. Compared
with a low level of knowledge management capability, open innovation
had a stronger positive impact on exploitative learning under a high
level of knowledge management capability.

6.2. Post hoc analysis

According to the attention allocation theory, the attention of enter-
prises in learning and acquiring resources is limited, so how to allocate
the attention in exploratory learning and exploitative learning, as well as
discuss the different effects of the matching modes of the two on sus-
tainable competitive advantage, has important practical significance for
enterprises. Moreover, the relationship of organizational ambidexterity
with competitive advantage has failed to produce consistent results (Li
et al., 2013; Cao et al., 2009). To scrutinize the relationship of exploi-
tation and exploration with competitive advantage in greater depth, we
conducted polynomial regression with response surface analysis
(Edwards and Parry, 1993) to identify which configuration of explora-
tion and exploitation is more conducive to promoting competitive
advantage. Table 6 showed that the slope value was significant and
positive (Slope! = 0.49, p < 0.001). After further checking the response
surface (Fig. 2), we found that sustainable competitive advantage at the
rear corner (where ERL = EIL = 3) was higher than that at the front
corner (where ERL = EIL = —3). The above results indicated that sus-
tainable competitive advantage was higher when exploratory and
exploitative learning were aligned at a high level than at a low level.
Moreover, Fig. 2 demonstrated that sustainable competitive advantage
in the right corner (ERL = —3 and EIL = 3) was higher than that in the

left corner (ERL = 3 and EIL = —3), and was significant and negative

Table 4
Descriptive statistics and correlation analysis.

Variables 1 2 3 4 5 6 7 8 9 10 11 12

1. Firm age 1

2. Firm size 0.55** 1

3. Firm ownership 0.07 0.01 1

4. Industry type —0.14* —0.15* —0.20%* 1

5. Firm revenue 0.52%* 0.80** 0.10 —0.21** 1

6. OI —0.04 0.06 0.03 0.08 —0.01 1

7. ERL 0.02 0.04 0.03 -0.10 0.03 0.32%* 1

8. EIL 0.09 0.15* 0.10 —0.06 0.03 0.48** 0.67** 1

9. OAB —-0.07 0.01 0.04 0.10 —0.06 0.27** 0.11 0.43** 1

10. OAC 0.06 0.07 0.07 —0.08 0.07 0.13* 0.05 0.09 0.17** 1

11. KMC —0.02 0.04 0.15*% 0.00 0.00 0.54** 0.58** 0.65** 0.25%* 0.06 1

12. SCA 0.09 0.06 0.16%* 0.03 0.01 0.49%* 0.50** 0.64** 0.23** 0.14* 0.64** 1

M 17.81 3.48 2.53 2.76 2.48 3.16 3.75 3.59 0.95 13.71 3.67 3.62

SD 1.19 2.03 1.31 1.97 1.15 0.82 0.54 0.65 0.05 4.07 0.63 0.63

" p<0.01.

" p < 0.05.
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Table 5

Regression results for mediators.
Variables Exploratory learning Exploitative learning OAB OAC

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

Firm age 0.02 0.03 0.06 0.07 —0.05 —0.05 0.03 0.04
Firm size —0.02 —0.03 0.11* 0.11%* 0.07 0.07 0.01 0.01
Firm ownership —0.01 —0.06 0.06 0.05 0.05 0.07
Industry type —0.07* —0.06* —0.04 0.04 —0.05 —0.04
Firm revenue 0.02 0.04 —0.18* —0.11 0.03 0.03
Ol 0.01 0.47*+* 0.25%%* 0.17* 0.14
KMC 0.61%** 0.04
OI x KMC 0.11%* 0.327%*
R? 0.12 0.37 0.28 0.03 0.14
F 19.14++* 1.50 5.40%**
" p < 0.001.
" p <0.01.
" p <0.05.

Table 6

Regression results for sustainable competitive advantage.
Variables Sustainable competitive advantage

Model 9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17

Firm age 0.12* 0.06 0.09 0.08 0.10 0.12¢ 0.07 0.06
Firm size 0.02 —0.03 —0.02 0.08 0.06 0.01 —0.01 —0.01
Firm ownership 0.12** 0.09* 0.09** 0.13** 0.13** 0.11** 0.09* 0.09*
Industry type 0.01 0.05' 0.04 0.02 0.01 0.05* 0.06*
Firm revenue —0.09 0.00 -0.15' —0.12 —0.08 —0.02 —0.02
OI 0.49%** 0.46
ERL 0.51%** 0.15 0.16
EIL 0.53 0.52
OAC 0.10* 0.04
OAB 0.22%%* 0.09'
ERL? 0.05
ERL x EIL 0.02
EIL? 0.01
R? 0.28 0.30 0.43 0.49 0.07 0.10 0.29 0.45 0.45
F 17.03*** 18.85%** 33.39%** 30.95%** 3.06" 4.56%** 13.41%+* 29.88%** 21.33%%*
Balance
Slope! 0497
Curvature* 0.06
Imbalance
Slope? —0.29*
Curvature® 0.04
" p < 0.001.
" p<0.01.
" p <0.05.
fp<o.l.

(Slope2 = —0.29, p < 0.05) (Table 6). Therefore, when enterprises
highlighted an imbalanced pursuit of exploration and exploitation,

3-3 . s . .
3 2.3 “high exploitation-low exploration” had a greater promoting effect on a
3 2-2
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firm's sustainable competitive advantage than “high exploration-low
exploitation.”

6.3. Robustness test

To further ensure the robustness of this study, we conducted a
robustness test. We didn't distinct the exploratory and exploitative
learning but enveloped them into one construct (i.e., organizational
learning), which was used to examine the mediating effect on the rela-
tionship between open innovation and sustainable competitive advan-
tage. The results showed that open innovation had a significant,
positive, direct impact on sustainable competitive advantage (f = 0.27,
p < 0.001) and a significantly indirect effect (5 = 0.17, p < 0.05) through
organization learning, confirming the mediating role of organizational
learning in translating open innovation into competitive advantage.
Moreover, we also examined the moderating effect of knowledge man-
agement capability on the relationship between open innovation and
organizational learning. The interaction term of open innovation and
knowledge management capability had a significant, positive effect on
organizational learning (8 = 0.15, p < 0.01), confirming the support of
the moderation effect of knowledge management capability. Hence, the
main findings of this study were robust.

7. Discussion

Focusing on the relationship between open innovation and sustain-
able competitive advantage, this study finds that open innovation con-
tributes to sustainable competitive advantage through enhancing
explorative and exploitative learning as well as their ambidexterity, and
that such mediating mechanisms are moderated by knowledge man-
agement capability. These findings are robust and make several
important contributions to theory and practice.

7.1. The impact of open innovation on competitive advantage

The findings suggest significant, positive, direct and indirect impacts
of open innovation on sustainable competitive advantage. These find-
ings are consistent with those of several previous studies (e.g., Caputo
et al., 2016; Cheng and Huizingh, 2014; Chen et al., 2011; and Greco
et al., 2017) that highlight and confirm the benefits of open innovation
in terms of financial performance, suggesting that an open paradigm of
innovation is helpful for Chinese technical firms. Moreover, the finding
of significant indirect effects indicates that open innovation strategy
may not only contribute to competitive advantage directly but also in-
fluence it indirectly through a mediating mechanism. This finding pro-
vides new evidence supporting the argument of several previous studies
(Greco et al., 2016; Lazzarotti et al., 2017; Carmona-Lavadoa et al.,
2021) that there exist some mechanisms through which open innovation
leads to competitive advantage. Especially, beyond the findings of
extant literature, this study verifies the role of organizational learning as
mediating mechanism of the relationship between open innovation and
competitive advantage.

1.0 q
O

el
= 0.5 4 —&— Low knowledge
§ 0 management capability
.E 0.0 1 O High knowledge
s management capability
2 05 |
f=9
5] /‘
m

-1.0 T 1

Low open innovation High open innovation

Fig. 4. The moderating effect of knowledge management capability on open
innovation and exploitative learning.
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Fig. 5. The moderating effect of knowledge management capability on open
innovation and OAC.

More importantly, the finding of the mediation mechanism of orga-
nizational learning provides evidence confirming the logic of SCC in the
live streaming context as well as the importance of knowledge in the
KBV. First, the finding suggests that organizational learning is an
important process and competence that helps turn the strategy of open
innovation into competitive advantage. Organizational learning has
been widely regarded as an important means to acquire and generate
knowledge that leads to achieve competitiveness (Gerschewski et al.,
2015), thus this finding enriches the KBV literature by underlining the
importance of knowledge. Second, the finding reveals the internal
functional path of transforming macrolevel, abstract business strategies
into an actual competitive edge, which is in line with the logic of SCC
that strategies may not be competitive advantage unless they can help
firms build some specific competencies, therefore enriches the SCC
literature. In addition, this finding helps open the back box between
open innovation and competitive advantage and helps partially resolve
the problem of the inconsistent findings on this relationship.

These findings also provide implications for managers. First, man-
agers should be open to external environment to acquire resources,
technology, and knowledge for innovation, as taking open innovation
strategy is more likely to better compete in the rapid developed market
(Lichtenthaler, 2011). Moreover, binding in mind that open innovation
itself may be not sufficient for generating competitive advantage,
managers should cultivate the competence of organizational learning
through encouraging employees to acquire knowledge from both in-
ternal and external, refine existent knowledge, and generate new
knowledge. With such organizational learning, they can benefit more
and easier from open innovation.

7.2. The mediating role of ambidextrous organizational learning

Beyond previous studies focusing on the mediating role of organi-
zational learning in terms of exploration and exploitation, this study
examines the mediating role of organizational ambidexterity of orga-
nizational learning. Numerous studies have explored the antecedents
and consequences of the two learning modes, but less attention has been
given to the possible mediating role of organizational ambidexterity
(Lee et al., 2017). This study confirmed the mediating mechanisms of
exploration and exploitation, as well as their balance, through which
open innovation led to sustainable competitive advantage. Moreover,
the findings suggest that open innovation can be more effectively
transformed into competitive advantage through balanced effects be-
tween exploration and exploitation, rather than synergistic effects be-
tween them. This is in line with the views of Wang et al. (2012) and Bai
and Wang (2016), who emphasized the effects of the high level of bal-
ance between exploration and exploitation on innovation behavior and
performance. In addition, the findings further show that “low
exploration-high exploitation” is better than “high exploration-low
exploitation.”

More importantly, these findings enrich the organizational learning
literature by identifying the optimal matching modes of the two types of
learning. The findings imply that when exploratory and exploitative
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learning were balanced, a high level of balance had a greater promo-
tional effect on sustainable competitive advantage. Therefore, this paper
breaks through the single assertion of the balanced or opposing view for
exploration and exploitation (Lewis et al., 2010; Atuahene-Gima and
Murray, 2007; Koryak et al., 2018; Cao et al., 2009; Jin et al., 2016;
Junni et al., 2013), and brings a more comprehensive understanding of
the relationship between organizational ambidexterity and a company's
competitive advantage.

While the findings reveal that open innovation can help generate
competitive advantage via firms' pursuit of balancing exploitation and
exploration, managers should reasonably match these two types of
learning activities. First, when organizational ambidexterity develops
from low-level balance to high-level balance, managers should pay
attention to the synchronous promotion of exploration and exploitation
to reduce the risks of overemphasizing either of them. Furthermore, due
to China's development stage, many Chinese firms generally adopt
imitation strategies of “watching by learning” or “learning by doing” as
the mode of technology frontier expansion (Ali, 2021; Kumar and Sri-
vastava, 2020). Therefore, they start from exploitative learning, grad-
ually shift to high-level (exploratory) learning, and finally realize the
improvement of indigenous innovation capability. In this process, they
should follow the principle of “the lesser of the two evils” and first
strengthen exploitative learning to avoid the negative effects of exces-
sive exploratory learning on the organization. Finally, companies should
strengthen external cooperation and build a perfect cooperation
network to acquire knowledge, information, and other external re-
sources, break through internal resource constraints, and provide a
foundation for the simultaneous development of exploration and
exploitation.

7.3. The moderating role of knowledge management capability

This study finds that knowledge management capability moderates
the mediating mechanism of organizational learning through which
open innovation contributes to sustainable competitive advantage. In
line with the KBV that outlines the importance of knowledge in gener-
ating competitive advantage, this finding shows that the high level of
knowledge management capability can be an enabler helping open
innovation creates competitive advantage. Moreover, this finding con-
tributes to the open innovation literature by helping resolve the problem
of mixed findings on the relationship between open innovation and
competitive advantage: a firm with high level of knowledge manage-
ment capability can benefit from open innovation, but one with low
level of knowledge management capability may fail to translate open
innovation into performance.

Bearing in mind this important role of knowledge management
capability, managers should devote to the cultivation of knowledge
management capability when they take an open innovation strategy.
Moreover, the findings also suggest that knowledge management
capability can amplify the role of while organizational learning in terms
of exploration and exploitation as well as their ambidexterity, managers
need to strengthen their firms' knowledge management capability when
they tend to leverage organizational learning or configure the combi-
nation of explorative and exploitative learning. In sum, improving
knowledge management capability is an important task for mangers
who leverage open innovation to create sustainable competitive
advantage.

7.4. Limitations and future studies

This study has several limitations. First, this study only examines the
mediating effect of organizational learning. But, with the logic of SCC,
many kinds of competences take the roles of transforming open inno-
vation strategy into competitive advantage. Future research may explore
other mediation mechanisms such as dynamic capabilities, adaptive
capabilities, among others. Second, this study only examines the
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moderating effect of knowledge management capability to help resolve
the inconsistent findings on the relationship between open innovation
and competitive advantage. Future studies may further to resolve this
problem by investigating other factors (such as industrial factors,
managers' personalities, among others) that affect such relationship.
Third, the using cross section data collected by survey may be another
limitation, as it fails to interpret the temporal relationships among open
innovation, exploitative and exploratory learning, and sustainable
competitive advantage (Latan, 2018; Latan et al., 2019; Ullah et al.,
2018). Future works may employ panel data to examine these re-
lationships with considering the issue of endogeneity. Fourth, while the
data was collected from firms locating in the Yangtze River Delta region,
and the sample was relatively small, which may affect the generaliz-
ability of the conclusions to some extent.

The nomenclature of acronyms

Ol Open innovation

ERL Exploratory learning

EIL Exploitative learning

KMC Knowledge management capability
SCA Sustainable competitive advantage
OAB Organizational ambidexterity-balanced
OAC Organizational ambidexterity-combined
SCC Strategy-competence-competitive

KBV Knowledge-based view

RBV Resource-based view
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Appendix I. Survey questionnaire

Questionnaire items (5-point Likert scale: 1 “strongly disagree”; 5
“strongly agree”)

Open innovation: Over the last three years

1 Our company obtains a large number of technologies and patents
through external purchase.

2 Our company gets more technical experience from outside experts.

3 Our company often introduces external ideas and technologies into
internal R&D activities.

4 Our company often licenses and transfers technology and patents
to outsiders.

5 Our company often provides technical services to outsiders.

6 Our company is proactive in bringing its internal knowledge to the
external market.

Knowledge management capability: Over the last three years

1 Our company acquires knowledge from suppliers, customers
(feedback), and partners.

2 Our company can harness existing knowledge to develop new
knowledge.

3 Our company has an internal mechanism for knowledge
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dissemination and sharing.

4 Our company holds regular meetings to inform employees of the
latest innovations.

5 The employees in our company often share knowledge and ex-
change information, and summarize beneficial experience accumulated
in work.

6 Our company has systematic procedures or methods to apply new
knowledge to develop new products or services.

7 Our company can effectively manage and coordinate all kinds of
knowledge to serve the practical application.

Exploitative learning: Over the last three years

1 We upgraded current knowledge and skills for familiar products
and technologies.

2 We invested in enhancing skills in exploiting mature technologies
that improve productivity of current operations.

3 We enhanced competencies in searching for solutions to customer
problems that are near to existing solutions rather than completely new
solutions.

4 We upgraded skills in product development processes in which the
firm already possesses significant experience.

5 We strengthened our knowledge and skills for projects that
improve efficiency of existing innovation activities.

Exploratory learning: Over the last three years

1 We acquired knowledge of manufacturing technologies and skills
entirely new to the firm.

2 We learned product development skills and processes (such as
product design, prototyping new products, timing of new product in-
troductions, and customizing products for local markets) entirely new to
the industry.

3 We acquired entirely new managerial and organizational skills that
are important for innovation (such as forecasting technological and
customer trends; identifying emerging markets and technologies; coor-
dinating and integrating R&D; marketing, manufacturing, and other
functions; and managing the product development process).

4 We learned new skills in areas such as funding new technology,
staffing R&D function, training and development of R&D, and engi-
neering personnel for the first time.

Sustainable competitive advantage: Over the last three years

1 The quality of the products or services that our company offer is
better than that of the competitor's products or services.

2 Our company is more capable of R&D than the competitors.

3 Our company has better managerial capability than the
competitors.

4 Our company's profitability is better.

5 The corporate image of our company is better than that of the
competitors.

6 The competitors are difficult to take the place of our company's
competitive advantage.
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