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Abstract: This study explores the effect of coopetition on research and development (R&D) productivity
in two stages of the innovation process: (1) value creation to develop new technology and (2) value
appropriation to generate profits. Using a sample from the 2010 and 2014 Korea Innovation Survey,
we applied the propensity score matching methodology to control selective bias and the two-stage
network data envelopment analysis methodology to measure R&D productivity. Our findings indicate
that firms who cooperate with competitors in the value creation stage have relatively higher R&D
productivity than those who do not. In contrast, firms that pursue the coopetition strategy showed
relatively low R&D productivity in the value appropriation stage. Overall, this study provides a
better understanding of coopetition by demonstrating its various benefits, costs, and risks.
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1. Introduction

Firms pursue open innovation strategies to gain sustainable competitive advantage. It enables
them to adapt to rapidly changing circumstances, to cope with risks related to uncertain futures
and to achieve corporate sustainability, by pooling their resources and capabilities [1,2]. In addition,
as economic resources are shared and utilized in open innovation, an eco-efficiency for societal
sustainability can be obtained [3].

Global companies such as Sony, Samsung, Amazon and Air France have cooperated with
their competitors [4-6], and this type of collaboration happens in both high-tech manufacturing
sectors such as biotechnology, engineering and information technology [7-9] and services industries
including finances, tourism and transportation [10-12].

This fact suggests that it is necessary to break away from dichotomizing inter-firm relationships
among firms in cooperation or competition [13]. From this, researchers have invoked the necessity to
evaluate a new strategic option termed ‘coopetition’ [14,15].

Coopetition is a situation where mutual cooperation and competition occur simultaneously.
Companies collaborate with their competitors to grow conventional markets and to then maximize
their own profits through competition [16]. However, a coopetition strategy embracing the two
contradictory aspects of cooperation and competition would create a double-edged sword effect in
terms of corporate performance enhancement [17].

Although previous studies have tackled coopetition, the following gaps appeared in the research.
First, recent empirical investigations on coopetition are largely comprised of case studies.
As those qualitative case studies majorly aim to formulate hypotheses and develop theories,
quantitative empirical studies are required to further clarify the relationship between coopetition
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and firm performance [15,16,18]. Second, earlier research rarely addressed the bilateral effects that
a coopetition strategy can bring to a firm’s performance. Coopetition has the paradoxical nature
of simultaneous interplay between cooperation and competition. Thus, it is necessary to discuss
both the beneficial impacts of coopetition on firm performance and the accompanying costs and
risks [19-22]. Finally, limited implications exist regarding the effects of coopetition strategies on
corporate performance in the consecutive sub-phases of innovation process, especially in value creation
and value appropriation stages. The innovation performance of firms can be categorized into two
distinct and sequentially connected outcomes: technological advances at the value creation stage and
financial harvest at the value appropriation stage, which is the eventual result of innovation. Therefore,
in order to thoroughly understand the effects of coopetition on innovation performance, it is necessary
to classify the innovation sub-processes and analyze whether the coopetition strategy’s influence on a
firm’s performance varies with each sub-process [4,23,24].

In order to fill the aforementioned research gaps, this study analyzed the effect of coopetition on
research and development (R&D) productivity at two stages of the innovation process: (1) the value
creation stage to develop new technology and (2) the value appropriation stage to generate profits.
To identify those effects, this study evaluated 636 corporate samples, based on the 2010 and 2014 Korea
Innovation Survey (KIS), through a propensity score matching (PSM) methodology. For measuring
innovation performance, we used the two-stage network data envelopment analysis (DEA) methodology
and quantified the productivity performance of firms along the entire innovation process and the two
sub-phases. Then, we used the Mann-Whitney U and Wilcoxon signed rank test as a methodology for
identifying the differences between coopetition and non-coopetition groups.

The rest of this study is organized as follows. The literature review addresses the effects of
coopetition strategies on the performance of value creation and appropriation. The methods explain
the chosen research design and empirical methodologies, while the following section tackles the
empirical analysis results. The discussion displays the contributions of the results and their relationship
to previous findings. Finally, the conclusion includes the implications of this study and future
research directions.

2. Coopetition and Firm Performance

2.1. Inter-Firm Cooperation and Firm Performance

Innovation is an important source of competitive advantage of firms [25-28]. However,
firms sometimes struggle to achieve innovation through their own resources and capabilities [29,30].
In this way, companies may work with other entities to obtain external resources and capabilities
needed for innovation [31]. Through this cooperation, companies can access the inaccessible knowledge
and resources at a proper timing [32-34]. In the process of knowledge exchange, synergy is created by
combining new resources and knowledge with oneself to develop new technology [2,35,36]. In addition,
by combining the resources of one’s own and the other, it will provide a foundation for carrying
out innovative projects that require large and risky investments [37-39]. Abundant literature has
confirmed that a firm’s open innovation strategy, partnering with customers, suppliers, and universities
or institutes, promotes its innovation performance [40-42].

2.2. Coopetition and Firm Performance

On the other hand, due to the advancement of technology and the spread of information technology,
product life cycle has been shortened, and R&D cost and risk of product development have risen.
Such a highly competitive environment can lead to coopetition, a paradoxical situation in which
firms cooperate with their direct competitors to secure competitive advantage [1,43,44]. From a
resource-based view, competitors have similar resources and capabilities, because they operate in
overlapping markets centered on similar products. Focal firms are also able to leverage their mutual
capabilities and resources to diversify risks, achieve economies of scale, and improve productivity
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when they cooperate with direct competitors [45]. In addition, competing firms do not cooperate
only to capture profits limited to conventional markets, they also aim to expand market size or create
entirely new markets.

By deliberately delaying the collaboration process, competitors can cause focal firms to face a
‘hold-up’ situation in which they are not able to employ their knowledge and resources for other uses.
This may misleadingly encourage focal firms to contribute excessive expertise and resources [31].
Furthermore, competitors may exhibit this opportunistic behavior in coopetition in order to hold most
of the created value [17]. This opportunistic behavior may hinder the establishment of mutual trust,
a prerequisite for successful cooperation [23]. Moreover, balancing cooperation and competition
becomes more complex and an imbalance may lead to inefficient performance [46].

The contradictory situation in which competition and cooperation coexist is sometimes referred to
a ‘double-edged sword’ in corporate performance [17]. Previous empirical research studying the effects
of coopetition on performance also shows mixed results. Researchers have confirmed that coopetition
positively affects efficiency, such as labor productivity and cost savings. Coopetition has also appeared
to be a valid strategy for contributing to corporate return on equity (ROE) growth, and for achieving
radical and incremental innovation [19]. On the other hand, other studies have shown that coopetition
is more likely to fail than other types of collaboration and is not a viable strategy for achieving radical
innovation [40]. Based on the mixed results about the effects of coopetition on firm’s performance
and productivity, mentioned above, the following research question is raised.

Research Question 1: How does a coopetition strategy affect firms” R&D productivity?

2.3. Coopetition and Firm Innovation Process: Value Creation and Appropriation

Firms’ innovation process is not simply linear but comprises a variety of interconnected activities
through complex links and feedback loops. However, if the innovation activities of these companies
are more intuitively simplified, they can divide into two sequential steps: “Value Creation’ and ‘Value
Appropriation” [4].

In economic terms, ‘value’ is defined as the amount payable from the perspective of the
end consumer, but the value in the broader sense can be understood as social and private harvest by
investing in certain industrial innovations. [14,47]. Value creation refers to innovation activities that
increase the amount of these values, and value appropriation can be defined as firm behaviors that
captures financial performance from the value created by innovations. In other words, firms need to
focus not only on creating value through various kinds of innovation, but also on securing own profit
in the end [4,18,27,48].

2.4. Coopetition and Firm Performance in Value Creation Stage

From the perspective of game theory, coopetition is an activity that maximizes value creation
through cooperation among competitors, to enlarge the entire current market and secure each player’s
share through competition in the value appropriation stage. This value creation is the first part of the
innovation process, which includes activities such as R&D, testing, and learning-by-doing, and results
in new product development and process innovations. Coopetition enables firms to leverage mutual
resources and capabilities for risk reduction in R&D, economies of scale, higher R&D productivity,
and successful value creation, as competitors have similar resources [46]. In addition, cooperating with
competitors in R&D helps firms control unintended knowledge leakage and enhance the value
creation performance, through joint R&D, by maximizing the inward knowledge spillover from their
competitors [49-51].

On the other hand, the coexistence of cooperation and competition may hinder a firm’s value
creation by impeding the establishment of mutual trust, the premise of successful value creation. It also
complicates the balancing process between cooperation and competition, and sometimes leads to
conflict within the firm, resulting in fruitless cooperation and ineffective value creation [46,52,53].
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In this respect, some previous studies have confirmed that coopetition can have a negative impact
on a firm’s value creation performance. In particular, coopetition has no significant impact on new
product development performance. Additionally, cooperation with other partners, such as suppliers
or customers, has a positive impact on the novelty of a product, while cooperation with competitors
can have a negative impact and can undermine radical innovation [40].

On the contrary, numerous evidence-based studies insist that coopetition positively influences a
firm’s value creating performance, such as the development of new products with high novelty levels,
radical innovation, establishing industry standards and platforms, and architectural innovation [54].
Thus, prior literature shows mixed results regarding the effect of coopetition on performance in the
value creation stage. As the previous studies about how coopetition strategy affects firm’s performance
and productivity in value creation stage do not show aligned consequences, a research question below
is posed.

Research Question 2. How does a coopetition strategy influence firms’ R&D productivity at the
value creation stage?

2.5. Coopetition and Firm Performance in Value Appropriation Stage

At the value appropriation stage, each participant in the coopetition tries to seize the created value.
This value appropriation activity corresponds to the later part of the innovation process and can be
defined as financial performances, such as sales and operating profit based on new products and
process innovation performance [55,56].

Marketing information on the focus market is essential to capture the created value.
Such information can be obtained from customers, suppliers, or competitors. However,
market information obtained through cooperation with customers is myopic and poorly predictive [57].
Besides, suppliers do not play a major role in promoting focal firms’ market performance, because their
distance from the market is greater than the focal firms’ [58].

On the other hand, competitors operate in a same market context and take a similar approach;
thus, in cooperation with competitors, firms acquire the closest external knowledge to the market [45].
In other words, companies can work together with competitors to acquire the market information
necessary for product sales and marketing and improve market-based financial performance [59].

Furthermore, firms maximize the utilization of pooled resources through co-branding and
cross-selling with competitors in the stage of value appropriation and create high market performance.
Companies create new markets through coopetition, thereby broadening consumer choice and
promoting financial performance [60]. This theoretical explanation is supported by several empirical
studies showing that coopetition positively influenced an increase in sales under firms’ same input levels,
market performance based on innovative products, market share expansion, and a radical change in
business model [61].

However, if the appropriability regime is too weak to secure the value created through the
process of cooperating with competitors, or if no proper strategy exists to differentiate the jointly
created products, then the value appropriation of the focal firms will be hindered [31]. This issue
intensifies if a superior reputation or brand image is not present. Also, the unintended leakage
of knowledge, arising from the process of coopetition, can strengthen the competitors” position in
the market. This may ultimately lead to a deterioration in market performance [59].

In this regard, empirical studies agree that coopetition can hinder a firm’s value
appropriation performance. A strong partnership with competitors can have a negative impact
on ROE based on innovation performance. Collaboration with customers and suppliers has a positive
impact on the proportion of sales based on innovative products, but this does not occur when working
with competitors [41,62]. Tsai and Hsieh [63] have also demonstrated that, when a firm cooperates
with competitors, the higher the technological competence of the focal firms, the lower the percentage
of sales from innovative products. Since the prior literature connecting collaboration with competitors
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and the firm’s performance and productivity does not demonstrate a conversed conclusion, the third
research question is brought up.

Research Question 3. How does a coopetition strategy influence firms” R&D productivity at the
value appropriation stage?

3. Methods

3.1. Research Design

The aim of this study is to compare firm performance in terms of R&D productivity contingent
on whether firms cooperate with their competitors throughout the innovation process. To answer
three research questions demonstrated in the literature review, an analysis procedure was set as shown

in Figure 1.
Data selection & Productivity calculation
Data collection Propensity Score Matching Comparative analysis
Data collection = Select data under covariate variables = o s
______________________________ - Analysis for each wave Nonparametric statistics
= KIS2010 (KIS 2011, 2014)
Coverage 2007- 2009 " =  Mann-Whitney’s U test
. KIS2014 - 2-stage Network DEA =) -

=  Wilcoxon signed rank test

Coverage 2011-2013
= Calculate for consolidated data

Figure 1. Diagram of analysis procedure.

The reasons for designing this research procedure are as follows. First, relatively few examples of
firms that cooperate with competitors exist compared to those that do not. However, this study used
two waves of KIS to collect a sufficient number of samples. Second, for accurate R&D productivity
comparisons in the coopetition and non-coopetition group, the firms’ internal and external conditions,
such as size, innovation strategies, and industrial characteristics, should be set identical. This required
the control of endogeneity and intrinsic factors in the experimental and control group samples. We used
the PSM methodology, a statistical sample selecting technique, to attempt to control sample selection
bias and causal inference. Lastly, we used the two-stage network DEA methodology, comprised
of inputs, intermediates, and outputs, to measure the productive efficiencies in the value creation
and appropriation stages. This research defines the value creation stage as creating output, such as
technology and knowledge, by inputting the financial resources and internal capabilities of the firm.
The value appropriation stage is defined as deriving the financial outcome from the inputs and outputs
of the value creation stage.

3.2. Methodology

3.2.1. Propensity Score Matching

For an accurate comparison between the coopetition group’s and the non-coopetition
group’s performance, we controlled the internal factors of each. This was essential to
verify the coopetition strategy’s real effect on the performance of the firm. For instance,
a firm may conduct cooperative R&D with other types of partners, such as suppliers,
customers, or university/research institutes, while it collaborates with its competitors. Moreover,
complement factors, such as R&D capacity, firm size and historical performance, may affect the firm’s
performance, and this makes the net effect of the coopetition strategy on the firm’s performance more
imprecise [64].

Therefore, a non-coopetition group, with similar attributes to that of the coopetition group
(experimental group), was set as a control group. The PSM was the proper methodology to achieve this.



Sustainability 2020, 12, 7993 6 of 18

The underlying logic of PSM is to form a control group by extracting samples containing the most similar
characteristics and conditions as the samples in the experiment group. Specifically, the control group
was established through the following procedure. The propensity score of each sample was calculated
based on the observable covariates of the non-coopetition samples. Based on this, a sample with the
most similar conditions to the specific sample in the experimental group was selected, paired with
the sample, and included in the control group. From this, PSM can control the selective bias problem
that might inaccurately estimate the real effect of the treatment [65].

3.2.2. Two-Stage Network DEA

DEA, developed by Charnes, Cooper, and Rhodes [66], is used to measure the relative productive
efficiency of peer decision-making units (DMUs), which consist of multiple inputs and outputs,
by estimating the ratio of weighted outputs to weighted inputs and comparing it with other DMUs.
Since DEA is a non-parametric approach, it does not require any assumptions on the functional
form [67,68]. The two-stage DEA is a methodology, introduced by Seiford and Zhu [69], for evaluating
DMUs through two-stage processes with intermediate measures. In the practical world, it is hard to
reflect the presence of intermediates from the direct connection between inputs and outputs [70]. Thus,
the two-stage DEA can reveal the real world more adequately and offer practical insights into the
productivity of firms [71]. Seiford and Zhu [69] applied the Banker’s equation in a two-stage DEA model,
using output-oriented variable returns to scale (VRS) for solving the scale efficiency problem, which is
incurred from the large differences in DMUs’ scales. Many studies have used two-stage DEA for
analyzing an organization’s productivity or efficiency in various research areas, such as banking,
renewable energy, and innovation management [70,72,73].

3.3. Sample and Variable

As stated previously, to obtain sufficient sample numbers, this study used two waves of KIS,
a survey that comprehensively encompasses information related to innovation activities, outcomes in
terms of innovation and market performance, and business circumstances. Its objective is to support
evidence-based policy making in Korean firms’ innovation promotion by providing survey data.
The survey, which is approved by the government agency “Statistics Korea”, follows the terms and
definitions documented in the Organization for Economic Cooperation and Development (OECD),
Oslo Manual (3rd edition), and borrows main questionnaires from the Community Innovation
Survey (CIS). Thus, the KIS provides reliable and proper data for firm-level empirical research [42,74].
KIS 2010 covers the innovation activities from 2007 to 2009 and KIS 2014 is a questionnaire covering 2011
to 2013. By using two waves of KIS, we intended to increase the reliability of the results by analyzing
data that are long enough. In addition, detailed financial data were collected from KISVALUE, which is
a financial database. To create control groups, we conducted PSM twice: once for pairing coopetition
and non-coopetition samples in KIS 2010, and then for coupling coopetition and non-coopetition
samples in KIS 2014.

Based on the added value of the manufacturing industry in 2019, Korea is the world’s 5th
largest industrial producer [75]. Korean manufacturing firms are improving their technological
competitiveness in the global market, and their influence in the international economic market is
gradually increasing [76]. Accordingly, Korean manufacturing firms are attracting academic interest in
various management fields such as innovation, strategy, etc., of the FT 45 Journal, and many empirical
studies have also been published. [77,78]. From this, it is considered that empirical research for Korean
manufacturing firms has sufficient academic value for the study of technology management.

The covariates used in PSM were selected as follows. ROA, ROE, and leverage, which are prior to
innovation activities and financial indicators, are considered to reflect past financial characteristics.
The values for those covariates correspond to the year prior to innovation activity. We collected the
sample firms’ 2006 financial data in KIS 2010 from ROE, ROA, and Leverage in the KISVALUE database,
because KIS 2010 covers firms’ innovation activities from 2007 to 2009. We collected 2010 data from the
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samples in KIS 2014, which covers from 2011 to 2013. Furthermore, to control a firm’s internal and
external attributes, the firm size, obstacles for innovation, appropriability regime, and technological
level of industry it is involved in were taken into consideration as covariates. To control other strategic
characteristics during the innovation process, we also considered collaboration with other types
of partners, and performing other innovation activities other than product and process innovation
as covariates. The definition of the variables, measurement, and the results of the PSM balancing test
are included in the Appendices A and B.

As described above, this study measured the R&D productivity of the innovation process
and divided it into two stages using the two-stage network DEA methodology: value creation
and appropriation. For analysis, we used three types of variable: (1) the input (first stage),
(2) the intermediate (result of the first stage and investment for second stage), and (3) the output
(consequence of second stage and entire innovation process). Based on those variables, we calculated
two productivity values for each sample. Figure 2 illustrates those variables along the entire
innovation process.

R&D Productivity
Inputs Intermediates Outputs

.. = Number of

= Training Expense
» product patent ’ = Sales

= Capital Expenditure

P P = Number of = Operating Income
= R&D Expenditure process patent

Value Creation Stage Value Appropriation Stage

Figure 2. Productivity measurement in innovation processes.

The value creation stage’s input indicators included innovation-related investments, such as
training expenses, capital expenditure, and R&D expenditure. The three input indicators for 2007 were
taken into account for the KIS 2010 sub-samples, and the values for 2011 were considered for the KIS
2014 sub-samples. The number of applied patents related to product and that concerned process were
considered the output indicators in the value creation stage. Those patent numbers were calculated by
summing up the numbers of relevant applied patents during the survey’s target period. For example,
for the samples collected in KIS 2010, we summed the number of patents applied from 2007 to 2009 to
derive the value of each type of patent output variable.

In the value appropriation stage, both input and output indicators of the value creation stage
were considered as the input. The sales and operating income were output indicators in the
appropriation stage. This analysis assumed the existence of a two-year time-lag between a firm’s
innovation activities and their financial outcome. In KIS 2010, the output indicators were financial data
for 2009. Regarding the values of financial outcome variables for the KIS 2014 sub-samples, the 2013
numbers in KISVALUE data were matched. Other variable values, except for those financial variables,
were collected from the KIS. We listed the source and year of values for all the variables used in this
research in Appendix A.

4. Results

4.1. Descriptive Statistics

Table 1 shows descriptive statistics of the variables used in this research. The numbers statistics
include the DEA variables and the PSM covariates. The covariates statistics display the selected
samples after PSM methodology procedure.
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Table 1. Descriptive statistics.
Variable Mean Std.Var Min Median Max
Training 311,422,959 1,159,299,216 0 22,838,000 15,300,000,000
Input Capital Exp 2,937,686,764 9,387,748,055 0 768,000,000 190,000,000,000
R&D Exp 3,669,388,154 14,794,236,493 0 499,500,000 176,000,000,000
DEA Prod_patent 38 246 0 2 4723
Immediate
Proc_patent 9 89 0 0 1800
Output Sales 424,259,481,769  1,744,062,437,385 1,323,422,000 86,832,146,000  27,000,000,000,000
Operating Income 321,754,718,793 178,663,049,713 1 296,385,000,001  3,443,000,000,001
Group variable Coopetition 0.5 0.5 0 0.5 1
ROA 5.573567 10.40268 -71.114 4.749306 86.63258
ROE 11.74681 26.31503 —286.921 10.95723 186.38
Leverage 0.541882 0.317271 0.012343 0.544877 6.148143
Size 5.510895 1.150836 1.94591 5.413873 10.13888
Covariates for PSM Other cooperation 0.855346 0.352029 0 1 1
Other innovation 0.855346 0.352029 0 1 1
Innovation obstacle 0.376208 0.20676 0 0.402083 1
Appropriability regime 0.387114 0.242627 0 0.371429 1
Level of technology intensity 0.633648 0.482187 0 1 1

n = 636; Training = Training Expenses. Capital Exp. = Capital Expenditure. Prod_Patent. = Patent through product innovation. Proc_Patent. = Patent through process innovation.
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Table 2 shows the correlation between DEA variables. Sales and operating income, which are the
variables related to firms’ financial performance, have a significant correlation with facility investment
and training expenses, but no statistical significance with R&D expenditure. However, R&D expenditure
and both types of patent application have a significant positive correlation. Moreover, product-related
patents show a significant positive correlation with process-related patents, which means that the firms
perform both product innovation and process innovation simultaneously.

Table 2. Pearson correlation matrix.

Training Capital Exp R&DExp Prod_patent Proc_patent Sales ()1

Training 1
Capital Exp 0.58 *** 1
R&D Exp -0.02 -0.03 1
Prod_patent -0.04 -0.05 0.69 *** 1
Proc_patent -0.04 -0.04 0.60 *** 0.59 *** 1
Sales 0.81 *** 0.49 *** -0.02 -0.04 -0.04 1
(@)1 0.84 *** 0.49 *** -0.01 -0.02 -0.01 0.91 *** 1

p-value: *** < 0.01, ** < 0.05,* < 0.1.

4.2. Comparative Analysis Results

Table 3 shows the comparison and verification results of the difference in R&D productivity
depending on whether firms pursue coopetition in each innovation process stage. We implemented
the Mann-Whitney U test for this analysis. Since the productivity score calculated by DEA cannot
be used in parametric statistics methodology, a non-parametric test was performed by ranking the
productivity score. Therefore, sample firms with high productivity have lower rankings and group
with lower average rankings is more efficient.

Table 3. Research and development (R&D) productivity throughout value creation and
appropriation stage.

2-Stage Strategic Position N Average of Ranking ~ Sum of Ranking V4
. Non-coopetition 318 336.19 106907
Val t t. _ *k
alue creation stage Coopetition 318 300.81 95659 2449
L Non-coopetition 318 294.85 93762
Val t t - it
alue appropriation stage Coopetition 318 342,15 108804 3.246

p-value: *** < 0.01, ** < 0.05, * < 0.1; Value creation stage: Mann-Whitney’s U (44938), Wilcoxon’s W (95659);
Value appropriation stage: Mann-Whitney’s U (43041), Wilcoxon’s W (93762).

Results of the ranking comparison between coopetition and non-coopetition groups in the value
creation stage show that the coopetition group is more productive than the latter group at the 2%
significance level (z-value 2.449). On the other hand, in the value appropriation stage, firms that
perform a coopetition strategy are less efficient than non-coopetition groups at a 2% significance level
(z-value 3.246).

These results demonstrate that firms that pursue the coopetition strategy in the value creation
stage perform R&D activities more efficiently than the non-coopetition group. However, in the value
appropriation stage, the R&D productivity of firms performing a coopetition strategy is lower than
that of non-coopetition groups.

Table 4 shows the analysis results regarding how the R&D productivity of the coopetition
and non-coopetition firms changes in the sequential innovation process from value creation to
value appropriation. This table is the result of Wilcoxon signed rank test. The coopetition group
showed a decrease in R&D productivity during the process from value creation to value appropriation,
which was confirmed with the significance level of less than 2% (z-value —3.582). On the other hand,
regarding the non-coopetition group, productivity deterioration during the innovation process from
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value creation to value appropriation did not show a statistically significant level. The sample analysis
as a whole indicates that productivity declines at the value appropriation stage, which is confirmed
with a significance level of 10%. These results show that a firm’s coopetition strategies can have a
negative impact on corporate productivity at the value appropriation stage.

Table 4. R&D productivity throughout value creation and appropriation stage.

Value Appropriation Stage — Value Creation Stage

Z

Sign N Average of Ranking Sum of Ranking

Positive 155 200.33 31051.50

Coopetition Group Negative 162 119.45 19351.50 —3.582 ***

Same 1

Positive 124 189.07 23444.50

Non-coopetition Group Negative 193 139.68 26958.50 -1.076

Same 1

Positive 279 391.19 109142.00

Overall Negative 355 259.59 92153.00 -1.841*

Same 2

p-value: *** < 0.01, ** < 0.05, * < 0.1.

5. Discussion

As the results showed, the R&D productivity in the coopetition group is higher than the
non-coopetition group at the value creation stage and lower in the value appropriation stage.
Firms that cooperate with competitors in the value creation stage have relatively higher R&D
productivity than otherwise. In other words, cooperation with competitors achieves higher innovation
performance under the same resource conditions. As competitors have similar knowledge and resources,
they also use it in similar ways. Thus, companies can share the required resources and capabilities
to create technological breakthroughs through coopetition. Moreover, if strong competition and
strong cooperation exist simultaneously, the stability of solidarity with competitors strengthens and
creates common values. This result is supported by previous studies [54,79]. However, in the value
appropriation stage, the coopetition firms showed relatively low R&D productivity. In other words,
coopetition under the same resource conditions creates comparably poor market performance
than otherwise. Coopetition poses a variety of risks, including loss of competitive advantage
due to unintended leakage of knowledge and failure to secure adequate value due to partners’
opportunistic behaviors. Moreover, coopetition aims to develop products that open new markets,
rather than to enhance sales based on conventional markets. Thus, coopetition may have a negative
impact on market performance in the securing of value (sales). Similar results have also been
demonstrated in several previous studies [7,52,80]. These elaborations imply that coopetition is a more
effective strategy in creating value for innovation; however, this is not the case in value appropriation.
In other words, as previous studies have claimed, coopetition is a “double-edged sword” with regards
to a firm’s performance [17].

This study contributes to current coopetition research as follows. First, as the coopetition strategy’s
impact on performance was analyzed by an empirical-quantitative method, it helped to identify the
practical validity of the theories presented in previous conceptual and exploratory research. Second,
in contrast to prior literature that separately examined the unidirectional effect (e.g., positive or
negative) of a coopetition strategy on firm performance [16,20], this study discussed various influential
aspects of coopetition, such as benefits, cost, and risk. In other words, it provides a comprehensive
view of the relationship between coopetition and performance. Finally, our results indicated that a
coopetition strategy has a positive effect on R&D productivity at the value creation stage and a negative
effect at the value appropriation stage.
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6. Conclusions

This study evaluated the coopetition strategy’s effect on R&D productivity at two innovation stages:
value creation and value appropriation. Although previous literature explaining the effect of coopetition
on firm performance exists, it rarely empirically tackled the bilateral effects that coopetition can bring
to the innovation process.

Through our research, we extended the understanding of coopetition strategies as follows.
First, we confirmed the forecasted phenomena presented in conventional exploratory and empirical
research based on qualitative case studies, clearly showing how a coopetition strategy influences firm
performance in the business field. Second, we examined the various effects of coopetition strategies,
such as benefits, cost, and productivity as performance under the same cost conditions. Based on this,
we presented a more comprehensive view of the coopetition effect on firm performance. Third,
we examined the effects of coopetition on a firm’s performance through each stage (value creation
and appropriation), the consecutive sub-phases of the innovation process. We found that coopetition
can contribute to productivity improvement at the value creation stage, but not at the value
appropriation stage. In other words, firms are required to formulate how they capture created
values to be successful in the coopetition strategy. For this, appropriability regimes such as patenting,
lead time, trade secret, and investment in complementary assets should be established [73].

On the other hand, this research has the following limitations. This study analyzed the effects of
coopetition strategies on productivity, but the research scope was limited to cooperation in product
and process innovation. The coopetition for organization and marketing innovation could be a
strategic mean for enhancing innovation capability, but our analysis did not address this mechanism.
Furthermore, the case of cooperation with competitors from different countries was not considered
in this analysis. Since the inherent factors arising from organizational differences are closely related
to knowledge exchange, these issues should be considered in perspective of the productivity. In this
respect, previous literature suggested appropriate hazards, technological traits and organizational
differences as factors resulting in failure. An empirical analysis of how these elements can affect the
relationship between coopetition and performance can provide important implications for future
coopetition research.
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Appendix A Variable Measurement

Category Variable Description Year Unit Source
- Training Financial status 2007 (KIS 2010) KIS
pu Capital Exp Financial status 2011 (KIS 2014) Won  VALUE
DEA R&D Exp Financial status
) Prod_patent Patent through product innovation Sum of 2007-2009
Immediate Sumof2011-2013 ™
Proc_patent Patent through process innovation um o B KIS
Sales Financial status 2009 (KIS 2010)
Output 2013 (KIS 2014) Won
Operating Income Financial status
2007-2009 (KIS 2010
Group variable Coopetition 1 if the firm cooperate with competitor, else 0 20112013 EKI $201 4)) Dummy
ROA Return on Assets in previous year
o . 2006 (KIS 2010) KIS
ROE Return on Equity in previous year i
quitymp y 2010 (KIS 2014) Ratio yALUE
Leverage Ratio of total debt to total asset in previous year
Covariates for PSM Size Logarithm of number of employees
Other cooperation 1 if the firm cooperate with other organization (except for competitor), else 0 Dummy KIS
. . 1 if the firm efforts to other innovation activities except for product & process 2007-2009 (KIS 2010)
Other innovation . K 2011-2013 (KIS 2014) Dummy KIS
innovation, else 0
Innovation obstacle Ratio of 1mp'0rtan.t 4 hampe?r.mg factors t.o mnov.atlon over total score Ratio KIS
(financial, capability, market, innovation needs)
Appropriability Ratio of important appropriation methods over total score Ratio KIS
regime (patent, secrecy, lead-time, complexity of design)
Level of technology . . e .
High-tech or Low-tech industry base the classification from OECD - Nominal KIS

intensity
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Appendix B PSM Results
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