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utilization more efficiently.

1. Introduction

Research and Development (R&D) activities are of utmost importance for any company’s
involvement in innovation. Companies worldwide keep investing in R&D to sustain inventions and/or
innovations that lead them to perform better in the industry where they belong. Innovations are
increasingly seen as fundamental to the competitiveness of enterprises and economies [1]. The
ability to be innovative in product, process, or both, gives companies a competitive advantage. For
example, chemical companies use high technological capabilities and innovative products to keep
them in competition and depend heavily on product innovation to maintain their competitive
advantage [2]. As a result, the chemical industries’ investment in R&D activities is high [3,4]. The
chemical industry also has promising potential [5,6]. According to Japan Chemical Industry
Association (JCIA), it is the second largest sector among manufacturing industries that contributed to
Japan's economy in 2016. The global chemical industry sales increased by 121%, from €1.458 trillion
in 2004 to €3.232 trillion in 2014 [3,4]. Globally, investment in R&D for the chemical industry has
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been increasing for the past decades. Although the Japanese chemical company’s R&D spending
intensity was the highest globally, the sales did not grow in proportion to the global sales. There is
evidence from previous studies that stated R&D expenditures have a positive impact on sustainable
corporate growth at the firm level in selected organization for Economic Co-operation and
Development (OECD) countries [7].

The level of innovation within the company can also be considered as an output of the investment
in the R&D besides the level of sales. During 2004-2014, Japanese chemical companies filed over
40,000 patent applications annually, and around 9,000 were published annually, on average [3]. It
shows the technological competencies of the Japanese chemical companies, even though they have
not been as competitive in terms of sales over the decade. Traditional innovation guides companies
to do all the jobs independently from idea generation until market penetration for a long time. In
contrast, because of the complexity of modern technology, even large companies find it challenging
to develop new products alone [8]. Innovation focuses on developing new or improved products and
processes, new services, marketing, branding and design methods, and new forms of business
organization and collaborative arrangements. Open innovation (Ol) is one of the best solutions for
solving problems related to developing new products [9-12]. Hagedoorn et al., [13], and Ldopez [14]
have pointed out that Ol involves cooperation with external partners, and cooperation with external
partners can be necessary as both parties need to agree on their mutual benefits. Both parties need
to be benefitted from cost- and risk-sharing opportunities. Vanhaverbeke and Cloodt [15] have
argued that the resources and capabilities of different organizations can be brought together through
Ol to offer value to the targeted customers. As a result, the companies have to rely heavily on
partnerships with external companies and sometimes with competitors. In Ol, exploring and
exploiting technology skills are critical [16,17]. Festel [18] has argued that chemical companies
depend on effective and efficient Ol to compete in the global market. This paper tries to investigate
the competencies of Japanese chemical companies in the exploration and exploitation of technology
to make the Japanese chemical industry competitive again.

The rest of the paper is organized as follows. Section 2 consists of a literature review, which is
followed by hypotheses development. The methodology is described in section 3. The results of the
study and the findings are in Section 4. Conclusion and recommendation follow in section 5.

2. Literature Review
2.1 Open Innovation

Chesbrough [19] has defined open innovation as the purposive inflows and outflows of
knowledge to accelerate internal innovation and expand the markets for external use of innovation.
Compared to the closed innovation model, the Ol model is more complex as Ol takes into account
several external activities [20]. Gassmann and Enkel [21] have proposed Inward-Ol and Outward-Ol
as the two core paths of Ol. They defined Inward Ol (an outside-in path) as enabling ideas to flow
from outside the organization and later combined with internal ideas to complete research and
development activities. On the other hand, an inside-out path (Outward Ol) allows new or underused
internal ideas to go outside the organization for others to use in their research and development
activities [21-24]. Industries are more prone to be engaged in Ol if they are characterized by global,
technology intensity and knowledge leveraging [25]. Wang et al., [26] have argued that Ol was
operationalized along two dimensions: technology exploitation and exploration. Exploration and
exploitation can be referred to as the outward Ol process and inward Ol process, respectively, as had
been proposed by Hafkesbrink and Schroll [16] and Chesbrough and Crowther [27]. Stejskal and Hajek
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[28] confirmed that both internal and external collaboration significantly contributes to the creation
of innovation.

2.2 Technology Exploration and Inward Open Innovation

Exploration of technology is the ability to develop and utilize new resources and competencies
[29]. Chesbrough and Crowther [27] have referred to the Inward Ol (exploration) activities as the
ones stemming from external sources of knowledge, which enhance and complement internal
technological capabilities. Technology exploration relates to innovation activities to capture and
benefit from external sources of knowledge to enhance current technological developments [30,31].
Merger and acquisition of company [32,33], inward licensing of intellectual property [8,20,34,35],
and establishment of external networking [27,30,36] are famous practices in technology exploration.
A study by Stejskal et al., [1] in the Czech machine industry stated that systematic partnership and
collaboration could make valuable ideas either inward or outward the enterprise and improve the
enterprise's overall performance.

2.3 Technology Exploitation and Outward Open Innovation

Duysters and Lokshin [29], Greve [37], and Hafkesbrink and Schroll [16] have defined exploitation
as the ability to make efficient use of existing available resources. Technology exploitation implies
innovation activities to leverage existing technological capabilities outside the boundaries of the
organization [17,23,38,39]. Outward Ol (exploitation) is associated with the commercialization phase
of the innovation process, whereby companies outsource the market expansion to external
organizations that are better suited to commercialize existing technologies [27,40]. Venturing [41,
42], outward patent licensing, and selling out patents [8,43,44] are standard practices in technology
exploitation.

2.4 Patent Citation

Backward and Forward Patent citations are part of the legal patent process wherein the patent
applicant has to disclose any knowledge of ‘prior art’ amongst previous patents [45]. Citation
information is one of the most critical parts of patent data because it can be used for various
purposes, including tracing the technology development process and evaluating a patent's
importance [46]. The citation number of a patent can also be linked to the market value of the
company owning the patent and the value of the technology [47]. They also concluded that patents
with high citations improve stock price performance. There are two types of technology development
flow in the patent citation: backward citation and forward citation [45,48,49]. Figure 1 shows the
patent citation network.
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Fig. 1. Patent citation network
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References made to previous patents are called backward citations, and references received from
future patents are called forward citations [50,51]. For backward patent citation, the prior art is
collected during the examination process and listed on the patent document to prove the novelty
[52,53]. On the other hand, references received from future patents are called forward citations.

2.5 Hypotheses Development

Ol is increasingly recognized as a critical source of the company’s innovativeness by providing
access to external knowledge [29] and is essential for companies' sustainability and gaining
competitive advantage in most business environments [10]. For example, Mitsubishi Chemical
Holding Corporation (MCHC) actively invests in R&D and collaborates with universities, public
institutions, and venture companies. MCHC also acquired many potential ventures for the past
decade to keep competitive in the market.

The summary of the previous literature on technology exploration and exploitation is in Table 1.
Each research used various theories to analyze open innovation practices and patent activities.
However, the complete combination of theories between open innovation practices and patent
activities is less frequently used and needs better clarification. Thus, this study combined open
innovation practices and patent activities in the research framework.

Table 1

Theory from a previous study on technology exploration and technology exploitation
Collaboration M&A and Backward Establishment Patent Forward
and patent patent of new assighment, &  patent
partnership acquisition citation ventures divestitures citation

Chesbrough and v v v v

William [20]

Gassmann and Enkel v v v v

[21]

Abulrub and Lee [56] Vv v v v

vande Vrandeetal, v v v v

[31]

Lichtenthaler [39] v v

lietal., [64] v v v

Breitzman and v v v

Thomas [73]

Hall et al., [47] v v

This study focuses on the competency of Japanese Chemical companies in technology exploration
and exploitation and their impact on the firm performance (refer to Figure 2). As has been discussed,
technology exploration and exploitation can be in different forms, and we will test the impact of
those individual activities.
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Technology Exploration

Partnership and Collaboration
*Company / Patent Acquisition
*Backward Patent Citation

Company
Performance

Technology Exploitation

*New venture / Spin-off
*Divestiture / Patent Reassignment
*Forward Patent Citation

Fig. 2. Conceptual framework
2.5.1 Technology exploration

A company can establish a joint venture with other companies to commercialize technologies and
jointly develop technologies with external partners such as universities or other companies [16,31,
54,55]. We can include joint ventures and development in technology exploration activity [56].

Hia: Broad collaborations and partnerships improve technology exploration competencies.

Buying a patent license (patent acquisition) from external partners is one of the ways to become
an owner of technologies or patents [35,57-59]. Indirect purchase of technologies and patents can
happen in merger and acquisition (M&A) deals [60-62]. A company can acquire companies with
promising technologies in the case of having difficulty in-house development thru M&A deals.

Hip: Frequent M&A and patent acquisition improve technology exploration competency.

A patent application must cite all ideas that precede the patented idea. Most of the research
focused on an area related to a valuable patent is more likely to result in more citations to the original
patent [63]. Backward citations are patents that are cited by a specific patent. Once a company cites
a patent from the past, it means the past patented technology is essential in developing the present
technology within the company and will be important in the future. Backward citation helps the
patent owner or applicant identify potential technology that might suit the owner or applicant's
solutions [64]. The patent cited can be included as one of the technology exploration proxies.

Hic: Higher backward patent citation increases the patent value and improves technology exploration
competency.

2.5.2 Technology exploitation
Creating new ventures or spin-offs based on internal knowledge and with all the support from
the parent company or organization shows the competencies of technology exploitation

[21,23,38,55,65,66]. This way, a company can transfer the internal technology to another party. The
frequent new ventures will have an impact on the internal R&D of the firm.
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H.a: Frequent establishment of new ventures improves technology exploitation competencies.

A company can sell unused or underused patents to exploit internal technologies to another party
instead of commercializing using its internal resources to establish the new venture. Previous patent
owners will also receive payment from the new owner (reassigned) after changing ownership
[19,54,67-69]. Divestiture is a business unit's partial or complete disposal through sale, exchange,
closure, or bankruptcy. A divestiture mainly results from the management’s decision to cease
operating a business unit because it may not be part of core competency [21,67,70].

Hp: Frequent patent reassignments, spin-offs, and divestitures improve technology exploitation
competencies.

Using patent citation data, companies can identify their technology or knowledge flows. The
knowledge can flow in the same specific technological field or to unrelated technologies fields [71].
Patent citations in the past can be a good indicator of incremental technology needs or demand in
the future. A patent citation analysis can improve the identification of potential patent users for
specific industries [49,63,64]. Forward citation of patents is a patent being cited by another patent.
Patents cited more frequently than others in the portfolio can be viewed as relatively more valuable
[46,53,72]. liet al., [64] and Breitzman and Thomas [73] argued that the company listed in the patent
citing would likely be a future assignee of technology transfer.

Hac: Higher forward patent citation increases the patent value and improves technology exploration
competency.

2.5.3 Company performance

Financial performance is one way to measure company performance in open innovation [74,75].
Previous studies in open innovation performance used accounting measurement to measure
company performance, whereas studies by Ahn et al., [76] and Hwang and Lee [77] used company
sales to measure company performance. This study used two types of measurements to represent
company performance. Return on Net Operating Assets (RNOA) captures the return on the
company’s assets generating revenue. It is a good indicator of how well a company uses operating
assets to create profit, and RNOA is key to predicting future company performance. The second
performance measurement is the stock price change. The effect of implementing open innovation
sometimes cannot be measured in accounting terms. Stock price change has been used as
performance measurement several times in previous studies related to innovation activities
[63,78,79]. Accounting measurement is reported quarterly and annually, and accounting
measurements do not capture long-term impact. Stock price for listed companies changed on a daily
basis based on the information available. The changes in price indicate the performance of the
company. The stock price tends to increase when the company provides positive information and
stock price also tend to decline when the company performances are unsatisfactory.

Table 2 summarizes the hypotheses developed and the expected impact of the factors on the
Return on Net Operating Assets (RNOA).
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Table 2
The expected impact of the factors on the Return on Net Operating Assets (RNOA)
Factors Notation Measurement Hypothesis Expected effect
on RNOA
Collaborations and CP Frequency Hia Positive
partnerships
Technology M&A and patents acquisition ~ MAP Frequency Hib Positive
Exploration
Backward patent citation BPC Number of Hic Positive
citations
Establishment of new NV Frequency Haa Positive
ventures
Technology Patent reassignments, spin- RSPD Frequency Hab Positive
Exploitation off divestitures
Forward patent citation FPC Number of Hac Positive
citations

3. Methodology
3.1 The Models

We tested the effect of both Technology Exploration and Technology Exploitation on the firm's
Return on Net Operating Assets (RNOA). Ceteris paribus,

Return on Net Operating Assets (RNOA) = f (Technology Exploration, Technology Exploitation)
This relationship is further divided into the following models for clear understanding
For technology exploration
ARNOA;; = ay + B,CP + B,MAP; + B3BPCj; + uj; (1)

where, CP,;, MAP;; and BPC;, are Collaborations and partnerships, M&A and patents acquisition and
Backward patent citation for companyiin timet.

For technology exploitation
ARNOAi’t = (Xl + YlNVit + YZRSPDit + Y3FPCit + Sit (2)

where, NV;;, RSPD;; and FPC;; are new ventures, Patent reassignments, spin-offs, divestitures, and
Forward patent citations for company i in time t.

3.2 Sample and Data

Samples for this study are selected from Japanese chemical companies for the financial year 2006
to 2014. Thomson Reuters Business Classification (TRBC) and Japan Standard Industrial Classification
(Rev. 13, October 2013) Structure and Explanatory Notes are used to identify Japanese chemical
companies. For TRBC classification, chemical companies classified under the basic materials sector
and chemical industry group are used. Using Japan Standard Industrial Classification, chemical
companies belonging to Division E Manufacturing are selected. Division E comprises establishments
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that manufacture and wholesale new products by rendering physical and/or chemical changes to
organic or inorganic substances. Only Japanese chemical companies listed on the Tokyo Stock
Exchange are selected. 19 listed Japanese companies have been selected for this study. Selected
companies have at least 100 published patents registered in Japan Patent Office (JPO). Chemical
companies that other companies have acquired are treated as a subsidiary of the acquiring company.

All data for this study come from annual financial reports, patents publication, business deals,
and business transactions. The data periods are set between the fiscal year 2006 and the fiscal year
2014. Sample’s patents should have patent families, at least from the United States Patent Trademark
Office (USPTO) and European Patent Office (EPO). All the transactions and deals are done in Japanese
Yen. This study uses the Derwent World Patent Index (DWPI) patent family, and all the sets of patent
data come from Thomson Innovation Clarivate. The financial and ratio for this study come from
Thomson Reuters Eikon. Most of the Japanese companies' fiscal year started on the 1st of April
current year and ended on the 31st of March next year. All the data also have been classified into
three phases: the fiscal year 2006 until 2008, the fiscal year 2009 until 2011, and the fiscal year 2012
until 2014. The reason for this study to separate data into three periods is to show the differences in
the Ol adoption phase. It is pretty hard to see open innovation implementations annually by dividing
the research period into three phases, three years for each phase; implementations of open
innovation might be seen clearly. Not all companies are directly implementing Ol after Ol was
introduced by Chesbrough and William [20]. By Classifying the time for all the activities, the results
of this study give a different viewpoint on the implementation of Ol in Japanese chemical companies.

3.3 Analytical Method

All the data are analyzed by using correlation and regression analysis. Correlation analysis is used
to investigate the relationship among the variables. Regression analysis is also used to understand
which independent variables are related to the dependent variable and to explore the forms of these
relationships. Regression analysis can be used in restricted circumstances to infer causal relationships
between the independent and dependent variables. Correlation analysis is used to check how
strongly technology exploration and technology exploitation is related to company performance

4. Results and Discussion
The primary purpose of this study is to know how open innovation activities improve Japanese

chemical companies’ performances. Table 3 presents the descriptive statistics of 57 observations of
the 19 chemical companies.

Table 3
Descriptive statistics

Technology exploration competency Technology exploitation competency

CpP MAP 1 MAP 2 BPC NV RSPD 1 RSPD 2 FPC
Mean 1.98 4.67 1.95 262.86 0.68 4.00 1.28 30.25
Std. Dev. 2.10 7.81 2.54 164.74 1.35 10.72 1.71 26.54
Min 0 0 0 28 0 0 0 1
Max 8 42 12 738 6 63 8 118

After collecting all the data from 19 chemical companies through 57 observations, not all the
variables are typically distributed, which may make the results of this study biased. There are 113
joint venture and joint development agreements that happened from April 1st, 2006 to March 31st,
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2015 and a total of patent acquisition deals in this study is recorded at 266 deals. Acquisition of
company activities in this study is recorded at 111 through all nine fiscal years. Spin-off and new
venture establishment activities in Japanese chemical companies are accumulated at 39 companies
and at the same time Japanese chemical companies change 228 patent ownership to other parties.
In this study, divestiture of a company’s subsidiary and joint venture dissolution are recorded at 73
transactions through all nine fiscal years.

The first factor considered for technology exploration competency is broad collaboration and
partnership (CP). We start by examining how CP will improve the company’s technology exploration
competency and positively affect company performance. Most major companies in Japan's chemical
industry collaborate with external partners. They work together to gain favourable outcomes, such
as establishing a joint-venture company to serve new and emerging markets. Chemical companies in
this study not only established a new joint venture with their partner to serve Japan market, they
sometimes even cater to the regional market. They are sharing patent ownership with an external
party is also an everyday thing in the Japanese chemical industry. In all 57 observations, a patent will
be filed with more than one applicant.

Table 4 shows the regression analysis results using technology exploration as a predictor and
RNOA as the dependent variable. The table presents the effect of collaboration and partnerships,
M&A and patents acquisition, and Backward patent citation for company i in time t on the changes
in Return on Net Operating Assets. Significance is at 5% level.

Table 4

Technology exploration [regression analysis]

Variables Std. Error P-value

cp 0.00397 0.78775

MAP 0.00109 0.08564
0.00314 0.19057

BPC 0.00005 0.13278

With all these activities done by Japanese chemical companies, the cost of establishing new
ventures and applying for patents is not only for one company's responsible holding. The costs
related to R&D are shared with the partner/s and fewer resources are required. However, not all
joint development agreements considered in this study were commercialised. Some of the joint
ventures were also unsuccessful and resulted in a loss to the company. After all, the concept that
Chesbrough [19] constructed and introduced makes sense where joint development and joint
venture should make research and development and commercialization easier, positively affecting
the company’s performance.

Hip focused on the relationship between patents and company acquisitions with company
performance. Patent acquisitions also improved Japanese chemical companies’ performance. Big
players in the Japanese chemical industry used their superior resources to purchase patents from
less prominent chemical companies. On average, the Japanese chemical company in this study
acquired four patents per phase. The purchase of patents is not only limited from Japan market. In
this study, Japanese chemical companies procure patents from developed countries such as Germany
and America. Drastic changes in the number of patent ownership also happen when more established
Japanese chemical companies merge and acquire less established companies that own a series of
patents. Diversified and commodity chemical companies are keen to expand their market. One of the
best ways to expand their market is through mergers and acquisitions. Mergers and acquisitions
activity is less risky for established companies to choose than to start a new company to cater to a
new market. This is because a different market requires a different environment. With lesser risk
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faced, the company can reduce the probability of losing resources and achieve better RNOA. In this
study, merger and acquisition deals do not improve technology exploration competency. For
example, a merger and acquisition deal aim to expand a company's market share and production
capacity. This type of acquisition is less related to the open innovation dimension.

The last hypothesis for technology exploration competency was to examine the potential of
inward technology transfer from backward patent citation analysis. A list of backward patent
citations is the best reference that the applicant uses for their patent application. Backward patent
citation frequencies among Japanese chemical companies in this study are high. Thus, the knowledge
from prior technology somehow helps patent applicants develop new patents or improve the existing
patent. A high-quality patent improves company performance and becomes one of the main parts of
the company's intangible assets. However, the backward patent citation list is still not convincing to
become the source that supports technology transfer deals as previous patent publications listed in
the backward citation are still a list and only a procedure for a new patent to be granted. Chemical
companies are not taking the potential inward licensing or patent acquisition deal from the previously
granted patent seriously. Japanese chemical companies will think that the list made by patent
examiners is used only to track technology development and the crucial phase of getting patent
applications granted. The capabilities of exploration granted external patents are still not fully
optimized. Thus, this study failed to reject hypothesis Hic.

The first variable for technology exploitation competency is insignificant, meaning that the
analysis found that the establishment of the new venture improved company performance. After
investing more than millions in R&D and resulting in a granted patent, the assets should be turned
into something that can catch a value from it. The establishment of a new venture from internal
resources did improve company performance. Unutilized and under-used patents should be utilized
to get a better RNOA ratio. In this study, the number of self-establishments of new ventures is
relatively low and not adopted by all companies. Only established chemical companies with patents
are active in spin-off establishment activities. Only established chemical companies can provide
enough resources to set up new companies based on internal capabilities. Table 5 presents the effect
of new ventures, M&A and Patent reassignments, spin-offs, divestitures, and Forward patent citation
for company i in time t on the changes in Return on Net Operating Assets. Significance is at a 5%
level.

Table 5

Technology exploitation [regression analysis]

Variables Std. Error p-value

NV 0.00492 0.59838

RSPD 0.00059 0.09778
0.00420 0.00085

FPC 0.00027 0.06663

The unutilized and under-utilized patent problem can be solved by reassigning it to other parties
needing it. The average number of patent assignments is recorded at four transactions. The company
gets some payment by selling out or licensing unutilized and underused patents to others. At the
same time, the volume of assets is also reduced. It coincides with what Chesbrough [68] argued: the
company could sell their unused or underused patent to exploit internal technologies to an external
party and gain positive outcomes. Established Japanese chemical companies in this study did let go
of their unused or underutilized patent to an external party after receiving payment in the form of
royalties, license fees or payment transactions. From this situation, any transaction related to patents
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improved chemical company performance. RNOA ratio can be improved when intangible assets,
especially patents, generate extra revenue and profit.

Hypothesis Hicis built to examine the potential of forward patent citation analysis with outward
technology transfer. As studied by Hall [80], Sterzi [81], and Nagaoka et al., [49], high-quality patents
should have a high number of forward patent citations. Similar to backward patent citation, high-
quality patents can improve chemical company performance. A company can only obtain a
competitive advantage when competitors cannot offer what they offer to the market. A high-quality
patent can be turned into a core competency, leading the company to obtain competitive
advantages. In this study, almost all 19 companies have at least a patent cited more than 20 times.
Each of the company did have their own core competencies and offer a unique product from other
chemical companies. However, chemical companies are not yet to consider forward citation list for
granted patent as the potential outward licensing or patent assignment deal. Japanese chemical
companies are not transferring their internal patent to the company listed on the forward citation.
The values of the company’s patents are still not fully exploited from this perspective.

5. Examples of Technology Transfers among Japanese Chemical Companies

Technology transfer is crucial in driving innovation and competitiveness in the chemical industry.
Technology transfer involves the sharing and disseminating knowledge, expertise, and technologies
between organizations. Technology transfer enables firms to enhance their research and
development capabilities in the chemical sector, improve product quality, optimize manufacturing
processes, and gain a competitive edge. It facilitates collaboration and fosters innovation by enabling
companies to leverage each other’s strengths, exploit synergy, and accelerate the commercialization
of new technologies.

Merger and acquisition (M&A) activities, as a form of technology transfer, play a crucial role in
shaping the business landscape of the chemical industry. In Japan, several notable mergers and
acquisitions have occurred within the chemical sector, demonstrating the strategic moves made by
companies to enhance competitiveness, expand market presence, and leverage synergy. Few
examples of Japanese chemical companies that have engaged in M&A activities and discussed their
implications are discussed below:

i.  Mitsubishi Chemical Corporation and Mitsubishi Rayon Co., Ltd.
One notable merger in the Japanese chemical industry occurred in 2017 when Mitsubishi
Chemical Corporation (MCC) and Mitsubishi Rayon Co., Ltd. merged to form Mitsubishi
Chemical Holdings Corporation (MCHC). The merger aimed to consolidate the Mitsubishi
Group’s chemical businesses and create a more integrated and efficient entity. By
combining its resources, technologies, and market knowledge, MCHC aimed to enhance
its global competitiveness and expand its product portfolio across various sectors,
including automotive, electronics, healthcare, and agriculture.

ii.  Sumitomo Chemical Co., Ltd. and Nihon Oxirane Co., Ltd.
2019 Sumitomo Chemical Co., Ltd., a leading Japanese chemical company, acquired Nihon
Oxirane Co., Ltd. This acquisition aimed to strengthen Sumitomo Chemical’s position in
the epoxy resin market. Nihon Oxirane has established a strong presence in the
production and sales of epoxy resins, which are widely used in various industries such as
electronics, construction, and automotive. By integrating Nihon Oxirane’s expertise and
production capabilities into its operations, Sumitomo Chemical aimed to enhance its
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product offerings and meet the growing demand for domestically and globally epoxy
resins.
iii.  Asahi Kasei Corporation and Polypore International, Inc.

Asahi Kasei Corporation, a diversified Japanese chemical company, completed the
acquisition of Polypore International, Inc. in 2015. Polypore was a leading global
manufacturer of high-performance microporous membranes used in various applications,
including lithium-ion batteries, healthcare, and industrial filtration. This strategic
acquisition provided Asahi Kasei access to Polypore’s advanced membrane technologies
and expanded its presence in key markets. It enabled Asahi Kasei to strengthen its position
in the energy storage sector, particularly in the growing market for electric vehicles and
renewable energy storage systems.

Implications of technology transfer through M&A:

The Technology transfer through M&A within the Japanese chemical industry has several
implications for the companies involved and the broader market:

i.  Enhanced Competitiveness: M&A enable companies to pool their resources, capabilities,
and technologies, enhancing their domestic and international competitiveness. By
leveraging synergy, companies can achieve cost savings, improve operational efficiency,
and develop innovative products to gain a competitive edge in the market.

ii.  Diversification and Market Expansion: M&A activities allow companies to diversify their
product portfolios and expand into new markets. By acquiring companies with
complementary products or entering into strategic partnerships, Japanese chemical
companies can tap into new industries, capitalize on emerging trends, and reduce reliance
on specific market segments.

iii.  Technological Advancements: M&A activities often facilitate the exchange of technical
expertise and R&D capabilities. By integrating technologies from acquired companies,
Japanese chemical firms can accelerate their product development processes, introduce
innovative solutions, and stay ahead in a highly competitive industry.

iv.  Global Reach: Mergers and acquisitions provide companies access to international
markets and distribution networks. This enables them to expand their customer base,
establish a global presence, and increase market share. Diversifying geographical
exposure also helps mitigate risks associated with regional market fluctuations.

4. Conclusions

Technology transfer among Japanese chemical firms catalyzes innovation, collaboration, and
competitiveness. Through strategic partnerships and knowledge exchange, companies can leverage
their respective strengths to drive technological advancements, improve product quality, and
optimize manufacturing processes. This paper tries to add some value to the existing literature
evaluating the performance of companies in adopting Ol practices. The adoption of Ol among
Japanese chemical companies did help them to improve their performance. Theoretically, Ol is
helping companies improve their performance, but Japanese chemical companies do not all fully
implement open innovation practices. Both technology exploration and technology exploitation
competencies for Japanese chemical companies are progressing toward optimization. The real
motivation for adopting Ol in Japanese chemical companies is growing, and this study shows that
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they are in the transition phase from the closed innovation concept to the Ol concept. Currently,
Japanese chemical companies implement Ol in their business, but they only implement it partially.
Implementing Ol requires the company to practice all the activities listed in theory; it should come
together with a full package of Ol culture, Ol motivation, Ol procedures, and Ol skills [82]. Many joint
ventures and joint development happened in the last 10 years. Still, many joint ventures and joint
development did not promise highly successful outcomes from the collaboration or partnership.

The potentials of patent citation are untapped and still vague. The evolution of technology can
be tracked and analyzed thru patent citation, but not all companies are fully aware of and react to
this gem. Japanese chemical companies should improve and take massive action with their patent’s
potential because the chemical’s technology generality index is high and implies positive technology
spill-over to other technology fields [46]. Extensive future research should focus more on patent
citation potentials in technology exploitation. Companies listed in the forward citation might become
the potential licensee or assignee of that patent, capable of taking Ol in Japanese chemical companies
to the next level. The benefits of implementing Ol are also not limited to monetary aspects. Studying
the non-pecuniary benefits of implementing Ol is also a good subject in the future. The company's
dynamic capabilities might be another potential factor that should be included in future research
development. Dynamic capabilities help the firm improve its resource base to deal more efficiently
with environmental changes, and Ol is an inherently dynamic process [83]. The change in RNOA in 3
years might be affected by other factors, as this study will include data from the 2007 global financial
crisis. The effect of open innovation implementation sometimes cannot be measured in accounting
terms. Accounting measurement is reported based on quarter and annual time period and
accounting measurements do not capture long-term impact. The stock price change is another way
to measure the company's performance, giving different results from accounting terms. Over time,
stock price changes based on the company's perceived value. All sample companies are listed on
Tokyo Stock Exchange, and the average stock price change can be measured.

Further study on stock price change based on the implementation of open innovation activities
should be held as the different paces of change might show different results from what RNOA shows.
Unfortunately, this study only used data that was strongly balanced. After all, only the data from
2006 until the year 2015 data are completely available for analysis.

Acknowledgement
This research was funded by the grant titled ‘Open Innovation [In-Bound and Out-Bound] and
Innovation Management’ (Business Entity Grant R.K130000.7343.4B347).

References
[1]  Stejskal, Jan, Bedta MikuSova Merickova, and Viktor Prokop. "The cooperation between enterprises: significant part
of the innovation process: a case study of the czech machinery industry." (2016).

https://doi.org/10.15240/tul/001/2016-3-008

[2] Heinzelbecker, Klaus. "Futuring in the European chemical industry." Journal of Business Chemistry 2, no. 1 (2005).

[3] JCIA, CHEMICAL INDUSTRY OF JAPAN 2016. Japan Chemical Industry Association, 2016.

[4] Windisch, Richard P. "The European Chemical Industry." Financial Analysts Journal 15, no. 4 (1959): 25-33.
https://doi.org/10.2469/faj.v15.n4.25

[5] Hirano, S. "Innovation in the Japanese Chemical Industry, Which Supports World Electronics Industry". Seijo
University economic papers, 204 (2014): 97-116.

[6] Itami, Hiroyuki. "Chemistry-oriented transformation of Japanese industry" 62 (2009): 2

[71 Ravselj, Dejan, and Aleksander Aristovnik. "The impact of private research and development expenditures and tax
incentives on sustainable corporate growth in selected OECD countries." Sustainability 10, no. 7 (2018): 2304.
https://doi.org/10.3390/su10072304

[8] Gassmann, Oliver, Ellen Enkel, and Henry Chesbrough. "The future of open innovation." R&d Management 40, no.
3(2010): 213-221. https://doi.org/10.1111/j.1467-9310.2010.00605.x

87


https://doi.org/10.15240/tul/001/2016-3-008
https://doi.org/10.2469/faj.v15.n4.25
https://doi.org/10.3390/su10072304
https://doi.org/10.1111/j.1467-9310.2010.00605.x

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 32, Issue 3 (2023) 75-91

(9]

(10]
(11]

(12]

(13]
(14]
[15]

(16]

(17]

(18]
(19]
[20]
[21]
[22]
(23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

Vanhaverbeke, Wim, Nadine Roijakkers, Annika Lorenz, and Henry Chesbrough. "The importance of connecting
open innovation to strategy." Strategy and Communication for Innovation: Integrative Perspectives on Innovation
in the Digital Economy (2017): 3-15. https://doi.org/10.1007/978-3-319-49542-2 1

Traitler, Helmut, and L. Sam SAGUY. "Creating successful: innovation partnerships." Food Technology (Chicago) 63,
no. 3 (2009).

Enkel, Ellen. "Attributes required for profiting from open innovation in networks." International Journal of
Technology Management 52, no. 3-4 (2010): 344-371. https://doi.org/10.1504/1J)TM.2010.035980

Saguy, I. Sam, and Vera Sirotinskaya. "Challenges in exploiting open innovation's full potential in the food industry
with a focus on small and medium enterprises (SMEs)." Trends in Food Science & Technology 38, no. 2 (2014): 136-
148. https://doi.org/10.1016/j.tifs.2014.05.006

Hagedoorn, John, Albert N. Link, and Nicholas S. Vonortas. "Research partnerships." Research policy 29, no. 4-5
(2000): 567-586. https://doi.org/10.1016/S0048-7333(99)00090-6

Lopez, Alberto. "Determinants of R&D cooperation: Evidence from Spanish manufacturing firms." International
Journal of Industrial Organization 26, no. 1 (2008): 113-136. https://doi.org/10.1016/].ijindorg.2006.09.006
Vanhaverbeke, Wim, and Myriam Cloodt. "Theories of the firm and open innovation." New frontiers in open
innovation 256 (2014). https://doi.org/10.1093/acprof:0s0/9780199682461.003.0014

Hafkesbrink, Joachim, and Markus Schroll. "Ambidextrous organizational and individual competencies in open
innovation: The dawn of a new research agenda." Journal of innovation Management 2, no. 1 (2014): 9-46.
https://doi.org/10.24840/2183-0606 002.001 0004

V Van de Vrande, Vareska, Wim Vanhaverbeke, and Oliver Gassmann. "Broadening the scope of open innovation:
past research, current state and future directions." International Journal of Technology Management 52, no. 3/4
(2010): 221-235. https://doi.org/10.1504/1JTM.2010.035974

Festel, Gunter. "Technology transfer by new ventures within the chemical and pharmaceutical industry." Journal of
Business Chemistry 10, no. 3 (2013).

Chesbrough, Henry. "Open innovation: a new paradigm for understanding industrial innovation." Open innovation:
Researching a new paradigm 400 (2006): 0-19.

Chesbrough, Henry William. Open innovation: The new imperative for creating and profiting from technology.
Harvard Business Press, 2003.

Gassmann, Oliver, and Ellen Enkel. "Towards a theory of Open Innovation: Three core process archetypes. 2004."
In R&D Management Conference (RADMA). 2004.

Lichtenthaler, Ulrich. "Outbound open innovation and its effect on firm performance: examining environmental
influences." R&d Management 39, no. 4 (2009): 317-330. https://doi.org/10.1111/j.1467-9310.2009.00561.x
Lichtenthaler, Ulrich. "RETRACTED: The role of corporate technology strategy and patent portfolios in low-,
medium-and high-technology firms." (2009): 559-569. https://doi.org/10.1016/j.respol.2008.10.009

Cheah, Siang Aun, Choi Yan Chai, Inn Shi Tan, Henry Chee Yew Foo, and Man Kee Lam. "New prospect of algae for
sustainable production of lactic acid: Opportunities and challenges." Progress in Energy and Environment (2022):
19-28. https://doi.org/10.37934/progee.21.1.1928

Gassmann, Oliver. "Opening up the innovation process: towards an agenda." R&d Management 36, no. 3 (2006):
223-228. https://doi.org/10.1111/j.1467-9310.2006.00437.x

Wang, Pengfei, Vareska Van De Vrande, and Justin JP Jansen. "Balancing exploration and exploitation in inventions:
Quality of inventions and team composition." Research Policy 46, no. 10 (2017): 1836-1850.
https://doi.org/10.1016/j.respol.2017.09.002

Chesbrough, Henry, and Adrienne Kardon Crowther. "Beyond high tech: early adopters of open innovation in other
industries." R&d Management 36, no. 3 (2006): 229-236. https://doi.org/10.1111/j.1467-9310.2006.00428.x
Stejskal, Jan, and Petr Hajek. "Determinants of collaboration and innovation in creative industries a case of the
Czech Republic." In Proceedings of Knowledge Management International Conference (KMICe) 2016. Universiti
Utara Malaysia, 2016.

Duysters, Geert, and Boris Lokshin. "Determinants of alliance portfolio complexity and its effect on innovative
performance of companies." Journal of Product Innovation Management 28, no. 4 (2011): 570-585.
https://doi.org/10.1111/j.1540-5885.2011.00824.x

Lichtenthaler, Ulrich, and Eckhard Lichtenthaler. "Technology transfer across organizational boundaries: absorptive
capacity and desorptive capacity." California  Management Review 53, no. 1 (2010): 154-170.
https://doi.org/10.1525/cmr.2010.53.1.154

Van de Vrande, Vareska, Jeroen PJ De Jong, Wim Vanhaverbeke, and Maurice De Rochemont. "Open innovation in
SMEs: Trends, motives and management challenges." Technovation 29, no. 6-7 (2009): 423-437.
https://doi.org/10.1016/].technovation.2008.10.001

88


https://doi.org/10.1007/978-3-319-49542-2_1
https://doi.org/10.1504/IJTM.2010.035980
https://doi.org/10.1016/j.tifs.2014.05.006
https://doi.org/10.1016/S0048-7333(99)00090-6
https://doi.org/10.1016/j.ijindorg.2006.09.006
https://doi.org/10.1093/acprof:oso/9780199682461.003.0014
https://doi.org/10.24840/2183-0606_002.001_0004
https://doi.org/10.1504/IJTM.2010.035974
https://doi.org/10.1111/j.1467-9310.2009.00561.x
https://doi.org/10.1016/j.respol.2008.10.009
https://doi.org/10.37934/progee.21.1.1928
https://doi.org/10.1111/j.1467-9310.2006.00437.x
https://doi.org/10.1016/j.respol.2017.09.002
https://doi.org/10.1111/j.1467-9310.2006.00428.x
https://doi.org/10.1111/j.1540-5885.2011.00824.x
https://doi.org/10.1525/cmr.2010.53.1.154
https://doi.org/10.1016/j.technovation.2008.10.001

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 32, Issue 3 (2023) 75-91

(32]

(33]
(34]
(35]

(36]

(37]
(38]

(39]

(40]
[41]
(42]

(43]

[44]
(45]
(46]
[47]
(48]

(49]

(50]

(51]

[52]

(53]

(54]

(55]

McCarthy, Killian J., and Hendrik Leendert Aalbers. "Technological acquisitions: The impact of geography on post-
acquisition innovative performance." Research Policy 45, no. 9 (2016): 1818-1832.
https://doi.org/10.1016/].respol.2016.05.012

Cefis, Elena, and Orietta Marsili. "Crossing the innovation threshold through mergers and acquisitions." Research
Policy 44, no. 3 (2015): 698-710. https://doi.org/10.1016/j.respol.2014.10.010

Enkel, Ellen, Oliver Gassmann, and Henry Chesbrough. "Open R&D and open innovation: exploring the
phenomenon." R&d Management 39, no. 4 (2009): 311-316. https://doi.org/10.1111/j.1467-9310.2009.00570.x
Bowen lll, Donald E. "Patent acquisition, investment, and contracting." Robert H. Smith School Research Paper No.
RHS 2870112 (2016). https://doi.org/10.2139/ssrn.2870112

Kavusan, Korcan, Niels G. Noorderhaven, and Geert M. Duysters. "Knowledge acquisition and complementary
specialization in alliances: The impact of technological overlap and alliance experience." Research policy 45, no. 10
(2016): 2153-2165. https://doi.org/10.1016/j.respol.2016.09.013

Greve, Henrich R. "Exploration and exploitation in product innovation." Industrial and corporate change 16, no. 5
(2007): 945-975. https://doi.org/10.1093/icc/dtm013

Lichtenthaler, Ulrich. "Outbound open innovation and its effect on firm performance: examining environmental
influences." R&d Management 39, no. 4 (2009): 317-330. https://doi.org/10.1111/j.1467-9310.2009.00561.x
Hung, Kuang-Peng, and Christine Chou. "The impact of open innovation on firm performance: The moderating
effects of internal R&D and environmental turbulence." Technovation 33, no. 10-11 (2013): 368-380.
https://doi.org/10.1016/].technovation.2013.06.006

Vanhaverbeke, Wim, Vareska Van de Vrande, and Myriam Cloodt. "Connecting absorptive capacity and open
innovation." Available at SSRN 1091265 (2008). https://doi.org/10.2139/ssrn.1091265

Chesbrough, Henry, and Chris Winter. "Managing Inside-Out Open Innovation." New Frontiers in Open
Innovation 208 (2014). https://doi.org/10.1093/acprof:0s0/9780199682461.003.0011

Festel, Gunter. "Similarities of successful technology transfer through new ventures." International Journal of
Innovation Management 19, no. 02 (2015): 1550025. https://doi.org/10.1142/51363919615500255

Caviggioli, Federico, and Elisa Ughetto. "Buyers in the patent auction market: Opening the black box of patent
acquisitions by non-practicing entities." Technological Forecasting and Social Change 104 (2016): 122-132.
https://doi.org/10.1016/].techfore.2015.11.031

Shen, Huijun, Can Huang, Hao Mao, and Naubahar Sharif. "To License or Sell: A Study on the Patent Transaction
Modes in China." Social Science Electronic Publishing: Rochester, NY, USA (2018): 27-31.

Gress, Bernard. "Properties of the USPTO patent citation network: 1963-2002." World Patent Information 32, no.
1(2010): 3-21. https://doi.org/10.1016/j.wpi.2009.05.005

Goto, Akira, and Kazuyuki Motohashi. "Construction of a Japanese Patent Database and a first look at Japanese
patenting activities." Research Policy 36, no. 9 (2007): 1431-1442. https://doi.org/10.1016/j.respol.2007.06.005
Hall, Bronwyn H., Adam Jaffe, and Manuel Trajtenberg. "Market value and patent citations." RAND Journal of
economics (2005): 16-38.

Briggs, Kristie. "Co-owner relationships conducive to high quality joint patents." Research policy 44, no. 8 (2015):
1566-1573. https://doi.org/10.1016/j.respol.2015.05.011

Nagaoka, Sadao, Kazuyuki Motohashi, and Akira Goto. "Patent statistics as an innovation indicator." In Handbook
of the Economics of Innovation, vol. 2, pp. 1083-1127. North-Holland, 2010. https://doi.org/10.1016/S0169-
7218(10)02009-5

Kapoor, Rahul, Matti Karvonen, Samira Ranaei, and Tuomo Kassi. "Patent portfolios of European wind industry:
New insights using citation categories." World Patent Information 41 (2015): 4-10.
https://doi.org/10.1016/j.wpi.2015.02.002

Aristodemou, Leonidas, and Frank Tietze. "Citations as a measure of technological impact: A review of forward
citation-based measures." World patent information 53 (2018): 39-44. https://doi.org/10.1016/j.wpi.2018.05.001
Criscuolo, Paola, and Bart Verspagen. "Does it matter where patent citations come from? Inventor vs. examiner
citations in European patents." Research policy 37, no. 10 (2008): 1892-1908.
https://doi.org/10.1016/].respol.2008.07.011

Squicciarini, Mariagrazia, Héléne Dernis, and Chiara Criscuolo. "Measuring patent quality: Indicators of
technological and economic value." (2013).

Hafkesbrink, Joachim, and Markus Schroll. "Innovation 3.0: embedding into community knowledge-collaborative
organizational learning beyond open innovation." Journal of Innovation Economics1 (2011): 55-92.
https://doi.org/10.3917/]ie.007.0055

Fey, Carl F., and Julian Birkinshaw. "External sources of knowledge, governance mode, and R&D
performance." Journal of Management 31, no. 4 (2005): 597-621. https://doi.org/10.1177/0149206304272346

89


https://doi.org/10.1016/j.respol.2016.05.012
https://doi.org/10.1016/j.respol.2014.10.010
https://doi.org/10.1111/j.1467-9310.2009.00570.x
https://doi.org/10.2139/ssrn.2870112
https://doi.org/10.1016/j.respol.2016.09.013
https://doi.org/10.1093/icc/dtm013
https://doi.org/10.1111/j.1467-9310.2009.00561.x
https://doi.org/10.1016/j.technovation.2013.06.006
https://doi.org/10.2139/ssrn.1091265
https://doi.org/10.1093/acprof:oso/9780199682461.003.0011
https://doi.org/10.1142/S1363919615500255
https://doi.org/10.1016/j.techfore.2015.11.031
https://doi.org/10.1016/j.wpi.2009.05.005
https://doi.org/10.1016/j.respol.2007.06.005
https://doi.org/10.1016/j.respol.2015.05.011
https://doi.org/10.1016/S0169-7218(10)02009-5
https://doi.org/10.1016/S0169-7218(10)02009-5
https://doi.org/10.1016/j.wpi.2015.02.002
https://doi.org/10.1016/j.wpi.2018.05.001
https://doi.org/10.1016/j.respol.2008.07.011
https://doi.org/10.3917/jie.007.0055
https://doi.org/10.1177/0149206304272346

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 32, Issue 3 (2023) 75-91

(56]
(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(65]
(66]

(67]

(68]
(69]
[70]

[71]

[72]

(73]

(74]

[75]

[76]

[77]

Abulrub, Abdul-Hadi G., and Junbae Lee. "Open innovation management: challenges and prospects." Procedia-
Social and Behavioral Sciences 41 (2012): 130-138. https://doi.org/10.1016/].sbspro.2012.04.017

Festel, Gunter, Mikko De Nardo, and Timo Simmen. "Outsourcing of Pharmaceutical Manufacturing-A Strategic
Partner Selection Process." Journal of Business Chemistry 11, no. 3 (2014).

Roijakkers, Nadine, John Bell, Jaco Fok, and Wim Vanhaverbeke. "Open Innovation through R&D partnerships:
Implementation challenges and routes to success." In Open Innovation through Strategic Alliances: Approaches for
Product, Technology, and Business Model Creation, pp. 41-58. New York: Palgrave Macmillan US, 2014.
https://doi.org/10.1057/9781137394507 3

West, Joel, Ammon Salter, Wim Vanhaverbeke, and Henry Chesbrough. "Open innovation: The next
decade." Research policy 43, no. 5 (2014): 805-811. https://doi.org/10.1016/j.respol.2014.03.001

Frankort, Hans TW. "When does knowledge acquisition in R&D alliances increase new product development? The
moderating roles of technological relatedness and product-market competition." Research Policy 45, no. 1 (2016):
291-302. https://doi.org/10.1016/j.respol.2015.10.007

Valentini, Giovanni. "Measuring the effect of M&A on patenting quantity and quality." Strategic Management
Journal 33, no. 3 (2012): 336-346. https://doi.org/10.1002/smj.946

Harefa, Feliks Aryono, and Siti Zaleha Abdul Rasid. "Pre and Post-Merger and Acquisition Performance of
Companies in the Malaysian Energy Sector." Journal of Advanced Research in Business and Management Studies 24,
no. 1(2021): 49-63.

Patel, Darshak, and Michael R. Ward. "Using patent citation patterns to infer innovation market
competition." Research Policy 40, no. 6 (2011): 886-894. https://doi.org/10.1016/j.respol.2011.03.006

Ji, llyong, Hyungjoo Lim, and Tae-Young Park. "Exploring Potential Users of Patents for Technology Transfer:
Utilizing Patent Citation Data." Procedia Computer Science 91 (2016): 211-220.
https://doi.org/10.1016/j.procs.2016.07.059

Lichtenthaler, Ulrich. "Organizing for external technology exploitation in diversified firms." Journal of Business
Research 63, no. 11 (2010): 1245-1253. https://doi.org/10.1016/j.jbusres.2009.11.005

Lichtenthaler, Ulrich. "Technology exploitation in the context of open innovation: Finding the right ‘job’for your
technology." Technovation 30, no. 7-8 (2010): 429-435. https://doi.org/10.1016/j.technovation.2010.04.001
Fischer, Timo, and Joachim Henkel. "Capturing value from innovation—diverging views of R&D and marketing
managers." IEEE Transactions on Engineering Management 59, no. 4 (2012): 572-584.
https://doi.org/10.1109/TEM.2012.2190143

Chesbrough, Henry. "Emerging secondary markets for intellectual property: US and Japan comparisons." National
Center for Industrial Property Information and Training (INPIT), Tokyo (2006).

De Wit, Jan, Ben Dankbaar, and Geert Vissers. "Open innovation: the new way of knowledge transfer?." Journal of
Business Chemistry 4, no. 1 (2007): 11-19.

Dahlander, Linus, and David M. Gann. "How open is innovation?." Research policy 39, no. 6 (2010): 699-709.
https://doi.org/10.1016/j.respol.2010.01.013

Noailly, Joélle, and Victoria Shestalova. "Knowledge spillovers from renewable energy technologies: Lessons from
patent citations." Environmental Innovation and Societal Transitions 22 (2017): 1-14.
https://doi.org/10.1016/].eist.2016.07.004

Thompson, Mark James. "Measuring patent quality: A claim and search report approach." World Patent
Information 45 (2016): 47-54. https://doi.org/10.1016/j.wpi.2016.03.003

Breitzman, Anthony, and Patrick Thomas. "Using patent citation analysis to target/value M&A
candidates." Research-Technology Management 45, no. 5 (2002): 28-36.
https://doi.org/10.1080/08956308.2002.11671519

Ju, Pei-Hung, Deng-Neng Chen, Yu-Chun Yu, and Hsiao-Lan Wei. "Relationships among open innovation processes,
entrepreneurial orientation, and organizational performance of SMEs: The moderating role of technological
turbulence." In Perspectives in Business Informatics Research: 12th International Conference, BIR 2013, Warsaw,
Poland, September 23-25, 2013. Proceedings 12, pp. 140-160. Springer Berlin Heidelberg, 2013.
https://doi.org/10.1007/978-3-642-40823-6 12

Michelino, Francesca, Mauro Caputo, Antonello Cammarano, and Emilia Lamberti. "Inbound and outbound open
innovation: organization and performances." Journal of technology management & innovation 9, no. 3 (2014): 65-
82. https://doi.org/10.4067/50718-27242014000300005

Ahn, Joon Mo, Letizia Mortara, and Tim Minshall. "The effects of open innovation on firm performance: a capacity
approach." STI Policy Review 4, no. 1 (2013): 79-93.

Hwang, Junseok, and Youngjin Lee. "External knowledge search, innovative performance and productivity in the
Korean ICT sector." Telecommunications Policy 34, no. 10 (2010): 562-571.
https://doi.org/10.1016/j.telpol.2010.04.004

90


https://doi.org/10.1016/j.sbspro.2012.04.017
https://doi.org/10.1057/9781137394507_3
https://doi.org/10.1016/j.respol.2014.03.001
https://doi.org/10.1016/j.respol.2015.10.007
https://doi.org/10.1002/smj.946
https://doi.org/10.1016/j.respol.2011.03.006
https://doi.org/10.1016/j.procs.2016.07.059
https://doi.org/10.1016/j.jbusres.2009.11.005
https://doi.org/10.1016/j.technovation.2010.04.001
https://doi.org/10.1109/TEM.2012.2190143
https://doi.org/10.1016/j.respol.2010.01.013
https://doi.org/10.1016/j.eist.2016.07.004
https://doi.org/10.1016/j.wpi.2016.03.003
https://doi.org/10.1080/08956308.2002.11671519
https://doi.org/10.1007/978-3-642-40823-6_12
https://doi.org/10.4067/S0718-27242014000300005
https://doi.org/10.1016/j.telpol.2010.04.004

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 32, Issue 3 (2023) 75-91

(78]

[79]

(80]
(81]
(82]

(83]

Hall, Bronwyn H., Grid Thoma, and Salvatore Torrisi. "The market value of patents and R&D: Evidence from
european firms." In Academy of Management Proceedings, vol. 2007, no. 1, pp. 1-6. Briarcliff Manor, NY 10510:
Academy of Management, 2007. https://doi.org/10.5465/ambpp.2007.26530853

Obidjon, Gaziyev, Oleksii Oleksandrovych Zakharkin, and Liudmyla Serhiivna Zakharkina. "Research of innovation
activity influence on return of stocks in industrial enterprises." (2017). https://doi.org/10.21272/sec.1(2).80-
102.2017

Abramowicz, Michael B., James E. Daily, and F. Scott Kieff, eds. Perspectives on patentable subject matter.
Cambridge University Press, 2014. https://doi.org/10.1017/CB09781107709409

Sterzi, Valerio. "Patent quality and ownership: An analysis of UK faculty patenting." Research Policy 42, no. 2 (2013):
564-576. https://doi.org/10.1016/j.respol.2012.07.010

Mortara, Letizia, and Tim Minshall. "How do large multinational companies implement open
innovation?." Technovation 31, no. 10-11 (2011): 586-597. https://doi.org/10.1016/j.technovation.2011.05.002
Grimaldi, Michele, lvana Quinto, and Pierluigi Rippa. "Enabling open innovation in small and medium enterprises:
A dynamic capabilities approach." Knowledge and Process Management 20, no. 4 (2013): 199-210.
https://doi.org/10.1002/kpm.1423

91


https://doi.org/10.5465/ambpp.2007.26530853
https://doi.org/10.21272/sec.1(2).80-102.2017
https://doi.org/10.21272/sec.1(2).80-102.2017
https://doi.org/10.1017/CBO9781107709409
https://doi.org/10.1016/j.respol.2012.07.010
https://doi.org/10.1016/j.technovation.2011.05.002
https://doi.org/10.1002/kpm.1423

