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Abstract. The Japanese manufacturing industry has sought to increase its international competi-

tiveness by developing higher value-added products. Simultaneously, R&D that exploits external
resources — as typified by open innovation — is also taking hold.

Although collaborative product development research between public research institutions and
private-sector companies is widely conducted, there are many instances when the results are not
achieved due to differing perceptions of the partnership. Under such conditions, especially when
the research is publically funded, methods for better managing the projects are being sought at
the policy level. Using examples of publically funded industry-academia collaborative projects,
this paper considers efficient management methods for projects aimed at such development.

The research focuses on changes to the collaborative research system used in partnership
projects and shows that it is more effective to conduct collaborative research that incorporates
other companies as needed, without fixating on the original make-up of the collaborative system
at the start.
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1 Introduction

It has been shown that profitability among private companies in Japan’s industrial
sector is on a long-term, downward trend — even in the key industry of manufacturing.
This is linked to the economy undergoing globalization as well as other major struc-
tural shifts on a worldwide scale, and the rapid rise of China and the rest of Asia ex-
posing Japanese industry to greater competition. In order to address this situation and
tap into the growth of the global economy, companies across the board are working to
revamp manufacturing processes in their domestic and overseas plants and improve
efficiency rates. Further, in recent years, as seen in Germany’s national “Industry 4.0”
strategy, greater use is being made of Information and Communications Technology
to optimize domestic production sites. In addition, there are attempts underway to
strengthen international competitiveness by shifting from the manufacturing of gen-
eral-purpose goods to higher value-added products. This has created a need to focus
on product development, which consists of pre-production processes such as concept
development, design, and research, all critical in generating higher value-added prod-
ucts. Further, integrating R&D and manufacturing processes is an effective way of
producing higher value-added products, which are characterized by innovative fea-
tures and groundbreaking quality. Therefore, policy changes that relate to product
development in manufacturing encompass the need for new investment in R&D.
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However, presently, R&D investment does not necessarily lead to increased company
profits, thereby making the improvement of company profits through R&D an issue
that needs to be addressed. As a result, in addition to the traditional approach to R&D
where companies work individually on basic research through to the product devel-
opment, a new approach that incorporates the concept of open innovation is being
advocated. This enables companies to minimize investment risk by cleverly exploiting
intellectual property, R&D know-how, and other technical skills possessed by other
institutions, with a view to turning these into a commercial reality. The use of open
innovation is being incorporated into manufacturing industries in Europe, the US, and
across the rest of the world, and it is a concept that is becoming a common method of
creating innovation [1, 2, 3]. Since translating basic research results into commercial-
ization generally requires a large amount of time and money, conducting R&D in-
house from the basic research stage entails a high level of investment risk. Therefore,
importing technology from external institutions in the form of basic research results
can be an effective way of reducing this risk. It is widely known that research institu-
tions, such as universities, are knowledge hubs that conduct cutting-edge and creative
research. It is for this reason that industry-academia partnerships involving collabora-
tion between universities and private companies are seen as classic examples of open
innovation [4, 5, 6, 7, 8]. In Japan, since 1983, when collaborative research between
state-run universities and private-sector companies was institutionalized, the number
of agreements has increased yearly, and the number of companies attempting to intro-
duce ideas from public research institutions into their own product development is on
the rise. A particularly rapid rise in collaborative research was seen after 1990, ac-
companied by steady increases in the budget to support public funding of such re-
search. A similar trend in government policies promoting industry-academia partner-
ships has been seen not only in Japan but also across Europe and the US [9, 10, 11].
To date, there have been many case studies of effective approaches to managing in-
dustry-academia partnerships, which are considered important in raising the competi-
tiveness of individual companies as well as strengthening the country’s international
competitiveness [12, 13, 14, 15, 16, 17]. Some of these previous studies also relate to
intellectual property [18] and look at funding for institutions involved in industry-
academia partnerships.

Thus, while industry-academia partnerships are considered critical, they also pre-
sent a challenge since the results of such partnerships often do not lead to the devel-
opment of any specific products. Particularly in Japan, a major factor thought to cause
this lack of success is the different perspectives of university researchers and re-
searchers at private companies towards these joint research projects. This paper aims
to demonstrate strategies for overcoming these challenges where such differences
between researchers exist and effectively translating the results of joint research pro-
jects into product development.

2 Program Introduction

2.1 Program Overview



The program used for the analysis here is one of the industry-academia partnerships
run by the Japan Science and Technology Agency (JST), which is one of Japan’s
funding agencies. JST handled this program from 2001 to 2010.

The system and structure of this program is largely characterized by three ele-
ments. First, it targets R&D projects that are expected to translate, within a few years,
research results from universities and other public research institutions into either a
commercial reality or product development premised on subsequent commercializa-
tion, with the aim to build a laboratory-level prototype by the time of completion.
Second, it involves three entities collaborating in the research — universities, private
companies, and JST — with the university-affiliated researcher taking the lead role in
the project. Third, JST provides funding to the amount of approximately 30 million
yen per year over approximately three years. In addition, the JST program officer
(PO) managing the overall program participates in the funded projects as a third party,
and provides advice, information and other support from the perspective of commer-
cial feasibility to efficiently advance the research. In some cases, it may be possible to
change the collaborative research structure of the project, if deemed appropriate by
the PO.

Collaborative research

Public research Privaic compa
institutions . o p
(i.e. universities) mes

h
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Funding Agency

Fig. 1. Support system for collaborative research

2.2 Ex-ante evaluation

The ex-ante evaluation is conducted by a technology evaluation committee made
up of eight external experts, based on the following three indicators: 1) novelty and
superiority of the project, meaning the technological content of the research project is
innovative and has a high level of superiority compared with other technology; 2) the
usefulness of the results in terms of marketability and envisaged for potential com-
mercialization; 3) appropriate research plans with a view to commercialization. Spe-
cifically, precise research plans aimed at practical applications are designed for a
funding period of approximately three years. They are evaluated from the perspective
of whether they have a high potential to succeed, whether the participating companies
possess the technical skills required to advance the project and have clear roles, and



the companies are suitable for yielding practical applications from the results. The
adoption rates vary from year to year, but the trend is between 14% and 18%.

2.3  Ex-post evaluation

The ex-post evaluation is conducted after the end of the funded period, again by a
technology evaluation committee of eight external experts. The success achieved by
each project is classified according to the following five indicators: (1) corporatiza-
tion (including those still in preparation); (2) ongoing product development within a
company; (3) venture establishment; (4) ongoing operation and the acquiring of other
competitive funds; and, (5) ongoing collaborative research with a focus on universi-
ties, etc. The research project results are then evaluated based on project reports and
comments received, examining, for example, the extent to which the plan was imple-
mented, expected commercial viability, and acquisition of intellectual property rights..

3 Method of Analysis

3.1 Projects Investigated

The projects analyzed in this study are concluded projects that received funding be-
tween 2001 and 2004 (with collaborative research agreements from 2004 to 2007).
According to project guidelines, there is no limit to the number of companies that can
participate in each collaborative research project. Therefore, there are projects with a
varied number of participating companies, from projects with only one to projects
with multiple ones. Further, in some instances, the collaborative research systems
adapt and change during the project, with other private companies joining the project
or new companies being swapped in.Thus, as a method of expanding R&D results,
with an eye to effective practical application, this study analyzes the relationship be-
tween collaborative research systems and actual project achievements.

3.2  Method of Analysis

The analysis matches the status of each project, following the conclusion of fund-
ing, to the steps of a general linear R&D model: applied research, product develop-
ment, and commercialization. Further, it assigns point values to each step of the linear
model to conduct a quantitative evaluation. The specific point values are as follows: 0
points for applied research as the initial value; 1 point for product development,
which is considered one step up; and 2 points for commercialization, which is consid-
ered two steps up.

Meanwhile, although the status of each funded project immediately after conclu-
sion differed, these were classified according to the following five shared indicators to
demonstrate their status in greater detail: (1) corporatization (including those still in
preparation); (2) ongoing product development within a company; (3) venture estab-
lishment; (4) ongoing operation and acquiring other competitive funds; and, (5) ongo-
ing collaborative research with a focus on universities, etc.



The study associated the steps and the status of each project, shown above, and
quantified the performance of the projects.

Applied Product é
Basic research develop- _Oinmt‘?r-
(0 points) ment Céa ization
research (1 point) (2 points)
Continuing Ongoing internal - Commercializa-
collaborative company product tion (Including
research focused development those in prepara-
on universities tion)
Venture  estab-
lishment
Fig. 2. Project status correlation diagram
4 Results

4.1 Results by Project Structure

Projects were separated into two groups: one group of projects that did not change
their collaborative research systems by the time their support had ended and another
group of projects that did change their systems. An average point value based on this
status was calculated (Table 1). Furthermore, projects were compared based on the
following grouping: projects that had only one company participating at the start of
funding and projects that had two or more companies participating at the start of fund-
ing.

The analysis was established with two factors: changes or lack thereof to project
structure (Factor 1), and whether or not only one company was participating at the
start of the support (Factor 2). Accordingly, although the main findings are similar for
Factor 1 and Factor 2, performing a two-factor analysis of variance guarantees that
there is no interaction.



Table 1. Points by project structure

Collaborative research system at the start of

support
Project group with | Project group with two
one company partic- | or more companies
ipating in collabora- | participating in collabo-
tive research (a) rative research (b)
Group  with  no
changes to collabo- | 0.84 0.76 0.96
rative research sys- | (62,0.54,0.30) | (37,0.54, 0.29) (25, 0.53,0.28)
tems (A)
S)mup ‘Z’:Sagl;j:f: 137 1.29 1.42
19, 0.48, 0.23 7,0.45,0.20 12,0.49, 0.24
research systems (B) ( )|« ) ( )

Inside each cell, the top row shows the average points by project structure and the
bottom row shows the sample size, standard deviation, and variance.

Table 2. Analysis of variance table

Factor S:gr: g:eg(rizt:; of 15\:[;2?6 F Notes
Factor 1 4.13 1 4.13 14.58 p<0.005
Factor 2 1.43 1 1.43 5.06 p<0.05
Interaction 0.00 1 0.00 0.00

Residual 22.12 78 0.28 -

Overall 27.68 81 - -

4.2 Effects of Restructuring Collaborative Research Project Systems

In order to confirm the effects of changing collaborative research sys-
tems and bringing in companies from outside the projects, we compared
projects that did not change their collaborative research systems to pro-
jects that did change their systems. From those results, the high numbers
in the group that changed collaborative research systems revealed this as
an effective method to create successful outcomes during the timeframe
analyzed (.e., finding new companies and incorporating them into the
collaborative research systems).

5 Case Study

For our analysis, we examined a case study of a project that began as an



industry-academia partnership, with a single development company, but
went on to add another company later in the funding period to help ad-
vance to the product commercialization stage. The aim of this project was
to develop a general-purpose device capable of nanofabrication. However,
since the initially participating company produced special-specification
devices to order, it did not have the capacity to expand its production and
business operations to develop general-purpose products. This weakness
in the collaborative research structure was identified at the start of the
funding period. Two years into the project, with verification results at the
prototype level positive, the PO and lead researcher reconfirmed the strat-
egy for capitalizing on future results and began to search for another pri-
vate company to participate. The lead researcher approached a company
that had been involved in collaborative research as part of a separate pro-
ject and had sufficient technology and business-related capacity for the
needs of this project. The company evaluated the project’s current research
results and investigated whether or not its business strategy was compat-
ible with the project. Based on a positive assessment, it decided to partici-
pate. This enabled the project to move forward towards its aim, which was
to commercialize a general-purpose device capable of nanofabrication. For
the original company, another company with a different business structure
joining the project was a good opportunity to build collaborative relations
with the new company. Specifically, the development company was tasked
with the core parts for the general-purpose device under development.

6 Conclusion

For projects that did not change their collaborative research systems
during the research process (i.e. add new companies or change the compa-
nies involved), having multiple companies participate at the start, (identi-
fying practical applications within the technological scope of each compa-
ny), was more effective than having a collaborative research system with
only one company participating. Moreover, collaborative research systems
that did change were highly effective from a product development stand-
point, irrespective of the number of companies participating in the project
at the start. One primary cause of this is that as R&D progresses, the so-
cietal value of the potential results becomes clearer, which then clarifies
which private companies should actually carry out the product develop-
ment. This is not necessarily a disadvantage for the private companies
already participating but rather could be considered favorable for future
business, as technology can be licensed to other companies that may par-
ticipate, bringing in profit from licensing and the transfer of intellectual
property.
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