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I . Introduction

In recent years technology has become not only an important dimension
of economic growth but also essential for survival in thiscompetitive world
(Schmookler 1966, Seong-Youn 1997, Jospin 1998).

Together with this consensus, the attention on the exploitation of
public researches, which is mainly achieved by technology transfer and
commercialization, has increased (Fujisue 1998, Grady and Pratt 2000, Chiesa
and Piccaluga 2000, Choi and Lee 2000, Liu and Jiang 2001, Jaffe and
Lerner 2001, Kumar and Jain 2001). Especially in the developing country,
the exploitation of public researches is more important because public
research institutes (PRIs) play the role of leading the R&D in science and
technology.

The policy makers in Korea have started to give a great attention to
transfer and commercialization of public researches only since 1990 by
changing policy directions from development-oriented initiatives to diffusion-
oriented ones, with increasing attention being focused on GRI-industry-
university alliance. However, the resulting impact such as R&D spillover
from PRIs has not been made successful as expected. A lot of technologies
developed by PRIs have still remained on the shelf in spite of the efforts to
facilitate the technology transfer and commercialization in Korea. Therefore, it
IS important to design the process for promoting the transfer and
commercialization of public researches in PRISs.

There is much literature to derive the success factors and the barriers
of technology commercialization from federal laboratories (McEachron, 1978;
Brown et al., 1991; Spivey et al., 1994) or universities (McMullan and
Melnyk, 1988; Russo and Herrenkohl, 1990; Meseri and Maital, 2001) or
industry (Rothwell, 1992; Jolly, 1997; Lester, 1998;). There is also much
literature to model technology commercialization (Cooper, 1986; Knox and
Denison, 1990; Jolly, 1997). This paper identifies the success factors and the
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barriers of technology transfer and commercialization from the GRIs to
private firms in Korea and suggests a commercialization model of public
researches based on the success factors and the barriers obtained by the
survey. Especially, the model puts an emphasis on the role of third party
addressed by the previous studies such as Onida and Malerba (1989), Senker
(1990), Malerba (1992), Faulkner et al. (1995), Metcalfe (1995), and Poole
and Moore (2002). For better exposition, the paper consists of four parts
with introduction, survey, commercialization model, and conclusion.

II. Survey

The main arguments raised in the study of technology commercialization
are as follows:

® Why do some specific technologies succeed in commercialization, while
others cannot do?

® How much do a donor and a recipient influence the success of
technology commercialization?

® How much does an environment such as market and government policy
influence the success of technology commercialization?

To analyze success factors and barriers to technology commercialization,
this paper adopts a systematic approach. Figure 1 illustrates the conceptual
framework for survey design.
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Figure 1 Conceptual framework for survey design

The main arguments mentioned above are considered by five
commercialization components, namely, commercialization agent,
commercialization object, transfer medium, commercialization recipient,
commercialization environments, which are almost the same as were
suggested in Bozeman (2000).1) These components are not entirely exhaustive
but are broad enough to include most of the success factors and barrier
examined in this survey of GRIs’ technology commercialization activities. As
for the scope of study, the survey limits commercialization agent to GRIs in
Korea, commercialization object to research results of GRIs in Korea, transfer
medium to technology transfer system of publictoprivate in Korea,
commercialization recipient to small and medium sized enterprises (SMESs)?)

1) For more detailed information, see Bozeman (2000), pp. 639-644

2) In this paper,SME are defined as technology intensive start-ups and small and

medium sized enterprises which lack in management and marketing skill.
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in  Korea, commercialization environments to market and non-market
environment in Korea. From another point of view, the five components can
be grouped into two primary players such as GRIs and SMEs, and two
fundamental environments such as research results from GRIs and market &
non-market environment in Korea, and a technology commercialization
process.

More specifically, technology commercialization process can be
divided into five stages, i.e., ldea & Planning, R&D, Technology transfer,
Pilot test & Engineering, and Manufacturing & Marketing. These stages
reflect on the environment of publicto-private technology transfer and
commercialization in Korea and also reflects some research results of Knox
and Denison (1990), Jolly (1997), and Cooper (2001).

In this paper, the framework introduces and focuses on the third party
that plays a role to intermediate between commercialization agent and
commercialization recipient and help them succeed in technology commercialization.
The model suggested in the paper also focuses and identifies the role of
third party among commercialization agent, commercialization recipient, and
the commercialization environment in the technology commercialization
process. Therefore the survey aims to obtain and analyze the necessary role
of third party as well as success factors and barriers to technology
commercialization.

The study carries out the survey to find out: (i) the success factors
and barriers of technology commercialization of public researches in Korea;
(if) the level of impact of factors important for the technology transfer and
commercialization; (iii) the most important stage and component in the
success of technology commercialization, and to analyze (i) the need for the
third party; (ii) the necessary role of the third party in technology
commercialization; (iii) the conditions that the third party should have. The
respondents were limited to two major groups, namely: (i) 15 GRIs in Kore
a3 and (ii) 15 SMEs to whom public researches were transferred by GRIs.
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The data were obtained from the sample GRIs and SMEs through the
questionnaire sent by e-mail and direct visits for interview.

Findings

To obtain the success factors and barriers in technology
commercialization, the survey was carried out in two steps. At the first step,
the important factors affecting the technology commercialization are derived
and arranged in the two dimension matrix, named ‘influence matrix of
important factors’. The row and the column represent five components and
factor levels such as primary, secondary, and tertiary level. At the second
step of survey, the level of factor-wise influence of important factors on
success or failure by GRIs and SMEs is derived from the respondents and
summarized in the appendix. The values represent the weighted average
influence level from all respondents and normalized to 7. The four values in
each factor indicate the influences on success and failure on part of GRIs
and SMEs in order. The other results of survey will be analyzed hereafter
and the interviews are reflected to the commercialization model explained in
the next section.

Figure 2 illustrates the influence level of each stage in technology
commercialization process. It is notable that the technology transfer stage is
ranked at the top. It is inferred that technology transfer system is not in
good order. It means that the technology transfer system exert a great
influence on technology commercialization. Moreover, it is not desirable.
Consequently, the technology transfer system needs to be improved any way.
It is also notable that there is the big difference of perception in the stages

3) In Korea, here are 19 GRIschartered by Government-fundeResearch
Institutes Act (1999)but four GRIs of them are excluded in the survey
because they havelittleexperiencei technology transfer and
commercialization.
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of Idea & Planning, Pilot test & Engineering, and manufacturing and
marketing between GRIs and SMEs. All SMEs in survey sample are
technology intensive company. It is natural that they should think Idea &
Planning and Pilot test & Engineering more important than Manufacturing &

The stage of Commercialization mGRIs 0SMEs |

Manufacturing & Marketing #
Pilot test & Engineering #—‘
Technology transfer #

Research & Development #
idea & Planning | —————

I
0 1 2 3 4 5 6 7
0 =very low 7 =very high
Influence in technology commmercialization

Marketing while executive officers in GRIs show the common belief
irrespective of characteristics of SMEs.

Figure 2 Influence level of the stages in commercialization process

Figure 3 illustrates important characteristics of technology that GRIs or
SMEs take into account in ldea & Planning stages. As usually suspected,
SMEs choose the correspondence to market needs as the most important
characteristics. On the other hand, GRIs take the correspondence with market
needs or policy needs and technology itself into account almost even. This
difference causes the R&D gap problem between GRIs and SMEs.



64 NARUAT N2F M1

Cosiderations in Idea & planning stage ‘DGFHS OSMEs

Correspondence with policy needs |

Technology progressiveness |

Correspondence with market needs [ ‘

0 1 2 3 4 5 6 7
0=very low Level of reflection 7 =very high

Figure 3 Level of reflection on technology considerations in ldea
& Planning stage

Figure 4 illustrates the necessary roles of third party in technology
commercialization. All the activities of third party have value more than
average 3.5 except law and consulting services. It may be inferred that both
of GRIs and SMEs think the role of third party are very important and
necessary. In both cases of law and consulting services, it may be simply
because they are already served by law and consulting firms. There exist a
few different perceptions between GRIs and SMEs. GRIs overestimate the
need of arbitration, technology marketing & match making, and education &
training program services more while SMEs think objective technology
valuations, feasibility test on technology or economics in market, and
information services on technology or market more important. It shows that
GRIs are likely to attribute the low performance of technology transfer and
commercialization to the bureaucratic regulations#) and the SMES’ lack of

4 In Korea, the regulations and guidelines of national R&D programs require GRIs to
levy technology payment more than governmental grants sponsored to the projects from

which transferred technology was created. Therefore, the frequent conflicts in negotiation
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information on GRIs’ research results. However, it is mainly because of the
different perception of value of GRIS’ researches and the lack of credible
information on the market and non-market from the standpoint of SMEs.

Most of SMEs and GRIs agree with the difficulties in financing from
commercial organizations. The need for financing is getting more serious as
commercialization process goes on. Therefore, the need for the financing or
technology credit guaranteed loan services are recognized as important for
technology commercialization.

The role of third party B GRIs O SMEs

Business & Marketing consulting _

Technology marketing/Matchmaking

Arbitration (Royalties, Contract terms)

Financing (public or privat loan) —-‘
Education & training program —

Law services(filing, infringement) —
Information service (technology, market) ——’—‘

Objective technology valuation ——‘
Feasibility test (technology, market) ——

0 1 2 3 4 5 6 7

0 =very low 7 =very high
Influence in technology commmercialization

Figure 4 The necessary roles of third party in technology transfer and
commercialization

Figure 5 illustrates the required nature for the third party to carry out
his activities to help GRIs and SMEs commercialize public researches.

between GRIs and SMEs cause delay in coming to an agreement, sometimes failing to

sign a license agreement (Park and Park, 2003)
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Ironically, GRIs appreciate that the third party has the authorization,
professionalism and objectivity. It is shown that Technology Licensing Office
(TLO) in GRIs and intermediating agency in Korea can’t yet obtain enough
public confidence, which may be resulted from their lack of professional
abilities and objectivity. It might highlight the strong need for the third party
that has these kinds of required nature.

rquired nature ‘IGF‘HS OSMEs ‘

of third party
| \ \

Opjectivily *J
Authorization *‘
Professionalis | ——

0 1 2 3 4 5 6 7

0=very low Level of reflection 7 =very high

Figure 5 the required nature that third party should has
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I. Commercialization model

The model

Figure 6 illustrates the commercialization model for public researches
in Korea. The model has the basis on the results of survey and
supplementary interview with the respondents. Furthermore, it aims to suggest
the future system of technology commercialization in Korea. Especially, the
model puts an emphasis on the role of third party as it was verified in the
result of survey and the third party may be the future model of organization
for technology commercialization in Korea.

The model assumed that technology and market & government policy
environments are given because the purpose of the model is not to give
some advice on market and government policy for promoting the technology
commercialization but to suggest the role of third party interacting with GRIs
and SMEs, and market and government.

The model has three distinctive features. First, the model has two-

dimension matrix structure such that the vertical axis consists of five stages
of commercialization process and the horizontal axis represents three primary
players involved in the technology commercialization process. Second, the
important ~ factors influencing  success or failure in  technology
commercialization are arranged according to the two-dimension matrix
structure.
Most of important factors influence both of success and failure, only different
according to situation, degree, and players. Third, the primary players are
surrounded with the market and policy environments and they are carrying
out the technology commercialization under given fundamental environments
as they interact with one another direct or indirectly.
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The role of third party

The role of third party in the technology transfer and
commercialization process is essential. Especially, the third party gives a
positive influence on reducing the perception gap and information asymmetry
and searching cost between commercialization agent and commercialization
recipient because of superior access to resources or greater ability or
willingness to bear risk (Senker, 1990, Faulkner et al. 1995, Metcalfe, 1995,
Poole and Moore, 2002). However, the third party has the quality condition
such as authorization by public supporting, professionalism of activities, and
the objectivity in intermediating between GRIs and SMEs. These quality
conditions can help the third party remove the barriers under the given
market conditions and government policies and fill the gaps between
commercialization agent and commercialization recipient.

Most of GRIs and SMEs in Korea have better competence in R&D,
Pilot test & Engineering, and manufacturing rather than Idea & Planning,
technology transfer, and marketing. The barriers in  technology
commercialization are mostly found in activities with relatively low
competence. Therefore, most of the activities of third party are concerned
with the activities.

In Idea & Planning stage, the study finds a problem from the result of
survey. Most of GRIs take the correspondence with market needs or policy
needs and technology itself into account almost even. However, most of
SMEs consider the correspondence with market need most important. Due to
this kind of R&D gap from this stage, SMEs wish to join cooperative
research to develop technology answering to market needs. Unfortunately,
SMEs wusually have trouble in obtaining the market and technology
information and finding GRI partners because information or searching costs
are not negligible. Although SMEs take a chance to join cooperative research
with GRIs, inventors in GRIs might have strong interest simply from
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personal or theoretical curiosity viewpoint (Duke, 1995). The latter, i.e. in
case of discordance between lab mission and inventor’s interest, may be
solved by incentive mechanism in GRIs but the former is hard to be solved
only by GRIs or SMEs. Although managing the acquisition of market and
technical information effectively has become of paramount importance to
R&D and business (Barabaschi, 1992), a lengthy and costly search for
information may be undertaken not by GRIs or SMEs but by a third party.
Faulkner et al. (1995) make a similar point, arguing that in attempting to
encourage commercialization, third parties should play the role of dating
agencies rather than marriage brokers. The third party works out these kinds
of problems by offering the information for market and technology,
matchmaking, and technology marketing services.

In the technology transfer stage, both GRIs and SMEs want the
transfer to be successful because the technology transfer is one of GRIS’
missions and because success in technology transfer could strengthen the
competence of SMEs. The two barriers, however, appears in this stage. One
is the disagreement in the license payment coming from the difference of
technology valuation. It is inevitable barrier because the technology valuation
IS so subjective and it is difficulty to reach the agreement that both parties
are satisfied with under the negotiation where only the two parties are
involved. If there is the authoritative and professional third party exists and
if the third party is able to offer the objective and appropriate value of
technology, arbitration in the argument of the license payment by third party
is possible. The other serious barrier is the technology development gap
stemming from the fact that SMEs are willing only to take up technology
which is closer to market so that taking technology to market is possible in
spite of only small investment and taking low risk. Most public researches,
however, are in the early stage technologies. This technology development
gap may be overcome by the third party (Poole and Moore, 2002) and
Metcalfe (1995) argues that the design of bridging institutions is as important



THE COMMERCIALIZATION MODEL FOR PUBLIC RESEARCHES 71

as seeking to align the incentive structures facing private firms and GRIs.
The technology development gap may be settled by the authoritative and
professional third party’s activities such as technical feasibility test and
consulting business plan.

The main barriers in Pilot test & Engineering stage and
Manufacturing & Marketing stage are the SMEs’ lack of skills in business
development and marketing, plus restrained access to financing. Most SMEs
are the technology intensive company so that they need some care of
technology business incubator (TBI). Although GRIs build TBIs to help
SMEs, it is not enough for the SMEs to commercialize the transferred
technology successfully. SMEs have also difficulty in financing from the
financial entities or government (or public) loan because financial entities
don’t have an appropriate measure to test technical feasibility and economics
of technology commercialization and because they also require investments to
yield returns sooner rather than later. To overcome these problems, the SMEs
can capture the market share independently or engage with a larger or
already well established commercial entity or, if they can’t do, it could
become dependent on support from public agency. Such support could come
in the form of subsidized rent or access to business advice. A more
fundamental approach might be for a credible and authorized third party to
offer the feasibility test for technology or verification of economics of
technology commercialization to financial entities and to give marketing and
business development consulting.

Table 1 gives a brief summary that the activities or role of third
party needed for solving main barriers by stage in the commercialization
process.
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Table 1

The activities or role of third party needs for solving main barriers by

the stage in the commercialization process

Commercializat
ion Main barriers Activities or role of third party
process
* R&D gap between GRIs * Information service on market,
and SMEs .
cop . business, and technology
* Difficulty in access to . :
ldea & . ; * Match-making or searching
. information on market and .
Planning technolo service
e gy. - * Researching market & making
* Difficulty in finding each
DB
other
R&D
* Perception gap in value of S
* Feasibility test of technology
technology .
g . - and commercialization
* Difficulty in negotiation .
Technology . o * Technology marketing
(restrictions, obligations, - .
transfer * Objective technology valuation
royalty and so on) o
« Technoloav development * Arbitration between GRIs and
a9y P SMEs
gap
Pilot test &
Engineering * Business consulting and
* Insufficient money training
) * Lack of management and * Feasibility test of technology
Manufacturing marketing skill and commercialization
Marfetin * Intermediate public and private
g loan for SMEs
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IV. Conclusion

Our study has two objectives. One is to find out the main success
factor or barriers in publicto-private technology commercialization in Korea
and the other is to suggest the commercialization model based on the
preliminary survey.

As the result of our analysis, it is possible to find out main barriersd)
in publictoprivate technology commercialization in Korea. Table 1
enumerates the main barrier but it is not all of main barriers. As result of
survey and interview, strategic licensing®) is ranked at the second objective. It
means that technology transfer is successful but commercialization may reach
failure. Actually it is common in business but out of role of third party.
Therefore, appropriate mechanism is needed to prohibit strategic licensing.

The commercialization model puts greater emphasis on the role of
third party to promote the technology commercialization. There is some
literature which has addressed a publicto-private technology transfer and
commercialization through the role of third party.

However, the study is somewhat different from the previous studies
in suggesting the commercialization model based on the survey and
systematic analysis by use of influence matrix along with the five-stage
process of technology commercialization and primary players in Korea.

5) The barriers in fundamental environments such as public researches and market &
non-market environment in Korea are excluded in the study because it is out of

interest.t may be left in future work

6) Strategic licensing include strategic considerations; for instance, the licensee pre-
occupies technologies so that competitors may not go to the new business whether the
licensee exploits them or not. Reduction of taxes and special subsidy by government or

bank belong to advantages
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The model has three premises to be applicable in the real world.
First, the third parties should have the authorized power by government or
the public confidence through the official process proven in the market.
Second, they should have the professional ability to offer the services as
were suggested role of third party in the model. Finally, there should be
support by government for the third parties to maintain the objectivity
between GRIs and SMEs.

It is noted that technology and market & non-market environment are
assumed to be given in the model. This comes from the fact that the study
attempts to focus on the managerial and strategic lessons than the policy
implications. Moreover, the study hopes to suggest the framework to work
out the barriers to the technology transfer and commercialization from the
viewpoint of the interactions of all parties that are involved in the technology
transfer and commercialization and the role of third party. In the future
works, it is precious to suggest the model that works out the internal barriers
of each parties and that promotes the transfer and commercialization in terms
of government policy and market environment.
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Appendix

Table A. Matrix of factor-wise influence of important factors on success and
failure by GRIs and SMEs

Value of influence: (Success(GRIs), Success(Firms), Failure(GRIs), Failure(Firms)

Tertiary level

Primary level Secondary level

Protection by patent
(4.82, 4.79, 451, 4.19)

Value of technology
(5.59, 5.94, 4.73, 5.94)

Commercialization
Object ( or technology)
(6.18, 6.13, 5.64, 6.13)

Development stage
(4.82, 4.56, 4.77, 4.56)

Need for additional improvement
(3.45, 3.50, 3.09, 3.50)

Complexity to implementation
(3.32, 3.50, 3.77, 3.50)

Following up improvement of
technology
(3.05, 3.38, 3.82, 3.38)

Offering technology training/advisory,
know-how
(4.82, 4.25, 4.14, 4.25)

Technology
Assistance

(5.59, 4.50, 4.55, 4.50)

Technology corresponding with policy
(3.82, 3.94, 3.77, 3.94)

Commercialization

agent (GRIs)
(3.72, 3.44, 4.18, 3.94)

Administrative assistance
(2.77, 4.06, 3.73, 4.06)

System for transfer &
commercialization
(3.91, 3.38, 3.32, 3.28)

Will for transfer & commercialization
(4.72, 4.38, 4.52, 4.38)

Experience for transfer &
commercialization
(3.45, 3.38, 3.64, 3.38)
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Quality control and ex-post
management system
(3.45, 3.54, 3.77, 3.50)

Technology business incubation
(4.36, 3.88, 3.36, 3.88)

Transfer medium
(4.18, 4.19, 4.27, 4.19)

Technology
transfer mechanism
(4.59, 4.88, 3.77, 4.88)

Cooperative research
(5.18, 4.13, 4.77, 4.13)

Licensing
(4.32, 5.25, 3.95, 5.25)

Technical consultation
(2.91, 3.94, 2.91, 3.94)

Employee exchange
(3.09, 2.50, 2.68, 2.50)

Activities of TLO in GRIs
(3.18, 2.06, 3.86, 2.06)

Technology marketing
(3.36, 3.50, 3.95, 2.50)

Education program
(2.05, 2.50, 2.73, 2.50)

Prohibition from strategic technology
transfer
(4.59, 2.88, 2.32, 4.88)

Offering information on technology
and market
(4.05, 3.94, 3.95, 3.94)

Offering the standard contract
form/process
(2.05, 2.31, 2.05, 2.31)

Offering the objective value of
technology
(5.82, 4.26, 4.82, 4.42)

Policy on royalties, contract terms,
risk sharing
(4.72, 4.69, 3.79, 4.29)
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Table A. Matrix of factor-wise influence of important factors on success
and failure by GRIs and SMEs (continued)

Primary level Secondary level Tertiary level

Capacity of selecting technology
(3.09, 4.13, 3.09, 4.13)

Capacity of improving technology
(4.18, 4.63, 3.95, 4.63)

Capacity of technology Capacity of promoting technology
(5.18, 5.63, 4.32, 5.63) (5.45, 4.50, 5.14, 4.50)

Capacity of manufacturing technology
(3.55, 2.75, 4.27, 2.75)

Experience of commercializing

technol
Commercialization (3.64 5013”0303;/ 313)
Recipient (SMEs) Features of éntr’epl;enéur'(will &
(4.41, 4.69, 4.23, 3.69) experience)

(5.41, 4.63, 4.32, 4.63)
Size of private firm
(2.45, 2.50, 3.14, 2.50)

Ability of financing or financial status
of firm

(4.55, 5.50, 5.09, 5.59)

Ability of management and
features of marketing
infrastructure

(4.18, 2.75, 4.86, 2.75)
Organization management

(2.41, 3.00, 2.41, 3.00)

Marketing infrastructure
(4.41, 4.34, 3.80, 3.94)
Taxes exemption for new technology
and products
(3.47, 3.76, 2.91, 2.06)

Public or government purchase

Commt?rmallzatlon - (395, 3.94, 236, 1.94)
Environment Non-market (or policy)
(market & non-mar_ket Environment Incentive to R&D private firms
or mark'et and policy (3.18, 3.69, 3.64, 3.69) (4.91, 3.83, 3.18, 3.63)
environment)
(5.14, 4.50, 5.41, 4.80) Open the GIRs’ laboratories to

industrial partners
(2.77, 2.00, 2.91, 2.00)

Regulation on the entry and
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environment

-88,—4:15,4-38)
the small and start-up
company
(5.27, 4.94, 6.15, 5.94)

Training program of technical and
market staff

(3.00, 2.75, 3.19, 2.95)

Demand for the product (or
technology)

(5.48, 4.81, 5.32, 4.88)

Whether competitor appears or not
(4.45, 4.25, 4.73, 4.25)

Time interval to access the market
(4.59, 3.56, 4.82, 3.56)

Use of easily available inputs

Market (2.73, 2.88, 2.45, 2.88)
Environment Fluctuation of interest rate during
(5.95, 5.19, 541, 5.19)

gestation period
(3.14, 2.81, 3.05, 3.81)
Market structure(monopoly, oligopoly,
competition
(3.64, 3.56, 3.32, 3.56)
Life cycle of technology
(3.27, 2.63, 3.91, 2.63)

Price of product
(3.36, 3.81, 3.91, 3.81)
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