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Abstract: Public technology transfer and technology commercialization are attracting worldwide
attention, but the research on the commercialization of technology transferred from government-
funded research institutes (GRIs) to small- and medium-sized enterprises (SMEs) is scarce. This
study aims to identify and prioritize the factors contributing to the commercialization success of
technologies transferred from GRIs to SMEs and to quantitatively present their importance. We
proposed novel concepts of SMEs’ and GRIs’ technology commercialization proactiveness (SME TCP
and GRI TCP) as two main success factors. We conducted hierarchical logistic regression analysis
and decision tree analysis for 301 SME cases that adopted technology between 2013 and 2016 from
Electronics and Telecommunications Research Institute (ETRI), a representative GRI in Korea. As
a result, SME TCP was measured based on technology transfer expenditure (TTE), and frequency
(TTF) was confirmed to be the most important factor. In particular, the success rate was higher when
TTE exceeded 151 M KRW, or TTF was three or more. In addition, the success rate varied greatly
depending on GRI TCP, namely the degree and the type of GRI researchers’ support. These findings
can be used as primary data when establishing policies to promote cooperation between SMEs and
other GRIs and provide practical implications for both technology providers and adopters.

Keywords: technology commercialization proactiveness; public technology transfer; technology
commercialization; small- and medium-sized enterprises; government-funded research institutes

1. Introduction

The coronavirus disease 2019 has accelerated the realization of digital transforma-
tion [1–3]. According to Satya Nadella, Microsoft CEO, “We’ve seen two years of digital
transformation in 2 months” [4]. Technology is changing at a previously unimaginable rate.
In the past, the latest technologies were considered the exclusive property of high-tech
companies. However, nowadays, it transcends industrial boundaries and has become
necessary for every company [2]. Thus, the continued development of core technologies is
essential for the sustainability of companies [5].

Park and Glenn [6] have warned that companies failing to adopt accelerating tech-
nological changes might go out of business, leading to personal bankruptcy and even a
national crisis. In Korea, small- and medium-sized enterprises (SMEs) account for 99.9%
of all enterprises and 83.1% of total employment and are closely related to the national
economy [7,8]. However, these enterprises find it challenging to develop core technologies
independently [9,10]. Therefore, SMEs must find other ways to reinforce their technological
capabilities within a short period of time and escape the crisis [11,12].

Public research institutes (PRIs) such as the National Institute of Standards and Tech-
nology in the U.S. and the Fraunhofer Society in Germany have played a pivotal role in
national R&D activities [13,14]. Recently, technology commercialization of R&D results
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has been emphasized [15]. Countries around the world have considered public technol-
ogy transfer as a means to improve the technological competence of companies and have
established diverse policies to facilitate the transfer [16–18]. However, tangible results
are insufficient in the commercialization of public technology despite such efforts [19,20].
Existing research tended to focus only on technology transfer from PRIs rather than tech-
nology commercialization [20,21]. However, since corporate performance is reflected in
the national economy, much attention should be paid to increasing the commercialization
success rate.

Prior studies have been conducted on the success factors of technology transfer and
technology commercialization [22–25]. However, in many cases, the concepts of technology
transfer and technology commercialization were often confused, and since the examined
technology providers were not restricted to PRIs, there was a limitation in that their
overall scope was considerably broad. Furthermore, government-funded research institutes
(GRIs) and universities were often treated equally as PRIs despite the differences in roles,
functions, and competencies of institutions [26]. Notably, research on the commercialization
of technology transferred from GRIs to SMEs is limited [9].

We aim to identify factors that contribute to the commercialization success of tech-
nologies transferred from GRIs to SMEs, set priorities, and quantitatively present their
importance. We first focused on the two success factors mentioned most often in previous
studies. These are companies’ willingness to commercialize technology [20,27–30] and
cooperative partnerships between a technology provider and an adopter [19,21,22,31,32].
However, there is another problem in that although the importance of these two factors is
recognized, it is difficult to objectively measure them. To solve this problem, we presented
novel concepts of SMEs’ and GRIs’ technology commercialization proactiveness (TCP)
(hereinafter called SME TCP and GRI TCP, respectively) and then defined their objective
measurement indicators.

Hierarchical logistic regression analysis and decision tree analysis were performed on
technology transfer cases between SMEs and Electronics and Telecommunications Research
Institute (ETRI). ETRI is a leading Korean GRI in terms of the number of quality patents
filed, the number of technologies transferred, and diverse support programs [19,33,34]. The
commercialization status survey data on SMEs in 2019, ETRI’s internal data, and officially
announced company information were used for analysis.

This paper is organized as follows. Section 1 explains the background and purpose
of this study. Section 2 reviews previous studies on public technology transfer and com-
mercialization and explains the concept of SME TCP and GRI TCP. Section 3 addresses the
research model, data collection method, operational definition of variables, and research
methods. Section 4 discusses the results of the empirical analysis. Finally, Section 5 presents
conclusions and suggestions.

2. Theoretical Background and Research Hypotheses
2.1. Public Technology Transfer and Commercialization

In prior studies, the concepts of “technology transfer” and “technology commercial-
ization” have been used interchangeably depending on the subject and research topic [21].
Furthermore, various technology providers such as domestic and foreign companies and
other departments within a company were considered as well as PRIs; the scope of the stud-
ies was too broad to adequately represent the characteristics of public technology providers.

Hence, we limited the definition of technology transfer, according to the definition
of Roh et al. [29], to “the transfer of intellectual property such as accumulated technology,
knowledge, and know-how developed for the achievement of a specific purpose through
contract and negotiation between the parties to the technology transfer”. We defined
technology commercialization as “developing, producing, and selling products using
technology, or improving related technology in the process” from the Technology Transfer
and Commercialization Promotion Act [35]. The definition of PRIs as technology providers
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also differed slightly among studies. Following D. Park and K. Cho [26] and Lee and
Lee [15], we categorized PRIs into GRIs and universities in this study.

In the early 1980s, the U.S. established the Bayh–Dole Act and the Stevenson–Wydler
Act to strengthen the technology transfer of PRIs. Germany has also made strategic efforts
to strengthen the competitiveness of SMEs through public technology transfer [13]. In
Germany, GRI is operated by four large research groups. Among them, the Fraunhofer
Society was established in 1949 to support the research needs of industries [36]. The Sin-
gaporean government also attaches great importance to the linkage between R&D and
business. Therefore, Singapore universities have a strong link with industry to commercial-
ize research results or contribute to society [14]. Meanwhile, Korea enacted the Technology
Transfer Promotion Act in 2000. Currently, various policies are being implemented, such as
the seventh Technology Transfer and Commercialization Promotion Plan and the fourth
Basic Plan for Research Results Management and Utilization in Korea. Accordingly, the
quantitative growth of technology transfer is increasing at a rate of 7% per year [37]. How-
ever, the success rate of public technology commercialization remains less than 15% [38].
Thus, qualitative growth is disappointing when compared to quantitative growth.

From an academic perspective, studies of technology transfer and commercialization
began in the U.S. in the 1980s. They have also been actively conducted in Korea [28]. How-
ever, as earlier studies were mainly conducted from a technology supplier’s perspective, the
research theme was focused on the technology transfer of developed R&D results [39–43].
The spread of R&D results is vital, but we need to focus more on technology commercial-
ization success in order to create a sustainable economic performance for companies and
the country [22–24].

Chung and Hyun [23], Bozeman et al. [24], Lee [25], and Hsu et al. [44] have identified
success factors for technology transfer and commercialization based on analyses of several
studies as summarized in Table 1a.

Table 1. Success factors for (a) technology transfer and technology commercialization and (b) public
technology commercialization.

Factor Classification (a) Technology Transfer and Commercialization (b) Public Technology
Commercialization

Technology
provider

R&D capability number of papers and patents, research capacity,
research facilities, etc. [20]

Management ability R&D budget, resource allocation capacity,
administrative capability, etc. -

Technology diffusion
capability

size of a technology licensing organization, technology
transfer experience, technology marketing activities [20]

Technology
adopter

Technology absorption
capacity

number of developers, ability to utilize technology,
dedicated technology adoption team, etc. [20,28]

Technology
commercialization

willingness

willingness and support of owner, entrepreneurship,
efforts for technology transfer, etc. [20,27–30]

Technology
Commercialization

capability

marketing capability, commercialization capability,
understanding customer needs, etc. [21,32]

Technology

Technology characteristics compatibility, complexity, maturity, etc. [30]

Intellectual property rights patent application/registration status, industrial
applicability -

Technology trading
market

transaction brokerage, consulting, legal service,
technology valuation, etc. -
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Table 1. Cont.

Factor Classification (a) Technology Transfer and Commercialization (b) Public Technology
Commercialization

Environment

Government support R&D projects, funding support, related laws and
institutions -

Commercialization
environment

technology financing, industrial characteristics, market
size, market volatility, competitive situation, etc. [30,32]

Cooperation partnership collaborative relationships, communications, trust, etc. [19,21,22,31,32]

Min and Kim [28] and Min et al. [32] have investigated the impact of technologies trans-
ferred from PRIs on commercialization success. Consequently, the support of researchers
after technology transfer and the company’s absorption capability can positively affect
commercialization success. Kim [27] has emphasized that the studies on public technology
commercialization should be conducted from a technology adopter’s perspective rather
than from a provider’s perspective. Agrawal [31] has analyzed the impact of inventors’
participation on the economic performance of companies. The author has concluded that
the strategy of engaging the inventor can favorably influence the success of entrepreneurial
commercialization. Jung et al. [21] and Yun et al. [30] have analyzed commercialization suc-
cess and/or failure factors in technology transfers from GRIs. They found that a company’s
marketing capability, a developer’s cooperation, a CEO’s willingness, the market size, and
technology originality were major success factors.

Meanwhile, some studies have limited technology suppliers to GRIs and technol-
ogy adopters to SMEs. Lee and Cho [19] have empirically analyzed the effects of the
researchers’ involvement after technology transfer on commercialization success. They
found that researchers’ continuous technical support was associated with a success rate
that was approximately five times higher than the cases without such subsequent support.
Roh et al. [29] have examined the effects of technology transfer efforts and technological
cooperation objectives of SMEs and venture companies on sales performance. They con-
cluded that the degree of effort was important for improving business performance. Based
on a case study, Lim et al. [20] found the following success factors: new technology transfer
acquisition strategy, technology absorption capability, and willingness to commercialize.
Bong [22] has examined the effects of a technology provider’s subsequent support on
corporate performance through empirical survey data on public technology-based startups.
They confirmed that linkage with the technology provider contributed to the success of
technology commercialization and the company’s survival and growth.

Table 1b summarizes the success factors of public technology commercialization iden-
tified in previous studies. Many studies have found that the willingness to commercialize
technology and a cooperative partnership are significant success factors. In this study,
we hypothesized that companies’ willingness and technical involvement of technology
suppliers after technology transfer could positively affect commercialization success.

2.2. GRIs and SMEs

As mentioned previously, existing studies were conducted without distinguishing
between universities and GRIs as providers of public technology. However, the characteris-
tics of these institutions have major differences in the attitude toward technology transfer,
level of participation in technology development, and economic profitability. Thus, they
must be analyzed separately [9,26].

And companies show significant differences in their ability to raise funds, absorb the
technology and attract human resources. They also display different degrees of reliance on
external technology, depending on their size. A survey report on public technology transfer
in Korea [38] has shown that SMEs account for 90% of the total technology transfer contracts.
Unlike SMEs, large corporations with a sufficient number of developers are increasing their
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own R&D performances, whereas SMEs show growing cooperation with GRIs. As SMEs
form the backbone of the national economy, we must focus on the characteristics of SMEs.

Despite its importance, only a few studies on public technology commercialization,
particularly from GRIs to SMEs, have been conducted so far. The main reason seems to
be the difficulty of data acquisition due to the confidentiality of business information,
according to Lee and Cho [19] and Min and Kim [28].

2.3. Technology Commercialization Proactiveness (TCP)
2.3.1. SME TCP

The actual effect of public technology commercialization depends on a company’s
growth and profit. As a company is an entity that commercializes technology and produces
the final result, its willingness to commercialize is inevitably essential. In early studies pre-
sented in Table 1, the willingness for technology commercialization is expressed in terms of
support and/or willingness of the CEO, entrepreneurship, and technology transfer efforts.
Other studies have emphasized the involvement of top management in the technology
transfer process [45] and the active attitude of technology adopters [46]. Tidd [47] has
also treated a CEO’s will to innovate as a primary success factor in a study addressing
technological innovation and its achievements. Park [48] and Kang [49] have stated that a
CEO’s willingness is a strong driving force for corporate innovation, especially in SMEs.

Previous studies have generally measured the concept of a company’s willingness to
commercialize through responses to survey questions on Likert scales ranging from 1 to
5 [25,30,50]. However, these studies have a weakness in that their results have a large vari-
ance depending on respondents’ inclinations and circumstances, making standardization
impossible. Accordingly, to ensure research objectivity, a new quantitative measurement
tool is required.

Roh et al. [29] have attempted to measure the degree of a company’s efforts based on
the number of technology transfer experiences. Bae and Chung [51] have examined the
relationship between technical cooperation activities and corporate performance. They
then measured the degree of technical cooperation efforts by formal and/or informal
technological cooperation frequency. Under the assumption that a company that regards
public technology as an important knowledge source would not consider the transfer of
technology as a one-time event, technology transfer frequency (TTF) could be an objective
measure of its willingness.

Kim [27] used licensing fees as an explanatory variable in a study to investigate
the success factors of technology commercialization. Many studies have explored the
relationship between corporate R&D activities and performances using R&D investment as
the main explanatory variable [52–55]. However, only a few studies have used investment
in technology transfer or technology transfer expenditure (TTE) as an explanatory variable.
For SMEs with limited resources, the amount of TTE reflects a significant will. Thus, it can
be the most direct measure.

The fact that previous studies have considered willingness or attitude as a success
factor for technology commercialization is in agreement with Fishbein and Ajzen’s theory
of reasoned action (TRA) [56]. Their theory posits that attitudes toward a behavior affect
behavioral intention and ultimately lead to a certain behavior. However, provided that
TRA could not fully predict behavior by behavioral intent, Ajzen [57] presented the theory
of planned behavior, adding a third variable called perceived behavioral control, that is,
assuming that appropriate circumstances must be provided for an action to be performed.
Additional efforts to explain the relationship between attitude, intention, and action are
ongoing, including Davis’s technology acceptance model [58]. An active intention or will
can lead to action in most cases, but not in all cases. Therefore, terms such as technology
commercialization intention or willingness are insufficient to express the TTF and TTE of a
company that is actually showing a behavior. Thus, this study presents the concept of TCP,
which focuses on action, and determines whether it affects a company’s success. This study
posits the following hypotheses:
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Hypothesis 1 (H1). SME TCP has a positive effect on technology commercialization success.

Hypothesis 1a (H1a). SME TTF has a positive effect on technology commercialization success.

Hypothesis 1b (H1b). SME TTE has a positive effect on technology commercialization success.

2.3.2. GRI TCP

O’Regan and Kling [12] have claimed that outsourcing by small companies can lead
to competitive advantage and promotes profitability. Link and Scott [18] have also found
that a company’s use of public technology helps reduce costs and increases its return on
investment. However, various risks of market failure exist in the process of adopting and
commercializing public technologies [31,59]. In particular, for SMEs, a major problem
is the asymmetry in technical skills with technology providers [60,61]. Hansen [62] has
also pointed out that, without mutual ties, tacit knowledge is not transmitted sufficiently,
leading to difficulties in technology transfer [63,64]. Thus, cooperative partnerships with
technology providers are essential for overcoming various difficulties.

Normally, researchers’ support after technology transfer can help a company’s tech-
nology commercialization success [65]. However, almost no cases have demonstrated how
a company’s success rate changes depending on the degree and type of support received
by a company. Therefore, this study empirically analyzes how commercialization success
rate varies according to the type and degree of support provided by ETRI to SMEs after
technology transfer.

ETRI has been actively making various efforts, such as creating an organization dedi-
cated to technology commercialization in 2000 to promote and extend the commercialization
of R&D results. It also provides various support programs, such as researcher dispatch,
consulting, and additional R&D support programs to ensure that SMEs can secure market
competitiveness based on their technological prowess. We defined the support of GRI
researchers as GRI TCP, and following Lee and Cho [19], we divided researchers’ support
into full involvement and partial involvement for analysis. Accordingly, we posit the
following hypotheses:

Hypothesis 2 (H2). GRI TCP has a positive effect on technology commercialization success.

Hypothesis 2a (H2a). GRI researchers’ full involvement has a positive effect on technology
commercialization success.

Hypothesis 2b (H2b). GRI researchers’ partial involvement has a positive effect on technology
commercialization success.

However, as a company is an entity that drives commercialization results, researchers’
involvement is auxiliary. Thus, whether GRI TCP has a moderating role as well as the main
effect should be verified. Accordingly, this study posits the following hypotheses:

Hypothesis 3 (H3). GRI TCP reinforces the positive effect of SME TCP on technology commer-
cialization success.

Hypothesis 3a (H3a). GRI researchers’ full involvement reinforces the positive effect of SME TTF
on technology commercialization success.

Hypothesis 3b (H3b). GRI researchers’ partial involvement reinforces the positive effect of SME
TTF on technology commercialization success.

Hypothesis 3c (H3c). GRI researchers’ full involvement reinforces the positive effect of SME TTE
on technology commercialization success.
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Hypothesis 3d (H3d). GRI researchers’ partial involvement reinforces the positive effect of SME
TTE on technology commercialization success.

3. Research Methods
3.1. Research Model

In order to investigate the effects of SME TCP and GRI TCP on technology commer-
cialization success, this study developed a research model, as shown in Figure 1. SME
TCP, measured by TTF and TTE, was used as an independent variable. GRI TCP was
measured by the number of support programs implemented in each company after the
technology transfer. Additionally, we examined whether GRI TCP had a moderating effect
on the relationship between SME TCP and technology commercialization success. We also
identified and prioritized the success factors and quantitatively presented their importance.
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In this process, six subdivided research models were presented, which were explained
in detail in Section 4.

3.2. Operational Definitions of the Variables
3.2.1. SME TCP

Among the components of SME TCP, TTF refers to the total number of technology
transfers, and TTE represents the sum of licensing fees of an SME over a certain period of
time. As the policy and definition of technology transfer and royalties and licensing fees
may differ by the technology supplier, we need to understand policies and characteristics
of ETRI. The Korean government recommends that public technology be transferred to
many companies. Therefore, non-exclusive contracts occur more frequently than exclusive
contracts [38]. The cases analyzed in this study have no exclusive contract. Moreover, a
certain percentage based on the government budget invested in developing technology is
presented as a guideline for setting royalties and licensing fees. ETRI’s internal technology
transfer deliberative committee determines the final value.

3.2.2. GRI TCP

GRI TCP was measured by the number of programs supported by researchers for
each SME between 2014 and 2016. Types of support programs for ETRI were divided into
four categories: short-term dispatch of research personnel (GRI_1), long-term dispatch of
research personnel (GRI_2), consulting (GRI_3), and additional R&D for commercialization
(GRI_4). GRI_1 is a program that dispatches researchers to companies for less than one
month. It applies to an average of 170 companies per year. GRI_2 is a program that
dispatches researchers for more than four months. In particular, ETRI has three similar
GRI_2s. Approximately 70 companies are supported annually. GRI_3 is a form of assistance
that occasionally provides technical advice for one year. The average annual number of
beneficiaries of the GRI_3 program was 170 during the provided period. GRI_4 provides
both research manpower and funding for one year to perform additional R&D to meet
the needs of the enterprises. However, due to budgetary constraints, this program was
provided to only 30 companies between 2014 and 2016.

This study classifies these support programs into GRI researchers’ full involvement
program (GRI_Full) and partial involvement program (GRI_Partial). GRI_Full is defined as
the sum of GRI_1, GRI_2, and GRI_4, whereas GRI_Partial is defined as GRI_3.
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3.2.3. Control Variables

Based on a review of previous studies, several control variables were added. The first
control variable was the joint research experience. There have been conflicting arguments
for this variable. Park et al. [66] and Choi and Lee [67] claimed that joint research experience
increased the implementation of technology commercialization. However, Saavedra and
Bozeman [68] and Park et al. [69] concluded that the development of research institutions
and companies should be separate. This study assigned a value of 1 if an SME had joint
research experience prior to technology transfer and a value of 0 otherwise.

The second control variable was whether a company was an innovative one (here-
inafter called venture business and Innobiz company). “Venture business”, which is used in
various ways as a policy target depending on the country, has no clear definition. In Korea,
a company that is recognized as needing support by the government due to relatively high
technological and growth potential is regarded as venture business. Conversely, “Innobiz
company” refers to a company that can secure technological competitiveness or has future
growth potential through innovation activities. An innovative company is assigned a value
of 1, while a non-innovative company is assigned a value of 0.

Regarding the company size, it has been argued that larger companies are associated
with more active innovation. However, the opposite argument has also been made [70–72].
This study used the number of employees and R&D personnel as of 2019 for the analysis.
Additionally, to control for the effect of company age, the period of company operation
from establishment to 2019 was added as a control variable.

3.2.4. Technology Commercialization Success

In the survey, the commercialization status of the transferred technology was scored
based on four categories: “success”, “progress”, “on-hold”, and “abandonment”. Success
refers to achievements such as product production, narrowing the technology gap with
competitors, and shortening of the development period after technology transfer. Progress
indicates that efforts are being made for commercialization. On-hold implies the existence
of a commercialization plan without investing in human or material resources. Finally,
abandonment indicates the absence of a commercialization plan for the transferred technol-
ogy. However, considering that a sufficient time of 3–6 years had passed after technology
transfer in 2013–2016, responses of progress and on-hold were also classified as failure.

Table 2 sums up the variables and their operational definitions in this study.

Table 2. Variables and Operational definitions.

Variable Operational Definition Source Refs.

Independent
variables

SME TCP
TTF Technology transfer frequency of a company

(2013–2016)
internal data

[29,51]

TTE Technology transfer expenditure of a company
(2013–2016) [27,52–55]

GRI TCP

GRI_Full

Number of GRI researchers’ full involvement
programs (GRI_1 + GRI_2 + GRI_4) for a company

(2014–2016)

internal data [19,31,32]
GRI_1: short-term dispatch of research personnel
GRI_2: long-term dispatch of research personnel

GRI_4: additional R&D for commercialization

GRI_Partial
Number of GRI researchers’ partial involvement

program (GRI_3) for a company (2014–2016)

GRI_3: consulting

Dependent
variable SUCCESS Commercialization success: 1, failure: 0 survey [19,28,30,73]
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Table 2. Cont.

Variable Operational Definition Source Refs.

Control
variables

CoRND Joint research experience: yes 1, no 0 survey [66–69]

INNO Innovative business: 1, non-innovative business: 0

survey,
official data

[73,74]

N_E Number of employees [12,27,28,31]

N_R Number of R&D personnel [22,69]

AGE Company age: 2019—the year of establishment [28,73,75,76]

3.3. Analysis Techniques

Data mining is the process of extracting valuable information from the stored data on
large scale [77]. This study utilized a classification most commonly used in data mining. It
is used to predict which group the input data belong to when the target variable is nominal.
There are several classification techniques, including logistic regression analysis (LRA) and
decision tree analysis (DTA). Previous studies that analyzed success factors of technology
commercialization most commonly used LRA [19,22,28,30,31] and rarely used DTA [21].

A combination of analytical methods is frequently used to exploit strengths and
differences of various methodologies. For example, among classification techniques, LRA
and DTA are often used together. Kim [78] has tried to make more accurate predictions
using both analysis methods. Kweon [79] has compared the accuracy and sensitivity of
these two methods and presented a more helpful approach. Aksu and Keceoglu [80] have
argued that using multiple methods could yield more potent results.

LRA is a parametric method that involves an assumption about population distribution
when making an inference about a parameter. Typically, the result is interpreted using
odds ratio (OR), which indicates the ratio between the probability that an event will occur
and that an event will not occur. Additionally, applying the hierarchical logistic regression
analysis (HLRA) presented by Baron and Kenny [81], the main effects of independent
and moderator variables on a dependent variable and the moderating impact due to the
interaction can be examined.

Unlike LRA, DTA is a non-parametric method that does not assume population
distribution. It is used to examine whether a particular situation will occur. It is also used to
visualize the degree of influence and interrelationship of attributes that affect the outcome.
Variables are arranged in a hierarchical tree structure in the order of the most significant
influence. Furthermore, DTA does not require statistical assumptions. Thus, it is a valuable
tool for effectively analyzing interactive relationships among various causes.

By taking advantage of both analysis methods, we attempted to obtain abundant
academic and practical results. Data were interpreted using SPSS 28.0. First, characteristics
of subject companies were analyzed using descriptive statistical and frequency analyses.
Second, correlation and multicollinearity analyses were performed. Third, statistically
significant variables were identified by examining the relationship between SME TCP,
GRI TCP, and a company’s technology commercialization success through HLRA, and
hypotheses were tested. Fourth, success factors considering interrelationships among
the factors were identified through DTA. A chi-squared automatic interaction detection
algorithm was used for DTA.

3.4. Data Collection

In this study, we utilized the data from a commercialization status survey conducted
in 2019. The subject of analysis was limited to contracts concluded between ETRI and
SMEs in 2013–2016. This was because these companies were eligible for support during
that period when ETRI’s support program was the strongest (2014–2016). Among a total of
695 companies that adopted technology between 2013 and 2016, 643 were SMEs. Among
these SMEs, 371 questionnaires were retrieved (response rate of 57.7%). If a company’s
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information was unknown, it was excluded from the analysis. Finally, a total of 301 SMEs
was analyzed.

SUCCESS, CoRND, INNO, N_E, N_R, and AGE were obtained from the results of the
survey. We obtained additional information on INNO, N_E, N_R, and AGE from NICE
Information Service [82], Cretop [83], and each company’s official website, and TTF, TTE,
GRI_Full, and GRI_Partial were obtained from ETRI’s internal data.

4. Results
4.1. Descriptive Statistics

Table 3 lists the characteristics of the 301 companies. As TTF and TTE increased,
the proportion of companies that succeeded in technology commercialization increased
significantly. As N_E and N_R increased, the success rate increased slightly. Companies
having joint research experience with innovative companies generally had a higher success
rate. The relationship between age and commercialization success was unclear. In addition,
regardless of the type of support provided by GRI researchers, the greater the amount
of support, the higher the success rate of the company. However, the number of SMEs
that received support from researchers was not quite high. In particular, only 15 and
20 companies benefited from GRI_2 and GRI_4, respectively.

Table 3. Basic characteristics of the companies and rate of commercialization success.

Division No. Ratio (%) No. of
Success

Success
Ratio (%)

AGE

22+ 19 6.3 3 15.8
15–21 106 35.2 26 24.5
8–14 107 35.5 24 22.4
0–7 69 22.9 16 23.2

N_E

51+ 73 24.3 25 34.2
21–50 72 23.9 16 22.2
11–20 74 24.6 16 21.6
1–10 82 27.2 12 14.6

N_R

21+ 65 21.6 22 33.8
11–20 48 15.9 12 25.0
6–10 85 28.2 18 21.2
0–5 103 34.2 17 16.5

INNO
Innovative 253 84.1 60 23.7

Non-innovative 48 15.9 9 18.8

CoRND
Have experience 210 69.8 53 25.2
No experience 91 30.2 16 17.6

TTF

4+ 34 11.3 18 52.9
3 33 11.0 15 45.5
2 60 19.9 19 31.7
1 174 57.8 17 9.8

TTE (KRW)

151M– 30 10.0 21 70.0
75M–151M 62 20.6 26 41.9
30M–75M 110 36.5 16 14.5

–30M 99 32.9 6 6.1

GRI_1
2–3 27 8.9 14 51.9

1 107 35.5 34 31.8
0 167 55.5 21 12.6

GRI_2
2 2 0.7 2 100.0
1 13 4.3 5 38.5
0 286 95.0 62 21.7
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Table 3. Cont.

Division No. Ratio (%) No. of
Success

Success
Ratio (%)

GRI_3
2–3 67 22.3 32 47.7

1 24 8.0 7 29.2
0 210 69.8 30 14.3

GRI_4
1 20 6.6 10 50.0
0 281 93.4 59 21.0

GRI_Full
2–4 40 13.3 21 52.5

1 108 35.9 31 28.7
0 153 50.8 17 11.1

GRI_Partial
2–3 67 22.3 32 47.7

1 24 8.0 7 29.2
0 210 69.8 30 14.3

Table 4 shows descriptive statistics of variables. To satisfy normal distribution criteria
of |skewness| < 3 and |kurtosis| < 8 [84], natural logarithm of N_E, N_R, TTF, and TTE
was obtained.

Table 4. Descriptive statistics of the variables.

Variable N Min. Max. Mean S. D. Skewness Kurtosis

AGE 301 3 39 13.11 6.351 0.557 0.276
Ln(N_E) 301 0 6.65 3.08 1.307 0.31 −0.133
Ln(N_R) 301 0 5.3 2.36 1.018 0.475 0.074
Ln(TTF) 301 0 2.4 0.44 0.58 1.041 0.126
Ln(TTE) 301 0 6.23 3.94 0.899 −0.666 2.967
GRI_1 301 0 3 0.55 0.694 1.121 0.87
GRI_2 301 0 2 0.06 0.258 4.966 26.571
GRI_3 301 0 3 0.55 0.902 1.246 0.023
GRI_4 301 0 1 0.07 0.249 3.499 10.312

GRI_Full 301 0 4 0.66 0.795 1.173 1.188
GRI_Partial 301 0 3 0.55 0.902 1.246 0.023

Table 5 presents the results of the correlation analysis of variables. In order to avoid
multicollinearity, which could occur in hierarchical regression analysis, the analysis was
conducted after the mean centering of continuous variables. Provided that a strong correla-
tion (r = 0.842) between N_E and N_R, N_E was excluded from subsequent analysis. In
addition, multicollinearity was not an issue because the variance inflation factor (VIF) was
less than 10 [85].

Table 5. Correlation analysis of the variables.

1 2 3 4 5 6 7 8 9 10 VIF

1 1 -
2 0.403 ** 1 1.899
3 0.386 ** 0.585 ** 1 1.630
4 0.354 ** 0.392 ** 0.285 ** 1 1.614
5 0.357 ** 0.407 ** 0.338 ** 0.493 ** 1 1.559
6 −0.001 0.109 0.088 0.060 0.078 1 1.338
7 0.043 0.042 0.107 0.064 0.037 0.138 * 1 1.223
8 0.084 0.261 ** 0.239 ** 0.208 * 0.116 * 0.216 ** 0.187 ** 1 1.234
9 0.162 ** 0.150 ** 0.233 ** 0.134 * 0.139 * 0.475 ** 0.401 ** 0.270 ** 1 4.217

10 0.140 * 0.216 * 0.238 ** 0.122 * 0.170 ** 0.358 ** 0.369 ** 0.277 ** 0.842 ** 1 3.739

* p < 0.05, ** p < 0.01. 1: SUCCESS, 2: Ln(TTF), 3: Ln(TTE), 4: GRI_Full, 5: GRI_Partial, 6: AGE, 7: INNO, 8:
CoRND, 9: Ln(N_E), 10: Ln(N_R).
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4.2. Results of the Hierarchical Logistic Regression Analysis

HLRA was conducted to verify the effects of SME TCP and GRI TCP on technology
commercialization success. In the first stage, independent variables TTF and TTE were
input together with control variables. In the second stage, control variables GRI_Full and
GRI_Partial were additionally input. Finally, in the third stage, independent, moderator,
and interaction variables were input together.

Table 6 summarizes HLRA results. The logistic regression model was statistically
significant in the first stage (Hosmer and Lemeshow: χ2 = 9.224, p = 0.324), second stage
(Hosmer and Lemeshow: χ2 = 3.715, p = 0.882), and third stage (Hosmer and Lemeshow:
χ2 = 2.067, p = 0.919). Meanwhile, the explanatory power of the regression model was 28.2%
(Negelkerke R2 = 0.282) in the first stage, 34.2% (Negelkerke R2 = 0.342) in the second stage,
and 42.9% (Negelkerke R2 = 0.429) in the third stage. As variables were input by stage, the
value of −2LL gradually decreased to 262.159, 247.067, and 224.099, while Negelkerke R2

increased. Overall, the goodness of fit of the model was satisfactory.

Table 6. HLRA results.

Variables
Model 1 Model 2 Model 3

B S.E EXP(B) B S.E EXP(B) B S.E EXP(B)

Control
variables

CoRND −0.208 0.382 0.812 −0.323 0.401 0.724 −0.671 0.431 0.511
INNO 0.066 0.477 1.068 0.025 0.491 1.026 −0.032 0.527 0.968

Ln(N_R) 0.161 0.172 1.175 0.149 0.183 1.161 0.246 0.192 1.279
AGE −0.035 0.029 0.966 −0.031 0.029 0.969 −0.040 0.031 0.961

Independent
variables

Ln(TTF) 0.853 0.343 2.346 ** 0.540 0.364 1.716 † 0.509 0.411 1.664 †

Ln(TTE) 0.911 0.277 2.486 ** 0.807 0.286 2.241 ** 1.169 0.329 3.220 ***

Moderator
variables

GRI_Full 0.558 0.228 1.747 * 0.952 0.285 2.592 ***
GRI_Partial 0.324 0.190 1.383 † 0.302 0.244 1.353 †

Interaction
variables

Ln(TTF) × GRI_Full −1.243 0.566 0.288 *
Ln(TTF) × GRI_Partial 1.712 0.527 5.539 **
Ln(TTE) × GRI_Full 0.091 0.447 1.095 †

Ln(TTE) × GRI_Partial −1.013 0.404 0.363 *

−2LL 262.159 247.067 224.099
Negelkerke R2 0.282 0.342 0.429

Hosmer and Lemeshow: χ2 9.224 (p = 0.324) 3.715 (p = 0.882) 2.067 (p = 0.919)
† p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001.

After verifying the significance of regression coefficients, Ln(TTF) (OR = 2.346, p < 0.01)
and Ln(TTE) (OR = 2.486, p < 0.01) were positively significant in Model 1. That is, if
Ln(TTF) increased by one unit, the success rate also increased by approximately 2.346 times.
Similarly, if Ln(TTE) increased by 1, the success rate also increased by 2.486 times. In
Model 2, Ln(TTF) (OR = 1.716, p < 0.1), Ln(TTE) (OR = 2.241, p < 0.01), GRI_Full (OR = 1.747,
p < 0.05), and GRI_Partial (OR = 1.383, p < 0.1) were all positively significant. When GRI
researchers increased their full involvement by once more, the success rate of technology
commercialization increased by 1.747 times. Similarly, when GRI researchers made one
more partial involvement, the success rate increased by 1.383 times. Thus, the effects of
SME TCP and GRI TCP on technology commercialization success were positive, supporting
Hypotheses 1 and 2.

However, in Model 3, Ln(TTF), Ln(TTE), GRI_Full, and GRI_Partial were found
to have a positive relationship with commercialization success, whereas the interaction
term had both positive and negative effects concurrently. Basically, interaction effects
between Ln(TTF) and GRI_Partial (OR = 5.539, p < 0.01) and between Ln(TTE) and GRI_Full
(OR = 1.095, p < 0.1) were positive. Conversely, interaction effects between Ln(TTF) and
GRI_Full (OR = 0.288, p < 0.05) and between Ln(TTE) and GRI_Partial (OR = 0.363, p < 0.05)
were negative. Thus, Hypothesis 3 was partially supported.
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Moderating effects can be divided into enhancing, buffering, and interference effects.
When an independent variable, moderator variable, and interaction variable have a positive
relationship with a dependent variable, an enhancing effect creates synergy between them.
Conversely, an interference effect arises when an independent variable and moderator
variable have a positive relationship with a dependent variable, whereas an interaction
variable and a dependent variable have a negative relationship. Therefore, in this case, the
higher the moderator variable, the weaker the influence of an independent variable on a
dependent variable [86]. The nature of the interaction can be confirmed by Dawson’s [87]
slope, as shown in Figure 2. Figure 2b,c show the enhancing effects. Figure 2a,d show
interference effects.
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Figure 2. Moderating effect of GRI TCP on SME TCP commercialization success relationship.

Table 7 presents the prediction accuracy of commercialization success based on the
HLRA classification table. Specificities (i.e., the rate of predicting failure (0) as failure
(0)) were similar at 94.0%, 95.3%, and 93.1% for each model, respectively. Sensitivity
(i.e., the rate of predicting success (1) as success (1)) increased by 34.8%, 40.6%, and
49.3%, respectively. Finally, accuracy (i.e., the proportion of prediction identical to the
actual category among all data) improved to 80.4%, 82.7%, and 83.1%, respectively, by the
analysis stage.

Table 7. HLRA classification table.

Observed

Model 1 Model 2 Model 3

Predicted
% Correct

Predicted
% Correct

Predicted
% Correct0 1 0 1 0 1

SUCCESS
0 218 14 Specificity 94.0 221 11 95.3 216 16 93.1

1 45 24 Sensitivity 34.8 41 28 40.6 35 34 49.3

Overall % Accuracy 80.4 82.7 83.1
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4.3. Results of the Decision Tree Analysis

Figure 3 shows DTA results for Model 4, wherein TTF, TTE, GRI_Full, GRI_Partial, and
control variables were input. Variables in the upper nodes have a more crucial influence on
the success than in the lower nodes. The most important factor determining the success
was TTE. Companies are divided into four groups according to the amount of TTE, with
higher TTE implying higher SME TCP. Thus, we named each group as follows: (1) least
proactive group, TTE ≤ 30 M KRW; (2) less proactive group, 30 M KRW < TTE ≤ 75 M
KRW; (3) proactive group, 75 M KRW < TTE ≤ 151 M KRW; and (4) most proactive group,
TTE > 151 M KRW. Success rates for these four groups were 6.1%, 14.5%, 41.9%, and
70.0%, respectively. The higher the SME TCP, the more rapid the improvement of the
commercialization success rate. For the least proactive group, TTF was found to be the
second most important success factor. In this case, the success rate was meager (i.e., 5.1%)
when TTF was less than or equal to three (Node 5). When TTF was more than four (Node
6), the success rate was 100%, but it was difficult to generalize this result because there was
only one applicable company. The group most affected by GRI researchers’ support was
the less proactive group. Researchers’ full involvement in this group increased the success
rate by 7.2 times, from 3.6% (Node 7) to 25.9% (Node 8). Meanwhile, GRI_Partial was not
observed in this DTA result.

For the analysis by types of the GRI’s support programs, Model 5 was analyzed. Here,
GRI_1, GRI_2, GRI_3, and GRI_4 were used as explanatory variables rather than GRI_Full
and GRI_Partial.
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Figure 4 shows the results. TTE appeared in the highest node again. The success
rate for the least proactive group was 66.7% when GRI_4 was supported (Node 6). It was
12.1% when GRI_1 was supported (Node 12). Considering that the 99 SMEs in the least
proactive group had a success rate of 6.1% (Node 1), GRI_4 increased the success rate
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by 11 times, and GRI_1 doubled the success rate. For the 110 SMEs in the less proactive
group, the success rate was 14.5% (Node 2). When supporting GRI_2, the success rate
increased by more than four times, up to 60% (Node 8). When supporting GRI_1, the
success rate was increased to 25% (Node 14), which was more than 7.5 times higher than
that of non-supported companies (Node 13). Success rates of proactive and most proactive
groups were 41.9% (Node 3) and 70% (Node 4), respectively. However, as an exceptional
example, while the two companies that provided GRI_2 in the most proactive group all
failed (Node 10), the success rate of companies without support was high at 75% (Node 9).
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In DTA results, TTE was found to be the most critical success factor. In contrast,
the effect of TTF was not observed. Therefore, the importance of TTF might have been
overlooked. This issue needs to be investigated further. As shown in Figure 5, TTF increased
as TTE increased. The average TTF of groups one, two, three, and four divided by TTE
was 1.1, 1.5, 2.5, and 4.6, respectively. Thus, companies with a higher TCP tended to have
higher TTE and TTF simultaneously.
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Figure 6 illustrates DTA results for Model 6 excluding TTE to examine the effect of
TTF. In this case, the TTF was shown at the top node. Companies were divided into three
groups based on the degree of TTF, with many TTF implying high SME TCP. Hence, each
group was called as follows: (1) least proactive group, TTF = 1, (2) proactive group, TTF = 2,
and (3) most proactive group, TTF ≥ 3. As TTF increased, the success rate increased by
more than five times, from 9.8% (Node 1) to 49.3% (Node 3). In particular, when GRI_3 was
supported twice or more for the most proactive group, the success rate was 74.2% (Node 9),
which was the highest value in the decision tree. Meanwhile, when GRI_1 was supported
twice or more for the proactive group, the success rate was as high as 71.4% (Node 7).
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Table 8 illustrates the prediction accuracy for commercialization success of Models 4, 5,
and 6 based on the DTA classification table. Specificities for Models 4, 5, and 6 were 96.1%,
95.7%, and 95.7%, respectively. Sensitivities were 31.9%, 37.7%, and 40.6%, respectively.
Compared with the prediction accuracy for Models 1, 2, and 3 of LRA shown in Table 7,
the specificity was slightly higher while the sensitivity was slightly lower. Accuracies were
81.4%, 82.4%, and 83.1% for Models 4, 5, and 6, respectively, similar to LRA results.

Table 8. DTA classification table.

Observed

Model 4 Model 5 Model 6

Predicted
% Correct

Predicted
% Correct

Predicted
% Correct0 1 0 1 0 1

SUCCESS
0 223 9 Specificity 96.1 222 10 95.7 222 10 95.7

1 47 22 Sensitivity 31.9 43 26 37.7 41 28 40.6

Overall % Accuracy 81.4 82.4 83.1

4.4. Summary of the Analysis Results

We obtained various analysis results by performing HLRA and DTA. Table 9 shows
the input explanatory variables and analysis method for each of the six research models.

Table 9. Six detailed research models and analysis methods.

Model No. Explanatory Variables Analysis Method

Model 1 CoRND, INNO, Ln(N_R), AGE, Ln(TTF), Ln(TTE)

HLRAModel 2 CoRND, INNO, Ln(N_R), AGE, Ln(TTF), Ln(TTE), GRI_Full, GRI_Partial

Model 3 CoRND, INNO, Ln(N_R), AGE, Ln(TTF), Ln(TTE), GRI_Full, GRI_Partial,
Ln(TTF) × GRI_Full, Ln(TTF) × GRI_Partial, Ln(TTE) × GRI_Full, Ln(TTE) × GRI_Partial

Model 4 CoRD, INNO, N_R, AGE, TTF, TTE, GRI_Full, GRI_Partial DTA

Model 5 CoRD, INNO, N_R, AGE, TTF, TTE, GRI_1, GRI_2, GRI_3, GRI_4 DTA

Model 6 CoRD, INNO, N_R, AGE, TTF, GRI_1, GRI_2, GRI_3, GRI_4 DTA

Table 10 summarizes the hypothesis test results. The HLRA verified our hypotheses
that both SME TCP and GRI TCP played a positive role in technology commercialization
success, and GRI TCP played a partially positive moderating role between SME TCP and
technology commercialization success. Therefore, providing GRI researchers’ full involve-
ment to companies that invest heavily in technology transfer and providing GRI researchers’
partial involvement to those who receive technology multiple times are effective methods
to increase the success rate.

Table 10. Results of the research hypothesis tests.

Hypothesis Content Test Results

H1. SME TCP has a positive effect on technology commercialization success. Accepted

H1a. SME TTF has a positive effect on technology commercialization success. Accepted

H1b. SME TTE has a positive effect on technology commercialization success. Accepted

H2. GRI TCP has a positive effect on technology commercialization success. Accepted

H2a. GRI researchers’ full involvement has a positive effect on technology commercialization success. Accepted

H2b. GRI researchers’ partial involvement has a positive effect on technology commercialization success. Accepted
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Table 10. Cont.

Hypothesis Content Test Results

H3. GRI TCP reinforces the positive effect of SME TCP on technology commercialization success. Partially accepted

H3a. GRI researchers’ full involvement reinforces the positive effect of SME TTF on technology
commercialization success. Rejected

H3b. GRI researchers’ partial involvement reinforces the positive effect of SME TTF on technology
commercialization success. Accepted

H3c. GRI researchers’ full involvement reinforces the positive effect of SME TTE on technology
commercialization success. Accepted

H3d. GRI researchers’ partial involvement reinforces the positive effect of SME TTE on technology
commercialization success. Rejected

DTA identified success factors considering the interrelationships among various factors
not revealed in the statistical analysis. As a result, the most critical success factor was TTE,
and the importance of TTF was confirmed. Companies were classified into four groups
according to TTE level and three groups according to TTF degree. Table 11 shows the effects
of GRI researchers’ support programs for each group on the success rate.

Table 11. Effects of GRI TCP on the commercialization success by the SME TCP group.

Groups Depending on SME TCP GRIs’ Support Success Rate

TTE

(1) Least proactive group (TTE ≤ 30M KRW)
GRI_4 ≥ 1 4.2%→ 66.7%

GRI_1 ≥ 1 0.0%→ 12.1%

(2) Less proactive group (30M < TTE ≤ 75M KRW)
GRI_2 ≥ 1 12.4%→ 60.0%

GRI_1 ≥ 1 3.3%→ 25.0%

(3) Proactive group (75M < TTE ≤ 151M KRW) - 41.9%

(4) Most proactive group (TTE > 151M KRW) - 70.0%

TTF

(1) Least proactive group (TTF = 1) GRI_1 ≥ 1 3.5%→ 21.7%

(2) Proactive group (TTF = 2) GRI_1 ≥ 2 26.4%→ 71.4%

(3) Most proactive group (TTF ≥ 3) GRI_3 ≥ 2 27.8%→ 74.2%

5. Conclusions and Suggestions

In order to examine factors that contribute to the successful commercialization of tech-
nology from GRIs to SMEs, this study analyzed the case of ETRI in Korea. Several studies
in the past demonstrated technology adopters’ willingness and cooperative partnerships
as success factors for public technology commercialization. As these factors are abstract
and complex to quantify objectively, we proposed a new concept of SME TCP and GRI
TCP. We used a company’s TTF and TTE as measurement indicators for SME TCP. GRI TCP
was measured by the number of GRI researchers’ support programs to a company after
technology transfer.

Results of HLRA confirmed that TTF, TTE, and both full and partial involvement of
researchers in the technology commercialization process positively affected technology com-
mercialization success. The moderating effect of GRI TCP on SME TCP and the success of
technology commercialization were verified. Therefore, consistently supporting researchers’
partial involvement programs for companies with high TTF and full involvement programs
for companies with high TTE is significant.

The result of DTA indicated that SME TCP, especially TTE, was the primary and
most crucial success factor. Additionally, further analysis confirmed the importance of
both TTF and TTE. In particular, the success rate was higher when TTE exceeded 151 M
KRW or TTF was three or more. This implies that the possibility of successful technology
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commercialization can be raised if SMEs consider GRIs as continuous partners and continue
to receive technologies. According to the degree of SME TCP, companies were classified
into four groups: the least proactive group, less proactive group, proactive group, and most
proactive group. Types and degrees of researchers’ support programs that increased the
success rate for each group were also revealed.

Although GRI TCP was also found to be an essential factor, companies should be
more proactive than GRIs since the main players in promoting the commercialization of
public technology are SMEs, and the role of GRIs is auxiliary. As shown in Figure 7, as
SME TCP increased, the degree of the GRIs’ support increased proportionally. In general,
GRI researchers tend to avoid participating in a commercial R&D environment [19,39].
However, SME TCP ultimately leads to the active participation of researchers.
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The significance of this study is as follows. First, from an academic perspective, this
study extended the research on success factors of public technology commercialization
by empirically analyzing the case of SMEs and ETRI, which has excellent technology
development and technology transfer performance. Second, we proposed new concepts
of SME TCP and GRI TCP and made it possible to objectively measure them using TTF,
TTE, and the degree of GRI researchers’ support. Third, we used various data, such as
actual technology transfer information of companies, ETRI’s SME support history data,
a survey result, and the official information of the companies, to secure the objectivity of
the research. Fourth, various conclusions obtained through HLRA and DTA in this study
provide primary data to policy makers and provide practical implications for both SMEs
and GRIs.

Based on the analysis results, we offer three suggestions to promote the commercializa-
tion success of technology from GRIs to SMEs. First, SMEs that play a key role must have
TCP. The higher the level of SME TCP, the greater the commercialization success rate. Com-
panies with high TTE also had high TTF, indicating that they did not consider technology
transfer as a one-time event. Ultimately, what is required in advance is a company’s decision
to adopt public technology and cooperate continuously with GRIs. Second, GRI researchers’
support after technology transfer catalyzes an increase in SMEs’ technology commercializa-
tion success rate. Thus, a policy that encourages researchers to participate more actively in
commercial processes is required. In Korea, due to a project-based system (PBS), researchers
encounter difficulties even if they are willing to support companies [30,88]. Accordingly, a
system that renders the relationship with SMEs sustainable by encouraging GRI researchers
to actively participate in the technology commercialization process through PBS improve-
ment and incentive provision is required. Third, the excessive licensing fee is the greatest
barrier to SMEs’ public technology commercialization [89]. In this study, the proactive
group’s TTE was more than 75 M KRW. This is equivalent to the labor cost of one or
two skilled developers in an SME, which is not an amount that can be easily provided.
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Therefore, sufficient technology finance support is necessary to encourage companies to
participate in public technology commercialization.

Despite these important findings, this study has the following limitations, which need
to be addressed in further studies. First, a company’s performance was measured simply as
the success or failure of technology commercialization. In order to obtain more meaningful
results, research on the impact of technology commercialization on business performance
and society should be conducted. Further, the criteria for determining the precise contri-
bution of technology to a company’s financial performance and social development and
the related time-series data must be obtained. Second, this study only analyzed cases
of specific research institutions in the field of information and communications technol-
ogy. Thus, its application to all GRIs, in general, may be difficult. The research field and
scope of development for the technology being pursued by a GRI may vary significantly.
Accordingly, a company’s project field and technological characteristics may differ from
those of the companies investigated in this study. Additionally, the content of researchers’
support programs after technology transfer may vary from GRI to GRI. Therefore, in future
research, an in-depth analysis that subdivides the characteristics of GRIs, the technical
fields, and support programs will be required. Finally, SME TCP was measured only with
TTF and TTE. The explanatory power of the research model can be strengthened if various
other factors such as additional technology transfers, additional development funds, and
employment of research personnel are included.
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