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Abstract
Few studies examine how domestic versus foreign partnerships differentially affect technology transfer
performance across technological fields, despite growing interest in R&D collaboration. Using large-scale
data from Korea's National Science and Technology Information System (NTIS) on government-funded
R&D projects, this study examines (i) whether domestic and foreign co-research enhance technology
transfer performance, measured as royalty income, and (ii) whether these effects are moderated by
technology field (IT, BT, NT, ET). Results show that both domestic and foreign collaboration positively
predict royalty income at the pooled-sample level, confirming that proximity-based and internationally
networked partnerships each generate commercializable value. However, moderation analyses reveal no
statistically significant field-contingent variation in these effects. Although raw means suggest a
numerically larger foreign-collaboration effect in BT and ET, we interpret this cautiously given the small
foreign-collaboration subsample and limited statistical power. Theoretically, this study repositions the
partner-geography–technology-field interaction as a substantive object of inquiry rather than a control
variable, challenging Pavitt-style assumptions that sector-contingent collaboration effects transfer
uniformly from innovation counts to licensing outcomes. We propose that partner geography shapes the
qualitative character of collaborative value more than its quantitative monetary yield. Theoretically, this
study repositions the partner-geography–technology-field interaction as a substantive object of inquiry
rather than a control variable, and proposes that partner geography may shape the qualitative character
of collaborative value more than its quantitative monetary yield. Practically, the null moderation finding
provides an empirically defensible basis for field-agnostic collaboration-promotion policy, no single
technology field is systematically under- or over-served by uniform partner-geography targeting, so R&D
funding agencies need not default to sector-differentiated collaboration strategies without first testing
for them in their own data.

1. Introduction
Numerous prior studies shows that collaborative partnership research is one of the most effective
mechanisms for narrowing the gap between technology suppliers and technology users (Bekkers, and
Bodas Freitas, 2008; Al- Harrasi and Al- Subhi, 2024), because it allows firms to internalize external
knowledge while it is still being generated rather than acquiring it after the fact through arm's length
licensing alone (Cohen and Levinthal, 1990; Chesbrough, 2003; Perkmann et al., 2021).

Yet, two essence questions that underpin the effective design of interorganizational collaboration remain
theoretically and empirically underexplored. The first concerns partner geography e.g., does it matter, for
technology transfer performance, whether the co-research partner is domestic or foreign? Domestic
partners offer institutional and geographic proximity that speeds up tacit-knowledge exchange and
coordination (Boschma, 2005; Chetty and Michailova, 2011; Lu, et al, 2024; Usai, et al., 2017), whereas
foreign partners provide access to heterogeneous knowledge pools and international networks that are
unavailable at home (Keller, 2004; Annique and Alicia, 2018; Eric; 2011; Kang and Park, 2012; Radici,
2026).
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According to recent studies regarding ambidextrous partnerships, using large-sample evidence, these
two channels are not interchangeable. For example, Nieto et al (2024) show in a panel of manufacturing
firms that international R&D coopetition disproportionately drives new-to-the-market innovation, while
domestic coopetition is more strongly associated with new-to-the-firm innovation, a result that implies
the two partner types generate qualitatively different value, not merely different magnitudes of the same
value. A second, and comparatively underexplored, question concerns whether the relationship between
partnership and performance is itself moderated by technology field.

Technology fields differ systematically along several dimensions relevant to this relationship e.g., the
tacitness and codifiability of their underlying knowledge base, the duration and capital intensity of their
commercialization cycles, and the extent to which international research networks are already
institutionalized within the field.

Biotechnology (BT), for instance, is described in the literature as a canonically science-based field in
Pavitt's (1984) sectoral taxonomy, characterized by science-driven, cumulative, and highly
internationalized research practices (Ervits, 2024; Cantabene and Grassi, 2024), whereas information
technology (IT) tends to rely on modular, platform-based knowledge that diffuses rapidly through
domestic industrial ecosystems and standards bodies. If the knowledge structure of a field shapes how
readily external knowledge obtained through collaboration can be absorbed and commercialized, then
the marginal value of a domestic versus a foreign partner should not be constant across fields, implying
a moderation effect that pooled, field-agnostic models cannot detect.

Consistent with this reasoning, recent sector-heterogeneity studies of university–industry and
international R&D collaboration report substantial cross-sector variation in the strength of the
collaboration performance link (Lin and Yang, 2020; Belderbos et al., 2006; García-Vega and Vicente-
Chirivella, 2024), even though few of these studies test the interaction directly using government
technology transfer outcome data.

This study addresses both gaps using a single, purpose-built dataset: 3,096 technology-licensing records
generated by government-funded R&D projects, spanning four major technology fields under Korea's 6T
classification, IT (Information Technology), BT (Bio Technology), NT (Nanotechnology), and ET
(Environmental technology). We have two research questions. First, does co-research with a domestic
partner and, separately, with a foreign partner improve technology transfer performance, measured as
royalty income? Second, is this collaboration effect systematically moderated by technology field that is,
is domestic or foreign collaboration relatively more effective for royalty generation in some fields than in
others? We test these questions using log-linear regression, an interaction-term moderation
specification, heteroscedasticity-robust (HC3) inference, and joint Wald tests on sets of interaction
terms, which allow us to assess the interaction hypotheses independent of the significance pattern of
any single coefficient.

The study makes three contributions. Theoretically, it introduces an explicit partner-type and technology-
field interaction framework to the technology-transfer literature, treating technology field as a boundary
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condition on the absorptive-capacity mechanism rather than as a control variable to be partial led out.
Empirically, it provides one of the few direct tests of this interaction using administrative, contract-level
technology-transfer outcome data rather than firm-level innovation surveys. Practically, the findings give
directly to a policy question that R&D funding agencies face routinely: whether collaboration-promotion
programs should be designed uniformly across technology fields or tailored to each field's collaboration
profile.

The remainder of the paper proceeds as follows. Section 2 reviews the relevant literature and develops
four hypotheses. Section 3 describes the data, variables, and empirical models, including the estimating
equations. Section 4 reports the results. Section 5 discusses the summary, implication, and directions
for future research.

2. Literature Review and Hypothesis

2.1 Collaborative Partnerships and Technology Transfer
Performance
The Open Innovation (OI) paradigm holds that firms and public research organizations increasingly rely
on external knowledge flows, both inbound and outbound, to accelerate commercialization and reduce
the cost and risk of internal R&D (Chesbrough, 2003; Thursby and Thursby, 2004; Bogers et al. 2018; Koo
and Cho, 2021; Kim et al., 2021). The central value of OI-based collaboration in R&D lies in its ability to
enable the seamless mobilization, integration, and application of heterogeneous knowledge resources,
spanning technological expertise, codified knowledge, and experience-based tacit knowledge. (Terhorst
et al., 2018; Caccamo et al., 2023; West and Bogers, 2014).

A central mechanism underlying this paradigm is absorptive capacity, thus the capability of an
organization to recognize, assimilate, and commercially exploit external knowledge (Cohen and
Levinthal, 1990; Kashan et al., 2025; Hoch et al., 2026). Collaborative research, as opposed to arm's-
length technology licensing after invention, allows this absorptive process to begin while the technology
is still under development, so that tacit know-how, not only codified patent claims, is transferred
alongside the formal output (Hagedoorn et al., 2009; Zahra and George, 2002; Mowery et al., 1996).

Recent University–Industry Collaboration (UIC) research reinforces this channel. García-Vega and
Vicente-Chirivella (2024) and Escribano et al (2009) find that external knowledge obtained from public
research organizations and universities raises firm-level innovativeness, and that this effect is stronger
for firms with lower absorptive capacity, implying that collaboration substitutes, in part, for capabilities
the firm does not yet possess internally.

Similarly, a systematic synthesis of UIC determinants identifies joint and contract research as one of the
most consistently reported antecedents of successful technology transfer output, alongside patenting,
licensing, and spin-off formation (Hojnik et al., 2026). Within this general logic, domestic and foreign
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partnerships are expected to operate through complementary but distinct channels. Geographic and
institutional proximity to a domestic partner shared language, legal system, funding agency, and physical
distance lowers the transaction costs of coordinating joint research and facilitates the exchange of tacit,
uncodified knowledge that is difficult to transfer over distance (Boschma, 2005; Lee and Kim, 2016).

Domestic collaboration networks built around government R&D programs also tend to be denser and
more repeat-based, which supports trust-based knowledge sharing (Roesler and Broekel, 2017; Lee and
Kim, 2016; Hojinik et al., 2026). Foreign partnerships, by contrast, are theorized to matter primarily
because they expose the domestic research team to heterogeneous knowledge bases and international
technology networks that are structurally unavailable within the domestic system (Keller, 2004; Ervits,
2024).

International co-patenting and co-publication studies consistently find that cross-border collaboration is
associated with higher-novelty, more internationally cited output, consistent with a knowledge-
recombination mechanism rather than a pure knowledge-diffusion mechanism (Ervits, 2024; Cantabene
and Grassi, 2024). At the firm level, Nieto et al (2024) show that international R&D coopetition produces
a significantly larger effect on new-to-the-market (radical) innovation than domestic coopetition does,
while domestic coopetition is comparatively more effective for new-to-the-firm (incremental, imitative)
innovation, direct evidence that the two partnership types are not interchangeable substitutes but
generate different kinds of market value. Because both mechanisms, proximity-based tacit-knowledge
exchange for domestic partners, and heterogeneous-knowledge access for foreign partners are
expected to raise the commercial value of the resulting technology and therefore its licensing (royalty)
value, we hypothesize a positive main effect for each partnership type. Domestic R&D collaborations can
benefit from geographic and social proximity, as repeated interactions facilitate trust formation and
reduce barriers to the exchange of tacit knowledge (Cantabene and Grassi, 2024; Alpaydın et al., 2021;
Nast et al., 2025).

This complementary channel view is also consistent with a broader trend documented in the recent
university-industry engagement literature, which finds that collaboration governance is becoming more
heterogeneous as institutions increasingly combine flexible, project-based joint research with formal
licensing and, increasingly, digitally mediated knowledge exchange (Mascarenhas et al., 2024; O’Dwyer
et al., 2023). This reasoning applies with essentially equal force to domestic and foreign collaboration,
because both are channels through which additional, non-redundant technical knowledge and, often, a
more clearly identified downstream commercialization partner becomes embedded in the licensed
technology before the contract is signed. Based on literature review, we make research hypothesis as
follows:

Hypothesis 1

(H1). Co-research with a domestic partner has a positive effect on technology transfer performance (royalty
income).
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Hypothesis 2

(H2). Co-research with a foreign partner has a positive effect on technology transfer performance (royalty
income).

2.2 The moderating role of technological filed Specific
Knowledge Structure
The utmost output of research and development activities is the marketization through the technology
transfer as a central pillar of national innovation policy in most advanced and emerging countries. This is
why Open innovation (OI) has been attracted for scholars. Because universities and public research
institutes rarely possess the complementary assets (Teece, 2006; Rothaermel and Hill, 2005) thus,
manufacturing capacity, market access, distribution channels required to bring an invention to market,
technology transfer typically proceeds through licensing agreements with private firms, and the resulting
royalty income is one of the most direct and widely used indicators of technology transfer performance
(Thursby et al., 2001; Thursby and Kemp, 2002; Siegel et al., 2003).

Absorptive capacity theory implies that the value of externally sourced knowledge depends not only on
the collaboration channel through which it arrives but also on how well that knowledge fits the recipient
field's existing knowledge base and commercialization pathway (Cohen and Levinthal, 1990; Kobarg,
2018; Biedenbach et al., 2018; Hou et al.,2017). Pavitt's (1984) sectoral taxonomy of technical change,
still a foundational reference in recent sectoral-innovation research (Castellacci, 2008) classifies
industries into supplier-dominated, scale-intensive, specialized-supplier, and science-based groups that
differ systematically in the source, cumulativeness, and appropriability of their technological knowledge.

Science-based fields such as biotechnology draw heavily on codified scientific knowledge generated in
university and public research settings, have long and capital-intensive commercialization cycles subject
to regulatory approval, and importantly for this study have historically developed dense international
research networks, because frontier scientific knowledge in these fields is itself internationally
distributed rather than concentrated in any one national system (Ervits, 2024; Cantabene and Grassi,
2024).

Information technology, in contrast, is built on modular, platform-based, and rapidly standardizing
knowledge that diffuses quickly through domestic supply chains, industry consortia, and user
communities, so that a very large share of commercially relevant knowledge recombination can occur
without crossing a national border (Tilson, 2010; Gawer, 2014; Barile and Secundo, 2026). These field-
level differences in knowledge structure give rise to a straightforward moderation logic: because the
marginal informational value of a domestic versus a foreign partner depends on how internationally
distributed a field's relevant knowledge already is, the effect of domestic and foreign collaboration on
technology transfer performance should not be homogeneous across technology fields.
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Recent sector-heterogeneity evidence supports the plausibility of this mechanism outside the
technology-transfer context specifically. Lin and Yang (2020) boosts substantial heterogeneity in the
strength of the industry–university R&D collaboration innovation performance link across industries,
tracing the variation to differences in technological opportunity and appropriability regimes consistent
with Pavitt-type sectoral classifications. Belderbos et al. (2006) similarly show that the propensity and
productivity impact of R&D cooperation strategies vary by cooperation-partner type and by sector, rather
than following a single uniform pattern. In the specific context of international collaboration, Nieto,
Rodríguez, and Santamaría (2024) and the broader coopetition literature they build on emphasize that
the innovation payoff to crossing a national border is conditional on the technological regime in which
the firm operates, rather than a constant premium.

Extending this logic to technology transfer performance from government R&D where BT and ET projects
are, on average, closer to the science-based end of Pavitt's spectrum and IT projects closer to the
specialized-supplier or information-intensive end, we expect the effect of both domestic and foreign
collaboration on royalty income to differ across the four fields examined here (IT, BT, NT, ET), even
though the direction of the difference is an open empirical question given the countervailing forces at
work e.g., BT's stronger international networks versus its longer, more uncertain commercialization
cycle. Based on literature review, we make research hypothesis as follows:

Hypothesis 3

(H3). The effect of domestic collaboration on technology transfer performance differs across technology
fields (IT, BT, NT, ET).

Hypothesis 4

(H4). The effect of foreign collaboration on technology transfer performance differs across technology
fields (IT, BT, NT, ET).

Determinant-focused syntheses of successful university–industry and public–private technology
transfer identify strategic alignment between the research partner's objectives and the recipient field's
commercialization pathway, along with the maturity of intellectual-property support and industry-
expertise integration, as key enablers of technology-transfer success (Hojnik et al., 2026). These
enabling conditions are themselves field-specific e.g., BT commercialization typically requires regulatory-
science expertise and long-horizon capital that is more readily available through internationally
networked partners with prior experience navigating comparable regulatory regimes abroad, whereas IT
commercialization can often proceed through faster, more standardized domestic contracting because
the relevant complementary assets (software integration, platform compatibility, distribution) are
concentrated in the domestic digital economy (Teece 1986; Ceccagnoli, 2013). To the extent that these
institutional-fit conditions vary by field in ways correlated with, but conceptually distinct from, the pure
knowledge-recombination mechanism discussed above, they provide an additional, non-mutually-
exclusive theoretical route by which the collaboration–performance relationship could be field-
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contingent, strengthening the case for testing H3 and H4 empirically rather than assuming a uniform
effect a priori.

Figure 1 summarizes the conceptual model: domestic and foreign collaboration are modeled as two
parallel, partially independent paths to royalty income, each of which is hypothesized to be moderated by
technology field, net of research-scale, patenting, research-stage, and time controls.

3. Data and Methods
As we above shown Fig. 1, this paper utilizes the log regression analysis methods to catch research
objectives. Namely the empirical strategy is designed to answer the two research questions in a way that
is transparent about statistical power, since as later results show one of the two collaboration channels
(foreign partnership) is rare by nature in this policy setting. Rather than relying solely on a series of
separate subgroup regressions, whose individual coefficients can appear inconsistent purely because of
sampling variability, the design combines (i) descriptive field-by-field comparisons, (ii) field-specific
regressions with full controls, and (iii) a single pooled interaction model tested with a joint Wald statistic,
so that the moderation hypotheses (H3, H4) are evaluated at the level at which they are actually stated
as claims about a set of field-specific differences taken together, not about any single coefficient in
isolation.

3.1 Data and Sample
For the purpose of it, in this study, data was obtained from the NTIS (national Science and Technology
information system), which is the service platform providing government-funded R&D information on
topics such as programs, projects, human resources, equipment/facilities, and outcomes. In fact, NTIS is
a platform not only open innovation dynamics which, offering numerous chances to find external
knowledge (e.g., patents, research partners, technology life cycle) but an underpin of national innovation
system in Korea.

The analysis uses 3,096 technology-licensing (execution-contract) performance records drawn from
government-funded R&D projects completed between 2017 and 2019. Each record corresponds to a
single technology-licensing agreement and reports the associated royalty payment, the characteristics of
the underlying R&D project, and whether the project involved collaborative research with a domestic
partner (firm, university, or public research institute) and/or a foreign research organization. Following
Korea's 6T technology classification, projects are coded into six broad fields; this study focuses on the
four largest fields for which the moderation model is estimable, IT (n = 1,118), BT (n = 581), NT (n = 178),
and ET (n = 375), for a moderation-model estimation sample of 2,252, and excludes 844 records in
residual fields (e.g., ST, CT) that are too sparse to support field-specific estimation.

An administrative dataset of this kind offers two advantages over the firm-level innovation surveys that
dominate the sectoral-heterogeneity literature cited in Section 2. First, because every record corresponds
to an actual, executed licensing contract rather than a self-reported innovation outcome, the dependent
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variable is a market-validated, arm's-length measure of commercial value rather than a perceptual or
count-based proxy. Second, because the underlying R&D projects were all funded through the same
government program architecture, the sample holds broadly constant a range of institutional factors,
funding-agency review standards, eligibility criteria, and reporting requirements that would otherwise
vary substantially across firms drawn from heterogeneous industries and ownership structures, thereby
sharpening the comparison of technology-field effects net of that source of confounding.

3.2 Variables and Empirical Models
The dependent variable, ln_royalty, is the natural logarithm of the royalty amount received under the
licensing (execution) contract, which log-transforms the strongly right-skewed distribution typical of
technology-licensing income (a small number of high-value licenses alongside many modest
agreements). The two focal independent variables are co_do, a binary indicator equal to 1 if the
underlying R&D project involved collaborative research with a domestic partner, and co_fr, a binary
indicator equal to 1 if the project involved collaborative research with a foreign research organization.
Technology field is captured by three dummy variables for BT, NT, and ET, with IT as the reference
category. Control variables include ln_rd (the natural logarithm of total research funding, capturing
project scale), pat_d (a binary indicator for whether the underlying invention was patented), two
research-stage dummies (applied research and development research, relative to basic research), rde
(the number of participating researchers), and a full set of year dummies to absorb macro-level and
policy-cycle variation in licensing activity.

To test H1 and H2 while controlling for observable project characteristics, we estimate the following
field-specific and pooled log-linear regression model separately for each technology field f:

ln_royalty i  = β0 + β1 co_doi + β2 co_fri + β3 ln_rdi + β4 pat_di + Σk γk Stageki + Σt δt Yearti + β5 rdei + εi (1)

where i indexes technology-licensing records. Estimating Eq. (1) separately within each field (IT, BT, NT,
ET) yields four field-specific estimates of β1 and β2, which provide a first, purely descriptive check on
whether the net collaboration effect (after controlling for project scale, patenting, research stage, and
year) survives within each field. To test H3 and H4 directly, we pool all four fields (N = 2,252) and
estimate a single interaction model with IT as the reference field:

ln_royalty i  = β0 + β1 co_doi + β2 co_fri + Σf λf Fieldfi

+ Σ f θf (co_doi × Fieldfi) + Σf φf (co_fri × Fieldfi) + Controlsi + εi f ∈ {BT, NT, ET} (2)

In Eq. (2), β1 and β2 capture the collaboration effect within the IT reference field, θf captures how much
the domestic-collaboration effect differs in field f relative to IT, and φf captures the corresponding
difference for foreign collaboration. H1 and H2 correspond to β1 > 0 and β2 > 0; H3 and H4 correspond to
the joint hypotheses θBT = θNT = θET = 0 and φBT = φNT = φET = 0 being rejected.
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We adopted robust inference and joint significant testing. Because royalty income is heavily right-skewed
even after the log transformation, and because project characteristics such as research funding vary
substantially in scale across fields, ordinary least-squares residuals are likely to be heteroscedastic. All
models are therefore estimated with heteroscedasticity-consistent HC3 standard errors (MacKinnon and
White, 1985), which weight each observation's contribution to the variance-covariance matrix by its
leverage:

VarHC3(β̂) = (X′X)− 1 X′ diag[êi² / (1 − hii)²] X (X′X)− 1 (3)

where êi is the OLS residual for observation i and hii is its leverage (the i-th diagonal element of the hat
matrix X(X′X)⁻¹X′). HC3 up-weights high-leverage observations relative to the simpler HC1 estimator and
is preferred in samples, such as this one, where a subgroup (foreign collaboration) is small and
potentially influential.

Because the significance of a single interaction coefficient (e.g., co_do × BT) is a weak test of an overall
moderation hypothesis that concerns three interaction terms simultaneously, H3 and H4 are each tested
using a joint Wald test on the full set of relevant interaction coefficients. For a restriction matrix R and
hypothesized value r = 0 (e.g., R selecting θBT, θNT, θET), the Wald statistic is:

W = (Rβ̂ − r)′ [R VarHC3(β̂) R′]− 1 (Rβ̂ − r) ~ χ²(q), or equivalently F = W / q ~ F(q, n − k) (4)

where q is the number of restrictions (q = 3 for each hypothesis, corresponding to the BT, NT, and ET
interaction terms), n is the sample size, and k is the number of estimated parameters. Rejecting the null
of Eq. (4) at conventional significance levels would support H3 (for the domestic-collaboration
interaction set) or H4 (for the foreign-collaboration interaction set); failing to reject implies that the data
do not provide evidence of field-contingent moderation, independent of whether any individual
interaction term happens to be significant. All analyses were conducted with heteroscedasticity-robust
(HC3) covariance estimation implemented in standard statistical software, independent-samples t-tests
(assuming unequal variances) were used for the preliminary mean-comparison analysis reported in
Section 4.

4. Results

4.1 Sample Composition and Collaboration Patterns by
Technology Field
Table 1 reports the sample composition and collaboration rates across the four technology fields. The
domestic-collaboration rate is highest in IT (53.8%) and lowest in BT (16.2%), with NT (30.9%) and ET
(43.2%) falling in between. Foreign collaboration is rare across all fields (39 of 2,252 records, 1.7%) and
is heavily concentrated in IT, which accounts for 25 of the 39 foreign-collaboration cases (64%) despite
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representing only about half of the pooled sample a pattern consistent with IT's comparatively open,
internationally networked collaboration structure.

Table 1
Sample Distribution and Collaboration Status by Technology Field

Field No Domestic collab.,
n (%)

Foreign collab.,
n (%)

Mean royalty
(KRW mil.)

Mean
ln(royalty)

IT 1,118 601 (53.8%) 25 (2.2%) 32.0 16.51

BT 581 94 (16.2%) 6 (1.0%) 47.8 16.22

NT 178 55 (30.9%) 1 (0.6%) 39.0 16.71

ET 375 162 (43.2%) 7 (1.9%) 41.0 16.70

Total (4
fields)

2,252 912 (40.5%) 39 (1.7%) 37.5 16.53

Note. "Total (4 fields)" sums IT, BT, NT, and ET; 844 records in residual fields are excluded from the
moderation analysis.

Table 2 reports independent-samples t-tests comparing ln(royalty) between projects with and without
domestic collaboration, separately by field. Domestic collaboration is associated with significantly higher
mean royalty income in all four fields (all p < .05), providing initial support for H1.

Table 2
a. Mean ln (Royalty) by Domestic Collaboration Status, by Field

Tech field With domestic collab., mean (n) Without, mean (n) t p Results

IT 16.75 (601) 16.23 (517) 5.86 < .001 Supported

BT 16.70 (94) 16.12 (487) 3.49 .001 Supported

NT 17.05 (55) 16.56 (123) 2.61 .011 Supported

ET 17.02 (162) 16.45 (213) 4.16 < .001 Supported

For foreign collaboration (Table 2b), the collaborating group shows significantly higher mean royalty
income in IT (p < .001) and ET (p = .037), a non-significant difference in BT (p = .216), and a case in NT
where the test is not computable because only one foreign-collaboration observation exists. Overall, the
raw mean comparisons point in the hypothesized direction for foreign collaboration as well, offering
partial support for H2, though the extremely small foreign-collaboration subsamples in BT and NT
substantially limit the interpretability of these comparisons.
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Table 2
b. Mean ln (Royalty) by Foreign Collaboration Status, by Field

Tech Field With foreign collab., mean (n) Without, mean (n) t p Results

IT 17.40 (25) 16.49 (1,093) 4.15 < .001 Supported

BT 17.32 (6) 16.21 (575) 1.41 .216 Not supported

NT 17.22 (1) 16.56 (177) n.a. — Not testable

ET 17.86 (7) 16.68 (368) 2.64 .037 Supported

4.2 Technology- field Specific Regression Results (Net
Collaboration Effects)
Table 3 reports the coefficients on co_do and co_fr from Eq. (1), estimated separately within each field
with full controls (ln_rd, pat_d, research-stage dummies, rde, and year dummies) and HC3 standard
errors. Once project-scale and other controls are introduced, the net effect of domestic collaboration
remains statistically significant only in IT (β = 0.193, p = .031); the BT, NT, and ET coefficients, while still
positive in three of four fields, lose statistical significance. This indicates that a substantial share of the
raw mean-difference advantage documented in Table 2a reflects differences in project scale and other
observable characteristics between collaborating and non-collaborating projects, rather than an
independent effect of collaboration per standard error (SE), and that the independent domestic-
collaboration effect is most robust in IT. The net effect of foreign collaboration is not statistically
significant in any field once controls are added (ET shows a marginal trend at p = .088), consistent with
the very small foreign-collaboration cell sizes inflating standard errors.

Table 3
Technology field-Specific Regression Results: Collaboration Coefficients (HC3 SE)

Collaboration types IT (N = 
1,118)

BT (N = 
581)

NT (N = 
178)

ET (N = 
375)

Note

Domestic collaboration.
(co_do)

0.193*
(.031)

0.289
(.233)

0.080
(.793)

0.358
(.113)

Significant in IT
only

Foreign collaboration.
(co_fr)

0.258
(.237)

0.435
(.659)

-0.078
(.964)

0.888+
(.088)

Not significant
overall

R² 0.137 0.064 0.135 0.119  

Note. Cell values are regression coefficients with p-values in parentheses; dependent variable = 
ln_royalty; controls = ln_rd, pat_d, research-stage dummies, rde, year dummies. *p < .05, +p < .10.

4.3 Collaboration multiply Technology-Field Interaction
Model (Tests of H3 and H4)
To test H3 and H4 directly, Eq. (2) was estimated on the pooled four-field sample (N = 2,252). Table 4
reports the full interaction model. The main effects of domestic and foreign collaboration, evaluated at
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the IT reference category, are both statistically significant and positive (domestic: β = 0.216, p = .014;
foreign: β = 0.531, p = .022). However, none of the six interaction terms, domestic collaboration × BT, × NT,
× ET, and foreign collaboration × BT, × NT, × ET reaches conventional statistical significance individually.

Table 4
Collaboration multiply Technology-field interaction Model

Variable β Robust SE (HC3) p

Domestic collab. (co_do) [ref. = IT] 0.216* 0.088 .014

Domestic collab. × BT -0.185 0.194 .340

Domestic collab. × NT -0.323 0.210 .124

Domestic collab. × ET -0.215 0.168 .201

Foreign collab. (co_fr) [ref. = IT] 0.531* 0.231 .022

Foreign collab. × BT 0.202 0.989 .838

Foreign collab. × NT -0.792 160.00 .996

Foreign collab. × ET 0.385 0.510 .450

Ln (research funding) 0.202*** 0.035 < .001

Patent applied/registered -0.070 0.099 .481

Research-stage and year dummies Included — —

Note. Dependent variable = ln_royalty; reference field = IT; HC3 robust standard errors. N = 2,252; R² =
.087. *p < .05, ***p < .001.

Because individual-coefficient non-significance does not, by itself, rule out overall moderation, we
conducted joint Wald tests on each set of three interaction terms (Table 5). The domestic-collaboration ×
field interaction set is jointly non-significant, F(3, 2233) = 1.147, p = .329, and the foreign-collaboration ×
field interaction set is likewise jointly non-significant, F(3, 2233) = 0.195, p = .900. Both H3 and H4 are
therefore not supported by the pooled interaction model: within the resolution of this dataset, the effect
of domestic and foreign collaboration on royalty income is statistically indistinguishable across the four
technology fields examined.

Table 5
Joint Wald Tests of Moderation (H3, H4)

Test (moderation hypothesis) F df p Result

H3: Domestic collab. × field (3 interaction terms, joint) 1.147 (3, 2233) .329 Not supported

H4: Foreign collab. × field (3 interaction terms, joint) 0.195 (3, 2233) .900 Not supported
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Taken together, the results support H1 and H2, both domestic and foreign collaboration raise royalty
income at the pooled level, and domestic collaboration's net effect is particularly robust in IT but do not
support H3 and H4: the collaboration–performance relationship does not differ significantly across IT,
BT, NT, and ET once tested with an appropriately powered joint test. The numerically larger raw effect of
foreign collaboration in BT and ET observed in Table 2b should accordingly be interpreted as suggestive
rather than confirmatory, given the low statistical power created by a foreign-collaboration subsample of
only 48 cases (1.6% of the pooled sample).

4.4 Robustness Considerations and summary of
hypothesis
Several features of the results merit closer interpretation before turning to their implications. First, the
pattern across Tables 2–4 is internally consistent: the raw, control-free mean differences in Table 2a are
considerably larger than the control-adjusted coefficients in Table 3, indicating that project scale (ln_rd)
and related observable characteristics account for a meaningful share of the simple collaboration–
performance association, particularly outside IT.

This is corroborated by the large and highly significant coefficient on ln (research funding) in Table 4 (β = 
0.202, p < .001), which is, in absolute magnitude, comparable to or larger than the domestic-collaboration
main effect itself. Second, the extremely large standard error on the foreign collaboration × NT
interaction (160.00) in Table 4 is a direct artifact of NT having only one foreign-collaboration observation
in the entire pooled sample; this coefficient should not be interpreted substantively, and its presence is
itself evidence for why a joint Wald test which does not depend on any single, potentially degenerate
coefficient behaving well is the appropriate test of H3 and H4 rather than a term-by-term reading of
Table 4. Third, the R² of the pooled interaction model (.087) is modest by cross-sectional standards but
is not unusual for licensing-royalty regressions, where outcome variance is driven substantially by
technology-specific and negotiation-specific factors not captured in an administrative dataset of this
kind (e.g., the identity and market power of the licensee, the exclusivity terms of the license, and
unobserved technology quality); this limits the share of variance explained without necessarily biasing
the sign or relative significance of the coefficients of theoretical interest.
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Table 6
Summary of Hypotheses and Findings

Hypothesis Statement (abbreviated) Statistic Result

H1 Domestic collaboration → royalty
income (+)

β = 0.216, p = .014 (pooled
model)

Supported

H2 Foreign collaboration → royalty
income (+)

β = 0.531, p = .022 (pooled
model)

Supported

H3 Domestic collaboration effect differs
by field

F (3, 2233) = 1.147, p = .329 Not
supported

H4 Foreign collaboration effect differs by
field

F (3, 2233) = 0.195, p = .900 Not
supported

Table 6 consolidates the four hypothesis tests reported across Sections 4.2 and 4.4. The pattern
supported main effects alongside a non-significant joint interaction is consistent across both the field-
level mean comparisons and the pooled interaction model, reinforcing the paper's central empirical
claim: collaboration matters for technology transfer performance, but its marginal value, at least as
measured through royalty income in this dataset, does not depend systematically on which of the four
technology fields (IT, BT, NT, ET) the underlying project belongs to.

5. Discussion and Conclusion
Beyond the statistical results reported in Section 4, it is worth situating this study's contribution relative
to the broader R&D management literature on collaboration governance. Whereas prior work has often
treated "collaboration" as a single construct whose effect is assumed (or found) to be homogeneous,
and separately treated "technology field" or "sector" as a control variable to be absorbed by fixed effects,
this study's interaction design treats the combination of partner geography and technology field as the
theoretical object of interest in its own right. That the joint tests in Table 5 return null results does not
diminish the value of this design; rather, it demonstrates that an a priori theoretically plausible
moderation hypothesis, grounded in well-established sectoral-innovation theory (Pavitt, 1984;
Castellacci, 2008) and supported by adjacent empirical findings in other performance domains (Lin and
Yang, 2020; Nieto et al., 2024), need not hold for every outcome variable or every institutional setting,
and that R&D managers and policymakers should treat sector-differentiated collaboration strategies as
an empirical question to be tested in their own data rather than a default assumption.

5.1 Summary of Findings and Theoretical Contributions
This study examined whether the effect of collaborative research on government-funded technology
transfer performance depends on the geographic origin of the partner (domestic vs. foreign) and, further,
whether either effect is contingent on technology field. Three main findings emerge. First, both domestic
and foreign collaboration are positively associated with royalty income at the pooled-sample level,
supporting the general open-innovation and absorptive-capacity logic that external research partnerships
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whether proximity-based or internationally networked add commercializable value to publicly funded
R&D (Cohen and Levinthal, 1990; Chesbrough, 2003; García-Vega and Vicente-Chirivella, 2024).

Second, once project scale and other observable characteristics are controlled, the independent (net)
effect of domestic collaboration is most robust in IT, suggesting that IT's modular, standards-based
knowledge structure may make domestic co-research partnerships an unusually efficient channel for
converting collaboration into licensable, royalty-generating output. Third, and most centrally, the
hypothesized moderating role of technology field (H3, H4) was not supported by the joint Wald tests: the
collaboration–performance relationship, evaluated as a joint restriction across three interaction terms
rather than through any single coefficient, does not differ significantly across IT, BT, NT, and ET in this
dataset.

The absence of a statistically significant field-contingent moderation effect (H3, H4) should not be read
as a weaker or less interesting finding than a confirmed interaction would have been. Two
considerations support treating this null result as a genuine contribution rather than an incidental
byproduct of the analysis.

First, the hypothesis was strong, not weak. H3 and H4 were derived from a well-established theoretical
lineage, Pavitt's (1984) sectoral taxonomy of technical change, its subsequent elaborations (Castellacci,
2008), and directly analogous empirical findings of sector-contingent collaboration effects in adjacent
performance domains (Lin and Yang, 2020; Nieto et al., 2024). Second, null moderation results are
systematically underreported relative to their true prevalence, which distorts the cumulative evidence
base for theory development. Interaction-effects research across the social sciences, including the
sectoral-heterogeneity and technology-transfer literatures cited in Section 2 has a well-documented
tendency to publish confirmed moderation findings disproportionately relative to disconfirmed ones,
whether through outright non-publication of null results or through post hoc respecification of models
until an interaction becomes significant. This asymmetry inflates the apparent generality of moderation
theories, readers encounter a steady stream of confirmed field-contingent or sector-contingent effects
and reasonably infer that such contingency is close to a default expectation, when in fact the universe of
tested-but-unpublished null interactions may be considerably larger. By reporting a rigorously tested,
theoretically motivated null moderation result alongside two robustly supported main effects (H1, H2),
this study contributes a counterweight to that asymmetry and offers other technology-transfer
researchers a replicable templated descriptive field-by-field comparison, field-specific regression, and
pooled joint Wald testing, for reporting multi-category moderation hypotheses regardless of which way
the result turns out.

This last finding is itself a meaningful contribution. Much of the sectoral-heterogeneity literature
including Pavitt's (1984) original taxonomy and its various revisions (Castellacci, 2008), as well as recent
studies documenting heterogeneous collaboration effects across industries (Lin and Yang, 2020;
Belderbos et al., 2006; Nieto et al., 2024) provides strong theoretical grounds to expect field-contingent
collaboration effects. Our results indicate that this expectation, while theoretically well-motivated, does
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not automatically transfer to every empirical setting: at the level of technology-transfer royalty outcomes
from government R&D, and within the specific IT/BT/NT/ET classification used here, the pooled
interaction model and joint significance test could not statistically distinguish the fields.

Reporting this null moderation result alongside supported main effects is itself informative for the
technology-transfer literature, which like much of the interaction-effects literature more broadly has
tended to publish confirmed moderation findings disproportionately relative to disconfirmed ones; the
joint Wald-test design used here offers a template for testing multi-category moderation hypotheses that
other technology-transfer studies with categorical field or sector variables can adopt.

It is also useful to relate this study's field-level null-moderation finding to Nieto et al (2024) firm-level
distinction between new-to-the-market and new-to-the-firm innovation outcomes under domestic versus
international coopetition. Their finding that partner geography shapes the type of innovation value
created, even when the overall performance level is comparable, suggests one plausible reconciliation of
the present results: technology field may moderate what kind of value collaboration creates (e.g., more
radical versus more incremental improvements to the licensed technology) without necessarily
moderating how much royalty income that value ultimately commands once it reaches the licensing
stage, since royalty negotiations compress heterogeneous technical value into a single monetary figure
that also reflects licensee bargaining power, market size, and exclusivity terms. Future research that
observes both the innovation-novelty characteristics of a licensed technology and its royalty value
simultaneously would be well positioned to test this reconciliation directly.

5.2 Policy Implications
Two implications follow for the design of open-innovation and technology-commercialization policy.
First, because the collaboration performance relationship does not differ significantly across technology
fields in this sample, policies that promote collaborative research broadly rather than being narrowly
tailored to a single field appear reasonably justified: both domestic and foreign co-research partnerships
raise expected royalty income across the technology portfolio, not only in specific favored fields. Second,
the raw pattern in which foreign collaboration shows a numerically larger association with royalty
income in BT and ET, even though this difference is not statistically confirmed, combined with the fact
that foreign collaboration is rare precisely in these fields (1.0% in BT, 1.9% in ET, versus 2.2% in IT),
suggests that there may be untapped potential from expanding international co-research opportunities
in fields where such partnerships are currently scarce.

Funding agencies could treat this as a hypothesis-generating basis for pilot programs for example,
targeted international-partnership matching or co-licensing support in BT and ET whose outcomes
should then be evaluated with adequately powered follow-up studies rather than assumed on the basis
of the present, likely underpowered, comparison. For managers of publicly funded R&D portfolios and
technology transfer offices, three practical takeaways follow. First, because both domestic and foreign
collaboration are positively associated with royalty income at the portfolio level, R&D managers
evaluating which projects to prioritize for external co-research funding need not treat partner geography
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as a primary screening criterion; project-level fit with an appropriate partner, of either type, appears to
matter more than partner nationality per se.

Second, because the domestic-collaboration effect is most robust, net of controls, in IT, technology
transfer offices managing IT-field portfolios can reasonably expect measurable royalty gains from
actively brokering domestic co-research partnerships, and may wish to invest disproportionately in
domestic partner-matching services for this field. Third, the absence of confirmed field-level moderation
should temper any managerial tendency to conclude, from a handful of high-profile foreign-partnered BT
or ET licenses, that international collaboration is systematically more lucrative in science-based fields;
managers should treat such anecdotes as hypotheses for portfolio-level tracking rather than as an
established basis for reallocating collaboration-support budgets away from other fields.

5.3 Limitations and Future Research
Several limitations qualify these conclusions and point to directions for future research. First, the data
are cross-sectional and cover a single three-year window (2017–2019); causal interpretation of the
collaboration–performance relationship should therefore be made cautiously, and replication with more
recent and longer panel data is needed to assess whether the patterns are stable over time. Second, the
foreign-collaboration subsample is very small (48 of 3,096 records, 1.6%), which as reflected in the
extremely large standard error on the foreign collaboration multiply by NT interaction in Table 4 limits the
statistical power available to detect a true moderation effect, if one exists; the failure to reject H3/H4
should be read as an absence of evidence rather than confirmed evidence of absence.

Third, both collaboration variables are measured as binary indicators, which cannot capture the intensity,
duration, number of partners, or network centrality of a given collaboration, dimensions that recent
international-collaboration research suggests matter independently of the partner's mere presence
(Ervits, 2024; Netieto et al, 2024). Future studies should extend the analysis with more recent and longer
panel data, oversample or specifically target foreign-collaboration cases to restore statistical power, and
employ continuous measures of collaboration intensity or network centrality, in order to more
conclusively determine whether and under what field-specific conditions the marginal value of
international research partnerships in technology commercialization differs from that of domestic
partnerships.

Fourth, the data originate from a single national R&D funding system (Korea), whose institutional
characteristics including the structure of its 6T technology classification, the relative maturity of its
domestic industrial base in IT versus its comparatively younger internationally networked BT ecosystem,
and country-specific technology transfer regulations may not generalize directly to funding systems in
other countries. Cross-national replication, ideally using harmonized technology-field classifications and
comparable royalty-income measures across two or more national R&D systems, would help establish
whether the null moderation result reported here reflects a genuine absence of field contingency in the
collaboration performance relationship or a feature specific to the Korean government R&D context
studied.
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In sum, this study set out to answer two questions that are of direct interest to R&D management studies
and practice: whether partner geography matters for technology transfer performance, and whether that
mattering is itself contingent on technology field. The evidence supports the first proposition and does
not support the second. Both conclusions carry weight for the design of collaboration-promotion policy
and for the future research agenda on the sectoral contingencies of R&D collaboration outcomes.
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