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Figure 1 Marginal effects of external scientific knowledge

search on the value of breakthrough innovation
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Table 2 Empirical results

(1) (2) (3) (4) (5) (6) (7)
value value value value value value value
intref 0.681" 0.682"" 0.666 " 0.658" 0.657" 0.649 "
(0.348) (0.348) (0.347) (0.348) (0.347) (0.347)
extref -0.246" -0.485" " -0.585" " " -1.217" " -0.586" " "
(0.148) (0.217) (0.213) (0.350) (0.215)
collab 0.026 " 0.026 " 0.032" " 0.025
(0.015) (0.015) (0.016) (0.015)
scidis -5.362" " " -5.516""" -0.495
(1.124) (1.118) (9.426)
extref2 0.159" "~
(0.052)
scidis2 —4.744
(8.501)
tecdis 0.118 0.199 0.322 0.352 1.854" " 1.944 " 1.866 "~
(0.619) (0.628) (0.645) (0.643) (0.760) (0.761) (0.758)
scigeo -0.221 -0.149 -0.406 -0.414 -0.176 -0.483 -0.138
(0.416) (0.417) (0.513) (0.515) (0.535) (0.583) (0.491)
tecvar -0.049 -0.075 -0.065 -0.019 -0.203 -0.125 -0.176
(0.528) (0.530) (0.529) (0.534) (0.539) (0.538) (0.546)
lagyear -0.033" " -0.033" " -0.033" " -0.031" " -0.035" " -0.034"" -0.035" "
(0.016) (0.016) (0.016) (0.016) (0.016) (0.016) (0.016)
sumapp 0.120" 0.125" 0.124" 0.127" " 0.120" 0.120" 0.119"
(0.063) (0.064) (0.064) (0.064) (0.064) (0.064) (0.064)
sumipc -0.086" " -0.085" "~ -0.084" " " -0.084" " " -0.084" " " -0.083" " -0.084" " "
(0.013) (0.013) (0.013) (0.013) (0.013) (0.013) (0.013)
patfam 0.011" "~ 0.011" "~ 0.011" "~ 0.011" "~ 0.010" " * 0.010" " " 0.010" " *
(0.003) (0.003) (0.003) (0.003) (0.002) (0.002) (0.002)
patage il Pl Pl 2 1l il il il
patown 1l 1 el P il il i il
country il ] 1] 2 1] il 1l il
constant 5.640" 7 5.531" " 5.702" " 5.628" " 7.500" " " 7.762" " 6.270" " "
(0.503) (0.515) (0.539) (0.541) (0.510) (0.517) (2.289)
var(e. value) 29.904 " " " 29.864" " " 29.851" " 29.843" " " 29.687" " " 29.654" " " 29.685" " "
(3.964) (3.958) (3.954) (3.953) (3.933) (3.927) (3.932)
N 4851 4851 4851 4851 4851 4851 4851

T WEMKFE""" p<0.01," " p<0.05," p<0.1, &5 A ARMEMEIRMER,
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x3 BERBESTER
Table 3 Marginal effects analysis

(1) (2) (3) (4) (5) (6) (7)
intref 0.471*" 0.472* " 0.461 " 0.455* 0.455* 0.449*
(0.239) (0.239) (0.239) (0.239) (0.239) (0.239)
extref -0.170" -0.335"" ~0.405°* " ~0.736" " ~0.406"**
(0.101) (0.148) (0.145) (0.208) (0.146)
collab 0.018* 0.018" 0.022%" 0.017"
(0.011) (0.011) (0.011) (0.011)
scidis —3.712% %" ~3.819% %" -3.562% %"
(0.754) (0.748) (0.942)
tecdis 0.081 0.138 0.223 0.243 1.283"" 1.346°** 1.292%*
(0.427) (0.433) (0.443) (0.442) (0.510) (0.511) (0.509)
scigeo -0.153 -0.103 -0.281 -0.286 -0.122 -0.334 -0.095
(0.289) (0.289) (0.356) (0.357) (0.371) (0.404) (0.340)
tecvar ~0.034 -0.052 ~0.045 -0.013 -0.141 ~0.087 -0.122
(0.365) (0.366) (0.366) (0.369) (0.372) (0.371) (0.377)
lagyear ~0.023%" ~0.023% " -0.023" " -0.022" ~0.024%" ~0.024% " ~0.024%"
(0.011) (0.011) (0.011) (0.011) (0.011) (0.011) (0.011)
sumapp 0.083* 0.086" " 0.086** 0.088* * 0.083* 0.083* 0.082"
(0.043) (0.044) (0.043) (0.044) (0.044) (0.044) (0.044)
sumipe ~0.059 " ** -0.059" " " ~0.058* " ~0.058** " ~0.058"* " ~0.057" " " ~0.058"* "
(0.008) (0.008) (0.008) (0.008) (0.008) (0.008) (0.008)
patfam 0.008"** 0.008"°** 0.008* ** 0.008 " * * 0.007*** 0.007** 0.007***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
patage 4 il a1l 3l I 4l | il
patown 4 ] 1l s 1l i k| 1
country 4 ] i il 2 1l 2 4 4l 2 4
N 4851 4851 4851 4851 4851 4851 4851

W WFEWKT""" p<0.01,77 p<0.05," p<0.1, 55 N ARMEERHEDR,

4 BHEMEKRBER
Table 4 Robustness checks

OLS ELI Tobit 45 1 Tobij R
(B at) BRI
(1) (2) (3)
intref 0.657 "
(0.348)
incitei 2.577" 1.778 ¢
(1.527) (1.046)
extref -1.216" "7 -1.011""" -0.612" "

(0.351) (0.273) (0.161)
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Tobit ## Tobit ##
OLS [l 4 -
(B i) bR AN
(1) (2) (3)
extref2 0.159" "~ 0.127"**
(0.052) (0.041)
collab 0.032"" 0.034" " 0.023" "
(0.016) (0.016) (0.011)
seidis -5.515""" -5.604""" -3.867"""
(1.121) (1.070) (0.710)
tecdis 1.943" " 1.991° 7 1.374" "¢
(0.763) (0.791) (0.529)
meandis -0.000" " -0.000" "
(0.000) (0.000)
scigeo -0.483
(0.585)
tecvar -0.125 -0.164 -0.113
(0.539) (0.561) (0.386)
lagyear -0.034"" -0.027 -0.018
(0.016) (0.017) (0.012)
sumapp 0.120" 0.133"* 0.092" "
(0.064) (0.065) (0.045)
sumipe -0.083" "~ -0.086" " " -0.059" "~
(0.013) (0.013) (0.008)
patfam 0.010" "~ 0.011" "~ 0.007" "~
(0.003) (0.002) (0.002)
patage i il
time 1 1l
patown 1 1 1l 1 1l
country Eil| 1l 1l
constant 7.762" " 9.021" "
(0.519) (0.705)
N 4851 4718 4718

T WEMKFE""" p<0.01,"" p<0.05," p<0.1, &5 A ARMEMEIRMER,

5 ZwB5Em

5.1 HIxR4£i

ARSI TR B R IR R R T
SITEUR Y5 XT 2 e M B0 A0 18 0% /3 ik 2 2R )
FARSUIR 2010 - 2021 4E USPTO 24X % F Jz H: 51
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MFF IR R o — o BE S, 2 A IE i XAl
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Abstract: With intensifying global technological competition and the emergence of a new wave of industrial revolution, breakthrough in-
novation has become a critical engine driving national development. Understanding the mechanisms behind breakthrough innovation is
therefore an urgent research priority. Innovation entails novel combinations of production factors, and the introduction of new elements
such as knowledge and data has enriched this notion of "new combinations. " As a core production factor, scientific knowledge plays a
pivotal role in breakthrough innovation. Investigating its connection to innovation value carries significant theoretical and policy implica-
tions.

Drawing on knowledge recombination theory and using a Tobit model, this study analyzes biotechnology patents granted by the U-
nited States Patent and Trademark Office (USPTO) from 2010 to 2021, along with the scientific literature cited therein, to explore the
influence of heterogeneous knowledge sources on the value of breakthrough innovation. The main findings are as follows: (1) From the
perspective of organizational boundaries, the paper distinguishes the effects of internal and external sources of scientific knowledge. In-
ternal scientific knowledge positively contributes to the value of breakthrough innovation. External scientific knowledge exhibits a U -
shaped relationship with innovation value—while diversity in external sources can be beneficial, it also increases integration complexi-
ty, necessitating strong absorptive and transformative capacities within the organization. Once an organization’ s internal knowledge ac-
cumulation surpasses a certain threshold, it is more capable of capitalizing on open innovation, thereby enhancing the value of its
breakthrough innovations. This mechanism helps explain why knowledge — intensive organizations often emerge as leaders in open inno-
vation. (2) From the structural perspective of knowledge sources, the study finds that the layered structure of knowledge within univer-
sity — industry — government collaborations—ranging from basic research to applied development—is conducive to generating break-
through innovations. This provides micro — level support for the " Triple Helix" model of innovation. (3) From the perspective of
knowledge characteristics, the study reveals differentiated impacts of scientific and technological knowledge on innovation value. While
greater cognitive distance in technological knowledge tends to enhance breakthrough innovation, an increase in cognitive distance in sci-
entific knowledge may raise the risk and uncertainty of innovation. This diverges from prior literature that suggests broad search and dis-
tant recombination of technological knowledge enhance breakthrough innovation. By distinguishing between scientific and technological
knowledge, the study deepens the theoretical framework of knowledge recombination.

This research makes three primary contributions; (1) It refines the understanding of how internal versus external scientific knowl-
edge affects breakthrough innovation, clarifying the distinct roles of internal innovation and inter — organizational collaboration; (2) it
elucidates the role of scientific knowledge generated through university — industry — government collaborations, shedding light on the
deeper value of such partnerships; (3) it reveals the differential mechanisms by which scientific versus technological knowledge con-
tribute to innovation value, thereby enriching knowledge recombination theory.

Based on the above discussion, this paper proposes the following two policy recommendations: First, innovation policies—espe-

cially in science — driven industries—should prioritize incentives for internal knowledge accumulation. Second, knowledge exchange
and integration across academia, industry, and government should be strengthened by removing institutional barriers and encouraging
deeper cross — domain knowledge construction in collaborative innovation.

Key words: knowledge recombination; breakthrough innovation; knowledge source; scientific knowledge



