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Figure 1 Conceptual model
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Figure 2 Process of data collection and collation
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Table 1 Descriptive statistics and correlation analysis results
AS 1 2 3 4 5 6 7 8 9 10 11

L. 2 = H AR A B 1
2. B GERE R 2 0,136 1
3. AR AN 0.203°  0.108" 1
4. HR = B 45 B2 0.042°  0.064* 0.079" 1
5. BARGH -0.059" -0.054" -0.193" -0.064" 1
6. B2 R B B 0.161° 0.507* 0.143° 0.101° -0.069 " 1
7. HIRABUEA 0.451°  0.218"° 0.282" 0.078" -0.208" 0.283" 1
8. L M it 0.001 0.004 -0.002 -0.026" -0.008  0.003 0.007 1
9. XF A I R BE 0.045*  -0.007 0.018*° 0.155* 0.058* -0.013" 0.0l -0.007 1
10. B T TR B2 0.021°* 0.015  0.057* 0.047" -0.116" 0.019" 0.061* -0.017% -0.287" 1
11, #h & 2ok 7 0.024 " 0.005  0.071° 0.021* -0.106" 0.011  0.067° 0.021* -0.161* 0.243% 1
¥iH 0.185 0.023 0.108 0.01 0.025 0.762  28.344  2.721 0.494 0.163  0.389
i 22 0.929 0.117 0.185 0.02 0.014 2.636  66.968  8.678 0.405 0.056 0.044
Fe/MA 0 0 0 0 0.005 0 0 0 0.032 0.069 0.256
IS PN E] 38 0.907 0.998 0.164 0.061 72 2037 304 1.711 0.753  0.521
VIF — 1.36 1.12 1.05 1.09 1.42 1.2 1 1.14 1.16  1.02

TN =27,831,"p<0.1,
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Table 2 Regression results
e B 1 B 2 B 3 B 4 R 5 B 6 B 7
- R R ARG R ERME HRREAME RBGRHEREE AR EARME R AR
0.244 0.229 2.817° %" 2.812° " -0.435 2.889 """ -0.398
AR A 5 BE
(1.03) (0.97) (18.55) (18.52) (-1.85) (18.88) (-1.70)
ARG -0.349" " -0.339" " —1.442% %" —1.439% "~ -0.002 —1.432% %" 0.285"
(-2.95) (-2.87) (-18.96) (-18.92) (-0.01) ( -18.83) (2.28)
Bl 2E 5N 58 0.011*"* 0.009 * " * 0.003 " ** 0.003" "~ 0.010*** 0.003" "~ 0.010" "
(10.66) (9.35) (5.46) (4.83) (9.92) (5.04) (10.01)
FHRTRER 0.001"** 0.001*** 0.0005 " * * 0.0005" " * 0.001*** 0.0005 " * * 0.001***
(37.09) (36.49) (21.97) (21.66) (33.78) (21.61) (34.38)
L R -0.0002 -0.0002 -0.0001 -0.0001 -0.0002 -0.0001 -0.0002
(-1.25) (-1.25) (-0.07) (-0.07) (-1.26) (-0.04) (-1.17)
R T TR B -0.026" -0.025" -0.013 -0.013 -0.023" -0.013 -0.025"
( -2.40) (-2.33) (-1.84) (-1.81) (-2.14) (-1.85) (-2.29)
X AP TIT TR BE 0.016 0.016 0.196" "~ 0.197%** -0.032 0.196" ** -0.049
(0.27) (0.27) (5.26) (5.26) (-0.55) (5.25) (-0.85)
#2278 KT 0.123"* 0.123* 0.306" " * 0.306"** 0.049 0.303*** 0.048
(2.21) (2.21) (8.55) (8.55) (0.89) (8.48) (0.87)
B G rEm 0.080" " * 0.024" 0.032""
¥R 2 (4.82) (2.28) (2.94)
HR T AME 0.241% %" 0.259* "
(24.93) (25.88)
Bhog iy -1.3397 0
ERFZREE < (-3.96)
AR A S
HHREAME x 5.271° ¢
ARG
(6.85)
R 0.0135 0.0143 -0.160" " * -0.160" "~ 0.0521 -0.159" " * 0.0581°
(0.57) (0.61) (-10.63) (-10.61) (2.24) ( -10.53) (2.50)
VIF 1.090 1.160 1.090 1.160 1.100 1.160 1. 140
N 27827 27827 27827 27827 27827 27827 27827
il F 2464 2464 2464 2464 2464 2464 2464

W:"" p<0.0l, "7 p<0.05, * p<0.1,
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Table 3 The results of Sobel test

Sobel Goodman — 1 Goodman -2
A AR
VAN pfa 7 {4 pfa Z18 p1E
B GV B 2 R — R B R — 2B X AR A 2.266  .02347307  2.264  .02358442  2.267 102336191

.7 p<0.01, "7 p<0.05, * p<0.1,
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Table 4 The results of Bootstrap test

A A

Bootstrap £ ¥ 95% & {5 X |f]

Fh2 1 10 2 B 2R — SR R — S U AR B

Ind_eff 0.009
T .0027007 .0173294
(IRl 34 ) (Z=2.62)
Dir_eff 0.000
o .0511482 . 1623213
(HEIZR) (2=3.62)

. p<0.01, """ p<0.05, " p<0.1,1000 WRAFE o

BEA 6 -7 K3 1 IR = BUOR 4P 5 BE A4 R 3
DiER IR . ERTE 6 h BB EN R 2
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Figure 3 The moderating effect of intellectual

property protection intensity
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Table 5 The results for the random effects panel negative binomial regressions

. B 8 B 9 B 10 B 11 F 12
e R B AR B U R ZEME AR H HIE M A AR H
) A i Included Included Included Included Included
B2 4 O B B 0.0938 " * 0.0287* " 0.0334" "
(5.82) (2.78) (3.19)
NP R 0.264" " " 0.285" "~
(28.51) (29.58)
Bl G EmER 2 R x -0.821""
AR AR A 5 (-2.61)
HR A x 5.881" "~
AR 5 (7.74)
RO -0.0124 -0.135" "~ 0.0221 -0.135"*" 0.0269
(-0.65) (-11.45) (1.19) (-11.43) (1.45)
VIF 1.160 1.160 1.100 1.160 1.140
N 27827 27827 27827 27827 27827
il B i 2464 2464 2464 2464 2464
W p<0.01, ** p<0.05, " p<0.1,
*x6 BHRETEMVNEMALER
Table 6 Estimating results of models with alternative dependent Variable
- B 15 MR 16 MR 17 MR 18 BEHL 19
- R B AR BB I R ZEME A AR B IR M I E T N
P 25 B Included Included Included Included Included
PR R (HIE 22 0.0778 " ** 0.0241" 0.0317 "
(5.81) (2.28) (2.94)
IR A 0.151*** 0.166" " *
(19.14) (20.33)
Bl 4 M 193 F 2 BB Sl
(-3.96)

AL AR A R R
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Disciplinary diversity in scientific collaboration and firms’ radical technological innovation

An empirical study based on the “Little Giant” firms in the new material industry
LI Jian, PENG Di, QIU Zhi - yi
(School of Business Administration, Hunan University, Changsha 410082, China)

Abstract: This study examines the innovation practices of specialized and sophisticated “little giant” firms in the era of big science,
investigating how disciplinary diversity in scientific collaboration influences breakthrough technological innovation through the lens of
knowledge recombination theory. Analyzing unbalanced panel data from 2,464 “little giant” firms in China% new materials sector from
2000 to 2018, we uncover significant findings regarding the mechanisms and boundary conditions of interdisciplinary scientific collabo-
ration. Our empirical results demonstrate that disciplinary diversity in scientific collaboration positively affects breakthrough technologi-
cal innovation in these specialized SMEs. This relationship is partially mediated by knowledge complementarity, suggesting that the in-
tegration of diverse yet complementary knowledge domains facilitate the recombination of existing ideas into novel technological solu-
tions. The study further reveals two critical boundary conditions that shape this relationship. First, we find that intellectual property
protection strength negatively moderates the relationship between disciplinary diversity and knowledge complementarity. Stronger IP pro-
tection appears to create barriers to effective knowledge sharing across disciplines, potentially limiting the synergistic benefits of inter-
disciplinary collaboration. Second, technological turbulence emerges as a positive moderator between knowledge complementarity and
breakthrough innovation, indicating that rapidly changing technological environments enhance the value of integrating diverse knowledge
streams. These findings contribute to multiple theoretical domains. The study advances knowledge recombination theory by elucidating

how interdisciplinary scientific collaborations operate differently in specialized SMEs compared to larger firms or research institutions.
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We provide empirical evidence for the micro — level mechanisms through which diverse collaborations translate into innovation out-
comes, particularly highlighting the pivotal yet partial mediating role of knowledge complementarity. Furthermore, our identification of
IP protection and technological turbulence as opposing moderators offers new insights into the contextual factors that enable or constrain
the innovation benefits of interdisciplinary collaboration. Methodologically, the research employs rigorous econometric techniques to an-
alyze longitudinal data while controlling firm — level characteristics and environmental factors. We utilize multiple indicators of break-
through innovation, including patent originality and technological impact measures, to ensure comprehensive assessment of innovation
outcomes. The practical implications are significant for both policy and management. Policymakers should consider developing balanced
IP frameworks that protect innovation incentives while facilitating cross — disciplinary knowledge flows. Targeted initiatives like interdis-
ciplinary research platforms and public — private partnerships could enhance collaborative innovation for specialized SMEs. For “little
giant” firms’ managers, the findings underscore the importance of strategically cultivating scientific partnerships across complementary
disciplines while remaining responsive to technological changes that may amplify the value of knowledge integration. This study opens
several promising research directions. Future work could explore optimal levels of disciplinary diversity, potential sector — specific vari-
ations beyond materials science, and the organizational processes that facilitate effective knowledge recombination in specialized SMEs.
By integrating theoretical insights with empirical evidence from Chinas innovative firms, this research provides a nuanced understanding
of how interdisciplinary scientific collaboration drives breakthrough innovation in the big science era. The findings highlight the complex
interplay between knowledge diversity, institutional environments, and technological contexts in shaping innovative outcomes. They
contribute to ongoing discussions about fostering innovation in specialized SMEs through scientific collaboration while accounting for the
practical constraints imposed by IP regimes and technological dynamics. This research ultimately enhances our understanding of how
“little giant” firms can leverage interdisciplinary scientific partnerships to achieve technological breakthroughs.

Key words: scientific collaboration; disciplinary diversity; radical technological innovation; “Little Giant” firms
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and S&T in China are gradually narrowing, with the imbalance mainly attributable to inter — regional differences—most notably between
the eastern and western regions, while the gap between the central and northeastern regions remains minimal. Narrowing the disparities
between the eastern and western regions is key to addressing the overall imbalance in HE — S&T coordination; (4) In terms of spatial
association, HE — S&T coordination exhibits a strong positive spatial correlation with significant positive spillover effects among prov-
inces; (5) Analysis of the driving mechanisms indicates that for direct effects, population density and openness exert a positive influ-
ence on regional HE — S&T coordination, whereas the direct effects of economic development, infrastructure, industrial structure, and
urbanization are not statistically significant. In contrast, concerning indirect effects, infrastructure and openness generate positive spa-
tial spillovers, while urbanization produces negative spillover effects. Accordingly, it is recommended that; (1) Policies for HE and
S&T be coordinated to enhance their integration; (2) Cross — regional development linkages and coordination mechanisms be estab-
lished to leverage the spatial spillover effects of high — coordination provinces and cities; (3) Regional differences be acknowledged,
with HE — S&T coordinated development promoted by local conditions; and (4) A favorable external environment be cultivated to drive
the deep integration of HE and S&T.

Key words: science and technology; higher education; coupling coordination; spatio — temporal characteristics; driving factors



