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Figure 2 Distribution of the average development levels of HE and S&T in each province and municipality from 2010 to 2022
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Table 5 Coupling and coordination degree of HE and S&T development in each province

Ay
X 45 B AEHIH IR
2010 2012 2014 2016 2018 2020 2022
dent 0.5922 0.6162 0.6272 0.6636 0.6826 0.6811 0.7562 2.06%
RH 0.3405 0.3562 0.3709 0.3649 0.3670 0.3878 0.3953 1.25%
bOE| 0.2168 0.2384 0.2512 0.2649 0.2891 0.3236 0.3576 4.26%
ity 0.5026 0.5241 0.5178 0.5238 0.5880 0.5441 0.6223 1.79%
LI 0.4639 0.5532 0.5865 0. 6046 0.6320 0.6615 0.7393 3.96%
2R Hb X L 0.3715 0.3869 0.4010 0.4373 0.4736 0.5361 0.5970 4.03%
Eizy s 0.2594 0.2854 0.3103 0.3410 0.3363 0.3521 0.3964 3.60%
7R 0.3614 0.3728 0.4071 0.4010 0.4392 0.4978 0.5888 4.15%
IR 0.4488 0.4542 0.5024 0.5506 0.6074 0.6713 0.6975 3.74%
Hi3E7) 0.1204 0.1474 0.1492 0. 1446 0.1564 0.1825 0.2124 4.85%
¥i{g 0.3678 0.3935 0.4123 0.4296 0.4572 0.4838 0.5363 3.19%
1L v 0.1802 0.1885 0.2080 0.2067 0.2305 0.2455 0.2818 3.80%
T 0.2699 0.3175 0.3281 0.3621 0.3742 0.3852 0.4486 4.33%
774 0.2089 0.2253 0.2470 0.2738 0.2973 0.3439 0.3635 4.72%
A b X A 0.2437 0.2690 0.3389 0.3558 0.3911 0.3932 0.4341 4.93%
L 0.3180 0.3358 0.3594 0.3933 0.4232 0.4315 0.5267 4.29%
W 0.2608 0.2907 0.3084 0.3184 0.3649 0.4048 0.4474 4.60%
¥iE 0.2469 0.2711 0.2983 0.3184 0.3469 0.3674 0.4170 4.46%
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gRS
Ay .
X 35, By AF B 3
2010 2012 2014 2016 2018 2020 2022
L7 0.3331 0.3361 0.3264 0.3280 0.3563 0.3443 0.3829 1.17%
K 0.2490 0.2796 0.2674 0.2573 0.2584 0.2796 0.2691 0.65%
ZrAb i X
LSRN 0.2313 0.2535 0.2593 0.2642 0.2438 0.2687 0.3013 2.22%
¥ifE 0.2711 0.2897 0.2844 0.2832 0.2862 0.2976 0.3177 1.33%
N 0.1451 0.1646 0.1682 0.1897 0.2095 0.1959 0.2289 3.87%
i) 0.1696 0.1974 0.2057 0.2099 0.2230 0.2343 0.2694 3.93%
EK 0.2610 0.2733 0.2984 0.3293 0.3389 0.3594 0.3927 3.46%
Py 0.3129 0.3256 0.3446 0.3579 0.4118 0.4205 0.4676 3.41%
Bt 0.1518 0.1681 0.1794 0.1910 0.2160 0.2284 0.2447 4.06%
P} 0.1765 0. 1860 0.1921 0.1978 0.2110 0.2304 0.2493 2.92%
PHAb b X
B 7g 0.2861 0.2974 0.3188 0.3402 0.3717 0. 4004 0.4803 4.41%
Hf 0.1712 0.1958 0.1973 0.2107 0.2291 0.2204 0.2423 2.94%
it 0.1261 0. 1403 0.1373 0.1613 0.2260 0.1774 0.2106 4.37%
TH 0.1592 0.1642 0.1805 0.2045 0.2207 0.2237 0.2437 3.61%
S i 0.1543 0.1461 0.1489 0.1856 0.1725 0.1573 0.1706 0.84%
¥H 0.1922 0.2053 0.2156 0.2344 0.2573 0.2589 0.2909 3.52%
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Figure 6 Changes in intra — regional differences in the coordinated development of HE and S&T in

China and the four major regions
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Figure 7 Decomposition of the sources of regional differences in the coupling and coordination level of HE and S&T
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Table 6 Spatiotemporal evolution pattern of the coupling and coordination between

HE and S&T in each province and municipality

WA DMA%ER 2010 4 2016 4F 2022 4F
e gi;ji;f;;gﬁmz W M 2 TS B
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A BRI P B W H T B HR TR
BEESE RH WO LZR A6 T ii::i;ﬁ;ﬁmm‘?ﬁm‘ F Il A VTR LT BRI R
WilksH I &K WL LR TR T DU e Y
WEmE s L TR W A% L
WEHIE s Jbm TR BN
e/ / b5 LR

%7 HE S5 SQTREMPENEBEE=ZHRH
Table 7 Global Moran5 I index of the coupling and

coordination degree between HE and S&T

Ay Morans I sd(1) Z P - value
2010 0.267 0.118 2.543 0.005
2011 0.294 0.118 2.788 0.003
2012 0.322 0.118 3.019 0.001
2013 0.345 0.119 3.188 0.001
2014 0.323 0.119 3.002 0.001
2015 0.306 0.119 2.861 0.002
2016 0.295 0.119 2.775 0.003
2017 0.293 0.120 2.731 0.003
2018 0.271 0.119 2.558 0.005
2019 0.297 0.120 2.763 0.003
2020 0.312 0.120 2.890 0.002
2021 0.313 0.120 2.888 0.002
2022 0.330 0.121 3.018 0.001
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Figure 8 Local Morans scatter plot of the coupling and coordination degree between HE and S&T
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Table 8 Test results of the spatial panel model
1658 77 1 45
LM - Error 7.5527 "
Robust — LM — Error 22.991" "~
LM - Lag 20.826* *
Robust — LM — Lag 36.266 " " *
LR - Error 53.67° " "
LR - Lag 51.65°°*
Wald - Error 57.16" " "
Wald - Lag 54.56%**
W U ANERRTE 1% 5% F 10% KV FRBE(TR) .
9 TEAHERBGITER
Table 9 Estimation results of the Spatial Durbin Model
HUM 0.2626 " * * (0.0441) W x HUM ~0.4248* * (0.1992)
EC 0.0059(0.0045) WxEC 0.0172(0.0162)
INFRA 0.0063(0.0158) W x INFRA 0.3735" " (0.0866)
OPEN 0.0170" * * (0.0049) W x OPEN 0.0573 " (0.0230)
INDSTR -0.0010(0.0080) W x INDSTR 0.0321(0.0233)
URBAN 0.0002(0.0008) W x URBAN -0.0041" (0.0023)
14 0.4332" "~
R - squared 0.7649
N 390

T AE S WA HER (TR

FEAR BN (INFRA) B B4 ROV O IEHOR 3%
52 3% 0 R A Bt S BB M 20 S B4 Bt IR B
Bk — DA i HE—S&T fl &, 415 75 i KX BHF
TR 57 il ke U B0 B L R B $e A ) BE
S il TSGR 114 ¥ AL S 3 U T 408 G0 il X i 3K 1
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YU B A0 A gl A M IX v AR R MR 4
K,

Xt ANITTEREBE (OPEN ) By B 4% 200 i 4 4% 1%
9 0 TE 1 52 U B R KT 4 X S0 T BE A A fie
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Table 10 Direct, indirect, and total effects of the Spatial Durbin Model

RN ] 422 550N =8 QI
£ Z{H VA A VAL
0.2535%"* -0.5464 ~0.2929
HUM 5.79 -1.59 -0.86
(0.0437) (0.3437) (0.3396)
0.0063 0.0333 0.0396
EC 1.44 1.19 1.36
(0.0044) (0.0279) (0.0292)
0.0213 0.6741% " " 0.6954 %
INFRA 1.27 3.62 3.57
(0.0167) (0.1865) (0.1949)
0.0192%** 0.1124%** 0.1316" "
OPEN 4.12 2.75 3.17
(0.0047) (0.0409) (0.0415)
0.0001 0.0556 0.0557
INDSTR 0.01 1.33 1.26
(0.0080) (0.0418) (0.0441)
0.0001 ~0.0074 " ~0.0073"
URBAN 0.06 -1.65 -1.65
(0.0008) (0.0045) (0.0045)
(3) {1 A 56
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Table 11 Test results of different types of weight matrices

b 2L A T A 5 1 25 HE B R B
SAR SEM SAR SEM SDM SAR SEM SDM
HUM 0.2881 """ 0.2986" "~ 0.2608 " "~ 0.2774* " " 0.2829" "~ 0.3000" "~ 0.2752" """  0.3324" " "
EC 0.0085 " 0.0088 " 0.0074 " 0.0072 0.0031 0.0122" " 0.0126 " * 0.0106 " *
INFRA 0.0003 0.0010 -0.0122 -0.0210 -0.0344" " -0.0059 -0.0202 -0.0299
OPEN 0.024" " " 0.0246" "~ 0.0229" "~ 0.0195" "~ 0.0007 0.0293" "~ 0.0252" """  0.0255" " "
INDSTR -0.0020 -0.0013 -0.0045 -0.0042 -0.0030 0.0168" "~ 0.0353" "~ 0.0219" "
URBAN -0.0001 0.0001 0.0002 0.0005 -0.0014 " 0.0027" " " 0.0048 "~ 0.0021
p 0.2653 " 0.2385" " 0.1397" " 0.3849 "~ 0.3039" "
A 0.1533 0.2380" "~ 0.4229" "~
R - squared 0.4000 0.3485 0.3449 0.3292 0.7839 0.7236 0.7013 0.7417
sigma2_e 0.0005 " "~ 0.0005 " "~ 0.0004 " " * 0.0004 " "~ 0.0003 " "~ 0.0005" "~ 0.0005" " "  0.0005" " "
N 390 390 390 390 390 390 390 390
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Coordinated development and driving mechanism of
higher education and science and technology

ZHAO Rui - xue, LIU Ji —an, XU Yan —ru, YOU Yu
(School of Public Policy and Management, University of Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Higher education (HE) and science and technology (S&T) are subsystems within the broader framework of economic and
social development. HE serves as the primary arena for talent cultivation and human capital output, as well as a key venue for the ag-
gregation of scientific and technological resources. Through activities such as teaching, research, and social services, HE continuously
contributes talent, ideas, and outcomes to scientific progress. Simultaneously, the advancement of HE relies on the support of scientific
resources and achievements to enhance its capacity, standards, and quality. Consequently, the interactive process between HE and
S&T forms an open and complex system in which various elements mutually empower and coordinate with one another. Based on a de-
construction of the mechanisms underlying the coordinated development of HE and S&T, this paper employs a coupling coordination de-
gree model, the Dagum Gini coefficient, and spatial econometric methods to analyze the temporal evolution and spatial distribution of
HE - S&T coordination in China from 2010 to 2022. It also examines the spatial effects of driving factors, offering insights to promote
coordinated HE - S&T development and providing a reference for global strategies toward sustainable, innovation — driven growth. The

«

study finds that: (1) In terms of temporal evolution, the national HE — S&T coordination in China has transitioned from “moderate im-
balance” to “mild imbalance” and finally to “on the verge of imbalance,” with the overall coordination level steadily increasing; (2)
At the level of Chinas four major regions, the spatial disparities in the coordination between HE and S&T are pronounced, exhibiting an
overall pattern of “eastern region leading, central region catching up, northeastern region stagnating, and western region lagging,” a-
long with an evolutionary trend marked by “the eastern region transitioning toward high coordination while the western region increasing-
ly departs from a balanced state. ” At the provincial level, Beijing, Shanghai, Jiangsu, and Guangdong stand out as exemplary prov-
inces of high coordination; (3) Concerning spatial disparities, the overall differences in the coupling coordination degree between HE
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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



