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Figure 1  Average level of digital innovation agglomeration in various cities from 2011 to 2023
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Figure 2 Theoretical framework diagram
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Table 1 Construction of the index system of digital labor elements
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Table 2 Descriptive statistics

AR REA & PiME i 22 R/ME &R
Eff_coor 3,679 0.0042 0.0371 0.0000 1.0000
Equ_coor 3,679 0.0579 0.1541 0.0000 1.0000

Dc 3,679 0.0192 0.0293 0.0005 0.5508

Agdp 3,679 10. 8100 0.5683 8.7729 12.4864

Stru 3,679 43.4188 10. 1081 14.3600 84.8500

Fin 3,679 1.1085 0.6623 0.1322 12.8171

Open 3,679 0.1944 0.3162 0.0000 3.2092

Inf 3,679 1.2103 0.6000 0.0484 5.2453

Gov 3,679 0.0383 0.0336 0.0002 0.9367
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Table 3 Benchmark regression
(1) (3) (4)
A i
Eff_coor Equ_coor Eff_coor Equ_coor
Dc 0.4937" " " 1.2467" " " 0.5063" "~ 1.2122° "
(0.0287) (0.1944) (0.0301) (0.2045)
Constants 0.0227" " " 0.2798" " * 0.0133 0.0414
(0.0007) (0.0044) (0.0289) (0.1961)
i i A8 w & 2
AR [ Z= = =
i [E] [ = = =
N 3679 3679 3679
R? 0.8607 0.8212 0.8613 0.8216
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Table 4 Robustness test
e 0 A R A 0 T il AR R SR A S e i [e]  #A
A (1) (2) (3) (4) (5) (6) (7 (8)
Eff_coor Equ_coor Eff_coor Equ_coor Eff_coor Equ_coor Eff_coor Equ_coor
De 4.6170° """ -6.1725""" 0.1388" " 8.8075" " " 0.1989 " ** 1.0509 " * * 0.5063 " * * 1.2123* " "
(1.1279) (1.4159) (0.0618) (1.5606) (0.0235) (0.2647) (0.1901) (0.2954)
L. Equ_coor - - - -0.2799 * * * - - - -
- - - (0.0399) - -
L. Eff_coor - - 1.2176 " * * - - - - -
- - (0.0297) - - - - -
Constants 5.6933° "% -12.9007" " " -0.0543"" " —-11.4558 0.0051 0.0458 0.0135 0.0383
(1.0813) (1.3573) 0.0128 19.1757 (0.0167) (0.1887) (0.0450) (0.1848)
1 7 = = e = e = e e
AP = = = b = b = =
FiF 1] [ & 2 & 2 JE 2 JE iz 2
N 3679 3679 3396 3396 3627 3627 3679 3679
R? 0.8242 0.8371 - - 0.8386 0.8338 0.8613 0.8216
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Table 5 Results of the endogeneity treatment test
Feih BRI TR [ -t HORA &
7 (1) (2) (3) (4) (5) (6) (7) (8)
Eff_coor Equ_coor Eff_coor Equ_coor Eff_coor Equ_coor Eff_coor Equ_coor
DID1 0.0232" " 0.1065" "~ - - - - - -
(0.0045) (0.0293) - - - -
DID2 - - 0.0030 " 0.1343" " " - - - -
- - (0.0016) (0.0231) - - - -
DID3 - - - - 0.0129" "~ 0.0826 "~ - -
- - - - (0.0019) (0.0289) - -
DID1 %2 %3 - - - - - - 0.0379" " * 0.1273" "
- - - - - - (0.0063) (0.0540)
Constants 0.0135 0.0009 0.0291 3.4273 """ 0.0129" *~ 3.3439" " 0.0282 0.7528 " * "
(0.0302) (0.1980) (0.0301) (0.2681) (0.0019) (0.2718) (0.0299) (0.1172)
Pl AL B = & 2 2 2 2 2 2
A4 [ E = iz = iz = P = z=
FSF ] [ & = e = e = e P
N 3679 3679 3679 3679 3679 3679 3679 3679
R? 0.8510 0.8204 0.8499 0.0202 0.2490 0.0128 0.8513 0.0205
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Table 6 Analysis of the action mechanism
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Table 7 Paths of regional digital collaborative innovation under the constraint of knowledge spillover
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Figure 3 Digital collaborative innovation paths under the constraint of knowledge spillover

(Selecting samples of cities with the Top 10 constraint intensities)
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Table 8 Digital collaborative innovation effects under the intervention of innovative talent elements
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Table 9 Digital collaborative innovation effects under the intervention of innovative capital elements
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Figure 4 Digital collaborative innovation paths under the constraint of the flow of innovative elements

(Selecting samples of cities with the Top 10 constraint intensities)
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Research on the path of digital collaborative innovation under the
accumulation of digital labor elements;
Based on the analysis of knowledge spillover and the flow of innovation elements
WANG Xin - liang', LI Xiang', LIU Fei’
(1. Northwest University School of Public Management, Xi’an 710127, China;

2. Northwest University School of Economics & Management, Xi’ an 710127, China)

Abstract: A comprehensive review of previous literature on digital technology innovation predominantly posits that expediting the ag-
glomeration of capital and talent yields positive externalities. However, shortages in these resources often precipitate systemic disrup-
tions, such as talent poaching competitions and detrimental tax rate races among regions. These phenomena impede the efficient alloca-
tion of resources and obstruct the advancement of regional digital collaborative innovation. In contrast, data, as a novel production fac-
tor, can manifest agglomeration effects within virtualized environments, thereby propelling urban digital innovation. Lacking a tangible
physical form, data factors necessitate integration with traditional elements, such as labor, to generate amplified, synergistic, and mul-
tiplicative impacts in production processes. This unique characteristic of data implies that digital labor, by inheriting data — factor at-
tributes, may reconfigure the dynamics of traditional factor mobility, thereby influencing regional digital collaborative innovation.

To empirically validate this theoretical conjecture, this study operationalizes digital collaborative innovation along two dimensions
(intra — regional and inter — regional) cooperationwithin the theoretical framework of innovation systems. Utilizing a panel dataset en-
compassing 283 prefecture — level cities from 2011 to 2023, the research undertakes a rigorous econometric analysis to examine the
effects and underlying mechanisms of digital labor factors on digital collaborative innovation. Additionally, it explores the optimal traj-
ectories of digital collaborative innovation across cities, contingent upon the cumulative development of digital labor factors.

The study$ principal findings are as follows; (1) Digital labor factors demonstrably accelerate holistic regional digital collaborative
innovation. ; (2) Knowledge spillovers and the circulation of innovation factors remain pivotal mechanisms through which digital labor
drives regional digital collaborative innovation; (3 ) Under the constraints of knowledge diffusion and factor mobility, the modus operandi
of digital labor — driven digital collaborative innovation exhibits distinct spatial heterogeneity. Regions characterized by abundant knowl-
edge reserves (e.g., Beijing and Wuhan) , robust intellectual property protection (e. g. , Shanghai and Tianjin) , or limited innovation
— factor competition (e.g., Wuxi and Foshan) are better suited to pursue inter — regional collaborative innovation models. Converse-
ly, cities with proactive policy interventions in innovation — factor circulation (e.g. , Guangzhou, Ningbo, and Shenzhen) tend to fos-
ter more effective intra — regional digital collaboration; (4 ) The accumulation of digital labor factors enhances the knowledge absorption
capacity of regions with limited knowledge endowments, enabling them to build innovation capabilities through imitative innovation. In
this context, intellectual property protection emerges as a critical determinant for transitioning from collaborative to independent innova-
tion. Furthermore, excessive regulatory interventions in talent and capital flows are found to undermine the path of endogenous innova-
tion, thereby impeding the full realization of digital collaborative innovation potential. These findings not only enrich the theoretical un-
derstanding of digital labor factor cultivation but also offer a robust foundation for harnessing digital dividends, invigorating digital eco-
nomic innovation, and formulating evidence — based strategies for regional coordinated development.

This research contributes to the extant literature in three significant ways. First, by integrating the unique characteristics of digital
labor, it elucidates the micro — foundations of regional digital collaborative innovation, thereby advancing the theoretical discourse on
digital labor valuation. Second, it adopts a dual — dimensional analytical approach, examining both intra and inter — regional collabora-
tive dynamics, which mitigates the potential exacerbation of regional disparities inherent in single — entity or single — city innovation
studies. Third, by analyzing the evolving patterns of knowledge spillovers and factor mobility in the context of digital labor accumula-
tion, it identifies region — specific optimal pathways for digital collaborative innovation, providing policymakers with tailored recommen-
dations for formulating effective digital technology cooperation strategies.

Key words: digital labor elements; digital collaborative innovation; entity collaboration; inter — regional collaboration; knowledge

spillover; flow of innovation elements



