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578 AR 22 T3 B S5 A, 0] LARIAE W A4 2 25 () AE AR ; Hausman K55G THRTE 1% BIKF F
B2 RUITE S [ AL AR RYAEZE T | [ SN A AL T BEHLBUM A B LR 5 Wald A6 56 25 2R 38 B 0L fm)
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The Spatial Spillover Effects of “Data Elements X
Technological Innovation” on New Quality Productive
Forces: An Empirical Test Based on a GNN-SDM Model

CHEN Yi-an"?, YAN Yue'
(1. School of Mathematics and Statistics, Chongqing Technology and Business University, Chongging 400067, China;
2. Chongqing Key Laboratory of Economic and Social Applied Statistics, Chongging 400067, China)

Summary: In the digital economy era, “data elements x” is emerging as the core engine driving the
development of new quality productive forces by unleashing the multiplier effect of data. It not only effectively
empowers industrial transformation and upgrading but also serves as a key pillar for achieving high-quality
economic development. In this process, data elements and technological innovation are deeply integrated,
jointly constituting the dual-wheel drive for the growth of new quality productive forces. However, empirical

research on the intrinsic mechanisms linking data elements, technological innovation, and new quality
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productive forces remains scarce, particularly in identifying the pathways for their coordinated development and
spatial diffusion.

This study employs provincial-level panel data from 2011 to 2023 to measure the coupling synergistic
effects between data elements and technological innovation. Drawing on the methodology of Zhu et al. (2022),
it utilizes graph neural networks (GNN) to extract fusion features of both elements. These features, along with
their coupling synergistic effects, are embedded into a spatial Durbin model (SDM) to establish the GNN-SDM
model for empirical analysis. The findings reveal that the coupling synergistic effect not only significantly
promotes the development of new quality productive forces within the region but also drives improvements in
surrounding areas through spatial spillover mechanisms. Heterogeneity analysis confirms significant regional
variations in the synergistic driving effect of data elements and technological innovation, with this effect being
particularly pronounced in eastern regions, areas with high synergy levels, and regions leading in new quality
productive forces. This highlights the ecritical role of regional foundational conditions in constraining the
realization of synergy dividends. Furthermore, intergroup differences in GNN feature variables validate the
diversity of regional spatial interaction mechanisms. Moreover, GNN reveals two spatial diffusion mechanisms
GNNI1 exhibits an inverse incentive structure where structural imbalances within a region inhibit its own
development but can stimulate surrounding areas through spatial spillovers; GNN2 reflects a central-peripheral
innovation polarization structure where intra-regional innovation linkage significantly boosts local new quality
productive forces while generating a “siphon effect” on neighboring areas.

Compared to previous research, this paper makes two main contributions. First, from a synergy
perspective, it proposes that data elements and technological innovation have a coupled-driving, spatially
diffusing effect on new quality productive forces, thereby expanding the research perspective on new quality
productive forces and providing empirical support and policy references for inter-provincial collaborative
governance. Second, methodologically, by integrating GNN with SDM, it achieves precise characterization of
complex spatial correlation structures and heterogeneous innovation diffusion pathways, enhancing the ability to
identify the spatial spillover effects of synergistic development on new quality productive forces.

This study introduces graph neural networks as the core feature extraction tool. Leveraging their powerful
structural learning capability, the model adaptively captures complex nonlinear interactions and spatial
dependencies among regions, effectively extracting highly representative spatial embedding features. Building
upon traditional spatial econometric models, this approach further enhances the fitting accuracy and
generalization ability of the model for actual economic and geographical phenomena and enhances the
interpretability of the model for spatial interaction mechanisms. This method provides a new analytical
perspective and methodological support for deeply revealing the internal mechanism of regional coordinated
development and identifying the transmission paths of cross-regional linkage effects.

Keywords: data element; technological innovation; new quality productive forces; coupling synergistic
effect; GNN-SDM model
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