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Measuring industry-university-research knowledge flow based on
large language models and dynamic graph neural networks

HUANG Lu'?, REN Hang’, LIU Ming-xi*, WANG Yu-lu’, MEI Rui-han'

(1. School of Economics, Beijing Institute of Technology, Beijing 100081, China;
2. Digital Economy and Policy Intelligentization Key Laboratory of Ministry of Industry and
Information Technology, Beijing 100081, China;
3. Beijing Institute of Technology, Zhuhai 519088, China;

4. Institutes of Science and Development, Chinese Academy of Sciences, Beijing 100190, China;
5. School of Political Science and Public Administration, Soochow University, Suzhou 215123,
China)

Abstract: In the industry-university-research (IUR) collaborative innovation system, knowledge
flow refers to the sharing, transfer, and application of knowledge among universities, research
institutes, and enterprises. Understanding and effectively measuring of [UR knowledge flow and its
dynamic evolution are crucial for improving the overall performance of the national innovation
system. However, existing methods mainly rely on single data sources and static single-layer
networks, making it difficult to fully capture the complex relationships among IUR actors and their
temporal evolution, thereby constraining the comprehensiveness and accuracy of measurement
results. For this reason, this study proposes a measurement framework for IUR knowledge flow
based on large language models and dynamic graph neural networks. Firstly, based on multi-source
heterogeneous data, including papers, patents, news reports, and geographical information,
SciBERT, Qwen, and hierarchical clustering methods are used to identify entities and relationships.
Then, a dynamic heterogeneous network is constructed to represent the IUR knowledge flow, which
comprises four main types of nodes: institutions (universities, research institutes and enterprises),
research outputs (papers and patents), scientific and technological talents, and knowledge topics, as
well as four types of edges: citation, collaboration, affiliation, and semantic relevance. On this basis,
Metapath2vec and DyHNet are utilized to measure the IUR knowledge flow level. An empirical
study in the field of artificial intelligence (Al) is conducted to validate the effectiveness of the
proposed method. The results show that: (1) the level of IUR knowledge flow in China’s Al field
exhibits a continuous upward trend from 2007 to 2024, evolving from slow growth to rapid
expansion; (2) spatially, knowledge flow shows significant regional imbalance, with core regions
concentrated in eastern coastal provinces such as Beijing, Guangdong, Jiangsu, Shanghai, and
Zhejiang; and (3) key innovation actors, including leading universities such as Tsinghua University,
Zhejiang University, and Shanghai Jiao Tong University, as well as major technology firms such as
Huawei, Baidu, and Tencent, occupy central positions in the knowledge flow network. These
empirical and validation results demonstrate that the proposed method effectively captures the
multi-actor structure, complex relationships, and temporal dynamics of IUR knowledge flow,
providing more comprehensive and accurate measurements and offering solid support for

identifying knowledge dissemination paths and uncovering core drivers of innovation.
Key words: industry-university-research knowledge flow; large language model; dynamic graph
neural network; dynamic heterogeneous network
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