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The role of actors in the knowledge networks of city clusters:From the perspective of the linkage
between science and technology
TENG Ziyou'?, ZHU Xuezhong!, HU Cheng!, ZHANG Xuan*
(1. Shanghai International College of Intellectual Property, Tongji University, Shanghai, 200092
2. School of Data Science, City University of Hong Kong, Hong Kong, 999077)

Abstract: Regional knowledge network is an important way to explain how innovation takes
place in regions. There has been a large body of literatureaddressing the properties of scientific or
technological collaboration networks in different regions. However, most of the studies treat
science and technology separately and focus less on their interaction. A well-established stream of
literature has demonstrated that science is a critical source of knowledge in the development of
technology. Promoting the knowledge flow from science to technology helpsgain competitive
advantage in emerging industries.However, little evidence shows how science is transferred to
technology through actors in regions. Therefore, this paper aims to identify the role of different
local actors in regional knowledge network from the perspective of science-technology linkage.In
this way, policy makers can optimize the layouts of entities and develop science and technology
hubs in city clustersso that science and technology can be more deeply interacted, which
contributes to high-quality regional development. Patent-to-paper citationsare commonly
interpretated as the knowledge diffusion from science to technology. Therefore, we collect patent-
to-paper citations from 2001 to 2020, which involves the organizationslocated in the Beijing-
Tianjin-Hebei, Yangtze River Delta, and Pearl River Delta regions respectively to establish the
inter-organizational knowledge networks in the regions. The characteristics of local actorsin the
knowledge networks of three city clustersare compared at the level of the entire network and ego-
network withthe help of social network and correlation analysis. The results are:(1) Universities
play a significant role as the knowledge producer, absorberand brokers. Research Institutions play
a similar but less important role.Large and medium-sized enterprises and small and micro-
enterprises focus more on knowledge absorption, with only a small portion as both the knowledge
producer and broker.The ability of small and micro-enterprises in knowledge production,
absorption and brokerage is weakest among all types of actors.(2) In the knowledge networks of

the Beijing-Tianjin-Hebei region and the Yangtze River Delta, universities’ ability in knowledge



universities have the closest communication with external entities, while in the Pearl River Delta
network, large and medium-sized enterprises have the highest level of direct communication with
external entities. This paper contributes to the theoretical literature in two ways. First, we add the
understanding of the role of different actors in regional knowledge networks. Specifically, our
results reveal the heterogeneous characteristics of actors in their involvement in transferring
knowledge from science to technology. Second, we provide a novel approach of assessment for
the actors in regional innovation systembased on social network analysis with patent-to-paper
citations.Our findings have policy implications for improving regional innovation systems with
various actors.

Key words: science-technology linkage; actors; city clusters; knowledge network; patent-to-paper
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2001 -2020 4325
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2080 2646

1752

2454

3672
2661

2056

1
Table 1Characters for analyzing the actors of the entire knowledge networks in Beijing-Tianjin-

Hebei, Yangtze River Delta and Pearl River Delta
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1
Figure 1 Entireknowledge networks in Beijing-Tianjin-Hebei Region, Yangtze River Delta and
Pearl River Delta
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Table2 Characters of local actors in the entire knowledge networks in Beijing-Tianjin-Hebei
Region, Yangtze River Delta and Pearl River Delta

4.113 4.110 5.565
2.062 3.167 4.176
3.512 2.183 6.803
1.739 1.939 2.407
8.577 6.500 8.217
3.196 4.619 5.118
7.656 3.675 23.908
4.413 3.100 3.395
10.380 10.410 10.261
3.464 4.048 1.706
0.544 0.168 0.211
0.159 0.061 0
26.310 18.800 16.913
10.392 6.381 2.059
1.128 0.236 0.513
0.435 0.065 0
3437.944 3440.164 1896.135
884.160 1372.386 466.673
61.116 17.374 8.605
2.275 14.528 0
212
Pearson
3 4
3

0.85
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Table3 Correlation of characters of local actors in the entire knowledge network in Beijing-

Tianjin-Hebei Region

1 0.960*** 0.929*** 0.932*** 0.954%**
1 0.858*** 0.930*** 0.876***
1 0.905*** 0.978***
1 0.892***
1
1 0.917%** 0.465*** 0.120 0.813***
1 0.405*** 0.113 0.851***
1 0.653*** 0.617***
1 0.205*
1
1 0.621*** 0.079 -0.000 0.367***
1 0.048 -0.003 0.325***
1 0.919*** 0.225*
1 0.084
1
1 0.208* -0.167* -0.119 0.184*
1 -0.037 -0.025 0.046
1 0.788*** 0.328***
1 0.175*
1
* 0.05 ** 0.01 ***x0.001
0.8
0.6-0.8 0.4-0.6 0.2-0.4 0.2 0.0



0.70



1

1 0.822%** -0.012 -0.022 0.101
1 -0.048 -0.054 0.029
1 0.986*** 0.860%**
1 0.824%**
1
5
0.82
0.85
0.52 0.79
0.60 0.84 0.73

5
Table5 Correlation of characters of local actors in the entire knowledge network in Pearl River
Delta



0.914*** 0.506* 0.504* 0.820***
1 0.385 0.349 0.689***
1 0.958*** 0.856***
1 0.820***
1
0.973*** 0.590* 0.596* 0.706**
1 0.686** 0.693** 0.808***
1 0.998*** 0.886***
1 0.892***
1
0.941*** 0.522*** 0.789*** 0.767***
1 0.598*** 0.836*** 0.846***
1 0.774*** 0.726***
1 0.774***
1
0.927*** ns ns ns
1 ns ns ns
1 ns ns
1 ns
ns
ns
2.2
2
52.2% 64.7%
40.3%

52.1%



2
Figure 2 Ego-networks of local actors in Beijing-Tianjin-Hebei Region, Yangtze River Delta and
Pearl River Delta
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Figure 3 Percentage of inter-regional knowledge flow in the ego-networks of local actors
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