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ABSTRACT: As important channels of information
transmission and knowledge flow, collaboration network
and knowledge network can aid network actors in
information update and knowledge creation. However, only
a few comparative analyses have been conducted on
knowledge flow in these two networks. To identify the
knowledge flow in collaboration network and knowledge
network, this study deployed a database of  nanometer
photoelectron patents taken out by China at the State
Intellectual Property Office over the period 2000 to 2015,
and analyzed the evolution of these two networks in terms
of network typology, node centrality and core-periphery
structure. Results indicate that collaboration network and
knowledge network are decoupling and developing in
negative directions. Specifically, the collaboration
networks of nanometer photoelectron patents decrease
in scale, which hinders information transmission, whereas
the knowledge networks increase in scale, which is
beneficial to knowledge flow. In addition, the degree
centrality and betweenness centrality of most nodes in
collaboration network and knowledge network are positively
related. Universities and ultra-micro techniques maintain
core positions in the evolution of collaboration network
and knowledge network and exert significant effects on
knowledge flow. This study offers a viable method of
knowledge flow identification based on the joint
investigation of knowledge network and collaboration
network and sheds light on efficiency enhancement of
knowledge management within these two networks.
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1. Introduction

Knowledge flow is the basis of knowledge management,
and its effectiveness is the key to improve the
competitiveness of organizations and individuals [1]. The
social network has become a new issue in research on
knowledge flow in recent years. Knowledge network and
collaboration network are two types of distinct social
networks that provide crucial perspectives in the analysis
of knowledge flow. Moreover, the analysis of knowledge
flow could in turn deepen the research on these two
networks [2]. These two networks and knowledge flow
complement each other as a consequence of theoretical
development and the needs of practical application.

Numerous studies have used the social network to analyze
knowledge flow in different industries and fields. However,
to date, only a few studies have examined knowledge
flow in knowledge network and collaboration network. The
present study was designed to further understand how
the relational and structural properties of both knowledge
network and collaboration network facilitate and constrain
knowledge flow in the nanometer photoelectron field [3].
Therefore, this research is critical to the goal of enhancing
knowledge flow efficiency in these two networks.

2. State of The Art
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Research on the combination of social network and
knowledge flow is attracting increasing attention. As
important channels of knowledge flow identification,
knowledge network and collaboration network analyze
knowledge creation, flow, and diffusion in terms of network
size, density, node centrality, and strength of ties [4].

The knowledge network is formed by the links between
knowledge elements or components [5, 6]. Knowledge
elements flow in the knowledge network according to a
certain law, and knowledge inheritance is realized through
knowledge flow [7]. By applying social network analysis
to the knowledge network, the flow relationship among
knowledge elements can be explored, and the nature of
the knowledge network can be revealed [8]. Dibiaggio et
al. [9] analyzed whether the complementarity and
substitutability of knowledge elements are the key
determinants of the inventive performance of a firm. Wang
et al. [10] used social network analysis to identify the
organizational and spatial structures of the knowledge
network of Nanjing’s chemical industry and explored their
effect on knowledge flow.

The collaboration network reflects the social interaction
among a group of agents, including individuals, teams,
organizations, and even countries [11]. Given that agents
that can collect different resources, knowledge, ideas,
and information are beneficial for effective knowledge
innovation, formal and informal social cooperative
relationships are formed among different agents [12]. To
identify the influence of knowledge complexity on
knowledge flow, Sorenson [13] analyzed the structural
characteristics of country collaboration network, institution
collaboration network and inventor collaboration network.
By conducting a case study on biodiversity, Qiu [14]
disclosed the knowledge dissemination law in the Chinese
scientific collaboration network through social network
analysis. Moreover, Wang and Guan [15, 16] integrated
collaboration network and knowledge network into a
research framework and found that collaboration network
and knowledge network are decoupling because an
organization’s positions in a collaboration network do not
necessarily correspond to the positions of its knowledge
elements in a knowledge network.

of social network properties and the knowledge flow in
collaboration network and knowledge network from 2000–
2005, 2006–2010, and 2011–2015. The conclusions are
summarized in Section 5.

3. Methodology

3.1 Data Collection
As a medium for the disclosure of technology, a patent
clearly shows the developmental trace of technological
knowledge flows. In this sense, it is an important basis of
knowledge management problems. The Patent Database
Service Platform developed by Intellectual Property
Publishing House of State Intellectual Property Office was
used as the patent retrieval tool, and Microsoft Excel was
used as an auxiliary means of statistical analysis. To
identify nanometer photoelectron patents accurately, we
closely followed the searching strategy utilized by Cao
Chen et al. [17]. The strategy is as follows: ab:
(photoelectron or laser or light guide or electro-optics or
photon or LED or photovoltaic or solar energy or
((photoelectron or photon or laser) and semiconductor))
and ti: (nanometer). After a thorough “cleaning” process,
we identified 3962 nanometer photoelectron patents
granted during the period of 1994–2015. Figure 1 shows
the dynamic evolution of the nanometer photoelectron
patents granted yearly. Only 13 nanometer photoelectron
patents were granted in the 1990s; thus, we selected the
3949 nanometer photoelectron patents granted from 2000–

Existing literature can be augmented from two
perspectives. First, only a few studies involved the
nanometer photoelectron technique and the corresponding
knowledge management. Second, only a few comparative
analyses that use different types of social networks have
been reported to date. Therefore, we constructed
collaboration network and knowledge network in the
Chinese nanometer photoelectron field to identify the
decoupling mechanism of these two networks and
examined the effect of social network properties on
knowledge flow.

The remainder of this paper is organized as follows. Section
3 introduces data collection, network construction, and
social network analysis. Section 4 presents an analysis

Figure 1.  Number of nanometer photoelectron patents granted yearly from 1994–2015
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–2015 as the sample. The patents filings can be divided
into three stages: slow growth stage (2000–2005), rapid
growth stage (2006–2010), and high-speed growth stage
(2011–2015). Generally, nanometer photoelectron patent
applications in China increased gradually from 2000–2015.

3.2 Network construction
A patent may involve one or multiple assignees
(organizations) and may also involve one or more
International Patent Classification (IPC) codes [18]. Hence,
we constructed collaboration networks based on joint
assignees of each patent and knowledge networks based
on the co-occurrence of the IPC code in each patent by
using Microsoft Excel, UCINET and NetDraw. Microsoft
Excel was used to enter the binary data from the network
survey and UCINET converted the Excel worksheets intoa
readable format for the NetDraw program before convertingit
into network sociograms.

(1) Collaboration network construction

We retained 3938 nanometer photoelectron patents whose
assignees (organizations) were firms, universities, or
institutes that had registered 99.7% of total patents (3949
patents) over the entire period of 2000–2015. Figure 2
shows the top 10 assignees of patents in the nanometer
photoelectron field, which include Zhejiang University,
Fudan University, Tsinghua University, Tianjin University,
Shanghai Jiaotong University, Shanghai University, The
Chinese Academy of Sciences, Nanjing University,
Jiangsu University and Beijing University. This indicates
that universities make full use of their advantages in
nanometer photoelectron research, whereas institutions
and enterprises have failed to develop their advantages in
capital, manpower, and market.

Figure 2. Top 10 patent assignees in the nanometer photoelectron field

The steps to construct the collaboration networks of
nanometer photoelectron patents were as follows. First,
the patents of individual and single organization were
excluded, leaving 168 patents involving 202 cooperative
organizations. Second, collaboration matrices for the three
stages (2000–2005, 2006–2010, and 2011–2015) were
constructed by using Excel. Each matrix can be
expressed as
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where gin(i=1, 2, , , i; n=1, 2, , , n) is the number of patents
of i assignee to n assignee. Third, three collaboration
networks of nanometer photoelectron patents in 2000–
2005, 2006–2010, and 2011–2015 were processed with
UCINET and NetDraw. In these three sociograms, the

nodes represent assignees, and the links represent the
relationships between the assignees.

(2) Knowledge network construction

By adopting a hierarchical structure, the IPC
classificationsystem categorizes any patent into a section,
class, subclass, main group, and subgroup [19, 20]. To
denote the knowledge elements in the nanometer
photoelectron field, we selected 2,973 IPC codes at the
subgroup level among 3,949 patents during 2000–2015 [21].
As shown in Table 1, research on nanometer photoelectron
patents mainly focuses on H01L31/18, B82B3/00, H01G9/
042, H01G9/20, C25D11/26, C01G9/02, and so on.

The steps to construct the knowledge networks of nanom-
eter photoelectron patents were as follows. First,patents with
a single IPC code were excluded, leaving 3,026 patents that
involve 2,173 IPC codes. Second, co-classification matri

               (1)
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matrices for the three stages (2000–2005, 2006–2010,
and 2011–2015) were constructed by using Excel. Each
matrix can be expressed as
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where gjm(j=1, 2, , , j; m=1, 2, , , m) is the number of
patents of j IPC code to m IPC code. Third, three
knowledge networks in 2000–2005, 2006–2010, and
2011–2015 were processed with UCINET and NetDraw.
In these three sociograms, the nodes represent IPC
codes, and the links represent the relationships among
different IPC codes.

Table 1. IPC codes of nanometer photoelectron patents [22]

3.3 Network analysis

The UCINET were used to analyze the structural properties
of the two networks and the knowledge flow among actors
(nodes). UCINET is commonly utilized for network
topological analysis and individual node analysis. Network
topological analysis, including size, number of ties,
density, average distance, and network centralization, is

useful in understanding the technological knowledge flow
of the entire network [23, 24], but it cannot provide
quantitative information on the importance and value of
individual nodes. Therefore, the node centrality and core-
periphery structure analysis are performed to examine
the structural location of an individual node and assess
its importance [25]. Table 2 shows the measures and
definitions of social network analysis.

Table 2. Measures and definitions of social network analysis

4. Result Analysis And Discussion

(1) Network topological analysis and network
visualization

As shown in Tables 3 and 4, the collaboration networks in
2000–2005, 2006–2010, and 2011–2015 are composed of
20, 62, and 141 nodes as well as 7, 12, and 24 lines,
respectively. This composition indicates that the node
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number of collaboration networks changes in accordance
with the line number. Both present synchronous growth
trends. The density of the three collaboration networks is
recorded as 0.0184, 0.0032, and 0.0012, resulting in a
few opportunities for knowledge exchange. The average
distance of the networks is 1.615, 1, and 1.472. Thus,
the knowledge flow process in the collaboration networks
is highly effective. The degree centralization is 14.62%,
1.37%, and 1.23%, and the betweenness centralization
is 1.42%, 0.00%, and 0.02%. This result indicates that
these two centralizations of collaboration networks have
declined continuously.

Knowledge networks in 2000–2005, 2006–2010, and 2011–
2015 consist of 348, 751, and 1,421 nodes as well as 82,
406, and 1,810 lines, respectively. The density of the
knowledge networks is recorded as 0.0007, 0.0007, and
0.0009. These results show that the knowledge networks
remain scattered, but the number of isolated nodes has
decreased continuously. The average distance of these

three knowledge networks is 2.410, 3.120, and 3.479,
which indicates that the knowledge flow process in the
knowledge networks is slower than that in the collaboration
networks. The degree centralization is 1.96%, 4.21%, and
9.01%, and the betweenness centralization is 0.16%,
0.84%, and 2.97%. Although these two centralizations
are relatively low, they both increase continuously, showing
the increasing concentration of knowledge networks in
the nanometer photoelectron field.

The network topology analysis reveals that the density
and average distance of the collaboration networks
decrease, whereas those of the knowledge networks
increase. Moreover, the degree centralization and the
betweenness centralization of the collaboration networks
decline, whereas those of the knowledge networks
increase. These results demonstrate that collaboration
network and knowledge network in the nanometer
photoelectron field are decoupling, and they develop in
negative directions.

Table 3. Analysis of the evolution of collaboration networks

Table 4. Analysis of the evolution of knowledge networks
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(2) Centrality analysis

As shown in Table 5, Hong Fujin Precise Industry Co.,
Ltd. ranks first in the collaboration network in terms of
degree centrality and betweenness centrality from 2000–
2005. From 2006–2010, all the nodes’ degree centrality
is 1, and their betweenness centrality is 0. From 2011–
2015, the degree centrality and betweenness centrality
of BASF SE and Fudan University are high, showing the
increasing importance of bridging knowledge flows.

Table 6 shows that B8283/00, C01B32/02, and B82B1/00
have significantly high degree centrality and betweenness
centrality in the knowledge network from 2000–2005. The
degree centrality and betweenness centrality of B82B3/
00 are both the highest from 2006–2010, which are 32
and 2373.032, respectively. B82Y40/00, B82Y30/00, and

H01L31/18 rank high in both degree centrality and
betweenness centrality from 2011–2015, which indicates
that they communicate with other actors more and acquire
knowledge support quickly.

The analysis shows that the degree centrality and
betweenness centrality of most nodes in collaboration
networks are positively related, but parts of the nodes
also present significant diversity [31]. For example,
Changzhou Youze Science and Technology Co., Ltd. in
2010–2015 have low degree centrality but high
betweenness centrality. In other words, although they
collaborate minimally with other organizations, they have
great control of the technological trajectories in the
collaboration network. Similarly, the degree centrality and
betweenness centrality of most nodes in the knowledge
networks are also positively related.

         Measures                                                   Top five nodes

  2000–2005    Degree centrality            Hongfujin Precise (Shenzhen) Industrial Co., Ltd. (3), Shanghai University of
                                                                               Engineering Science (2), Nagoya University (1), Toray Industries (1),
                                                                               Sichuan University (1)

                          Betweenness centrality          Hongfujin Precise (Shenzhen) Industrial Co., Ltd. (5), Shanghai University of
                                                                              Engineering Science (3), Dalian University of Technology (0),
                                                                              Dongli Co., Ltd. (0), Guilin University of Electronic Technology (0)

  2006–2010  Degree centrality         HUST (1), Fudan University (1), OKTECH (1), University of Michigan’s
                                                                             Board of Director (1), Hongfujin Precise (Shenzhen) Industrial Co., Ltd. (1)

Betweenness centrality         MEFS Co., Ltd. (0), Université de Aix-Marseille 2 (0), AICSEN Technology Co., Ltd.
                                                                            (0),Battelle Memorial Institute (0), Battelle Japan Co., Ltd. (0),

 2011–2015 Degree centrality      Beijing Institute of Technology (2), Dalian University of Technology (2), BASF SE
                                                                           (2),Fudan University (2), Beijing Aglaia Technology Co., Ltd. (2)

Betweenness centrality     Fudan University (4), Changzhou Youze Technology Co., Ltd. (3), Beijing Aglaia
                                                                         Technology Co., Ltd. (3), BASF SE (2), Lina Industrial Co., Ltd. (2)

Table 5. Analysis of the node centrality of collaboration networks

   Measures                                                Top five nodes

 2000–2005    Degree centrality             B82B3/00 (7), C01B31/02(5), B82B1/00 (4), H01L31/18 (3), A61L9/22 (3)

  Betweenness centrality        B82B3/00 (98), C01B31/02 (53), B82B1/00 (28), C01G9/02 (15),
                                                                C30B11/12 (15)

 2006–2010    Degree centrality            B82B3/00 (32), H01G9/20 (15), H01L31/18 (15), H01M14/00 (11),
                                                                C30B29/16 (10)

                      Betweenness centrality         B82B3/00 (2373.032), H01L31/18 (903.900), H01G9/20 (401.291),
                                                                B01J21/06 (396.702), H01L31/042 (331.667)

 2011–2015  Degree centrality            B82Y40/00 (129), B82Y30/00 (107), H01L31/18 (52), C25D11/26 (23),
                                                                H01L31/0352 (22)

                     Betweenness centrality          B82Y40/00 (29988.008), B82Y30/00 (25054.555), H01L31/18 (7329.600),
                                                                B82B3/00 (4303), C03C17/23 (4303)

Table 6. Analysis of the node centrality of knowledge networks
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(3) Core-periphery structural analysis

Given that the study adopted the two-mode matrix, we
restricted our attention to the discrete model [30]. The
discrete model of collaboration network and knowledge
network in the nanometer photoelectron field in 2000–2005,
2006–2010, and 2011–2015 were analyzed with UCINET.
These networks have too many nodes, so only a part of
the core nodes in the core-periphery structure are listed
in Tables 7 and 8.

Dalian University of Technology, Hongfujin Precise
Industrial (Shenzhen) Co., Ltd., and Tsinghua University
are the core nodes in the period 2000–2015. They present
a remarkable performance in patent collaboration and
knowledge flow bridging. Hongfujin Precise Industrial
(Shenzhen) Co., Ltd., Panzhihua aIron and Steel’s
Panzhihua Steel Research Institution, and Hangzhou
Bohua Laser Technology Co., Ltd. are in the periphery
position of the collaboration network because the

significance of these actors has been decreasing since
2006. After 2010, Beijing University of Chemical
Technology, Fudan University, and Haiyangwang Lighting
Technology Co., Ltd. has increased their cooperation with
other actors and developed from periphery nodes to core
nodes gradually.

B01, B82, C01, C30, and H01 are the core nodes in the
entire period of 2000–2015, indicating that general physical
or chemical method or device, ultra-micro technique,
inorganic chemistry, crystal growth, and basic electrical
element are the research emphases. They communicate
with other technical fields frequently, which is beneficial
for knowledge flow and knowledge integration. B06, B29,
and B65 degraded significantly and moved from core
positions to periphery positions after 2010. At the same
time, A01, A23, A41, A47, A62, B02, B26, B33, B41, B64,
C02, C03, C04, C06, C07, C08, C09, C11, C12, C21,
C22, C23, D03, D04, F04, F21, G02, and G06 enhanced
their communication with other nodes and changed into
core nodes.

Table 7. Analysis of the core–periphery structure of collaboration networks

Table 8. Analysis of the core–periphery structure of knowledge networks

5. Conclusion

To clarify the trajectories of knowledge flow in collaboration
network and knowledge network, social network analysis
was used to identify the structural evolution of collaboration
network and knowledge network based on patent data of
the nanometer photoelectron technique in 2000–2005,
2006–2010, and 2011–2015. The following conclusions
were obtained.

(1) Network topological analysis revealed that
collaboration network and knowledge network are
decoupling and developing in negative directions. The
collaboration networks of nanometer photoelectron
technical patents decreased in scale, which hindered
knowledge flow,whereas the knowledge networks
increased in scale, which was beneficial for information
flow.
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(2) Individual node analysis showed that the degree
centrality and betweenness centrality of most nodes in
the collaboration network and knowledge network are
positively related, but some of the nodes also present
significant diversity. In addition, universities and ultra-micro
techniques maintained core positions in the evolution of
collaboration network and knowledge network separately,
and they exerted significant effects and control on
knowledge flow. This study verified that social network
analysis can reasonably describe the relational and
structural properties of these two networks, and the
proposed method can be applied to other industries to
reveal the knowledge flow status.

Social network analysis was used to discuss the structural
evolution of collaboration network and knowledge network.
However, the selection of measures, including network
topology, node centrality, and core–periphery structure
analyses, was subjective. Thus, further study is required
to identify the significant structural characteristics of the
two networks.
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