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Abstract - This study was conducted for effective management of collaborative networks and relationships among regional 
innovation actors. Using a networking analysis, this study presents characteristics and modes of collaboration networks among 
regional innovation actors, and describes characteristics of networks by innovation function. The study shows what 
institutions are at the center of regional innovation networks, and how institutions are networked in Incheon. In addition, the 
results also show that the density of network among regional innovation actors weakens as the intensity of collaboration 
increases. The common type of collaboration is joint project, not contract. And networking, supporting research and 
development, and supporting start-ups are active. According to the results of this study, organizations that have a central role 
in networks are so different by function. Thus policy to promote regional innovation network should strengthen programs with 
focusing on institutions that have more connections in regional innovation networks. 
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I. INTRODUCTION 
 
The innovation performance of local innovation 
entities is dependent on the network structure and 
cooperation method. Therefore, in order to implement 
the various cooperation policy related to the 
innovation of the region, it is necessary to grasp the 
actual situation and to analyze the nature and structure 
of the network of regional innovation entities. Incheon 
is a manufacturing-based city that has the Incheon 
International Airport and Incheon Port as its center of 
transportation and logistics. However it is necessary to 
maximize the performance through efficient operation 
of the resources and linkage with the local innovation 
entities. In this paper, we examine the network 
characteristics of local innovation entities in Incheon 
and analyse the overall status of network among local 
innovation entities in Incheon area through social 
network analysis. The composition of this paper is as 
follows. First, we will examine the theoretical 
background and related researches, and present the 
methodology and the analysis framework to be used in 
this study. In addition, we will analyze the 
characteristics of cooperation network structure, 
innovation function and relationship of local 
innovation entities in Incheon region through social 
network analysis. Finally, the summary and 
limitations of this study are presented. 
 
II. THEORETICAL BACKGROUND 
 
A. Regional innovation system 
The regional innovation system efficiently develops 
industrial clusters suitable for the region. In order to 
achieve the goal, role sharing and mutual cooperation  

 
among innovation actors are the most important  
factors. The creation of the performance of the 
regional innovation system is possible through the 
accumulation of knowledge generated through 
cooperation among the regional innovation actors 
such as industry, academia, government, and 
government. It is linked to the innovation of the 
company's products and services through related 
commercialization [1]. 
 
The distinction of the local innovation entities that 
constitute the regional innovation system is related to 
innovation activities based on the knowledge base in 
the region. First, it can be divided into public research 
institutes, universities, support organizations that 
perform activities to generate and spread knowledge 
(input side), and companies that perform employment 
and income generation by applying knowledge. The 
innovation-related governance system of the sector is 
also considered as the basic structure of the regional 
innovation system [2]. 
 
Research from the perspective of regional innovation 
system has evolved into research that analyzes the 
impact of an evolved local innovation system on 
innovation. Reference [3] argues that the source of 
European innovation gap with the United States 
depends on excessive dependence on public 
intervention, which means major market failure. In 
the future, with the strong institutional and 
organizational support of the private sector, it is 
necessary to develop the regional innovation support 
system. Reference [4] suggested that the model of 
effective regional innovation system applicable to 
each region differs through the examples of five 
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regional innovation systems in the Nordic countries. 
Reference [5] used the cluster analysis to classify the 
type of Spanish R & D system in terms of innovation 
environment, university, public administration, and 
enterprise. . In addition, the performance of each R & 
D system was measured by classifying the patents as 
the performance index. 
 
There are also studies that classify local innovation 
entities in terms of regional innovation systems. 
References [6], [7] identified the functions performed 
by 623 innovative organizations in Portugal and 
categorized regional innovation characteristics 
according to the distribution patterns of such 
innovation organizations. Reference [8] categorized 
the patterns of regional cooperation for innovation 
projects in China into eight dimensions using official 
government statistics in 30 Chinese provinces. 
 
As the existing research shows, the performance of the 
regional innovation system construction varies 
depending on the characteristics in the region.  
 
The results of the regional innovation system are the 
network capacity among the local innovation entities 
that can efficiently utilize the resources in the region. 
It is important to understand the nature of the 
innovation subject network in order to identify the 
regional innovation characteristics. 

 
B. Network analysis of local innovation entities 
Network research related to regional innovation 
system and innovation subject is not much progressed. 
This is because there is not enough information or 
statistics available on the subject of innovation [9]. In 
spite of these limitations, the analysis of the network 
related to some innovators in Korea is mainly based on 
the data and surveys conducted in the National 
Science and Technology Information System. 
 
Reference [10] conducted a study on the development 
path of innovation system by 5 + 2 wide economic 
zones in order to propose policy direction to establish 
local science and technology policy with R & D in 
relation to regional innovation system construction by 
regional economic region. The questionnaire survey 
was conducted on the cooperation of the researchers of 
the research institutes of national R & D. As a result, it 
has been revealed that joint research with the 
metropolitan area is mainly carried out rather than 
research that takes place within the metropolitan area. 
 
There are also researches that analyze the network 
centering on research equipment. Reference [11] 
analyzed the characteristics of network between 
research institutes using network analysis based on 
research equipment construction relationship. As a 

result of the analysis, the network of the research 
institutes that constructed the research equipment 
through the national R & D project showed low 
density structural characteristics and it was difficult to 
transmit the research equipment information in the 
network. 
 
Reference [12] analysed the structure and 
characteristics of cooperation network by analyzing 
the actual situation and effect of participation in 
industry - academia - related networks for small and 
medium enterprises in Gumi National Industrial 
Complex. As a result, the industry - university 
cooperation network of Gumi National Industrial 
Complex revealed that the proportion of national 
policies for differentiation, aggressiveness, 
participation, trust, interest, local government support 
and connectivity were high. 
 
Reference [13] analyzed the inter - technology 
network structure using the social network analysis 
technique of the convergence technology research 
project. As a result of the analysis, the convergence 
research of the participant was more active in various 
fields than the convergence research of the national 
research and development project and suggested that 
fusion research is actively performed inside rather 
than outside. In addition, they classify network 
centrality and technologies that play a central role in 
convergence research with internal centric and 
external centric technologies. 
 
There have been attempts to analyze the 
inter-organizational network by utilizing research and 
development, equipment, patent information, and so 
on. However, analysis of the status and structure of 
cooperative networks through the activities of 
innovation entities, which are the most important 
elements of the network between local innovation 
entities, seems to be weak. In this study, we try to 
grasp the organization and cooperation types that are 
playing a central role in the network by the function of 
the innovation subject through questionnaire focusing 
on Incheon area. 

 
III. RESEARCH METHOD  
 
A .Network Analysis Methodology 
The components of a network are nodes and links. The 
object of a connection is called a node, and the 
connection is called a link. A node is an actor with a 
unique attribute, which means a person, a molecule, a 
gene, etc. A link represents a connection relationship 
between nodes, which means a friend relationship, a 
transmission, a synapse, and the like. Network 
analysis is a technique to analyze and search the 
patterns and meanings of relationships and 
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relationships among members. It is a visual and 
mathematical method. This enables us to identify the 
central point of the network and identify the people 
who connect the leader, the expert, the isolated person, 
the degree of community, and the key person or people 
nearby [14]. 
 
In the study using the network analysis method, 
various indicators are used to explain the relationship 
between the structural characteristics of the network 
and the subject. The representative indicators are the 
density of the network and the centrality of the 
components [15]. A high-density network means that 
the number of nodes is as large as that of the nodes, 
and there is a lot of mutual help and exchange. The 
density has a value between 0 and 1, and a density of 0 
means that there is no connection line, and 1 means 
that all nodes are connected. A component is a set of 
connected nodes, which means that all nodes are 
connected when there is only one. 
 
Centrality is used to identify what a core node is as an 
indicator of the extent to which one actor is centrally 
located in the entire network. In general, centrality 
analysis includes degree centrality which measures 
the number of different points connected to a point, 
betweenness centrality which measures the role of an 
intermediary or bridge in constructing a network 
between nodes and closeness centrality that measures 
how close one point is to another [16]. 
 
Connection centrality is an indicator of how many 
links are connected to one node by measuring the 
number of links to all nodes connected to one node. 
Connection centrality is based on the idea that the 
more nodes one node has, the more autonomy and 
power it has. Mediation centrality is a method of 
finding a node that plays a role of an intermediary or 
an intermediary in a network. It searches for a node 
that acts as an intermediary between two networks or 
groups regardless of the degree of connection. 
Proximity centrality uses the concept of distance 
between nodes in the network. And it finds find the 
most central node in the entire network using the sum 
of the shortest distances. High proximity means that it 
is closest to other nodes in the network [14]. 

 
B. Analysis framework and data 
1) Local innovation entities 
The purpose of this study is to examine the overall 
status and network characteristics of the cooperation 
network between Incheon and local innovation 
organizations in order to understand what kind of 
collaborations are taking place between other 
organizations and functions in supporting the 
innovation support organizations. We will examine it 
through network analysis. 

We will try to identify the organizations and 
cooperation types that play a central role in the 
network by innovation function. First, we analyse the 
structure of the network of regional innovation entities 
as a whole. Second we shoe that the structure of the 
cooperation network between local innovation entities 
varies according to the intensity of cooperation. Third, 
we decide what kind of subjects are strategically 
important in terms of their functions. Finally, we 
compare and analyze the characteristics of the 
network in terms of the functions of innovation 
activities, and identify the key subjects in the network 
of innovation incentives in Incheon. 
 
In order to analyse the status of local innovation 
entities, it is necessary to create a primary list 
excluding the companies participating in the national 
R & D project registered in the National Science and 
Technology Knowledge Information Service between 
2011 and 2015, After that, we interviewed specialists 
who did not carry out national R & D projects and 
organized R & D projects, and finally selected 33 
regional innovation organizations in Incheon. 
 
Innovative entities are government research institutes 
established under the government-funded research 
institute promotion law, national and public research 
institutes directly operated by the government in 
accordance with the needs of the state, local 
governments that provide funding necessary for 
establishing and operating operations through local 
governments and 2-year and 4-year universities were 
selected as the local innovation entities. It also 
includes the Regional Innovation Center (RIC), which 
belongs to a university but receives funding from the 
central government and conducts testing and 
certification. 
 
2) Measured variables 
The functions of local innovation entities were divided 
into eight roles, including R & D support, technology 
transfer support, commercialization support, 
networking, human resource support, financial 
support, and management support through reviewing 
existing discussions [17]. Based on the classified 
functions, each organization responded to the strength 
of cooperation with other organizations to perform 
this function. 
 
In this study, we defined the cooperative network 
between local innovation entities as 'interdependent 
cooperative relations formed between local innovation 
entities for the development of local industries'. The 
cooperative relationship is based on the research 
presented by [15], but it is structured in consideration 
of the characteristics of innovation activities promoted 
by local innovation entities. The existing work 
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arrangements and resource sharing activities were 
considered to be included in other collaborative 
activities, so some of the cooperation steps were 
included. It is divided into four stages according to the 
intensity of the cooperation relationship from the 
lowest intensity information/opinion exchange to the 
most intensive joint project promotion. 
 
Firstly, occasional information / opinion exchanges 
are defined as informal relations without any defined 
goals, structures, or plans for a short or long term. 
Secondly unlike information exchange regular 
exchanges which are maintained without any purpose 
[18], we describe the relationship between the two 
types of relationships. Third, the official contract is a 
step that can be sustained only after a certain amount 
of funds and time are spent. The last joint project is a 
formal relationship with legal effect. Organizations 
participating in such cooperation need to invest a lot of 
resources (time, money, human). We have set up it as 
the strongest network to maintain sustainable 
relationships and achieve shared goals. The 
relationship between the four types of partnerships 
defined above was measured through the 
questionnaire.  
 
3) Data collection 
The respondents of the selected organizations were 
provided with a list of Incheon Innovators and eight 
functions, among which respondents were asked to fill 
out what kind of cooperation they had with the listed 
organizations. Using the whole network survey 
method, this study can include in the organization that 
did not answer the questionnaire. Respondents in 33 
organizations can indicate that any of the partnerships 
listed above have relationships with the 33 
organizations listed, indicating that organizations that 
do not respond may also have relationships. Data were 
collected through telephone surveys from November 
to December 2016. Of the 33 organizations, responses 
were received from 24 organizations, with a response 
rate of 72%. Through the responses of 24 
organizations, 33 organizations were included in the 
analysis. The point of view of the partnership in this 
study is limited to the relation within the past one year. 
In order to analyze the inter-organizational 
relationship, research was conducted on a 
representative of the organization who had a lot of 
experience in the organization and who had 
equivalent positions. This study used social network 
analysis and NetMiner 4 program as a social network 
analysis program. 
 
IV. RESULTS 
 
In this study, the local innovation entities are the ones 
that are engaged in regional innovation activities. 

Most of the functions performed by the institute are 
performed by the research and development support 
functions except for the three organizations. Next, the 
common functions performed by the various 
organizations include networking (27), 
commercialization support (17), Technology transfer 
(16), and human resources support (16). In contrast, 
financial support (8) and management support (7) 
were relatively few. Inha University and Incheon 
Economic and Technological Information Techno 
Park, followed by Technology Guarantee Fund 
(Incheon) (7), Korea Institute of Industrial 
Technology (Incheon) (6), and Incheon Intellectual 
Property Centre (6). 
 
A. Network analysis by entities 
First, when we look at the results of the network 
analysis including the eight innovation functions and 
the cooperation strength, the respondent 24 
institutions were interconnected (the number of nodes 
was 33) and the number of links between nodes was 
158. The number of components is one, so that local 
innovation entities in Incheon can be regarded as 
being connected to each other directly or indirectly, 
and these organizations are included in one network. 
The size of nodes is expressed differently according to 
the number of links. The larger the intensity of 
cooperation are, the thicker it is displayed. At the 
same time they have more autonomy and power. 

 

 
Fig.  1:  Regional Innovative Subject Network 

 
Inha University (29), Incheon Economic and 
Technological Park (IBITP) (28), Korea Institute of 
Industrial Technology (22), Incheon University (21) 
and Incheon Creative Innovation Center (18). This 
means that they are actively engaged in the network of 
local innovation activities. It seems that the regional 
innovation activities in the public sector are being 
undertaken in the form of receiving government 
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projects, reflecting the fact that institutions with high 
potential for carrying out various public projects are 
located at the center of the network. 

TABLE 1: Key Indicators of Local Innovation Network 

Node Link Densit
y 

Compo 
-nent Node Linkage 

33 158 0.299 1 

Inha University(29),  
IBITP(28),  
KIIT(22),  
Incheon 
University(21),  
CCEI(18) 

 
According to the results of centrality analysis, the 
center of connectivity and closeness of centrality were 
found to be the most centered by Incheon Economic 
and Technological Information Techno Park. Incheon 
University, Incheon Economic and Technological 
Park, Korea Institute of Industrial Technology, and 
Incheon University are included in the top 5 ranks of 
all the centrality analysis and are playing a central role 
in Incheon 's regional innovation entrepreneurs' 
cooperation network. According to the strength of 
cooperation, network analysis was performed by 
dividing into 1 ~ 4 stages. In the first and second 
stages, the relationship is formulated, but it is difficult 
to see that the organizational resources are put in. Step 
3 is a formal step that has legal effect.  The number of 
links and density seem to be generally decreasing as 
the intensity of cooperation increases. Links and 
density of information and opinion exchanges are 138 
and 0.261, respectively, while joint projects are 
reduced by almost half to 61.116. This is because 
stronger networks are liable and obliged to be legally 
bound, which means that a lot of resources must be 
invested in order to maintain such a relationship. The 
number of components is also increasing as the 
intensity increases. Simple information and opinion 
exchanges are connected to one network among 
organizations, but as relations are formulated, groups 
are not connected. The unusual point is that the 
official contract shows a lower number of links and 
density than the promotion of the joint project, which 
means that institutions promoting local innovation 
activities are less likely to establish formal contracts 
than to promote joint projects. This is owing to the 
nature of the regional innovation activity function. It 
is a form in which government research and 
development projects are received by utilizing 
researchers' personal connections rather than 
contracts related to cooperation between 
organizations. 

TABLE 2:  Key Indicators of Innovation Network by Cooperation 
Strength 

Node 
Exchang

e of 
informati

Regular 
meetin

gs 

Official 
contrac

t 

Promoting 
joint 

projects 

on and 
opinions 

Link 138 79 45 61 

Densi
ty 0.261 0.150 0.085 0.116 

Comp
onent 1 5 10 7 

 
B. Network analysis by functions 
Analysing the cooperation status of 33 organizations 
according to 8 functions, the number of link 
networking (107), R & D (95), and commercialization 
support (51) are in order. Density was higher in the 
order of networking (0.230), research and 
development, and financial support (0.218). In the 
case of funding, it is considered that the number of 
participating nodes is lower than other functions, and 
the density is higher than other supporting projects. 
Networking and R & D support which is higher than 
other functions are spreading activity more.  In terms 
of the number of components, funding, manpower 
support, and marketing support were found to be 
composed of four groups, and management support 
and technology transfer support were analyzed to be 
composed of three and two groups respectively 
 
It is believed that networking, research and 
development support and commercialization support 
which have one component, are actively operating 
among innovative entities rather than other 
innovation functions. This is reflected in the fact that 
projects such as research and development, 
networking, and commercialization support are being 
pursued in accordance with the government's policy of 
creation and economic policy and that the expansion 
of innovation functions related to it is reflected. 
 
Inha University, Korea Institute of Industrial 
Technology and Incheon University have the highest 
number of connections for research and development 
support which shows that active network activities are 
conducted for research and development in 
universities and departments. This is because basic, 
application, and development research are mainly 
carried out in universities and colleges. In addition, 
the Incheon Development Institute and the Incheon 
Economic and Technological Information Techno 
Park are the institutions that contribute to the local 
government and carry out research on regional issues 
and policies. It seems that they have information to 
cooperate with other institutions. The number of 
components of technical support is two. The local 
innovation entities participating in the technology 
transfer support activities in the region are not 
connected to one network. When we look at the groups 
constituting the components, one group is connected 
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to all the networks, the other one exists as an isolated 
node. An isolated entity seems to be moving 
technology transfer activities in the region, but does 
not seem to promote collaborative networking 
activities with other innovation entities in Incheon 
and technology transfer support activities. Technology 
transfer involves transferring the results of R & D to 
other organizations. The Korea Institute of Industrial 
Technology, Inha University, and Incheon University 
have a technology licensing office (TLO) for 
technology transfer. The Incheon Economic and 
Technological Information Technopark is carrying 
out activities for promoting 
industry-academia-research and technology transfer 
transactions such as promotion of technology trade 
promotion network project and seems to be included in 
the high ranking. 

 
TABLE 7: Key Network Indicators by Function 

Support Node Link Density Compo 
-nent 

R&D 30 95 0.218 1 

Technology 
Transfer 22 34 0.147 2 

Commerciali
zation 26 51 0.157 1 

Marketing 20 20 0.105 4 

Network 31 107 0.230 1 

HR 23 36 0.142 4 

Fund 13 17 0.218 4 

Management 9 6 0.167 3 

 
In the case of commercialization (start-up) support, 
the cooperation was mainly conducted on the basis of 
the contribution of the donors, the contribution of the 
local governments, etc. This is because the intrinsic 
purpose of the institution is the support of the local 
enterprise. . It is assumed that the institutions which 
are ranked in the above rank are institutions that 
provide technical support for entrepreneurship 
promotion and the Credit Guarantee Funds is ranked 
in the ranking in terms of supporting funds rather than 

technical support for entrepreneurship. The Incheon 
Creation Economic Innovation Center seems to be 
included in the list because it is promoting various 
business projects and start-up support projects for the 
policy of the government's creative economy 
promotion. 
 
When we look at the marketing support network, the 
density is the lowest compared with the other 
functions and it seems that the network activity is not 
active compared with other innovation functions. The 
number of components is four and there are four 
sub-groups of public innovation entities participating 
in marketing support activities in the region. Each 
sub-group consists of two organizations composed of 
isolated nodes and two groups with two or more 
connections. In the case of marketing support, there 
are many organizations that perform innovation 
functions. However, there are few parts that are 
promoted in cooperation with each other. 
 
Networking is a function that promotes inter-agency 
cooperation and exchanges. It shows the highest 
number of nodes, links, and density when compared 
with other functions. The fact that Incheon Economic 
and Technological Information Techno Park occupies 
a high place in the center seems to be promoting the 
cooperation function of industry, academia, and 
province as a center of local innovation center. In 
order to carry out the information transmission 
through networking, it seems that promoting the 
policy based on the organizations included in the 
ranking can increase the efficiency of information 
transmission. In particular, the Incheon Economic 
and Technological Information Techno Park is closely 
related to local governments rather than universities 
and participating companies. It is expected that if the 
Incheon Economic and Industrial Information Techno 
Park is used to disseminate policies related to regional, 
the possibility of propagation is high. 
 
When we look at the agencies performing human 
resources support, it is found that the universities in 
the region are included in the ranking of the centrality. 
This is because the university has a lot of know-how 
and experience. In addition, the Korea Institute of 
Industrial Technology and the Incheon Economic and 
Technological Information Techno Park actively 
cooperate with each other to promote related projects 
such as retraining of workers at local institutions and 
training of industrial students of employment 
students.  
 
In the case of funding, the number of nodes 
participating and the number of links seem to perform 
the function of individual nodes rather than the project 
through cooperation. As a result of the nature of the 
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funding support, the result is stronger than the project 
through cooperation which is supported by an 
independent institution after examination. In terms of 
the ranking of the centrality, it is ranked high by 
institutions such as Credit Guarantee Fund and 
Incheon Credit Guarantee Foundation. 

In the management support network, there are 9 
nodes, 6 links, and a density of 0.167, so network 
activity is not actively compared with other innovation 
functions. Management support is difficult to perform 
because it is the nature of a business that acts as 
agencies such as one-on-one consulting services of 
individual companies. 

 
CONCLUSIONS 
 
This study was carried out to analyze the cooperation 
network between local innovation actors on the 
premise that cooperation among local innovation 
entities is a prerequisite for regional development. For 
this purpose, we analyzed the overall characteristics of 
cooperation networks of local innovation entities and 
types of cooperation and network characteristics of 
innovation functions through social network analysis. 
As a result of analyzing the cooperative relations of 
innovation activities of Incheon city public innovation 
actors through the social network analysis method, it 
was able to understand which institution is centered 
on the overall function and how many institutions are 
connected with each other by detailed functions. 
 
Inha University, Incheon Economic and 
Technological Information Techno Park, Korea 
Institute of Industrial Technology, Incheon University, 
and Incheon Creative Innovation Center are located at 
the center of the network and these institutions are 
actively leading in the network of regional innovation 
activities. Also as the intensity of the cooperation is 
stronger, the network has weakened. When we look at 
the network status by innovation function, cooperation 
between local innovation actors is actively preceded in 
the order of networking, R & D support, and 
commercialization (start-up) support. 
 
Since the institutions that are the center of the network 
are different by function, it is necessary to strengthen 
the role of the institution that is the center of the 
connection by the innovation function for the policy 
activating the cooperative network in the region to be 
effective. Therefore, it is necessary to encourage 
cooperation with other organizations, mainly 
institutions that play a major role in the related 
functions in designing related policies. Since the role 
of the organization located at the center of the 
cooperative network is large, it can effectively 
propagate and promote the policy by maintaining 
close relations with the organizations acting as hubs in 

the policy maker's perspective. The policy suggestions 
for the revitalization of the network of local 
innovation entities suggested by this study are as 
follows. 
First, local innovation entities need to understand the 
information of the organizations that they want to 
collaborate with and the functions and roles of the 
agencies should be shared among the agencies. It is 
necessary to share the information on the performance 
of the project by the organization and information on 
the beneficiary company to eliminate the duplication 
of the business as much as possible and to promote 
effective networking so that the cooperation 
advantages can be promoted by linking the merits of 
each institution. 
 
Second, it is necessary to construct and operate an 
exchange meeting where synergies can be 
demonstrated through mutual cooperation and 
cooperation among local innovation entities. Local 
innovation entities in the region have unique functions 
and businesses, but some functions or projects may 
overlap. Through close consultation between the 
agencies, conditions should be set up so that they can 
find their own way to collaborate. 
 
Third, we should focus on the central organization of 
innovation network by function. As shown in the 
results of the study, it is necessary to select the core 
central organization for each of the functions and to 
select the core central organization. Efforts should be 
made to generate and disseminate standardized 
information that all institutions can share. 
 
Fourth, regular and diverse network analysis should 
be pursued. Since the analysis of network status 
between local innovation entities is important 
information for the promotion of regional innovation 
policies, it is necessary to regularly analyze the 
network status among local innovation entities. 
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