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Abstract 
The basic research has low economic feasibility in the short term, but it has critical value as 
fundamental research. As the complexity of science and technology has increased steadily, the 
convergence between different areas has become one of the major issues in academia, 
industry, or public administration. This study focused on the basic research and the scientific 
output in the view of convergence. This research utilized the Korean governmental R&D 
project data and empirically identifies the relationship between the technologies based on the 
concept of the convergence. The network analysis was used as an analysis tool. The degree- 
and betweenness centralities are the main indicators for the measures of a role of local 
centrality and a technological intermediary role. The results of the study showed the core 
technologies and the difference in the input and the output. 
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INTRODUCTION 
The national capability of the science and technology is highly related to the national 
competency. The basic research has low economic feasibility in the short term, but it has 
critical value as fundamental research. Therefore, many governments invest in the research 
and development as supplements to civil investments. South Korea invested 68,937 million 
PPP USD for R&D in 2013. The amount was 4.15% of GDP, which indicates the 2nd highest 
in the world following Israel. The rate of basic research was 18.1% of GDP and the rate of 
governmental R&D was 22.9% of GERD. (OECD, 2015) 
 
On the other hand, as the complexity of science and technology has increased steadily, the 
convergence between different areas has become one of the major issues in academia, 
industry, or public administration. The term, technology convergence, appeared in 1963 by 
Rosenberg, but the term had been popular after the emergence of the Internet. In public 
administration area, there were some political trials to preoccupy the leader-position in 
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emerging areas. US NSF published NBIC report1 in 2003 and EU published CTEKS report2 
in 2004. Korean government established the master plan of national convergence technology 
in 2008. Gauch (2014) mentioned “convergence is a widely discussed phenomenon both 
among policy makers as well as among practitioners and researchers”. 
 
This study focuses on the status of convergence research in the basic R&D projects funded by 
Korean government. We defined convergence R&D projects, and analyzed the investment and 
the scientific output. There is no widely accepted definition of convergence (Gauch 2014; 
Collin, 2009; Bruhn, 2000), but the results of this research shows the differences between 
input and output of the technological convergence according to the area. 

METHODOLOGY 

Definition of Convergence Research 
The convergence is a widely-used terminology in these days. It was introduced by Rogenberg 
(1963). Although there was no widely accepted definition, as mentioned before, we defined it 
simply the process of combining different technologies into the new technology, product, or 
other outcome, following Curran and Lecker (2011) and E. Kim et al. (2013). Curran and 
Lecker (2011) defined convergence as “a process, where objects move or stretch farther from 
their prior and discrete spots, to a new and common place”. E. Kim et al. (2013) defined as 
“breakthrough functions by combining at least two or more existing technologies into hybrid 
technologies”. 
 
Despite of simple definition, how to distinguish convergence research projects from others is 
another issue. A process we utilized is described in the next section.  

Data 
Korean government has a well-established S&T statistics system which is called NTIS. NTIS 
stands for national science and technology information service (http://www.ntis.go.kr). NTIS 
provides project information in various types: types of research project such as basic research, 
invested budget, number of research participants and so on.  
 
Total numbers of basic research projects were 8,665 in 2009 and 12,278 in 2011. Among 
them, convergence research projects were selected based on the national science and 
technology standard classification. Each research projects has at least one classification or 
three classifications maximally. The projects with two or three S&T classifications were 
chosen as convergence research projects: 1,914 in 2009 and 2,681 in 2011.  
 
In addition, SCI/SSCI article information, which was the results of selected basic-
convergence research projects, was also gathered. The number of articles was 8,107. The 
related projects and published year were described in Table 1. We could get the title of each 
article and the title of journal which published those articles. The authors added the JCR 

                                                 
1 Converging Technologies for Improving Human Performance: Nano, Bio, Information Technology and 
Cognitive Science 
2 Converging Technologies Shaping the Future of European Society 
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impact factor to each journal. During the adding process, we found 75 articles were shown as 
fallacy. The impact factors of 75 articles were operationalized as zero. 

 
Table 1: The numbers of basic-convergence research projects and related SCI/SSCI articles 

 
Published in  1,194 projects in 2009 2,681 projects in 2011 Total 

2009 2,086 - 2,086 
2010 418 - 418 
2011 144 4,488 4,632 
2012 9 962 971 
Total 2,657  8,107 

Network Analysis 
Moreno’s study in 1934 showed sociometry, and it was the start of the modern network 
analysis (Borgatti et al., 2009). Network analysis can “quantitatively determine influences on 
the relationships between actors and the extent of these influences using network indexes” (E. 
Kim et al., 2013). This study utilized network analysis to find the characteristics of basic-
convergence research. 
 
The four networks were constructed as follows: input-2009, input-2011, output-2009, and 
output-2011. Each technology of science and technology standard classification were selected 
as nodes (see the appendix). 
 
Any projects or articles provided same weight, which was one, to the whole network. It means 
that, if project A was classified into three categories of S&T classification, three links with 1 
over 3 weight were added to network. Figure 1 shows how to construct network links and 
their weight.  

Measures 
Bavelas introduced the concept of centrality (Bavelas, 1948; Freeman, 1978). Latora and 
Marchiori (2007) showed the classic centrality as follows: degree-, betweenness-, and 
closeness centrality. These three kinds of centrality are widely used in social sciences. This 
research used two metrics among them as indicators of the technological convergence.  The 
degree centrality measures a role of local centrality, and the betweenness centrality measures 
the technological intermediary role (E. Kim et al., 2013). In addition, the authors utilized the 
network degree centralization index and the network density as indicators for the complexity 
of each network.  
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Figure 1: Examples of construction of network links and weights 
 

A project or an article categorized into two 
S&T classification 

A project or an article categorized into three 
S&T classification 

 
 

RESULTS 

The Input Networks 
Figure 2 and Table 2 showed the summary of network analysis about the input networks. The 
illustration looks like that there was no big differences between the input networks in 2009 
and 2011, however, the number of links increased from 161 to 192 (19.2%) and the density of 
the network degree centralization index decreased from 41.626% in 2009 to 37.685% in 2011. 
The density of networks increased from 0.37 to 0.441. This means that the area of basic-
convergence research became wider than before. 
 
The shape of convergence changed also a little bit. It was easy to find that the strength of 
convergence between artifact, natural science and bio science was increased. Social science , 
and human science and technology were related to artifact, natural science, and bio science, 
but the relation was weak. 
 
Table 2 showed the technologies with high centralities. In the case of degree centrality, there 
is no radical change. The Energy/Resources was 10th high in 2009 but 5th in 2011. Other top 
4 technologies including the Life science, the Health science, the Electricity and Electronics, 
and the Materials were ranked same in 2009 and 2011.  
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Table 2: The technologies with high centralities in the input networks 
 

 2009 2011 

Degree 
Centrality 

1. Life science  
2. Health science 
3. Electricity and Electronics 
4. Materials  
5. Chemistry  

1. Life science  
2. Health science 
3. Electricity and Electronics 
4. Materials 
5. Energy/Resources 

Betweenness 
Centrality 

1. Information/Communications 
2. Life science 
3. Materials 
4. Health Science 
5. Construction/Transportation 

1. Education 
2. Construction/Transportation 
3. Health science 
4. Information/Communications 
5. Brain Science 

 
The technologies with high betweenness centralities showed different changing-patterns from 
the technologies with high degree centralities. Technologies with high betweenness 
centralities in 2009 were similar to the technologies with high degree centralities. The Artifact 
and the Bio science showed high betweenness centralities in 2009. However, in 2011, the 
Education shows the highest betweenness centrality and the Brain science was ranked 5th. In 
other words, the ranks by the degree centralities did not changed from 2009 to 2011, but the 
ranks by the betweenness centralities changed a lot. This means that there were some changes 
in the intermediary role between technologies with the increase of basic-convergence 
research.  

 
Figure 2: The input networks in 2009 and 2011 

 

2009 2011 
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The Output Networks 
The results of network analysis were summarized in Figure 3 and Table 3. The output 
networks showed the increase of complexity. The network degree centralization index 
decreased from 36.7% in 2009 to 33.3% in 2011, the number of links increased 91 to 135, but 
the density of network increased from 0.209 to 0.31. These changing patterns were similar to 
the pattern of input networks. The researchers achieved more scientific outputs based on the 
increased input and the convergence area broadened.  
 
Table 3 shows the technologies with high degree- and betweenness centralities. Concerning 
the degree centrality, the Life science was ranked as the highest degree centrality and the 
Materials, the Physics, the Chemistry followed though there were little changes in ranks. The 
Health science was 5th in 2009 rank, and it was 6th in 2011. The Electricity and Electronics 
was 6th in 2009 and 5th in 2011. Overall, there were no big changes in the ranks of the degree 
centralities. 
 
In the case of the betweenness centralities, the technologies with the highest betweenness 
centralities did not change a lot unlike the input network. Especially, the Mathematics was 1st 
rank in the output-2009 network, but its ranks dramatically dropped in 2011. The reason was 
the structure of the ouput-2009 network.  

 
Figure 3: The output networks in 2009 and 2011 

 

2009 2011 
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Table 3: The technologies with high centralities in the output networks 
 

 2009 2011 

Degree 
Centrality 

1. Life science 
2. Materials 
3. Physics 
4. Chemistry 
5. Health science 

1. Life science 
2. Materials 
3. Chemistry 
4. Physics 
5. Electricity and Electronics 

Betweenness 
Centrality 

1. Mathematics 
2. Life science 
3. Machinery 
4. Information/Communications 
5. Health science 

1. Materials 
2. Electricity and Electronics 
3. Information/Communications 
4. Machinery 
5. Health science 

Comparison of the Input- and Output Networks 
The technologies, with the high centralities in each network, were selected based on the 
previous analysis. In the case of degree centrality, each network has common 10 technologies 
as Figure 4 shows. However the networks has partially common technologies with the high 
betweenness centrality, we selected 14 technologies as Figure 5 shows.  
 
The Life science showed the highest degree centrality in every network and the technologies 
in the Artifact area did important role in the input- as well as the output networks. The 
technologies in the area of the Humanities, the Social science, the Human science and 
technologies, and others were not included. In addition, there was no significant difference 
between input and output structure both in 2009 and 2011. This figure showed that more 
investments resulted in more scientific articles. 
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Figure 4: The technologies with the 10 highest degree centrality in each networks 
 

 2009 2011 

Input 

  

Output 

  
 
In the case of betweenness centralities, the links between the technologies were different 
between the input- and output networks as Figure 5 shows. For example, the 
Cognitive/emotion and sensibility sciences was linked to 10 technologies in 2009 input, but it 
was linked only to the Brain science, the Health science, and the Machinery in 2009 output 
network. In addition, like the Cognitive/emotion and sensibility sciences, the technologies in 
the Human science and technology area and the Social Science area were included in the 
important technologies in the view of the intermediary roles in the network.  
 
There were some technologies with the high betweenness centrality in the input networks, but 
the low degree centrality in the output network. It means that there were lots of investments in 
that technology, but the scientific outcome was lower than expected. In other words, the 
technology had large potentiality in the future based on the investments.  
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Figure 5: The technologies with the 18 highest betweenness centrality in each networks 
 

 2009 2011 

Input 

 

Output 

 

DISCUSSION 
This study reviewed the basic-convergence research projects funded by Korean government in 
the view of convergence through the network analysis. The term between 2009 and 2011 was 
too short for the comparison, but we could find some differences and the trends of increment 
in the convergence research. In addition, this study found some technologies, including the 
Life science, the Health science, the Information/communications, the Electricity and 
electronics, and the Materials, had been doing important roles in the Korean R&D society. 
Also, there were different roles according to the view of an intermediary role, or a local 
centrality.  
The scope of this research was focused on the basic-convergence research projects funded by 
Korean government in 2009 and 2011. This means that there could be an issue concerning 
generalization to civil area or any other country. However, this study contributes an simple 
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process to analyze convergence researches in the view of input as well as output despite of the 
weakness in the external validity.  
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Appendix. Index for the Network Graph 
Area Code S&T Standard Classification 

1-A Mathematics 

1-B Physics 

1-C Chemistry 
 Natural science 

1-D Earth science 

2-E Life science 

2-F Agriculture, Fishery and food  Bio science 

2-G Health science 

3-H Machinery 

3-I Materials 

3-J Chemical engineering 

3-K Electricity and Electronics 

3-L Information/Communications 

3-M Energy/Resources 

3-N Nuclear Power 

3-O Environment 

 Artifact 

3-P Construction/Transportation 

4-HA History/Archeology 

4-HC Linguistics  Humanities 

4-HE Cultural/Arts/Sports 

5-SC Economics/Management 

5-SD Society, Anthropology, Welfare, Woman 

5-SE Human Ecology 

5-SF Geographical/Region/Tourism 

5-SG Psychology 

5-SH Education 

 Social science 

5-SI Media/Communication/Library and information 

6-OA Brain Science 

6-OB Cognitive/Emotion and Sensibility Sciences  
Human science 
and technology 

6-OC S&T and Society 

 Others 9-X Others (Human resource and Infrastructure) 
� Philosophy/Religion, Literature, Law, and Politics/Public Administration are excluded

because there was no related R&D-project 
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