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Abstract: The “Selection and Concentration” strategy through the efficient use of R&D 
resources is strongly recommended to increase the national competitiveness in 21st 
century. Korean government and a lot of public research institutes try to select the 
strategic research fields to concentrate their resources with the consideration of the 
various strategic R&D factors. This paper developed the method for selecting the 
strategic research areas, which fit for the large, multi-disciplinary and long-term 
programs. We called this method “Technology Cluster Analysis”. Technology cluster 
analysis is the method grouping near technologies based on some indicators. We applied 
this method to nano-technology field at the level of national R&D program. 56 nano-
technologies are analyzed and grouped into three main clusters based on the survey data 
from 180 experts. The technological distance and correlation between individual 
technologies are described by hierarchical dendrogram. Three main clusters in nano 
technology field are nano-materials related cluster, nano-device related cluster, and 
nano-bio related cluster. These three clusters are expected to be core technology clusters 
in nano-technology field in South Korea.  
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Introduction  
 

The national competitiveness of Korea in the 21st Century requires effective 
distribution and utilization of limited resources based on the strategy that specifies 
fields on which to concentrate. Hence, there needs to be concentrated efforts to support 
the fields of world-class technology by considering future economy, market outlook, 
technological trend, and the current level of science and technology. In order to do this, 
however, core areas of research on which R&D investment and efforts should be 
focused need to be specified. Such areas should be those of great importance in 
enhancing Korean industry’s competitiveness and those which will have huge demand 
in the future at a national level. They should also be the technologies selected with 
consideration into human resources and potential of success that could commercialize, 
and not merely cover, all necessary technologies. By applying the ‘selection and 
concentration’ strategy, we can efficiently allocate and utilize R&D resources.  

Although there have been a lot of studies on various technological prospects in 
attempts to promote an effective R&D, there have been not so much studies to estimate 
promising future technologies based on technological trends of complexity and 
convergence. Furthermore, the system of managing existing technology estimation 
results, so that they can be used to identify and plan core researches, is not yet well 
established. This paper applied the widely used estimations of technology, especially 
the estimations of and research in nano-technology, in order to identify important fields 
of research in nano-technology. The study suggests the ‘technology cluster analysis’ as 
a method to select key fields of research, and applies it to the national-level R&D to 
come up with important areas of research.  

The method of identifying core research fields in this paper is comprised of several 
steps such as 1) classifying technologies according to their purpose, 2) conducting a 
survey on specialists, and 3) technology cluster analysis, and so forth. This research 
focuses especially on the technology cluster analysis step which groups together 
specific technologies that have similar patterns of technological change, in order to 
assist planning for major research projects or to devise policies for different fields of 
technology. This research also aims at applying the methodology to select core fields 
and applying the technology cluster analysis to nano-technology fields in order to 
identify important fields of nano-technology research that Korea needs to promote. Next 
part of this paper deals with the basic concept of technology cluster analysis and past 
studies. Then, we applied technology cluster analysis to nano-technology field and 
yielded core research areas of nano-technology. 
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Technology Cluster Analysis 
 

Technology cluster analysis is a clustering method that groups together different 
technologies that share similar characteristics based on technological distance or 
proximity. Two ways of estimating technological distance and proximity could be 
designed. One is to utilize objective data such as academic papers, patent materials, and 
researcher’s information , which is called bibliometrics, and the other is to use a survey 
with questionnaires that taps into the researchers’ know ledge base. 

Meanwhile, in order to estimate the technological distance based on such data, 
technological space needs to be well defined. If we take a look at past studies on 
analyzing relevance among technologies such as Jaffe (1986), Verspagan (1997), and 
Yun (1999), they focused on calculating the technological distances between industries 
by using patent data. But despite various positive aspects, their methodologies are not 
appropriate for estimating technological distances of more detailed and specific 
technologies. Therefore a different method is needed in the case of specific technology 
analysis.  

The most effective method is to utilize the specialists’ knowledge base of those 
specific technologies by conducting a survey. Previous studies that utilized survey on 
specialists for technology cluster analysis include, Ronde (2001) and Lee et al. (2002a, 
b). Ronde (2001) conducted a survey on 98 specific technologies of biotechnology in 
France and based on that, came up with three important technology groups through 
technology cluster analysis.  

Lee et al. (2002a, b) identified seven strategic fields of research for a government-
sponsored research institute by conducting a survey on around 200 technologies. Ronde 
(2001)’s study was to identify core fields of  biotechnology research at a national level 
while the study led by Lee et al. (2002a, b) was about applying Ronde’s model to 
individual public research institutes, especially to identify strategic research fields. The 
characteristic of this study is generally closer to that of Ronde (2001) in that it identifies 
important technology groups in the newly emerging nano-technology field for national-
level R&D projects.  

Meanwhile, one contribution this study has over others is that while the above 
studies showed planar results in identifying the technology groups, this study suggests a 
more comprehensive view of the results by representing the proximity of individual 
technologies as a dendrogram.  
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Selecting the core research areas in nano-technology field 
 

As the US, Japan, and European nations are aggressively investing in emerging and 
disruptive nano-technology, Korean government has also passed the ‘National Nano-
technology Initiative’ in July 2001, and is currently promoting its R&D projects. 
According to the initiative, only those high-potential areas of nano-technology that 
could guarantee world-level competitiveness would be selected and focused on. Under 
this principle, nano-material, electronic device, computer memory device, and atomic 
logic device, and so forth, were selected as core technologies. Individual research 
organizations are also concentrating their efforts to develop new nano-spin device 
technology, and bio-microprocessor technology etc. 

Classifying important specific technologies of nano-technology field, grouping 
them into clusters that share similar innovation patterns, and completing a graph that 
organizes them in a systematic way can be main procedures for core area selection. And 
the results of this method can prove to be a useful source at this point for establishing 
nano-technology policies and implementing future development plans. This is because 
analysis of each technology groups’ characteristics based on the procedures mentioned 
above, could improve the efficiency of research projects.  

 

Purpose-based classification of nano-technology 
 

Considering that the purpose of this study is to identify core research areas of nano-
technology for future national R&D projects, detailed nano-technology list regarding 
potential competence of national nano-technology development system and nano-
technology innovation system should be analyzed. Therefore, a list of nano-
technologies that meets the purpose of this study should be made through 
comprehensive review of national level nano-technology classification examples.  

There are three candidates of nano technology list in Korea. The first is ‘National 
Nano-Technology Initiative’ co -submitted by Ministry of Science and Technology, 
Ministry of Industry and Resources, and other related government branches in July 2001. 
The second is a joint effort by the Ministry of Science and Technology and KISTEP 
(Korea Institute of Science and technology Evaluation and Planning) in December 2001 
to condense the 110 technologies to 67 due to redundancy in certain contents And it 
contains 56 nano technologies with priority. Finally, the third is a nano-technology list 
in the National Technology Roadmap (NTRM). But as for ‘NTRM Nano-Technology 
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List’, all of its contents are included in the first and the second, and its classification is 
not systematic. Also, despite the first’s wide -ranging and well-sorted contents, because 
there are too many technologies mentioned for their research efficiency, and because the 
list includes a number of technologies that Korea absolutely lags behind in, there is 
analytic difficulty in using it as it is in this study. On the other hand, the second’s 56 
high-priority nano-technologies are based on six detailed strategic standards as <Table 
1> including strategic importance, and technological development level, so it seems 
adequate to be analyzed in this study.  

 
<Table1> Detailed Strategic Standards for Identification of top 56 Priority Technologies 

Detailed Strategic Standards Points 

Strategic Importance 30 

Level of Technological Development 15 

Possibility of Technological Development 20 

Versatility 5 

Economic Effect 20 

Technological and Social Effect 10 

 

In terms of the process in coming up with a nano list and its coverage, and research 
efficiency, analyzing ‘56 Top Priority Nano-Technologies’ can have many meanings  in 
view of policy implications. By conducting the cluster analysis using the nano-
technology list, researchers can receive information on similarities among specific 
nano-technologies, and policy-makers can get information on selection and management 
of projects (refer to appendix of 56 technologies).  

 

Contents of Questionnaire 

 

The questions should lead to efficient and effective answers by the participants, and 
they should be structured in a way that would promote more participation. There are 
many ways to distinguish different forms of questionnaire, but they can be widely 
divided into two types, according to the form of answers: n point likert scale method, 
and co-nomination method. Choosing an answer among n points is taking after Ronde’s 
(2001) method. Because this method requires participants to go through pains-taking 
process of checking every technology, it could be appropriate only for mail 
questionnaires but not for e-mail. Co-nomination method requires filling in the answer 
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sections of relevant questions only, so it is a useful method in forming a pool of 
specialists for a certain area (Nedeva et al., 1995). For example, asking a number of 
specialists “who specializes in this area’s … .. ?” could yield an answer that  suggests 
several people. This method has a similar logical structure as the co-occurrence method 
which analyzes how many times the same key words are used in academic papers of 
similar but different fields. Because this method is simple, it can be effective for e-mail 
questionnaires, and this study also chose the later method.  

Here, we used the following questionnaires. 

 
<Table 2> Surveying Questionnaires 

Check the technologies you know well in the list. 

¡ Ø “ The technologies you know well”  means that 
• The technologies you have studied by projects before 
• The technologies of which the papers and specialized reports you can read and 

comment 

• The technologies you plan to research by projects 

 

Selection of Participants  
 

Participant candidates were the 600 experts belonging to KISTEP’s pool of nano -
technology specialists. Among the 600 participants, roughly 90 of them are from the 
industry, 150 are from the research sector, and 360 are from the academic sector. 
Although the academic circle outnumbers the other expert parts, since nano-technology 
is a relatively new field, the unbalance is understandable. But this study attempted to 
fully utilize the answers from those of the industry and research sector, thereby 
emphasized the questions geared toward them. E-mail questionnaires were sent to the 
600 participants and 180 experts of them responded. 180 responses means a volume 
three times the 56 technologies that need to be analyzed, so it seemed enough to 
conduct the technology cluster analysis.  

 

Important Results of Survey 
 

Out of the total 180 respondents, 17.8% (32persons) belonged to the industry, 25.6% 
(46persons) to the government-funded research institutes, 56.8% (102persons) to the 
academia. Such distribution can be seen as an exemplary model, for it shows clearly the 
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domestic nano-technology research reality of how human resources are distributed. 
Researchers from 17 companies, 12 research organizations, and 43 universities 
responded, and it shows that a wide range of public/private researchers had participated. 
Researchers of various specializations encompassing nano-technology such as physics, 
chemistry, biology, medicine, chemical engineering, electronic engineering, mechanical 
engineering, and environmental engineering, participated. 

The participants checked an average of 7.27 of the 56 technologies as their 
specialty or technology of familiarity, which means they know around 13% of the 
technologies very well. If we separately list number according to industry, academia, 
and research sectors, industry researchers checked 7.34, academic researchers checked 
6.94, and government-funded institutes’ researchers checked 7.98 by average, as the 
fields of their specialty. So the government-funded institutes’ researchers checked one 
more by average than the academic researchers. Average check per technology was 23, 
so this means that by average, each technology has 23 (12.8%) persons out of 180 
researchers specializing in it.  

The top 15 technologies with the most researchers are nano-powder material, 
interface/surface nano-structurization technology, chemical process, nano-measurement, 
nano-information storage technology, Quantum point, Quantum line, etc. The top 15 
technologies have an average of 39 (21.7%) specialists. Especially, if it was most 
frequently co-nominated with other technologies, it means that the particular technology 
is the most important among the identified technology cluster. The details of top 5 
technologies are as shown in <Table 3>.  

 

<Table 3> Top 15 technologies with the most researchers 

No. Technology Title # of Experts 

18 Nano-powder Material 61 

22 Interface/Surface Nano-Structurization Technology (metallic, ceramic, etc.) 58 

25 Chemical Process (sol-gel, electric chemistry, colloid process, etc) 55 

15 Nano Measurement (smaller than 100nm, including synchroton) 41 

2 Nano-Infomation Storage Technology 39 

 

The lower 15 technologies with the least number of specialists are Nano 
Mesoscopic System, lithographic equipments, Medical Type Development, nano link 
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logic, high frequency electronic material, Functional Device Group in Single Chip, etc.  
The lower 15 technologies have an average of 8.7 (5.4%) specialists. A technology with 
few researchers means that it was checked the least in the survey. If it was least 
frequently co-nominated with other technologies, it means that the particular technology 
will most likely remain as a residual technology rather than being included in the core 
technology cluster. 

 

Cluster Analysis 
 

Totally 180 experts responded the questionnaires about 56 nano-technologies. We can 
make an 180×56 expert-technology matrix (X) consisting of 0 and 1 (Refer to Lee et al. 
(2002a, b) for more detailed techniques). X matrix can be regarded as a matrix that 
shows 180 specialists’ knowledge on 56 technologies in the form of binary value. In 
order to look closely at the relationship between technologies I and J, proximity index 
was assigned to these columns, and based on this index we conducted a hierarchical 
cluster analysis. The proximity index is defined as the following. 
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)( JIN Ι  is the number of experts that know both I and J technologies well, and 
)( JIN Υ  represents the number of those who know I or J. The proximity index is a 

number between 0 and 1, according to the definition. The closer the number is to 1, the 
similarity is greater while the similarity is the lowest at 0. If we conduct the index-based 
hierarchical cluster analysis on X matrix, we can sort n number of technologies into 
several important groups. Because 180 people responded to 56 technologies, we created 
an 180×56 expert-technology matrix and using a statistics program, conducted the 
cluster analysis. 
 

Three Main Clusters as Core Research Areas 
 

Technology No. 3 (Nano-Bio Chip and Bio Device) and technology No. 11 (Nano-
Bio Sensor and Artificial Senses) had the closest numbers in the proximity index. So 
they were the first to be clustered, and next closest were technologies No. 18 (Nano 
Powder Material) and No. 28 (Technologically Processed Materials: for Environment 
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and Chemical Industry) and so on. As the result of technology cluster analysis, 42 
technologies were grouped into three important clusters forming nano-material related 
cluster (A), nano-device related cluster (B), and nano-bio related cluster (C) as <Table 
4>.  

 
<Table 4> Three main clusters 

Technology cluster Technology No. 

Nano-material related cluster (A) 4, 33, 13, 55, 35, 22, 36, 18, 28, 25, 26, 48, 29, 47, 30, 7, 53 

Nano-device related cluster (B) 12, 21, 15, 20, 42, 1, 32, 9, 17, 49, 14, 41, 2, 16, 10, 39 

Nano-bio related cluster (C) 3, 11, 8, 31, 56, 6, 23, 5, 45 

 
The hierarchical dendrogram of each cluster is presented in <Fig. 1> 
 

<Fig. 1> Hierarchical dendrogram of the three clusters 
[Nano-material related cluster (A)] 

 

[Nano-device related cluster (B)] 

 

[Nano-bio related cluster (C)] 

 
 

The three main technology clusters are overlapped with the research areas that are 
currently a part of national R&D projects (Ministry of Science and Technology, 2002). 
And within the big frame, individual technologies covered in these clusters also 
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coincide with the technologies of independent research projects with which the 
government is attempting to promote.  

The remaining 14 technologies are either clustered into small groups with two or 
three technologies, or are ungrouped. The reasons why they were not grouped into main 
clusters are because 1) there are only few specialists in those fields, and 2) the 
frequency of co-nomination is low as well. 

 

Conclusions 
 

This study suggested the technology cluster analysis model to be utilized at a 
national R&D level for identifying core areas of research, and applied the model to 
nano-technology field. With the data drawn from 180 participants responding to a 
survey on 56 nano-technology list, 3 key technology clusters were formed. The 
technological proximity of each individual technology of each cluster was shown on the 
dendrogram. The three major technology clusters are nano-material related cluster, 
nano-device related cluster, and nano-bio related cluster, which all coincide with core 
technology groups that the national-level R&D programs are currently covering. 
Furthermore, within a big frame, individual technologies of each cluster are also in line 
with those technologies researched by government-funded institutes and firms. What 
separates this study is that it provides a closer look at the relationships between 
individual technologies according to their levels.  

The technology cluster analysis method suggested a way of grouping innovations 
according to how much basic knowledge they share. Although the method used had the 
danger of getting subjective responses, we tried to keep the result more general and 
objective by conducting a large-scale survey. Therefore this analysis can be considered 
a preliminary stage of clearly discerning a promising future. But in order to get a more 
precise estimation, there needs to be a survey on a larger pool of experts, conducted by 
the national R&D planning and managing institute. A way to improve the technology 
cluster analysis is to include experts from more diverse fields of research, thus 
expanding the technology-expert matrix.  

But in selecting core areas of research, unique and creative area of research along 
with future market size can become an important task. And especially for high-tech 
fields, studying only comprehensible areas and well-known papers that utilized limited 
domestic researchers may bind our potential to attain world-class skills. Therefore, in 
order to supplement such limitations, trend analysis, citation analysis, patent map, and 
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science and technology document analysis, etc., should be carried out simultaneously 
along with technology cluster analysis.  
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Appendix: List of Top 56 Nano-technologies 

 

No. Technology No. Technology 

1 
Nano-Photonics (excluding quantum point, 
quantum line) 

29 Nano Material as Chemical Catalyst 

2 Nano-Infomation Storage Technology 30 Hybrid Nano Complex 
3 Nano-Bio Chip and Bio Device 31 Bio Imitating Nano Material 
4 Nano-Molecular Synthesis 32 Quantum point, Quantum line 

5 
Nano-Bio Substance (including nano-bio 
catalyst) 

33 Micro-Emulsion 

6 Polymer Used in Nano-technology 34 Nano Link Logic 
7 Solar Cell 35 Complex Layered Material 
8 Nano-Bio Movement Analysis 36 Magnetic Assembling Process 
9 Fluctuating Waves Device 37 Nano Device Logic/Simulation 

10 
Substance Manipulation at Atomic/Molecular 
Level 

38 Hard Disk TMR Device 

11 Nano-Bio Sensor and Artificial Senses 39 Nano Tube Device 

12 
Nano Metrology (100nm standard, including 
measuring method) 

40 Molecular Device 

13 Hydrogen Storage 41 Plasma Process 

14 Atom-layer Thin-film Process (including ALE) 42 
Equipment for Optical Process (focusing on 
semiconductor process) 

15 
Nano Measurement (smaller than 100nm, 
including synchroton) 

43 Functional Device Group in Single Chip 

16 High-Density Material for Recording 44 Medical Type Development 

17 Optical Material 45 
Nano Detection Device (execpt genomics, 
proteomics) 

18 Nano-powder Material 46 Spin Device 

19 Molecular Machine 47 
Pollution Elimination Technology 
(including material and device) 

20 
  

Nano Patterning Process (lithography, etching 
process) 

48 
Nano-structure Separating Membrane 
Device (transport membrane material, 
catalytic membrane, bio thin-film material) 

21 Microscope Injection Test 49 Nano-Opitics 

22 
Interface/Surface Nano-Structurization 
Technology (metallic, ceramic, polymer 
material) 

50 Lithographic Equipments (equiments only) 

23 Medicine Delivery System 51 Nano Mesoscopic System 
24 Nano Bonding 52 Quantum Computer Device 

25 
Chemical Process (sol-gel, electric chemistry, 
colloid process, etc) 

53 
Durable Nano-Material (corrosion-resistant, 
heat-resistant, abrasion-resistant material) 

26 
Material for Energy (material for energy 
generations and storage, excluding solar 
battery) 

54 High-Frequency Electronic Material 

27 
Atom and Molecule Transcription and 
Calculation 

55 Nano Fiber Material 

28 
Technologically Processed Material (for 
environment and chemical industry) 

56 Bio-Protein Configuration Material  


