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Abstract

Research managers and technology policy-makers increasingly emphasize the importance of selecting the strategic research fields, in perspective of the strategic allocation of R&D resources, employing the R&D personnel and formulating technology policy. Although there are several methods developed for selecting the strategic research fields, it is, however, very difficult to find the method that involves the path-dependent trend and interdisciplinary nature of technology development.
This study suggests modified technology cluster analysis (TCA) as a method for selecting strategic research fields in order to represent the recent trend of technological innovations in quantitative approach. TCA is the method that groups the near technologies of which the innovation patterns are similar. TCA model can be applied as effective method especially for multidisciplinary government research institute (GRI), which conducts research with forward positioned fields. 
In this paper, TCA method is applied to KIST (Korea Institute of Science and Technology), which represents the most adequate research institute in terms of research diversity and forwardness in Korea. As a result of the application, we found that seven main technology groups come from TCA, coinciding with the technology topics of recent R&D planning of KIST. Even though this method is designed for multidisciplinary research institutes, it also can be used for establishing the research strategy of other (private or public) research institutes that have the similar mission and scope of research.
Key words: technology cluster analysis (TCA); strategic research fields; multidisciplinary government research institute (GRI); technology groups.

1. Introduction

Research managers and technology policy-makers in perspective of the strategic allocation of R&D resources, employing the R&D personnel and formulating technology policy, increasingly emphasize the importance of selecting the strategic research fields. Among various methods for selecting the strategic research field, it is, however, very difficult to find the method that involves the path-dependant trend and interdisciplinary nature of technology development.
This study suggests modified technology cluster analysis (TCA) as a method for selecting strategic research fields in order to include the recent technology trend in quantitative approach. TCA is the method that groups the near technologies of which the innovation patterns are similar. TCA model can be a very necessary method for multidisciplinary government research institute (GRI), which covers multi research fields with forward oriented positioning. We applied TCA to KIST (Korea Institute of Science and Technology), which represents the most adequate research institute in terms of research diversity and forwardness in Korea. 
KIST is Korea’s premiere Government-funded Research Institute (GRI), whose role is characterized by focusing on fundamental, forward positioning and inter-disciplinary research. Since its foundation in 1966, KIST is positioned as Korea’s only multi-disciplinary and comprehensive research institute, containing its main research areas with materials technology, systems technology, environmental technology and life sciences. It is often proposed by policy agencies that the research fields of KIST are overlapped with other GRIs mainly due to the diverse scope of KIST’s research fields. In order to solve this problem, KIST challenged to select more narrowly specified strategic research fields from its four broad research areas in order to concentrate its R&D resources on the focused areas with highly interdisciplinary nature as a process of making strategic plan. For example, KIST will focus on the specific materials technology such as “thin film technology” or “device material” instead of the “general materials technology”. With such a concentration, KIST hopes to build core competencies that could develop ‘fusion technologies’ in emerging fields such as Bio-MEMS and Bio-informatics making advantage of its multi-disciplinary R&D resources. Furthermore, KIST will effectively implement the role as a “technological coordinator” that leads a collaborative research of “Triple Helix” (industry, university and government research institute) by designing the complex and large-sized national R&D programs in those research fields.

The aim of this research is to construct the method of selecting the strategic research fields of GRIs and national laboratories, which currently have wide spectrum of various research fields. This paper suggested a model containing technology cluster analysis (TCA), applied to KIST and showed the validity of the model. The following will be discussed by the theoretical background of TCA, the procedures of TCA and the derivation of important technology clusters of KIST.

2. Theoretical background

The recent studies about technological change include many ones explaining technological irreversibility and lock-in phenomena. Technological irreversibility is a characteristic coming from path-dependent feature on account of switching cost, sunk cost, learning effect and scale economies and so forth in developing technology (Antonelli, 1997). As some technology developed further, its irreversible dynamics becomes more active and stiff. Technological lock-in means that an inferior technology could dominate a superior technology owing to its early friendly conditions like technological culture, marketing strategy and political background and so on. We can find these examples in the QWERTY keyboard (David, 1985), video tape recorder (Cusumano et al., 1992) and nuclear power generation (Cowan, 1990). These characteristics involve the problem that technological trajectories might be formed inefficiently and ineffectively. In this point, managerial interventions by policy-makers are needed. One of them to form the most efficient technological trajectories is to design and formulate the research areas considering the relatedness and the linkage among individual technologies. Those technologies discerned to be close are grouped and managed in a cluster. From this preparation, technological trajectories could be formed as an efficient one. We would concentrate on the connectivity among individual technologies.

Technology cluster analysis (TCA) is the method that groups the near technologies of which the innovation patterns are similar (Bergeron et al., 1998; Ronde, 2001). A special innovation (A) influences another innovation (B), which influences another innovation (C) and so on. We could regard this stream of subsequent innovations as a technological cluster. We can present this stream of innovations as Fig. 1. Actually, similar innovation patterns means similar technologies. To derive a technology cluster in which innovation patterns are similar could be understand as identifying generic technology in technology group (Grupp and Linstone, 1999; Martin and Johnstone, 1999).

(Fig. 1, “The meaning of technology cluster”, is inserted here)

There are many methods that could represent the technological similarity by quantitative index. We can design these index from statistics of patents, scientific papers and human resources. The similarities between technologies could be represented by making use of citation data of patents, published papers (Tijssen, 2001; Rinia et al., 2001; van Raan and van Leeuwen, 2002). They usually implemented bibliometric methods that measure the technological relatedness and distance. Using another method like Delphei as surveying collective ideas of experts about individual technologies is also possible. Here we want to make use of this method. TCA in use of data about surveying experts could be viewed as a derivation of a cluster in view of technology-push side rather than that of demand-pull side. But in the process of selection of objective technologies before cluster analysis, technologies, considered as important, competitive and available in terms of future market demand and strategic importance, would be chosen. We use survey data from experts in KIST.

3. Method

3.1 Overview and procedures of TCA

TCA procedure is composed of three parts. Three parts are selection of goal-oriented technologies, surveying experts and cluster analysis in good order. This procedure is presented as Fig. 2. First, goal-oriented technologies should be selected according to the purpose of TCA. If we want to establish an industrial policy, we should choose the all technologies in the boundary of the industry. If we want to frame the research strategy of the firms, we should select the short-term or mid-term technologies the firms are covering. But if we want to set up the research strategies of public research institute, especially government-funded institute in Korea, we should consider the proper role of GRI in selecting the technologies.

(Fig. 2, “Procedures of Technology Cluster Analysis”, is inserted here)

In the stage of surveying the experts, the design of survey questionnaires is important. The questions should be designed to drag out the information about the knowledge bases of experts. From this survey data, we construct the technology-expert matrix and then calculate the proximity index between technologies. Using cluster method ground on criteria of some coefficient, we could derive a few technology groups. Then, let us look into the each procedure in good order.

3.2 Selection of goal-oriented technologies

Goal-oriented technologies could be chosen flexibly according to the purpose of TCA. Here, we should note some points in choosing the object technologies. KIST is located in core position of national innovation system and focuses on forward positioning technologies with highly interdisciplinary nature. So we should choose forward, forefront and emerging technologies rather than present, practical and mature technologies to be accordance with its inherent position in national innovation system. We should also choose various technologies in cross boundary areas to satisfy the goal of its strategic plan focused on multidisciplinary fields.

To satisfy these conditions, we choose 440 technologies from『The Second Foresight of Science and Technology, Future Technology of Korea 2000-2025』.
 The criteria of technology selection are ① technological competence (whether KIST could occupy dominant status in near future) and ② technological availability and importance (the amount of technological demand and spill-over in national level). With these criteria, about 100 expert panels gave points to each technology. And we deduce 440 technologies to 219 (See Appendix).

(Fig .3, “Deduction of technologies from 440 to 219”, is inserted here)

3.3 Surveying experts

We designed the surveying questions as Table 1 to drag out the information about whole knowledge bases of experts. We suggested three main criteria of “knowing the technology well” as Table 1. The checked technologies could be regarded as familiar technologies of the expert and coded as “1” in the following technology-expert matrix. The unchecked technologies could be looked on as unfamiliar technologies of the expert and coded as “0” in the following matrix. 

We distributed these survey papers to about 500 researchers, who are specialized in materials technology, systems technology, environmental technology and life sciences in KIST. And we have received about 370 answers. From these answers, we could design the following technology-expert matrix.

(Table 1, “Surveying Contents”, is inserted here)
3.4 Cluster Analysis

We can construct the expert-technology matrix from answering data as Fig. 4. The number “1” means that surveyed expert know the technology well and the number “0” means that surveyed expert doesn’t know the technology. So expert-technology matrix of m by n might be considered as knowledge bases of the experts of m members about the technologies of n numbers.


(Fig. 4, “Expert-Technology Matrix”, is inserted here)

We could separate the two Ti , Tj columns from this matrix. Using Jaccard measure, we could define the proximity index between technologies as follows (Ronde, 2001; Iacobucci, 2000).
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 means the number of experts who know technology either i or j. The proximity index should be laid between 0 and 1. Close to 1, those two technologies are similar, close to 0, not similar. Based on criteria of the proximity index, we can conduct the hierarchical cluster analysis using statistics package program. Hierarchical cluster analysis is the method that clusters the nearest data forming hierarchical structure like pyramids.

4. Results

We could get 7 main clusters using technology cluster analysis as Table 2. These 7 main clusters contain about 100 technologies totally. And residual technologies remain as small clusters containing 2~5 technologies or ungrouped technologies. Comparing these 7 clusters with principal projects and recent planned topics of KIST, they not only coincide with recent R&D topics that principal projects contain but also include future promising topics of technologies KIST tries to challenge. 

Cluster 1 is a technology group about future adjusted materials technology consisting of nano materials and materials process technology and so forth. Cluster 2 is a technology group about human-computer interaction composed of virtual-reality media, interactive humanoid or so. And cluster 3 is a technology group called quantum computer consisting of memory device and photo information storage etc. Cluster 4 is a technology group about preventing environmental pollution and cluster 5 is a group about cleaning process technologies. Cluster 6 is a group consisting of technologies curing disease due to oldness and cluster 7 is a group composed of technologies examining life mechanisms in the level of molecules.

(Table 2, “Results of cluster analysis: 7 main clusters”, is inserted here)

Derived seven clusters are the ones, on which KIST concentrated its R&D resources and KIST is going to focus. In reality, a lot of, large, multidisciplinary R&D projects belong to 7 clusters. For example, cluster 2 is related with the “Tangible virtual space project” and cluster 3 is associated with “Electronic devices with new concept”. Cluster 7 contains the “Chemo-informatics program”. So these main clusters could be regarded as research boundaries of KIST and R&D organizations could be reformed considering the boundary of each cluster. In view of R&D management, we can plan large, multidisciplinary and complex program considering these 7 clusters.

In the aspect of developing fusion technology, this method could be used, as well. In our analysis, in particular, cluster 2, “Human-Computer Interaction” and cluster 3, “Quantum Computer” contain the technologies of multi-fields and technologies calling for interdisciplinary approach. It means that in those fields the probability of developing fusion technology is high. Especially to develop the fusion technology among nano-technologies, bio-technologies and Information-technologies, modified method of this model could be made use of. And it will be a very interesting theme.

5. Conclusions

We have developed the TCA model for selection of strategic research fields of GRI. First, we selected the objective technologies appropriate to TCA purpose. Then, we designed the survey questions to drag out the knowledge bases from experts and surveyed the experts. Then we derived 7 main clusters using hierarchical cluster analysis. We could see these 7 clusters coincide with recent and potential research fields, on which KIST focuses and is going to concentrate.

Modified method of this model could be applied to other private or public research institute. To do so, the selection of objective technologies should be changed, suitable for the purpose of TCA. Especially, to excavate new research areas for interdisciplinary research among information technologies, life sciences and nano technologies, this method might suggest very useful tool to technology planner. The purposes of TCA are, of course, to establish selective technology policy and to set up research strategy fit for each technology group, of which the innovation patterns are similar.

(Fig. 1) The meaning of technology cluster
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(Table1) Surveying Contents

	Check the technologies you know well in the list.

	※ “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


(Table 2) Results of cluster analysis: 7 main clusters

	
	Field of technologies
	Technology number
	Number of technologies

	Cluster 1
	Future Adjusted materials
	13, 16, 41, 42, 76, 93, 94, 125, 140, 151, 163, 164, 195
	13

	Cluster 2
	Human-Computer Interaction
	3, 7, 36, 42, 44, 50, 64, 67, 75, 78, 89, 98, 105, 107, 137, 141, 147, 148, 166, 189, 191, 195, 201, 204, 206, 212, 214
	27

	Cluster 3
	Quantum Computer
	1, 2, 30, 54, 85, 115, 133, 152, 167, 168, 169, 170
	12

	Cluster 4
	Technologies preventing environmental pollution
	8, 47, 71, 77, 114, 120, 139, 145, 178, 197, 198
	11

	Cluster 5
	Cleaning Process Technologies
	29, 32, 90, 102, 156, 157, 166, 185, 200
	9

	Cluster 6
	Technologies curing disease due to oldness
	9, 28, 40, 45, 49, 55, 56, 73, 88, 96, 108, 111, 112, 123, 143, 186, 190, 193, 199
	19

	Cluster 7
	Technologies examining life mechanisms in the level of molecules
	39, 46, 48, 57, 58, 95, 109, 129, 144, 207
	10
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Appendix: List of 219 Technology Topics

1. Non-volatile memory device above 100Gbit
2. Two-dimensional information processing device
3. Three-dimensional cyber museum technology
4. Production of high purity steel above 6N
5. Super heat resistant alloy for gas turbine
6. Metal with visible ray permeability above 80 %

7. Development of the domestic absorption heating & cooling machine
8. Animal excrement recycling technology

9. Hepatitis therapeutics development

10. Huge magnetostriction material

11. Development of high functional electronic packaging high polymer material
12. Heavy metal separating technology using high functional absorbent

13. Polymer nano-fiber fabrication 

14. Development of polymer nano-sensor and actuator
15. Polymer nano particle fabrication technology

16. Nano fine fabrication using polymer nano particle

17. Development of polymer membrane material and separation technology
18. Polymer composite insulator

19. High temperature and high corrosion resistance material
20. Technology of dust filter for high temperature and high pressure

21. Technology of environment coating in high temperature
22. Technology of high temperature corrosion water treatment filter fabrication 
23. Technology of gas membrane for high temperature fabrication
24. Intermetalic compound for high temperature

25. Remote sensing technology that is able to measure the upper air precisely

26. High efficient organic EL device

27. Antibacterial protein and antithrombotic coagulant
28. Development of drug for reducing osteoporosis

29. Wastewater recycling technology
30. Optical computer development technology
31. Development of polymer material for optical record and play
32. VOC removal technology using photo-catalytic
33. Examination of the cause and effect of acid rain due to the acid gas movement between countries

34. Minimal power transition device development technology

35. Technology of lubricant and coating for artic environment

36. Machine self-diagnosis technology

37. Development of functional polymer coating agent
38. Functional filter technology development
39. Technology of examination of molecular level mechanism of memory

40. Development of cancer therapeutics based on mechanism

41. Nano surface assessment technology

42. Nano-biotechnology

43. Acid resisting carbon fiber reinforcing carbon composite material
44. Network based virtual reality technology

45. Presbyophernia prevention and therapy technology

46. Aging mechanism examination technology

47. Co-processing for sewage from farm and livestock

48. Mechanism of brain and spinal neuron damage and recovery technology

49. Technology of prevention and therapy for  brain ischemi 1 
50. Multi-point camera based 3 dimensional modeling and image display technology
51. Thermoelement for semi conductor packaging using diamond thin/thick film
52. FED using diamond thin film

53. Diamond semi conductor technology

54. Two-dimensional infrared sensor device for multi wavelength detection

55. Technology of protein structure and activation examination

56. Protein function and polypeptide design/synthesis technology
57. Technology for examining metabolism control and metabolite conveyance
58. Technology of disease index establishment by metabolite

59. Large volume of chromatography separation process

60. Development of alternative refrigerant refrigerator
61. High temperature super conductor technology for high temperature super conductive transformer in large size

62. Assortment and separation technology for the collection of organism from waste in cities
63. Development of nano film polymer material for display
64. Digital holographic data storage system
65. Development of material for hydrogen and liquid fuel storage for rocket launcher
66. Multimedia communication available portable computer in pocket book size
67. Immersed 3 dimensional virtual space generation and interaction technology
68. Wireless high capacity energy transforming material

69. Equipment diagnosis sensor with no contact point

70. Polymer synthesis technology that the structure that is able to forecast the physical property is controlled
71. Offensive smell and air purifying technology-using microorganism
72. Bio application sensor development technology
73. Therapeutics development technology for cure of bacterial disease
74. Electro magnetic fluid for generating system
75. Artificial intelligence sensor with multi- sense function

76. Control process of molecular level in polymerization
77. Eutrophicated enzyme purifying technology
78. Technology of production information management for distributed environment

79. New organic metal catalytic that is able to control molecule and structural arrangement
80. Development of decomposition polymer composite
81. Technology of single crystal thin film growth in amorphous substrate
82. Technology of collecting organic metal and material from industrial waste
83. Development of super conductive material that has transition point in normal temperature and application technology
84. Normal temperature super conductive material
85. Single electron device active in normal temperature

86. Development of new carbon material with new structure and display device
87. Material transformation process using new media

88. Bioinformation and chemical information
89. Bionic imitative visual sensor and high-speed image signaling technology
90. Fuel oil changing technology due to direct liquefaction and indirect liquefaction of coal
91. Practical use of ceramic gas turbine

92. Ceramic nano porous antibacterial filter technology
93. Technical development for practical use of ceramic nano powder

94. Development of ceramics super-plastic fabrication and super-plastic material development
95. Technology for examination of molecule level mechanism in cell destruction 

96. Technology for examination of cell identification and structure and function of carbohydrate
97. Metabolism engineering technology using cell

98. Technology of smart sensor for small fine machine

99. On site fuel battery in hundreds of KW

100. Hydrogen storage alloy for hydrogen automobile 

101. Nano material technology for hydrogen storgate

102. High efficient optical catalytic fabrication technology
103. Practical use of sea probes robot for depth of 10,000m
104. Polymer electrolyte fuel battery in dozens of kw, solid oxide type of fuel battery
105. Smart actuator development technology
106. Consecutive casting of strip casting and thin slab
107. Biosensor to measure the freshness of food
108. Development of protective material for neuron
109. Technology of signal transmitting process examination

110. Signal response type of missile drug
111. Technology of drug resistance recovery from tumor

112. Preventive technology of Alzheimer’s disease 
113. Gene therapy using caner gene and caner restraint gene

114. Sea water circulation technology for red water control in breeding farm

115. Quantum computer

116. Energy saving nonpolluting turbo device technology
117. Recycling technology of combustion material and arsenic acid material
118. Heat resistant polymer with consecutive usage temperature of 450℃
119. Practical use of ceramic parts for high-energy efficiency
120. Contaminated underground water and reclaimed land recovery technology
121. Clean plating process without contamination

122. Fusion reducing iron manufacture method
123. Melancholia and schizophrenia therapeutics development

124. Technology to control the structure of supra molecule of organic polymer
125. Development of organic/inorganic nano hybrid material
126. Cancer diagnosis medicine development by gene technology

127. Vaccine production using gene recombination
128. Development of biomaterial for medical purpose.

129. Quick examination technology for safety of medicine

130. Technology of nano material for secondary battery

131. Artificial bone fabrication technology development

132. Rotor intensity for threshold and super high temperature steam turbine
133. Development of magnetic, optical, semi conduct fusion method technology compounded drive

135. Development of self-recovery polymer

134. Self-assembly technology

136. Light weight metal for car and airplane
137. Free distributing production system technology

138. Technology of low frictional cohesion resistant nano compound organic molecular film
139. Water treatment and wastewater processing technology using separation film for low energy
140. Technology of nano material for information processing
141. Product virtual modeling technology
142. Artificial organ using tissue engineering

143. New medicine, catalytic and new material development technology using compound chemical method

144. Cancer diagnosis technology by tumor indicator search
145. Technology of soil recovery from heavy metallic or agricultural contamination

146. System of weather change forecasting in Korean peninsula

147. Intelligent machine status diagnosis technology

148. Next generation real display technology

149. Bio agricultural chemicals such as natural enemy micro organism, pheromone

150. Super enormous magnetic resistance material

151. Super high density DVD technology

152. Composite film chip element for extremely high frequency communication
153. Minimal unmanned vehicle technology
154. Lipolymer battery of small size with cycle time above 3,000
155. Super conductive wire fabrication technology

156. Technology of purifying offensive smell and air contamination using catalytic

157. Fabrication technology of nano pore ceramic vector/ nano catalytic for catalytic
158. High energy magnetic with maximum energy of 70MGOe
159. Technology of new medicine development by computer modeling
160. Material analysis by computer modeling
161. Computer reproducing material design technology

162. Development of clay nano polymer composite 
163. Carbon nano material development

164. Synthetic technology of carbon nano-tube
165. Organism decomposition and hydrogen generation technology using solar energy and biosystem
166. Technology of solar energy conversion and optical catalytic
167. Tera optical information storage technology
168. Development of tera bit optical memory material and element
169. Tera bit logical element and memory element
170. Development of tera bit HDD and MRAM element and material
171. Development of polymer material for communication

172. Oral inoculation technology of peptide compound
173. Wastes recycling technology – combustion material, arsenic acid material, slag
174. Technology for reducing and utilizing slog produced in sewage disposal plant
175. Bulk electro magnetic material above 3T of saturated magnetization 
176. Polymer battery material development

177. Development of mass synthetic technology of Fulleren carbon compound
178. Technology of graywacker production from wastewater
179. Learning evolutional Smart system-on-a-chip technology

180. Corrosion resistance alloy for seawater

181. Automatic remote observation network technology for sea contamination and sea ecosystem
182. Practical use of material that has the high blood adaptability and zygosis in organism
183. Material that has the high blood adaptability and zygosis into organism

184. Shape memory alloy

185. Technology of substituting natural gas from crude oil for raw material of chemical product 

186. Environment friendly synthetic agricultural chemicals development technology

187. Technology of biosensor device for environment monitoring

188. Development of remote monitoring sensor for environmental contaminating material
189. Environment friendly product design technology

190. Biological conversion process by enzyme

191. Laminating solar battery material and element with efficiency above 50%
192. AIDS therapy and diagnosis technology

193. AIDS therapeutics development

194. Bio-Automation technology
195. bio-chip development
196. bio-circuit/neurocomputer development
197. Hard decomposite material treatment technology using biotechnology
198. Algal control technology using biotechnology
199. Hepatitis C virus vaccine development

200. Practical use of C1 chemicals using CO, CO2 and H2.

201. Concurrent design and intelligent design technology

202. Practical use of FGM material
203. Development of polymer material for flexible display

204. Intelligent Future Home development technology

205. Intelligent smart material development

206. Interactive Humanoid technology

207. Development and usage technology of knockout mouse

208. Magneto-calory cooling element

209. Micro Heat Exchanger development technology
210. Material technology for Micro unmanned vehicle

211. Micro-nano Robot technology
212. Multi-Modal Human-Computer Interaction technology

213. Fabrication technology of MW phosphoric acid battery and fusion sodium carbonate fuel battery
214. Reverse Engineering technology

215. Super density optical recording media with SF/SA concept
216. Technology of c-BN and diamond single crystal thin filter growth in S2 substrate
217. Technology of ceramic material and system for SOFC
218. Nano record storing material and storage technology using SPM
219. Synergy nano ceramics/composite technology
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Deriving main technology groups


Construction of Expert-Technology matrix


Deriving main technology groups using hierarchical cluster analysis
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Designing survey questions to analyze knowledge bases of experts


Implementing surveying experts in related fields.





Selection of goal-oriented technologies


Selection of all possible technologies for TCA purpose


Technology policy/ R&D strategy of firms and institutes


Reduction of technologies considering technological competence, availability, and position
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� This book is the result of 2nd national technology forecasting in South Korea accomplished by KISTEP (Korean Institute of S&T Evaluation and Planning) and STEPI (Science and Technology Policy Institute) in 1999.
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