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Abstract： 
Fuzzy Analytical Hierarchy Process (fuzzy AHP) is a helpful approach for the 
selection of public subsidiary of cooperative R&D projects developed by firms in 
collaboration with government. A technical committee for Industrial Technology 
Development Program (ITDP) in Taiwan regularly evaluates and decides proper 
public subsidiary of cooperative R&D projects. In this paper, we first discuss 
important criteria for R&D projects selection. We apply fuzzy AHP to integrating 
decisions of members in the technical committee. Especially we utilize crisp judgment 
matrix instead of interval judgment matrix to integrate subject judgments of these 
members. Our results indicate that scientific & technology merit criterion (0.389) is 
most important considered in overall technical committees. Besides that, the project 
execution (0.260) is more important criteria than potential benefits (0.204) and project 
risk (0.147) in ITDP selection. Generally speaking, the paper reveals below results: (1) 
the fuzzy AHP is an appropriate method in multi-criteria R&D projects selection; (2) 
the crisp judgment matrix is suitable to integrate subject judgments of technical 
committee. 
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Introduction 
 

For many firms, the key to improve competitiveness is their ability of research 
and development, and the R&D project selection is an essential decision process for 
them. Due to limits of available funding and resources, most firms need to select the 
R&D projects under conflicting considerations. A number of R&D project selection 
models have been proposed in amount of literatures. Multi-criteria decision model is 
one of R&D project selection models. However, there has been little research on the 
selection of government subsidized technology R&D projects (Hsu, Tzeng, & Shyu, 
2003). 
 

The collaboration in R&D activities between firms and government constitutes 
an important element towards technology innovation. Taiwan has been adopted 
collaboration with firms to develop new technology. Both limited financing and small 
to medium sized firms, government subsidiary to develop new technology is very 
important key to firms in Taiwan. There are three kinds of technology development 
program to be funded including industrial technology development program (ITDP), 
technology development program for academia (TDPA), and cooperation technology 
development program (CTDP). The Ministry of Economic Affairs (MOEA) guild the 
three kinds of technology development programs. Especially ITDP focus on directly 
cooperation between government and firms. ITDP includes four applied fields. They 
are telecommunication & electro-optical, biological science & technology & 
medication, mechanical engineering, aeronautics & astronautics and materials & 
chemical engineering. 

 
Firms propose technology R&D projects and Taiwan government subsidies these 

projects under advisory committee review. Thus, technology R&D projects selection 
is essential group decision making for Taiwan government. This paper will propose a 
group decision approach called fuzzy Analytical Hierarchy Process (fuzzy AHP) to 
model technology R&D projects selection. Fuzzy AHP can be used in multi-criteria 
decision environment. This approach can obtain the evaluating criteria and their 
weight judgments. Additionally, fuzzy AHP can integrate group subject judgments. 
Moreover, this paper will focus on the ITDP selection. 
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Background on R&D Project selection 
 

Many R&D project selection models and techniques, ranging from complicated 
quantitative research methods to unstructured peer review, have been proposed in 
academic studies. They cover overviews on the topic of R&D project selection and are 
discussed in Baker (1974), Baker & Freeland (1975), Baker & Pound (1964), Danila 
(1989), Hall & Nauda (1988), Henriksen & Traynor (1999), Liberatore & Titus (1983), 
Linton, Walsh, & Morabito (2000), Martino (1995), Oral, Kettani, & Lang (1991), 
Schmidt & Freeland (1992) and Souder & Mandakovic (1986). 

  
R&D project selection methods can be placed into one of the following categories: 

(1) unstructured peer review and scoring; (2) mathematical programming and portfolio 
optimization, including integer programming, linear programming, nonlinear 
programming, goal programming and dynamic programming; (3) economic models, 
such as internal rate of return, net present value, return on investment, cost-benefit 
analysis and option pricing theory; (4) decision analysis, including multiattribute 
utility theory, decision trees, risk analysis, and the analytic hierarchy process; (5) 
interactive methods, such as Delphi, Q-sort, behavioral decision aids, and 
decentralized hierarchical modeling and (6) artificial intelligence, including expert 
systems and fuzzy sets (Henriksen & Traynor, 1999). However, Meade & Presley 
(2002) indicated that even with the number of proposed models, the R&D selection 
problem remains problematic and few models have gained wide acceptance. It appears 
that the trend in applying selection models is to move towards a composite approach of 
using a number of selection models (Coldrick, Lawson, Ivey, & Lockhood, 2002). 

 
Normally, the decision of government sponsored R&D project is made in 

multi-criteria environment. Hsu, Tzeng, & Shyu (2004) noted that government 
sponsored R&D project differs from that of the private sector in two major aspects: (1) 
government sponsored R&D is by nature a strategic and long term investment and (2) 
political factors and interest parties always influence the allocation of R&D resources 
in the public sector. Thus, the selection of government subsidized R&D project is more 
complicated. Therefore, the fuzzy analytical hierarchy process (fuzzy AHP) is suitable 
for selection of government subsidized R&D project because fuzzy AHP can integrate 
group judgments in multi-criteria and ambiguity environment. 
 
 
 
The Theoretical Framework: Fuzzy Analytical Hierarchy Process 
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Analytical hierarchy process (AHP) is particularly useful for evaluating complex 

multi criteria alternatives involving subjective judgment. The evaluator decides the 
AHP weightings by conducting the pair-wise comparisons between two criteria. Satty 
(1980) used the principle eigenvector of the pair-wise comparisons matrix derived 
from the scaling ratios to find the relative weight importance among criteria of the 
hierarchy system. A common used scale is the 1-9 scale that represents the evaluator 
judgments. However, since some criteria judgments cannot be very precise and 
usually are linguistic and vague, fuzzy sets could be incorporated with the judgment 
(Lee, 1995). 
  

Fuzzy analytical hierarchy process (fuzzy AHP) allows a more accurate 
description of the decision-making process. The earliest work in fuzzy AHP presented 
in Laarhoved & Pedrycz (1983), which compared fuzzy ratios described by triangular 
membership functions. Buckley (1985) used geometric mean to determined fuzzy 
priorities of judgment comparison matrix. In this paper, triangular fuzzy numbers,1

:  
to 9

: , are used to show subjective pairwise comparisons of advisory committee in 
order to capture the vagueness. 

 
A fuzzy number is a special fuzzy set {( , ( ), }fF x x x Rµ= ∈ , :R x−∞ < < ∞ , 

and ( )f xµ is a continuous mapping from R to the closed interval [0,1]. A triangular 

fuzzy number denoted as M% =(a,b,c), where a b c≤ ≤ , has the following 
triangular-type membership function: 
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By using triangular fuzzy numbers, via pairwise comparison, the fuzzy judgment 

matrix is constructed. There are two kinds of judgment matrix. One is interval 
judgment matrix(Buckley, 1985; Csutora & Buckley, 2001; Hsu, Tzeng & Shyu, 2003) 
and the other is crisp judgment matrix(Chen, 1996; Cheng, 1996; Kwong & Bai, 2001). 
Then the fuzzy eigenvalues will be solved. By synthesizing the priorities over all 
levels, overall importance weights of advisory committee are determined. 
 
 
Evaluating Hierarchical Structure for ITDP Selection 
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Evaluating hierarchy model and its criteria 
 

The ITDP selection in Taiwan will be evaluated in this paper. We first proposed 
over 30 criteria for R&D project selection based on R&D studies and MOEA 
technology R&D selection criteria to describe the hierarchy system of ITDP selection. 
We then invited 8 experts to review the hierarchy. The ITDP hierarchy project selection 
model was then construct as figure 1. 
 

 
Figure 1: The hierarchy model of ITDP selection 

 
As figure 1 noted, there are four aspects of goal including scientific & 

technological merit, potential benefits, project execution and project risk. The 
evaluation criteria of ITDP selection are presented in table 1. 
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including the technological competitiveness and the relevance of technology. 
2. Potential benefits: Except business themselves benefits, whole nation can gain 

benefits after ITDP is realized, including economic benefit and social benefit. 
3. Project execution: to judge whether ITDP can be executed and implemented, 

including quality of technical plan and availability of resource. 
4. Project risk: to judge what risk can be identified, including technical risk, 

development risk, and commercial risk. 
 
Table 1 : ITDP criteria 
Criteria Definition 
Advancement of technology How advanced is the proposed technology compared with 

existing technology 
Innovation of technology How innovative is the proposed technology 
Critical of technology Is the proposed technology critical for product or industry 

development 
Proprietary technology Will the technology project generate a proprietary 

technology position through the intellectual property rights
Generics of technology Is the proposed technology a generic technology to 

industry 
Technological connections The proposed technology is applicable for many products. 

The more technological applications, the higher 
technological connections 

Technological extendibility The extents to which proposed technology is potential for 
further technology development based on the project 
results 

Improvements on research 
capability  

The improvements on research human resource and 
research investments through proposed project  

The potential size of market The potential size/growth of market for products based on 
proposed technology 

Technology spillover effects The proposed technology has positive effects on 
production for other firms  

Coincidence with S&T 
policy 

The extents to which proposed technology coincides 
science and technology policy 

Improvements on QESIS Benefits to society through the improvement in quality, 
environmental protection, industrial safety, national image 
and industrial standards 

Benefits for human life The proposed technology can result in benefits for human 
life such quality of life and health 

 
 
 
 
 
 
 
 
Table 2 : ITDP criteria (continued) 
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Criteria Definition 
Contribution to knowledge The extents to which proposed technology contributes to 

state of technical knowledge 
Contents of technical plan The project proposal must be described the questions 

including clear and concise planning, clear identification 
of the core technology, feasible technical approach and the 
major technical hurdles in substantial details 

Capability of research team The capability of research team such as the competence for 
project leader and involved technical staffs  

Appropriateness for research 
period 

The appropriateness of scheduling project period, 
permitting successful completion of the project objectives

Appropriateness for research 
cost 

The appropriateness of scheduling project cost, permitting 
successful completion of the project objectives 

Environmental and safety 
consideration 

The extents to which proposed technology considers 
environment and public safety 

Technical resource 
availability 

The access to which proposed project can obtain technical 
resources 

Technical support The extents to which proposed project can be supported by 
organizational technology  

Facility support The extents to which proposed project can be supported by 
organizational facilities 

Opportunity of technical 
success 

How is opportunity of success for proposed technology, is 
there any similar successful technology. 

Evidence of scientific 
feasibility 

Are there early research evidences such as a proof of 
concept, experimentation, or sound theoretical thinking for 
the proposed technology 

Specification of technology The specification risk results from whether project can 
meet the proposed specification. 

Risk for development cost The risk of expected total prototype development tangible 
monetary cost 

Risk for time cost The risk of expected total prototype development 
intangible time cost 

Timing for project Is it now the right timing to conduct the proposed project 
Opportunity of market 
success 

The opportunity of market success of product based on 
proposed technology 

Opportunity of project result 
implementation 

The opportunity of project result implementation based on 
funding company 

 
Fuzzy Weights of evaluation criteria 
 
 We invited 15 chief reviews from ITDP four advisory committees to evaluate the 
ITDP hierarchy model, including telecommunication & electro-optical, biological 
science & technology & medication, mechanical engineering, aeronautics & 
astronautics and materials & chemical engineering. We take face-to-face interview for 
considering response rate and timing. During the interview process, these reviews are 
asked to respond to a questionnaire by pairwise comparing the relative importance of 
criteria and we analyzed their judgments for criteria by ExpertChoice right away. If the 
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judgments of chief review are inconsistency, we asked him to repeat the pairwise 
comparison process until the consistency index is less then 0.1. Later, we then used the 
triangular fuzzy function to represent subjective judgment of chief reviews. The crisp 
judgment matrix will be used to solve fuzzy eigenvalues. We synthesized the 
priorities over all levels, overall importance weights of chief reviews are determined. 
Weights of overall advisory committee for ITDP criteria are summarized in table 2. 
 
Table 2: Fuzzy weights of ITDP criteria   
Criteria Weight Criteria Weight 
S&T merit 0.389  Technology spillover effects 0.026  
Potential benefits 0.204  Coincidence with S&T policy 0.023  
Project execution 0.260  Improvements on QESIS 0.011  
Project risk 0.147  Benefits for human life 0.009  
Competitiveness 0.317  Contribution to knowledge 0.006  
Relevance 0.072  Contents of technical plan 0.033  
Economic benefit 0.154  Capability of research team 0.060  
Social benefit 0.050  Appropriateness for research period 0.023  
Quality of technical plan 0.170  Appropriateness for research cost 0.026  
Availability of resource 

0.090  
Environmental and safety 
consideration 0.028  

Technical risk 0.064  Technical resource availability 0.021  
Development risk 0.038  Technical support 0.051  
Commercial risk 0.045  Facility support 0.019  
Advancement of technology 0.105  Opportunity of technical success 0.025  
Innovation of technology 0.072  Evidence of scientific feasibility  0.017 
Critical of technology 0.086  Specification of technology 0.022  
Proprietary technology 0.054  Risk for development cost 0.009  
Generics of technology 0.022  Risk for time cost 0.007  
Technological connections 0.025  Timing for project 0.022  
Technological extendibility 0.025  Opportunity of market success 0.034  
Improvements on research 
capability  0.063  

Opportunity of project result 
implementation 0.011  

The potential size of market 0.065    
 
 As table 2 noted, the S&T merit (0.389) and project execution (0.260) is more 
important criteria than potential benefits (0.204) and project risk (0.147) in ITDP 
selection. That can be explained by objective of technology-oriented ITDP. The ITDP 
emphasizes that proposed projects need to focus on innovative technology 
development which beyond the national technology. In addition, the nature of 
innovative technology is uncertainty. Thus, this results cause the overall committee 
cognition for higher weights of importance of S&T merit and project execution. 
Besides that, technological competitiveness (0.317) is more important than relevance 
of technology (0.072) and economic benefits (0.154) is more important than social 
benefits (0.050). That means advisory committee think economic benefits derived 
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from ITDP should be more important because nation will gain economic benefits after 
proposed technology developed. This result is the same as that of Hsu, Tzeng, & Shyu 
(2004). Moreover, the weight of quality of technical plan (0.170) is higher than that of 
availability of resource (0.090). Due to hundreds of ITDP proposal applications each 
year, the quality of technical plan is regarded as more importance under review 
process. The technical risk (0.064) is higher than those of others risk. That shows that 
innovation technology itself is risky and uncertainty so that advisory committee put a 
higher weight on it.  
 
Conclusion 
 This paper proposes a fuzzy AHP approach for selection of government 
subsidized R&D projects and analyzes the weights of importance of evaluated criteria 
in Taiwan. The paper reveals below results: (1) the fuzzy AHP is an appropriate 
method in multi-criteria R&D projects selection; (2) the crisp judgment matrix is 
suitable to integrate subject judgments of technical committee.  
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