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This research aims to propose a hybrid process concerning the economic and industrial prospects along
with critical technology streams toward a more effective selection on new technology. The integration of
fuzzy Delphi method, the Decision Making Trial and Evaluation Laboratory (DEMATEL) technique, and the
analytic network process (ANP) is employed to construct a technology selection model regarding the eco-
nomic and industrial prospects. On the other hand, the patent co-citation approach (PCA) is applied to
objectively draw key technology fields as technology alternatives for the technology selection model
from patent data. The emerging organic light emitting diode (OLED) display technology is used as a case
in order to verify the applicability of proposed a novel hybrid MCDM method for the best technology
selection. The result of this hybrid process can help top managers of technology-based companies or pol-
icy makers of governments to more objectively and effectively determine future research and develop-
ment direction.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Technology selection is one of the most challenging decision-
making areas that the management of a company encounters
(Torkkeli & Tuominen, 2002). A company has to select and invest
in a technology field with comparative advantage from various
technology-alternatives under multiple criteria and within a com-
plicated environment (Yu, Hsu, & Chen, 1998). Technology-based
enterprises rely on the renewal of existing technological resources
and exploitation of new technologies to remain competitive and to
sustain growth (McNamara & Baden-Fuller, 1999). This type of firm
needs expert technological planning and strategizing to maintain
its competitive advantages or to grasp new opportunities. Selection
of key technologies helps these firms and countries to establish
their advantage in a competitive environment (Clark, 1989; Lee &
Song, 2007; Morone, 1989; Torkkeli & Tuominen, 2002). At the na-
tional level, selecting and supporting key emerging technologies
help countries to establish their strategic advantage in the interna-
tional market (Khalil, 2000).

However, technology selection is a multiple criteria decision
making (MCDM) challenge (Lamb & Gregory, 1997). It is necessary
for decision makers to completely consider various aspects of cri-
ll rights reserved.
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teria such as potential benefit, risk, and cost, in order to determine
the most suitable technologies. Furthermore, interdependent rela-
tions may exist among such criteria in real world. To address this
challenging decision-making issue, this study aims to propose a
hybrid technology selection process integrating the fuzzy Delphi
method, the Decision Making Trial and Evaluation Laboratory
(DEMATEL) technique, and the analytic network process (ANP)
with novel MCDM method for the best OLED (organic light emit-
ting diode) technology selection.

The fuzzy Delphi method is applied to gather information and
identify critical evaluation criteria for technology selection. The
DEMATEL is used to detect and build the complex network rela-
tionship map (NRM) among dimensions/criteria. The ANP is em-
ployed to conduct the dependence and feedback among criteria
and to decide the relative weights of the criteria by super-matrix.
The combination of fuzzy Delphi method, DEMATEL technique,
and ANP with novel MCDM method is used to perform for con-
structing a technology selection structure.

In addition, the increasing complexity of the relations between
technologies and economic problems combined with the occur-
rence of national or organizational budget resource restrictions im-
ply new challenges for science and technology (Ronde, 2003).
Hence, it is necessary to carefully identify key technologies which
have the greatest impact on economic and industrial competitive-
ness. Patent data provides an effective way to learn R&D informa-
tion of a specific technology and is useful for conducting an
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analysis on technology trend (Abraham & Morita, 2001; Liu & Shyu,
1997). Researchers can learn the R&D status of a specific industry
using patent analysis and then employ this information for re-
search planning and technology forecasting (Daim, Reuda, Martin,
& Gerdsri, 2006; Lai & Wu, 2005). In order to generate valuable
information from patent data for research planning or strategy
making, the first step of patent management is to classify patents
based on the need of a specific industry. Lai and Wu (2005) develop
the patent co-citation approach (PCA) based on the co-citation
analysis of the bibliometrics to provide an overall picture of the
industrial technology information via patents and to generate tech-
nology categories with more valuable information. The PCA is used
to extract key technology fields as the alternatives in the technol-
ogy selection structure constructed by the combination of fuzzy
Delphi method, DEMATEL technique, and ANP with novel MCDM
method.

The remainder of this study is organized as follows: Section 2
reviews related technology selection literature. Section 3 describes
the proposed technology selection process integrating the fuzzy
Delphi method, the DEMATEL, the ANP, and the PCA. In Section 4,
the organic light emitting diode (OLED) technology is adopted as
a case to verify the proposed novel MCDM method for technology
selection process. Finally, Section 5 provides concluding remarks.
2. Technology selection

Technology as a major source of competitive advantage for
manufacturing industries is widely accepted by practitioners, gov-
ernments and academics. An enterprise can waste its competitive
advantages by investing in wrong alternatives at the wrong time
or by investing too much in the right ones (Torkkeli & Tuominen,
2002). A country can obtain its competitive advantages by invest-
ing in emerging technologies with comparative advantages (Lee &
Song, 2007; Yu et al., 1998). In order to realize this competitive
advantage, it is vital to understand both the specific technologies,
and the ways in which organizations can best manage technology
(Phaal, Farrukh, & Probert, 2001). Gregory (1995) has proposed
that management of technology is comprised of five generic pro-
cesses: identification, selection, acquisition, exploitation, and pro-
tection. Among these processes, technology selection is defined
as involving the choice of technologies that should be supported
and promoted (Gregory, 1995). In the phase of technology selec-
tion, decision makers have to gather information from various
sources about the alternatives, and evaluate these alternatives
against each other or some set of criteria (Lamb & Gregory,
1997). Accordingly, Gregory (1995) separates the ‘‘identification”
and ‘‘selection” phases where the former is concerned with gather-
ing alternatives and the latter is concerned with the action to de-
cide on an alternative. In contrast, Dussauge, Hart, and
Ramanatsoa (1992) defines the technology selection process as
identification and selection of new or additional technologies
which the firm seeks to master. In sum, a key theme in these def-
initions is that technology selection is a ‘‘process” that is closely
linked to organizational objectives and is associated with the
broader technological and market environment (Shehabuddeen,
Probert, & Phaal, 2006; Stacey & Ashton, 1990).

However, it is becoming more difficult to identify the right tech-
nologies because the number of technologies is increasing and the
technologies are becoming more and more complex (Torkkeli &
Tuominen, 2002). Additionally, decision makers need to face other
challenges such the rising cost of technological development,
abundance of technological options, and rapid diffusion of technol-
ogies (Berry & Taggart, 1994; Lei, 2000; Steensma & Fairbank,
1999). For example, technology accounts on average for more than
one-third of all business capital spending (Bakos, 1998). The abun-
dance and complexity of technological options makes the task of
accessing suitable technologies and selection of the most suitable
option more difficult (Cantwell, 1992). Ronde (2001) selects 98
specific technologies of future possibilities in the field of biotech-
nology in France. Using the same foresight technique, Ronde
(2003) respectively introduces 40, 51, 39 and 50 potential areas
in the fields of elementary particles, energy, natural resources
and environment for Germany and France. Lee and Song (2007)
also provide 56 research areas in nano-technology field for South
Korea.

Besides the increasing cost of technological development and
the abundance of technology options, many studies have shown
that companies fail to assess new technologies. Hackett (1990)
and Greenberg and Canzoneri (1995) point out that projects to
incorporate new technology in a majority of companies are failing
or are not fulfilling expectations. Huang and Mak (1999) argue that
the failure of a chosen technology often results from poor manage-
ment and assessment. Some of the causes have been attributed to
the inability to consider the wider relationship of technology to the
industrial context and the technology investments (Schroder & So-
hal, 1999). These studies demonstrate the necessity for a careful
assessment to overcome the difficulties of technology selection be-
fore introducing a new technology (Efstathiades, Tassou, Oxinos, &
Antoniou, 2000).
3. Building a novel hybrid MCDM model for OLED technology
selection

A novel hybrid MCDM model (combined many methods/tech-
niques) is used to deal with complex evaluation problems for the
best OLCD technology selection. Methods/techniques of novel hy-
brid MCDM model are included as follows: (1) the fuzzy Delphi
method integrates experts’ opinions without modifying their origi-
nal idea, processes the fuzziness within their thoughts and, more-
over, reduces survey costs; the DEMATEL technique helps to
determine relationships and construct NRM among these criteria;
then (3) the ANP-based on NRM forces experts to consider the
decision-making problems systematically and conducts the inter-
dependence among these evaluation criteria to build supper-ma-
trix for finding preference weightings; finally (4) evaluation
model is used to improve and select the best OLED technology.
In evaluation model the PCA provides the performance information
for research planning by generating the technology fields based on
a classification system of the industry’s basic patents by experts.
Therefore this study proposes a technology selection process inte-
grating the four aforementioned methodologies in order to extract
their advantages to conduct technology selection. The process
through fuzzy Delphi method, the DEMATEL technique, and the
ANP involves the assessment of economic or industrial consider-
ation toward a more efficient evaluation of new technologies. On
the other hand, the PCA focuses on the identification of key tech-
nology fields associated with a major R&D trend of specific tech-
nology. This technology selection process includes eight steps,
described in detail below and in Fig. 1:

The first step of this process is to define the technology selec-
tion problem. Researchers need to identify the scope for a technol-
ogy which is desired to be analyzed.

The step 2 through step 4 aims to construct a technology selec-
tion model. The technology selection criteria regarding economic
or industrial prospect are explored by performing literature re-
view. Moreover, the fuzzy Delphi method is adopted to widely
gather information and experts’ judgments to determine the
importance of criteria. Then, construct the relation structure
among the dimensions of technology selection by applying the
DEMATEL and obtain the weights of these criteria affiliated in each



1. Define the technology selection 
decision problem

2. Explore the criteria of 
technology selection

3. Identify the important criteria 
by fuzzy Delphi method

4. Construct the technology
selection model by DEMATEL 

and ANP

5. Search industry patents

6. Generate technology 
categories by PCA

7. Obtain the technology 
selection options

8. Evaluation model for improving and 
ranking the technology options

Economic or industrial criteria Identification of key technology fields

Fig. 1. The technology selection process.
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dimension by the ANP to create a technology selection model for a
certain technology. The experts who are familiar with the R&D and
the industry of a specific technology are invited to filter the impor-
tant criteria and to determine the weights of criteria by the ANP.

Next, the step 5 through 7 is the identification of significant tech-
nology fields. Researchers have to determine the proper database,
technology keywords, assignee, application date, and issue date to
search patents of a specific technology. The results of patent search
are classified into several significant technology fields by applying
PCA. Subsequently, the technology categories are named by technol-
ogy experts to be the technology alternatives for the technology
selection model constructed in the previous steps.

Finally, the R&D experts are invited to evaluate each technology
alternative based on the technology selection model.

The four methods/techniques applied in this technology selec-
tion process are briefly described as follows.

3.1. Fuzzy Delphi method

Many published studies on technology selection have developed
a wide variety of models related to experts’ judgments (Baker, 1974;
Liberatore & Titus, 1983; Schmidt & Freeland, 1992). In order to inte-
grate experts’ opinions and identify a critical set of criteria for tech-
nology selection, the Delphi method developed by Rand Corporation
is a widely used technique (Bañuls & Salmeron, 2007; Bañuls &
Salmeron, 2008; Chen, Kang, Xing, Lee, & Tong, 2008; Dalkey & Hel-
mer, 1963; Lee & Kim, 2001). The Delphi method aims to improve
group decision making by seeking opinions without face-to-face
interaction and is commonly defined as ‘‘a method of systematic
solicitation and collection of judgments on a particular topic
through a set of carefully designed sequential questionnaires, inter-
spersed with summarized information and feedback of opinions de-
rived from earlier responses” (Delbecq, Van de Ven, & Gustafson,
1975; Osborne, Collins, Ratcliffe, Millar, & Duschl, 2003). Several fea-
tures characterize the Delphi method and distinguish it from face-
to-face group interrogative method, including anonymity, iteration,
controlled feedback, statistical group response, and stability in re-
sponses among the experts on a specific issue (Cochran, 1983; Cyp-
hert & Grant, 1971; Dailey & Holmberg, 1990; Uhl, 1983; van
Zolingen & Klaassen, 2003; Whitman, 1990). Compared to the tradi-
tional face-to-face group decision technique, the Delphi method has
four principal advantages thought to be important in gaining the
considered opinions of experts:

(1) It uses group decision-making techniques, involving experts
in the field, which have greater validity than those made by
an individual (Brooks, 1979);

(2) The anonymity of participants and the use of questionnaires
avoid the problems commonly associated with group inter-
views, for example, specious persuasion or ‘‘deference to
authority, impact of oral facility, reluctance to modify publi-
cized opinions and bandwagon effects” (Martorella, 1991);

(3) Consensus reached by the group reflects reasoned opinions
because the Delphi process forces group members to con-
sider logically the problem under study and to provide writ-
ten responses (Murry & Hammons, 1995);

(4) Opinions using the Delphi method can be received from a
group of experts who may be geographically separated from
one another (Murry & Hammons, 1995).

Although the Delphi method provides a chance to completely
integrate diverse experts’ opinions, it is time-consuming, costly,
and has a lower questionnaire return rate because it tries to obtain
converged results through repetitive surveys. In addition, the prob-
lems of ambiguity and uncertainty still exist in experts’ responses
(Chang, Huang, & Lin, 2000; Hwang & Lin, 1987). Ishikawa et al.
(1993) introduce fuzzy Delphi method to avoid the above defects
using fuzzy logic. The fuzzy Delphi method can converge the ex-
perts’ responses with fewer survey rounds and effectively conduct
their ambiguity and uncertainty (Klir & Folger, 1988). Furthermore,
recent studies have widely adopted fuzzy Delphi method together
with ANP to conduct decision making at a different stage, such as
e-marketplace (Lee & Li, 2006), urban renewal project selection
(Wey & Wu, 2008), and product design (Wei & Chang, 2008). This



Y.-C. Shen et al. / Expert Systems with Applications 38 (2011) 1468–1481 1471
study employs fuzzy Delphi method to integrate experts’ opinions
toward technology selection criteria.

The process of the fuzzy Delphi method is briefly explained as
follows: The experts’ opinions in the technology selection criteria
collected by the questionnaires are identified by the triangular fuz-
zy number as follow:

~wk ¼ ðak; bk; ckÞ ð1Þ

where ~wk is the fuzzy number of the criterion k, ak is the minimum
of the experts’ evaluation, bk denotes the average of the experts’
evaluation, and ck denotes the maximum of the experts’ evaluation.

The center-of-gravity method is in common use (Klir & Folger,
1988), where Sk denotes the clear value as follow:

Sk ¼
ak þ bk þ ck

3
ð2Þ

Finally, researchers select the proper criteria according to the
needs of the study. The principles are as follows:

(1) If Sk P k then accept criterion k;
(2) If Sk < k then omit criterion k.

3.2. DEMATEL method

In a totally interdependent system, all criteria of the system are
mutually related, directly or indirectly; thus, any interference with
one of the criteria affects all the others, so it is difficult to find pri-
orities for decision-making (Tzeng, Chiang, & Li, 2007). The DEMA-
TEL, originated from the Geneva Research Centre of the Battelle
Memorial Institute (Fontela & Gabus, 1976; Gabus & Fontela,
1973), aims to convert the relationship between the causes and ef-
fects of criteria into an intelligible structural model of the system
(Huang, Shyu, & Tzeng, 2007; Lee, Kim, Cho, & Park, 2009; Lin &
Tzeng, 2009; Liou, Yen, & Tzeng, 2008; Ou Yang, Leu, & Tzeng,
2009; Tzeng et al., 2007), The DEMATEL method is briefly described
as follows:

Step 1: Calculate the initial direct-relation matrix.
Experts are asked to indicate the direct influence degree
between criterion i and criterion j, as indicated by zij, using
a pairwise comparison scale designated five levels, where
the scores ranging from 0 to 4 represent ‘‘no influence”
to ‘‘very high influence”, respectively. The initial direct-
relation matrix Z = [zij]l�l is obtained by pairwise compar-
isons in terms of influences and directions between crite-
ria, in which l denotes the number of criteria.

Step 2: Normalize the direct-relation matrix.
The normalized direct-relation matrix X is obtained
through Eqs. (3) and (4), in which all principal diagonal
elements are equal to zero.
X ¼ y � Z ð3Þ

y ¼min
i;j

1

max16i6l
Pl

j¼1zij

;
1

max16j6l
Pl

i¼1zij

" #
ð4Þ
Step 3: Calculate the total-relation matrix
Once the normalized direct-relation matrix X has been
obtained, the total-relation matrix T is acquired by Eq. (5):
T ¼ XðI � XÞ�1 ð5Þ
where I is the identity matrix.
Step 4: Obtain the inner dependence matrix

In this step, the sum of each row in total-relation matrix is
equal to 1 by normalization method, and then the inner
dependence matrix can be acquired for ANP super-matrix
in diagonal matrix (Wu, 2008).
3.3. The ANP

The ANP is a generalization of AHP (Saaty, 1996) to overcome
the problem of interdependence and feedback between criteria
(Lee, Tzeng, Guan, Chien, & Huang, 2009). The AHP, one of the most
widely used multiple criteria decision making (MCDM) methods,
decomposes a problem into several levels that make up a hierarchy
in which each decision element is supposed to be independent. The
ANP extends the AHP to problems with dependence and feedback.
It allows for more complex interrelationship among decision ele-
ments by replacing a hierarchy in the AHP with a network (Meade
& Sarkis, 1999). Several studies have adopted the ANP to conduct
the problem of technology selection (Erdoğmus�, Kapanoglu, &
Koç, 2005; Erdoğmus�, Aras, & Koç, 2006; Kengpol & Tuominen,
2006; Lee et al., 2009).

However, the difficulty of ANP is to determine the dependence
and feedback among dimensions/criteria. In order to overcome this
problem we use the DEMATEL technique to build the network rela-
tionship map (NRM) for objectively constructing super-matrix in
ANP. Therefore the ANP conducts dependence and feedback within
a cluster (inner dependence) and among different clusters (outer
dependence) based on NRM. The first step of the ANP is to compare
the criteria in the entire system to form a super-matrix through
pairwise comparisons. A nine-point scale recommended by Saaty
(1980) is adopted to obtain experts’ opinions—with preferences be-
tween alternatives given as equally, moderately, strongly, very
strongly, or extremely preferred (with pairwise weight of 1, 3, 5,
7, and 9, respectively)—and values of 2, 4, 6, and 8 as the interme-
diate values for the preference scale. The general form of the super-
matrix is shown as Eq. (6):

ð6Þ

within clusters, Cs, which is known as inner dependence, and be-

tween clusters, which is known as outer dependence, where Cs

denotes the sth cluster, est denotes the tth element in the sth cluster,
and matrix Ass0 is the principal eigenvector of the influence of the cri-
teria compared in the sth cluster to the s0th cluster. The super-matrix
represents the impact of all model elements relative to the complete
element set. The actual elements that make up the columns ðAss0 Þ of
the super-matrix are the eigenvector solutions within the compo-
nents. Since there usually is interdependence among clusters, the col-
umns of a super-matrix usually sum to more than one. The super-
matrix must be normalized to make it stochastic, that is, each column
of the matrix sums to unity. The final priority weights, which account
for element interactions, are derived by multiplying the super-matrix
by itself until the columns stabilize (Niemira & Saaty, 2004).

3.4. The PCA

One of the biggest problems in technology selection is how to
derive promising technology alternatives from blurred and various
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development directions of an emerging technology. Researchers
utilize two different methodologies to overcome this problem.
One is to perform cluster analysis using survey data with question-
naires; the other is to perform bibliometrics, such as citation anal-
ysis and patent mapping (Lee & Song, 2007). Cluster analysis needs
to conduct a large-scale survey which is time-consuming and
costly. Otherwise, the technology estimate will not be precise
and discerning (Lee & Song, 2007). Instead, past studies adopting
bibliometrics have proved that patent data can provide researchers
an overall picture of a specific technology development status and
effectively helps to learn the major technology streams via patent
information (Jaffe & Trajtenberg, 2002; Jaffe, 1986; Kostoff & Scal-
ler, 2001; Porter & Detampel, 1995; Verspagen, 1997). In order for
the patents to yield valuable information for research planning or
strategy making, recent studies have applied the co-citation analy-
sis of bibliometrics to provide an overall picture of the industrial
technology information via patents (Chang, Lai, & Chang, 2009;
Oda, Gemba, & Matsushima, 2008). Therefore, this study applies
the patent co-citation approach proposed by Lai and Wu (2005)
to generate a classification system for OLED technology with more
valuable information.

A patent specification is required to identify its cited docu-
ments. According to the view of bibliometrics, a patent specifica-
tion can be identified with a citing document, and its prior arts
can be defined as cited documents (Lai & Wu, 2005). In bibliomet-
rics, Small (1973) proposed the co-citation approach to assess the
documents’ similarities. The focus of the co-citation analysis is on
computing the frequency of Documents A and B co-cited by spe-
cific documents. However, the number of A and B being co-cited
is not subject to limitation because there may be other new docu-
ment citing A and B simultaneously. Therefore, using the co-cited
frequency of documents can effectively assess the similarities
and identify the category of the scientific literature and its evolu-
tion (Sharabchiev, 1989).

The purpose of the assessment of document similarities is to
classify documents. Lai and Wu (2005) proposed the patent co-
citation approach to create a patent classification system based
on the concept of co-citation analysis. The patent classification sys-
tem created by the PCA classifies an industry’s basic patents. After
the patent classification system is built, target patents are classi-
fied by comparing them with basic patents. In the PCA, target pat-
ents are patents to be classified, and basic patents are patents to be
repeatedly cited by the target patents (Lai & Wu, 2005). The con-
cept of the PCA is shown in Fig. 2.

Q1–Q7 are target patents that cite the basic patents P1–P5. The
lines between target patents and basic patents represent the rela-
tionships between the two groups of patents. Based on the similar-
ities of basic patents, technology categories F1 and F2 are identified.
The technology categories F1 and F2 also represent the major tech-
nology streams or fields in a specific technology domain (Lai & Wu,
2005).
Q1 Q2 Q3 Q4

P1 P2 P3

F1

Fig. 2. The concep
The PCA is divided into three phases to complete this classifica-
tion system. Phase I selects the proper patent database to search
target patents and specify basic patents. Phase II applies the co-ci-
ted frequency of the basic patent pairs to assess the patent similar-
ities. Phase III uses factor analysis to group basic patents into a
smaller set of factors.

3.4.1. Phase I: Searching for patents and defining industry basic
patents

In Phase I, a proper patent database will be selected with which
to conduct the patent search. As a result, industry basic patents
will be defined from the search results.

Step 1: Patent search.
In accordance with the purpose of study, the researchers
may search specific patent databases based on the criteria
of technology keywords, inventors, patent application
date, and the patent issue date. The selected patents from
this step will be divided into two groups: target patents
and candidate of basic patents. Where Qp is denoted as
the target patent p, and CPq is denoted as a candidate for
basic patent q. Target patents are citing patents that will
be classified. Candidates for basic patents are the patents
cited by target patents. The referential relationship
between target patents and candidates for basic patents
are represented in the matrix shown in Eq. (7):
Q5

t of the
½apq�M�N; where apq ¼
1 Q p cites CPq

0 otherwise

�
ð7Þ
where M is the number of target patents, and N is the number of
candidates of basic patents.
Step 2: The selection of basic patents.

The PCA defines technology categories by industry basic
patents. The more often a specific early patent is cited by
later patents, the more likely it is to be the foundation of
these later patents (Mogee, 1997); thus, a so-called basic
patent is a patent repeatedly cited by later patents (Lai &
Wu, 2005). The frequency of CPq being cited is shown in
Eq. (8):
CSq ¼
XM

p¼1

apq ð8Þ
CPq becomes a basic patent if CSq is greater than or equal to the
threshold c for selecting basic patents. The threshold c depends
on the cited frequency of the candidates for basic patents.

After identifying basic patents, a matrix will be created from the
relationship between the basic patents and the target patents
shown in Eq. (9):
Q7Q6

P4 P5

Target 
patents

Basic 
patents

F2
Technology 

category

PCA.
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½epq�m�n; where epq ¼
1 Qp cites Pq

0 otherwise

�
ð9Þ

where Pq is a basic patent q, m is the number of target patents that
can be classified by the basic patents, and n is the number of basic
patents.

3.4.2. Phase II: Assessment of the similarities in basic patent pairs
The PCA adopts the Pearson correlation coefficient to assess the

similarity for a basic patent pair. There are three steps required to
obtain the similarities in the basic patent pairs.

Step 1: Calculating the co-cited frequency of each basic patent
pair.
The co-cited frequency of the given basic patent q and q0 is
shown in Eq. (10):
xqq0 ¼
Pm
p¼1

epqepq0 if q – q0;

0 if q ¼ q0;

8><
>: 1 6 q 6 n; 1 6 q0 6 n

ð10Þ
where epq and epq0 are citing relationships as defined in Eq. (9); and a
symmetric matrix xqq0 can be obtained after computing all of the
co-cited frequencies of n basic patents.
Step 2: Calculate the linkage strength of each basic patent pair.

The linkage strength of a basic patent pair is calculated as
Eq. (11):
pqq0 ¼
xqq0

SqþSq0 �xqq0
if q – q0;

0 if q ¼ q0;

(
1 6 q 6 n; 1 6 q0 6 n ð11Þ
where xqq0 is the co-cited frequency calculated in the previous
steps. Sq ¼

Pm
p¼1epq is the cited frequency of a basic patent q.

Step 3: Calculating the Pearson correlation coefficient of each
basic patent pair.
Before calculating the Pearson correlation coefficient of
the given basic patents q and q0, the linkage strengths of
these basic patent pairs are divided into two groups. The
first group is Pq = {prq, r – q, q0}, and the second group is
Pq ¼ fprq0 ; r – q; q0g.

Next, calculating the Pearson correlation coefficient of basic
patent pairs using Eq. (12):

rqq0 ¼

ðn�2Þ
Pn

r¼1
prqprq0 �

Pn

r¼1
prq

Pn

r¼1
prq0ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðn�2Þ
Pn

r¼1
p2

rq

� �
�
Pn

r¼1
prq

� �2
q ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðn�2Þ
Pn

r¼1
p2

rq0

� �
�
Pn

r¼1
prq0

� �2

r
if q – q0

1
if q ¼ q0

8>>>>>>><
>>>>>>>:

ð12Þ

where prq 2Pq is the linkage strength between basic patents r
and q, and prq0 2 Pq0 is the linkage strength between basic patents
r and q0.

3.4.3. Phase III: Creation of a patent classification system
The bibliometrics generally employs factor analysis, cluster

analysis, or multi-dimensional scaling to classify documents, jour-
nals, and authors. The PCA employs factor analysis to classify pat-
ents based on two considerations. First, the loading of patents on
the technology category indicates the degree of importance for
the basic patents to the technology. Second, factor analysis can
be repeated to create a hierarchical classification system, if neces-
sary (Lai & Wu, 2005).
The inputs for the factor analysis are the Pearson correlation
coefficients calculated by the third step in Phase II.

4. The case of OLED display technology selection

OLED display has more advantages than numerous other dis-
play technologies. The features of the OLED display are: (1) self-
illuminating (that is, it needs no backlight); (2) wide viewing an-
gle; (3) fast response (about 1 ls); (4) highly energy efficient; (5)
low drive-voltage (3–10 V); (6) slim profile (smaller than 2 mm);
(7) easy to use for a large area; (8) flexible; and (9) has a simple
manufacturing process (Chen & Huang, 2005). These features meet
the needs of both multimedia displays and portable communica-
tions products with a display component. The OLED display has
the potential to become the next mainstream display technology.
In 2006’s International Meeting of Information Display, the CEO
of Samsung SDI, Soon-Taek Kim claimed that OLED is the ultimate
display of the future (Chen & Huang, 2007). However, the driving,
coloring, and manufacturing process of OLED are still diversified
without dominant design. Every manufacturer has its own know-
how, techniques, and equipment (Chen & Huang, 2005). Since the
original OLED patent launched by Kodak has matured in 2005,
the OLED display technology has been considered as a great oppor-
tunity for Taiwanese flat display industry to overcome the industry
stereotype of original equipment manufacturing. It is necessary for
Taiwan to invest in the key technology fields associated with eco-
nomic and technological competitiveness. Therefore, this study
takes OLED display technology as a case and to verify the feasibility
of the proposed technology selection process.

4.1. Construct the technology selection model

In order to construct the technology selection model regarding
economic or industrial prospects, the literature related to technol-
ogy selection is reviewed first.

The selection model developed by Arbel and Shapira (1999) fo-
cuses on benefit and cost. Piipo and Tuominen (1990) emphasize
the matching of alternatives to the capabilities and strategies of
companies and risks as major factors in the selection, in addition
to the benefits and costs. Yap and Souder (1993) emphasize the
uncertainties of commercial and technical success, the funding his-
tory of technologies, the resource requirements to develop tech-
nologies, the degree to which the technologies contribute to
established missions, and the current life-cycle stage of the tech-
nologies. Yu et al. (1998) focus on the strategic importance, busi-
ness effect, business opportunity, risk, present technology
position, and the cost to obtain the technology to evaluate feasibil-
ity. Coldrick, Longhurst, Ivey, and Hannis (2005) consider the tech-
nical, corporate and strategic factors; as well as the regulatory,
market, financial, and application factors of the R&D project selec-
tion. Huang, Chu, and Chiang (2008) emphasize the scientific and
technological merit, potential benefits, project execution, and the
project risk for the government-sponsored R&D project selection.
Shehabuddeen et al. (2006) propose a technology selection process
that consists of requirement filters, adoption filters, internal fac-
tors, and external factors.

This study concludes the technology selection criteria for OLED
from the above-mentioned studies (Arbel & Shapira, 1999; Coldrick
et al., 2005; Huang et al., 2008; Piipo & Tuominen, 1990; Sheha-
buddeen et al., 2006; Yap & Souder, 1993; Yu et al., 1998) to four
scales: technological merit, business effect, technology develop-
ment potential, and risk with 18 criteria. These criteria are pre-
sented in Table 1 with a short description.

Next, the fuzzy Delphi method is used to filter the important
criteria. This study applies snowball sampling by inviting six tech-
nology experts and five industry research experts to evaluate the



Table 2
The sifting result of important OLED technology selection criteria.

Scale Criteria S Result

Technological merit (D1) Advancement of
technology (i1)

0.76061

Innovation of technology
(i2)

0.66364

Key of technology (i3) 0.66970
Proprietary technology (i4) 0.76061
Generics of technology (i5) 0.63333
Technological connections
(i6)

0.65152

Technological extendibility
(i7)

0.66364

Business effect (D2) Potential return on
investment

0.54242 Cancel

Effect on existing market
share (i8)

0.67576

New market potential (i9) 0.68182
The potential size of
market (i10)

0.66970

Timing for technology (i11) 0.65758

Technology development
potential

Technical resource
available

0.56061 Cancel

Equipment support 0.57879 Cancel
Opportunity of technical
success

0.53030 Cancel

Risk (D3) Commercial risk (i12) 0.74849
Technical risk (i13) 0.74242
Technical difficulties 0.58485 Cancel

Table 3
The total-relation matrix T.

D1 D2 D3 D4

D1 2.05 2.28 1.51 2.22
D2 2.16 1.88 1.34 2.09
D3 2.14 2.10 1.24 2.10
D4 2.50 2.47 1.60 2.15
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importance of the criteria explored in the previous step. The
importance of the criteria is measured using the linguistic scales
and their corresponding fuzzy numbers: (0.7,0.9,0.9) – extremely
important, (0.5,0.7,0.9) – important, (0.3,0.5,0.7) – normal,
(0.1,0.3,0.5) – unimportant, (0.1,0.1,0.3) – extremely unimportant.

The important criteria are sifted from the evaluation result by
employing the fuzzy Delphi method. The sifting threshold value
will affect the number of criteria. If the threshold value is higher,
there will be fewer remaining criteria so that the following re-
search may be affected. Therefore, this study adopts 0.6 as the
threshold value because it is the mean of the minimum value of
‘‘important” (0.5) and the maximum value of ‘‘normal” (0.7). The
result is shown in Table 2:

According to the results of the criterion sifting, the five criteria—
potential return on investment, technical resource availability,
equipment support, opportunity of technical success, and technical
difficulties—are canceled. In addition, financial risk (i14) and tech-
nical personnel support (D4/i15) are suggested in the in-depth
interviews with experts.

After verifying the importance of criteria by fuzzy Delphi meth-
od, the OLED display technology selection model is constructed by
adopting DEMATEL and ANP. To detect the relationship among the
dimensions of technological merit (D1), business effect (D2), risk
(D3), and technical personnel support (D4), the total-relation ma-
trix T among the four dimensions is derived by from Eqs. (3)–(5).
Determined by experts, the result shown as Table 3 demonstrates
the outer dependence existing among these four dimensions.
According to this total-relation matrix, the network relationship
map can be constructed as a map shown in Fig. 3.

Next, the DEMATEL method is also used to determine the rela-
tionship among criteria within the four dimensions. Through Eqs.
(3)–(5), the total-relation matrices of technological merit (D1),
business effect (D2), and risk (D3) are shown as Tables 4–6.

As Tables 4–6, the interdependence exists among criteria within
the three dimensions. The inner dependence matrices, hence, can be
obtained by normalizing the three total-relation matrices. The outer
dependence among different dimensions is based on the network
structure expressed in Fig. 3. The unweighted super-matrix, which
is shown as Table 7, is then multiplied by the priority weights from
Table 1
Description of OLED technology selection criteria.

Criteria Descriptions

1. Technological merit
Advancement of technology Level of advancement of the proposed technology compared with existing technology
Innovation of technology Innovation level of the proposed technology
Key of technology Whether the proposed technology is critical for product or industry development
Proprietary technology Whether the technology project will generate a proprietary technology position through the intellectual property rights
Generics of technology Whether the proposed technology is a generic technology to industry
Technological connections Whether the proposed technology is applicable for many products; the more technological applications, the higher technological

connections
Technological extendibility The extent to which the proposed technology has the potential for further technology development

2. Business effect
Potential return on investment The potential return on investment in the technology
Effect on existing market share Whether the technology can enlarge the existing market share
New market potential Whether the technology has the potential to create a new market
Potential size of market The potential size of the market in which the products apply the technology
Timing for technology Whether this is the right time to develop the technology

3. Technology development potential
Technical resources availability Access to which the technology can obtain technical resources
Equipment support Extents to technology that can be supported by necessary facilities
Opportunity for technical

success
Opportunity of success for proposed technology and whether there is any similar successful technology

4. Risk
Commercial risk Potential commercial risk of the applications
Technical risk Potential technical risk of the technology development
Technical difficulties Whether the applications can be mass produced
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Fig. 3. The OLED technology selection model.
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the dimensions, which yields the weighted super-matrix. Finally,
the system solution is derived by multiplying the weighted super-
matrix by itself until the system’s row values converge to the same
value for each column of the matrix. This process generates the lim-
Table 4
The total-relation matrix T of technological merit (D1).

i1 i2 i3 i4 i5 i6 i7

i1 0.50 0.71 0.81 0.80 0.58 0.77 0.77
i2 0.50 0.44 0.63 0.66 0.52 0.59 0.59
i3 0.67 0.73 0.70 0.86 0.67 0.84 0.84
i4 0.49 0.53 0.64 0.51 0.53 0.65 0.65
i5 0.38 0.41 0.52 0.46 0.33 0.51 0.51
i6 0.59 0.64 0.78 0.72 0.63 0.61 0.77
i7 0.59 0.67 0.78 0.72 0.61 0.77 0.62

Table 5
The total-relation matrix T of business effect (D2).

i8 i9 i10 i11

i8 0.89 1.03 1.11 0.89
i9 1.16 0.89 1.16 0.94
i10 1.16 1.11 0.94 0.94
i11 1.40 1.34 1.40 0.92
iting super-matrix shown as Table 8 which provides the relative
importance weights for every criterion in the model

According to the results, technical personnel support
(i15 = 0.26935), timing of technology (i11 = 0.09504), and financial
risk (i14 = 0.08967) rank first, second, and third in all criteria,
respectively.

4.2. Identify the key technology fields

In this section, the key technology fields are identified by per-
forming PCA to understand the important technology trends. In or-
der to cover as many OLED patents as possible, the keywords used
to search are acquired through interviews with technology experts.
Based on the result of these interviews, this study employs EL,
OLED, organic LED, organic light emitting diode, organic light emit-
ting device, OEL, organic EL, organic electroluminescence, polymer
light emitting diode, PLED, and polymer LED in order to search the
industry’s patents.
Table 6
The total-relation matrix T of risk (D3).

i12 i13 i14

i12 0.99 0.82 1.02
i13 1.77 0.84 1.31
i14 1.38 0.87 0.82



Table 7
Unweighted super-matrix.

Table 8
Limiting super-matrix.

Table 9
The cited frequency of candidates for basic patent.

Cited
frequency

Number of
candidates for basic
patent

Cumulative
patent

Percentage Cumulative
percentage

1 9978 9978 75.73 75.73
2 1812 11,790 13.75 89.49
3 544 12,334 4.13 93.62
4 317 12,651 2.41 96.02
5 158 12,809 1.20 97.22
6 79 12,888 0.60 97.82
7 73 12,961 0.55 98.38
8 45 13,006 0.34 98.72
9 32 13,038 0.24 98.96

10 28 13,066 0.21 99.17
11 15 13,081 0.11 99.29
12 13 13,094 0.10 99.39
13 10 13,104 0.08 99.46
14 5 13,109 0.04 99.50

>15 66 13,175 0.50 100.0
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The patent database providing the most abundant patents
should be used. The database of the United States Patent and
Trademark Office (USPTO) is one of the favored sources to conduct
patent search because the U.S. market is an important market for
technology transfer and international trade, combined with the
territoriality of patent protection, thereby luring inventors to file
patent applications in the US (Lai & Wu, 2005). Therefore, this
study adopted the database of USPTO to be the source for patent
search. This study searches the OLED patents from the application
dates of 01/01/2002 through 12/31/2006 in order to reflect the re-
cent research status of OLED. There are 2834 patents, and 13,175
cited patents in this time frame.

Table 9 lists the result of the search in step 5; the cited fre-
quency of candidates for basic patents. The definition of basic pat-
ents is the patents repeatedly cited by later patents. The more a
patent is cited by later patents, the greater the possibility that it
is the basis of these patents (Mogee, 1997). There are 137 basic
patents cited greater or equal to 10, and the percentage of the
137 basic patents out of the 13,175 candidates is 1.04%. Thus, this
study used the cited frequency greater than 10 as the criterion to
select a basic patent, with 137 basic patents selected from the
13,175 candidates for basic patent. These 137 basic patents are
then used to create a classification system for the OLED display
industry; 832 patents out of the 2834 target patents refer to basic
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patents. Thus, the referential relationship between the basic pat-
ents and the target patents can be demonstrated by the matrix
[epq]832�137 in Eq. (9).

Next, calculate the co-cited frequency of C137
2 basic patent pairs

by 832 target patents with Eq. (10), and the result is shown in the
matrix ½xqq0 �137�137. The matrix ½xqq0 �137�137 is then input into Eq.
(11) to obtain the linkage strength between basic patent pairs,
and the result is demonstrated in the matrix ½pqq0 �137�137. The ma-
trix ½pqq0 �137�137 is then taken into Eq. (12), and as a result, the cor-
relation coefficient matrix ½cqq0 �137�137 for the basic patent pairs is
derived. Finally, the Pearson correlation matrix ½cqq0 �137�137 is fac-
Table 10
Eigenvalues and variances explained by factors.

Factor Eigenvalues Variance explained % Cumulative variance %

1 53.244 38.864 38.864
2 24.151 17.629 56.493
3 18.744 13.682 70.175
4 7.918 5.780 75.954
5 6.822 4.980 80.934
6 5.343 3.900 84.834
7 3.225 2.354 87.188
8 2.767 2.020 89.207
9 2.050 1.496 90.704

10 1.693 1.236 91.939
11 1.260 0.920 92.859
12 1.017 0.742 93.601
13 1.007 0.735 94.337

Table 11
The evaluation of OLED technology fields for each criterion.

Criteria Local
weight

Global
weight

OLED structural design and
material development

Full-colo
multi-co

1. Technological
merit

0.261 8.102 5.969

Advancement of
technology

0.102 0.027 8.333 6.429

Innovation of
technology

0.094 0.024 8.333 5.952

Key of technology 0.256 0.067 9.048 6.429
Proprietary

technology
0.168 0.044 9.524 5.714

Generics of
technology

0.107 0.028 6.667 5.238

Technological
connections

0.129 0.033 7.619 6.190

Technological
extendibility

0.145 0.038 5.952 5.476

2. Business effect 0.273 7.773 6.827
Effect on existing

market share
0.238 0.065 7.619 6.905

New market
potential

0.203 0.055 6.905 5.952

Potential size of
market

0.211 0.058 7.857 6.667

Timing for
technology

0.348 0.095 8.333 7.381

3. Risk 0.197 7.500 5.974
Commercial risk 0.281 0.055 7.381 6.190
Technical risk 0.264 0.052 6.190 6.190
Financial risk 0.455 0.090 8.333 5.714

4. Technical
personnel
support

0.269 8.095 6.905

Technical
personnel
support

1.000 0.269 8.095 6.905

Total
performance
score

7.892 6.456
tor-analyzed using a principal component analysis with promax
rotation. Based on eigenvalue greater than 1 as the criterion, 13
factors are retained. The result is shown in Table 10. The marginal
variance explained by the 7th factor is low. Thus, 6 factors are re-
tained, which account for 84.834%.

After the factor analysis, the six technology fields—OLED struc-
tural design and material development (A1), full-color or multi-col-
or design (A2), packaging technique (A3), decrease of thermal effect
(A4), PMOLED device control (A5), and AMOLED device control
(A6)—are named by the photonics professors of National Changhua
University of Education. These six technology fields are taken into
the technology selection model constructed in previous step to be
the technology selection alternatives. The completed OLED tech-
nology selection model is represented in Fig. 3.
4.3. Performance evaluation for improving and ranking for the
technology options

After completing the OLED display technology selection model,
the six technology fields are evaluated by technological experts
and industry research experts to rank the six technology alterna-
tives. This study adopts simple average weight to evaluate each
technology alternative. The result indicates that OLED structural
design and material development is the most significant technol-
ogy field for domestic industry. The results can then be suggestions
for the research direction should go in Taiwan’s research institutes
and manufacturers in OLED display technology. Additionally, the
r and
lor design

Packaging
technique

Decrease of
thermal effect

PMOLED
device control

AMOLED
device control

6.055 5.115 4.845 7.424

6.190 5.119 5.000 8.095

6.190 4.881 5.000 7.619

5.952 4.643 4.286 7.857
5.714 5.119 4.524 7.381

5.952 4.643 5.476 6.429

6.429 6.071 5.714 7.619

6.190 5.595 4.762 6.667

5.135 4.686 5.275 7.690
5.000 4.881 5.238 7.619

4.762 4.167 4.762 6.905

5.476 4.643 5.476 7.857

5.238 4.881 5.476 8.095

5.109 4.310 4.524 6.733
5.714 4.167 4.524 6.905
5.476 5.119 4.524 6.667
4.524 3.929 4.524 6.667

5.952 5.833 5.714 7.381

5.952 5.833 5.714 7.381

5.590 5.033 5.133 7.349



Table 12
The values of prominence and relation.

Dimensions/criteria r c r + c r � c

Technological merit (D1) 8.06 8.85 16.91 �0.78
Advancement of technology (i1) 4.94 3.72 8.66 1.23
Innovation of technology (i2) 3.94 4.13 8.07 �0.19
Key of technology (i3) 5.30 4.86 10.16 0.44
Proprietary technology (i4) 4.00 4.72 8.72 �0.73
Generics of technology (i5) 3.12 3.88 7.00 �0.76
Technological connections (i6) 4.74 4.75 9.49 �0.01
Technological extendibility (i7) 4.76 4.75 9.51 0.01

Business effect (D2) 7.46 8.73 16.19 �1.27
Effect on existing market share (i8) 3.92 4.61 8.54 �0.69
New market potential (i9) 4.15 4.37 8.52 �0.22
The potential size of market (i10) 4.15 4.61 8.76 �0.47
Timing for technology (i11) 5.07 3.69 8.76 1.38

Risk (D3) 7.58 5.69 13.26 1.89
Commercial risk (i12) 2.04 3.01 5.05 �0.97
Technical risk (i13) 2.85 1.82 4.67 1.03
Financial risk (i14) 2.23 2.28 4.51 �0.05

Technical personnel support (D4) 8.72 8.56 17.28 0.16
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ranks of OLED technology alternatives also represent the efforts or
resources that should be allocated. The evaluation is represented in
Table 11, after computing the scores of each technology
alternative.

Accordingly, the OLED structural design and material develop-
ment (performance score = 8.102), the AMOLED device control
(performance score = 7.424), and the packaging technique (perfor-
mance score = 6.055) are the key technological fields under the
evaluation of the technological merit. The organic material applied
by OLED is easily oxidized and affected by vapor to reduce the
OLED devices’ life. The organic material development and the de-
vice design, and the packaging, to overcome the flaws are impor-
tant for improving the yield and reducing the cost. Therefore, the
material development and the structural design, and the packaging
technique are the technological field with technological benefit. In
addition, the AMOLED technology has the potential to develop
large display panel with more technological advantage than
PMOLED.

The OLED structural design and material development (perfor-
mance score = 7.773), the AMOLED device control (performance
score = 7.690), and the full-color and multi-color design (perfor-
mance score = 6.827), however, perform better business benefit.
Once the OLED devices’ life is extended, the OLED display technol-
ogy will have more business effect on the expansion of market
share due to its ascendant features mentioned above. The AMOLED
device control, and the full-color and multi-color design are both
important for the application of large display panel which is widely
used on many types of consuming products.

Similarly, the OLED structural design and material development
(performance score = 7.500), the AMOLED device control (perfor-
mance score = 6.733), and the full-color and multi-color design
(performance score = 5.974) perform lower risk. With more tech-
nological and business advantages analyzed above, the three tech-
nological fields suffer lower risk.

Finally, Taiwan has competitive TFT-LCD and LED industry
which can provide related technological personnel for the need
of the OLED structural design and material development (perfor-
mance score = 8.095), the AMOLED device control (performance
score = 7.381), and the full-color and multi-color design (perfor-
mance score = 6.905).

In addition to determine the relationship among dimensions
and criteria, the other contribution of DEMATEL method is to draw
the impact-direction map to show the causal relation among ‘‘dis-
patchers” and ‘‘receivers”. To draw the impact-direction map, the
sum of rows and the sum of columns in total-relation matrix T
are respectively denoted as vector r and vector c through Eqs.
(13)–(15). The vector r indicates the level of influence to others.
The vector c, in contrast, reveals the level of relationship with oth-
ers. The values of r + c, named ‘‘prominence”, show the importance
of factors. Similarly, the values of r � c, named ‘‘relation”, divide
factors into dispatchers and receivers (Wu, 2008). Factors having
positive values of r � c have greater influence on one another
and are assumed to have higher priority and are named dispatcher;
others with negative values of r � c receiving more influence from
another are assumed to have lower priority and are called receiver.
On the other hand, the value of r + c indicates the degree of relation
between each factor with others, and factors with more values of
r + c have more relationship with another. Those having little val-
ues of r + c have less relationship with others (Seyed-Hosseini,
Safaei, & Asgharpour, 2006). In this case, the vector r and vector
c in the total-relation matrix T of four main dimensions, as shown
in Table 12, are calculated to draw the impact-direction map in or-
der to reveal the major causal relationship among the dimensions.
The values of prominence and relation in the matrices T of techno-
logical merit, business effect and risk are similarly derived by using
Eqs. (13)–(15) and shown in Table 12 as well.
T ¼ ½tij�l�l ð13Þ

r ¼
Xn

j¼1

tij

" #
l�1

¼ ½tt��l�1 ð14Þ

c ¼
Xn

i¼1

tij

" #
1�l

¼ ½t�j�l�1 ð15Þ

The impact-direction map of the four main dimensions is shown
in Fig. 4. As revealed in this figure, the risk (D3) and the technical per-
sonnel support (D4) are defined as the dispatchers owing to their po-
sitive values of r � c. In contrast, the technological merit (D1) and
the business effect (D2) can be defined as receivers in terms of the
negative values of r � c. According to Fig. 4, the risk determines
the technical personnel support, the technological merit, and the
business effect. Using the same procedure, the impact-direction
maps of criteria within the dimensions of technological merit, busi-
ness effect, and risk are also shown in Fig. 4. In risk (D3), the technical
risk (i13) is regarded as the dispatcher; contrarily, the financial risk
(i14) and the commercial risk (i12) are defined as receivers. In the im-
pact-direction map of technological merit (D1), the advancement of
technology (i1), the key of technology (i3) and the technological
extendibility (i7) are defined as dispatchers to enhance the techno-
logical benefit. Similarly, the technical risk (i13) is regarded as dis-
patcher in the impact-direction map of risk (D3).

4.4. Discussion and implications

Decision makers can simultaneously consider the industrial cri-
teria and the significant technological stream on the selection of
OLED display technology by applying this proposed hybrid tech-
nology selection process. According to the result of the ANP shown
in Table 11, the technical personnel support, timing of technology
and financial risk are the most critical economic and industrial cri-
teria. With OLED being such an emerging technology area, the ade-
quate technology professionals’ support directly determines the
success of the technology development. Moreover, OLED technol-
ogy is considered to be taking a chance to increase the margin
for the flat display industry in Taiwan instead of OEM. Hence, the
R&D resources should be invested to make the essential first move,
thereby creating an advantage when a technology is emerging. So
timing with technology ranks the second. Finally, the OLED tech-
nology is still in the emerging stage so that it is important for
the manufacturers in this industry to carefully evaluate the finan-
cial risk involved.
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In contrast to the economic and industrial criteria evaluated
through the ANP, the current significant OLED technology trends
are identified by using the PCA. The six OLED technological fields ob-
tained in Section 4.2 represent the major research and development
streams in the world. The hybrid process facilitates decision makers
to take economic and industrial requirements and critical techno-
logical development into account by taking the six key OLED techno-
logical fields into the technology selection model as alternatives.
Therefore, the evaluation is more objective and comprehensive.

The evaluation of OLED technology alternatives provides deci-
sion makers with a guideline to determine the future R&D direc-
tion. The ranks of OLED technology alternatives also represent
the efforts or resources that should be allocated. For investors,
the result indicates that companies having these technologies are
the targets to invest.

Moreover, the impact-direction map of DEMATEL method facil-
itates decision makers to realize the causal relationship among the
four dimensions in order to improve the value of a technological
field. The relationship between two different dimensions or criteria
in the impact-direction map is derived from the total-relation ma-
trix T. For example, technological merit (D1) impacting on business
effect (D2) has the greater value of 2.28; in contrast, the value of
business effect (D2) impacting on technological merit (D1) is 2.16.
Therefore, the relation of technological merit (D1) impacting on
business effect (D2) is drawn as shown in Fig. 4. Decision makers
are able to determine other relations between any two different
dimensions and criteria by using the same approach. As a result,
reducing the risk can attract more professionals, and raise the tech-
nological merit and the business effect for OLED display technol-
ogy, according to Fig. 4. Similarly, the technological merit and
the business effect are enhanced while this emerging industry at-
tracts more R&D and marketing professionals.

Further, decision makers or top managers should reduce the
technical risk which the OELD technology encounters to trigger
the risk decrease based on the impact-direction map of risk in
Fig. 4. Introducing mature technology and adequate researches
are the practicable approaches to overcome the technical risk.
Once the technical risk is reduced, the possibility of successful
commercialization will be increased and financial institutions will
be willing to fund the OLED manufacturers so that the financial risk
is lowered. Accordingly, the impact-direction map of technological
merit indicates that decision makers and top managers can im-
prove the technological benefit by selecting and investing in the
technology fields with advancement, significance and technologi-
cal extendibility to trigger the refinement of technological merit.
If manufacturers concentrate resources on the technology fields
with technological advancement, the advanced technology fields
will be naturally innovative, significant for other related technolo-
gies, applicable for many new products or new development, gen-
eric to become a standard in this industry, and will generate more
patents. Manufacturers can obtain similar effect by investing in
significant technology fields and those with the potential for fur-
ther development. Likewise, OLED manufacturers are able to im-
prove the business benefit by choosing a right time to develop
the new technology. At a right time more and more consumers
are willing to adopt new OLED display technology, and then the
potential market size is larger so that the manufacturers can more
easily expand their market share.

5. Concluding remarks

Technology selection, which is a multi-criteria decision-making
problem, influences an enterprise or a country’s technological
advantage or disadvantage. As mentioned in previous section,
technology is a major source of competitive advantage. In order
to realize the competitive advantage from technologies, it is essen-
tial for technology-based firms or governments to carefully evalu-
ate each technology alternative. However, decision makers
encounter various economic or industrial influences such as cost,
risk, potential benefit, and limited resources when conducting this
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type of decision making problems. On the other hand, the increas-
ing number and the complex development of technologies also
raise the difficulty of technology selection. In this study, a hybrid
process is proposed to engage the challenge of technology selec-
tion. The proposed technology selection process is basically com-
posed of two parts: (1) construction of a technology model
regarding critical economic or industrial factors, and (2) identifica-
tion of important technology fields.

Since the various economic and industrial prospects influence
the decision making of technology selection, the technique such
as AHP, assuming the criteria independent, is not effective to re-
flect the reality. The combination of DEMATEL and ANP, hence, is
employed to construct the technology selection model regarding
economic and industrial criteria. The DEMATEL objectively deter-
mines the interdependent relationship among criteria and con-
structs the network for ANP by group judgments. In addition,
the fuzzy Delphi method widely gathers information concerning
various economic and industrial aspects and effectively conducts
the vagueness and imprecision within the experts’ judgments in
order to identify the critical technology selection criteria for
obtaining the weights of each criterion in the next step of the
combination of DEMATEL and ANP. Additionally, the impact-
direction maps drawn by DEMATEL help decision makers or top
managers to indicate which dimension and criterion is the dis-
patcher that influences other dimensions and criteria in a mana-
gerial system. This information facilitates decision makers or top
managers to strategize how to improve the performance of each
technology field.

On the other hand, the patent data provides an objective way to
understand the overall picture of an emerging technology. The PCA
classifies the patent data for a specific technology to reflect the ma-
jor technology trends. By using PCA, decision makers can objec-
tively identify key technology fields associated with potential
technological competitiveness. Decision makers can more effi-
ciently determine what technology alternatives, generated by the
PCA, to invest through the proposed hybrid technology selection
process. This hybrid process toward a more effective selection on
new technology concerns the economic and industrial prospects
along with critical technology streams by combining the technol-
ogy selection model constructed by fuzzy Delphi method, DEMA-
TEL, and ANP with the technology alternatives generated by PCA.

For the managerial meaning, the result of this hybrid technol-
ogy selection process provides a guideline of future R&D directions
for top managers of technology-based firms or policy makers of
governments even if they do not completely understand the details
of the new technology. Moreover, the impact-direction map drawn
by the DEMATEL method helps decision makers to realize how to
enhance the value of a technology field. To verify the technology
selection process proposed by this study, we take OLED display
technology, for example, to select proper technology fields for
the industry in Taiwan. The result indicates that the business effect
is of most concern, and OLED structure design and material devel-
opment are the proper fields for domestic industry. This result ver-
ifies that the organic material and the OLED structure are the most
critical technology fields of OLED technology development. Future
research should apply this hybrid process to verify its applicability
by demonstrations on other emerging technologies.
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Erdoğmus�, S�., Aras, H., & Koç, E. (2006). Evaluation of alternative fuels for residential
heating in Turkey using analytic network process (ANP) with group decision-
making. Renewable and Sustainable Energy Reviews, 10(3), 269–279.

Fontela, E., & Gabus, A. (1976). The DEMATEL observer, DEMATEL 1976 Report.
Geneva: Battelle Geneva Research Centre.

Gabus, A., & Fontela, E. (1973). Perceptions of the world problematique:
Communication procedure, Communicating with Those Bearing Collective
Responsibility (DEMATEL Report No. 1). Geneva: Battelle Geneva Research Centre.

Greenberg, E., & Canzoneri, C. (1995). Change management: A survey of major US
corporation. New York: American Management Association.

Gregory, M. J. (1995). Technology management: A process approach. Proceedings of
the Institution of Mechanical Engineers, 209(5), 347–355.

Hackett, P. G. (1990). Investment in technology—the service sector sinkhole? Sloan
Management Review, 31(2), 97–103.

Huang, C. C., Chu, P. Y., & Chiang, Y. H. (2008). A fuzzy AHP application in
government-sponsored R&D project selection. Omega, 36(6), 1038–1052.

Huang, C. Y., Shyu, J. Z., & Tzeng, G. H. (2007). Reconfiguring the innovation policy
portfolios for Taiwan’s SIP Mall industry. Technovation, 27(12), 744–765.

Huang, G. Q., & Mak, K. L. (1999). Current practices of engineering change
management in UK manufacturing industries. International Journal of
Operations and Production Management, 19(1), 21–37.

Hwang, C. L., & Lin, M. J. (1987). Group decision making under multiple criteria:
Methods and applications. New York: Springer.

Ishikawa, A., Amagasa, M., Shiga, T., Tomizawa, G., Tatsuta, R., & Mieno, H. (1993).
The max–min Delphi method and fuzzy Delphi method via fuzzy integration.
Fuzzy Sets and Systems, 35(3), 241–253.

Jaffe, A. B., & Trajtenberg, M. (Eds.). (2002). Patents, citations, and innovations: A
window on the knowledge economy. Cambridge: MIT Press.

Jaffe, A. B. (1986). Technological opportunity and spillovers of R&D: Evidence from
firms’ patents, profits, and market value. American Economic Review, 76(5),
984–1001.

Kengpol, A., & Tuominen, M. (2006). A framework for group decision support
systems: An application in the evaluation of information technology for
logistics firms. International Journal of Production Economics, 101(1), 159–
171.



Y.-C. Shen et al. / Expert Systems with Applications 38 (2011) 1468–1481 1481
Khalil, T. M. (2000). Management of technology: The key to competitiveness and wealth
creation. New York: McGraw-Hill.

Klir, G. J., & Folger, T. A. (1988). Fuzzy sets uncertainty and information. New Jersey:
Prentice-Hall.

Kostoff, R. N., & Scaller, R. R. (2001). Science and technology roadmaps. IEEE
Transactions on Engineering Management, 48(2), 132–143.

Lai, K. K., & Wu, S. J. (2005). Using the patent co-citation approach to establish a new
patent classification system. Information Processing and Management, 41(2),
313–330.

Lamb, M., & Gregory, M. J. (1997). Industrial concerns in technology selection. Paper
presented at the meeting of the Portland international conference on management
of engineering and technology, Portland, Ore.

Lee, H., Kim, C., Cho, H., & Park, Y. (2009). An ANP-based technology network for
identification of core technologies: A case of telecommunication technologies.
Expert Systems with Applications, 36(1), 894–908.

Lee, J. W., & Kim, S. H. (2001). An integrated approach for interdependent
information system project selection. International Journal of Project
Management, 19(2), 111–118.

Lee, T. R., & Li, J. M. (2006). Key factors in forming an e-marketplace: an empirical
analysis. Electronic Commerce Research and Applications, 5(2), 105–116.

Lee, W. S., Tzeng, G. H., Guan, J. L., Chien, K. T., & Huang, J. M. (2009). Combined
MCDM techniques for exploring stock selection based on Gordon model. Expert
Systems with Applications, 36(3), 6421–6430.

Lee, Y. G., & Song, Y. I. (2007). Selecting the key research areas in nano-technology
field using technology cluster analysis: A case study based on national R&D
programs in South Korea. Technovation, 27(1–2), 57–64.

Lei, D. T. (2000). Industry evolution and competence development: The imperatives
of technological convergence. International Journal of Technology Management,
19(7/8), 699–735.

Liberatore, M. J., & Titus, G. J. (1983). The practice management science in R&D
project management. Management Science, 29(8), 962–975.

Lin, C. L., & Tzeng, G. H. (2009). A value-created system of science (technology) park
by using DEMATEL. Expert Systems with Applications, 36(6), 9683–9697.

Liou, J. J. H., Yen, L., & Tzeng, G. H. (2008). Building an effective safety management
system for airlines. Journal of Air Transport Management, 14(1), 20–26.

Liu, S., & Shyu, J. (1997). Strategic planning for technology development with patent
analysis. International Journal of Technology Management, 13(5/6), 661–680.

Martorella, P. (1991). Consensus building among social educators: A Delphi study.
Theory and Research in Social Education, 19(1), 83–94.

McNamara, P., & Baden-Fuller, C. (1999). Lessons from the Celltech Case: Balancing
knowledge exploration and exploitation in organisational renewal. British
Journal of Management, 10(4), 291–307.

Meade, L. M., & Sarkis, J. (1999). Analyzing organizational project alternatives for
agile manufacturing processes: An analytical network approach. International
Journal of Production Research, 37(2), 241–261.

Mogee, M. E. (1997). Patent analysis methods in support of licensing. Paper
presented in technology transfer society annual conference, Denver, CO.

Morone, J. (1989). Strategic use of technology. California Management Review, 31(4),
91–110.

Murry, J. W., & Hammons, J. O. (1995). Delphi: a versatile methodology for
conducting qualitative research. The Review of Higher Education, 18(4), 423–436.

Niemira, M. P., & Saaty, T. L. (2004). An analytic network process model for
financial-crisis forecasting. International Journal of Forecasting, 20, 573–587.

Oda, T., Gemba, K., & Matsushima, K. (2008). Enhanced co-citation analysis using
frameworks. Technology Analysis and Strategic Management, 20(2), 217–229.

Osborne, J., Collins, S., Ratcliffe, M., Millar, R., & Duschl, R. (2003). What ‘‘ideas-
about-science” should be taught in school science? A Delphi study of the expert
community. Journal of Research in Science Teaching, 40(7), 692–720.

Ou Yang, Y. P., Leu, J. D., & Tzeng, G. H. (2009). A VIKOR-based multiple criteria
decision method for improving information security risk. International Journal of
Information Technology and Decision Making, 8(2), 267–287.

Phaal, R., Farrukh, C. J. P., & Probert, D. R. (2001). Technology management process
assessment: A case study. International Journal of Operations and Production
Management, 21(8), 1116–1132.

Piipo, P., & Tuominen, M. (1990). Promoting innovation management by decision
support systems: Facilitating new products’ relevance to the corporate
objectives. In J. Allesch (Ed.), Consulting in innovation: Practice—methods—
perspectives. Holland: Elsevier Science Publishers.

Porter, A. L., & Detampel, M. J. (1995). Technology opportunities analysis.
Technological Forecasting and Social Change, 49(3), 237–255.

Ronde, P. (2001). Technological clusters with a knowledge-based principle:
Evidence from a Delphi investigation in the French case of the life sciences.
Research Policy, 30(7), 1041–1057.

Ronde, P. (2003). Delphi analysis of national specificities in selected innovative
areas in Germany and France. Technological Forecasting and Social Change, 70(5),
419–448.

Saaty, T. L. (1980). The analytic hierarchy process. New York: McGraw-Hill.
Saaty, T. L. (1996). Decision making with dependence and feedback: Analytic network

process. Pittsburgh: RWS Publications.
Schmidt, R. L., & Freeland, J. R. (1992). Recent progress in modeling R&D project

selection process. IEEE Transactions on Engineering Management, 39(2), 189–201.
Schroder, R., & Sohal, A. S. (1999). Organizational characteristics associated with

AMT adoption: Towards a contingency framework. International Journal of
Operations and Production Management, 19(12), 1270–1291.

Seyed-Hosseini, S. M., Safaei, N., & Asgharpour, M. J. (2006). Reprioritization of
failures in a system failure mode and effects analysis by decision making trial
and evaluation laboratory technique. Reliability Engineering and System Safety,
91(8), 872–881.

Sharabchiev, J. T. (1989). Cluster analysis of bibliographic references as a
scientometrics method. Scientometrics, 15(1–2), 127–137.

Shehabuddeen, N., Probert, D., & Phaal, R. (2006). From theory to practice:
Challenges in operationalising a technology selection framework.
Technovation, 26(3), 324–407.

Small, H. (1973). Co-citation in the scientific literature: A new measure of the
relationship between two documents. Journal of American Society for Information
Science, 24(4), 265–269.

Stacey, G. S., & Ashton, W. B. (1990). A structured approach to corporate technology
strategy. International Journal of Technology Management, 5(4), 389–407.

Steensma, K. H., & Fairbank, J. F. (1999). Internalizing external technology: A model
of governance mode choice and an empirical assessment. The Journal of High
Technology Management Research, 10(1), 1–35.

Torkkeli, M., & Tuominen, M. (2002). The contribution of technology selection to
core competencies. International Journal of Production Economics, 77(3),
271–284.

Tzeng, G. H., Chiang, C. H., & Li, C. W. (2007). Evaluating intertwined effects in e-
learning programs: A novel hybrid MCDM model based on factor analysis and
DEMATEL. Expert Systems with Applications, 32(4), 1028–1044.

Uhl, N. P. (1983). Using the Delphi technique in institutional planning. New
Directions for Institutional Research, 37(10), 81–94.

van Zolingen, S. J., & Klaassen, C. A. (2003). Selection processes in a Delphi study
about key qualifications in senior secondary vocational education. Technological
Forecasting and Social Change, 70(4), 317–340.

Verspagen, B. (1997). Measuring intersectoral technology spillovers: Estimates from
the European and US Patent Office Databases. Economic System Research, 9(1),
47–65.

Wei, W. L., & Chang, W. C. (2008). Analytic network process-based model for
selecting an optimal product design solution with zero-one goal programming.
Journal of Engineering Design, 19(1), 15–44.

Wey, W. M., & Wu, K. Y. (2008). Interdependent urban renewal project selection
under the consideration of resource constraints. Environment and Planning B –
Planning and Design, 35(1), 122–147.

Whitman, N. I. (1990). The Delphi technique as an alternative for committee
meetings. Journal of Nursing Administration, 29(8), 377–379.

Wu, W. W. (2008). Choosing knowledge management strategies by using a
combined ANP and DEMATEL approach. Expert Systems with Applications,
35(3), 828–835.

Yap, C., & Souder, W. (1993). A filter system for technology evaluation and selection.
Technovation, 13(7), 449–469.

Yu, O. S., Hsu, G. J. Y., & Chen, T. Y. (1998). Introduction to technological management:
Technological forecast and planning. Taipei: Wu Nan Publishing Company.


	Combined DEMATEL techniques with novel MCDM for the organic light  emitting diode technology selection
	Introduction
	Technology selection
	Building a novel hybrid MCDM model for OLED technology selection
	Fuzzy Delphi method
	DEMATEL method
	The ANP
	The PCA
	Phase I: Searching for patents and defining industry basic patents
	Phase II: Assessment of the similarities in basic patent pairs
	Phase III: Creation of a patent classification system


	The case of OLED display technology selection
	Construct the technology selection model
	Identify the key technology fields
	Performance evaluation for improving and ranking for the technology options
	Discussion and implications

	Concluding remarks
	References


