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Intellectual capital today has become an essential concept for assessing firm value. Universities in Taiwan
that are emphasizing knowledge more in order to gain a competitive advantage, as is the case with most
organizations, are adopting intellectual capital to measure school performance as well. The objective of
this study is to analyze the intellectual capital of universities based on indicators of innovation capital.
After reviewing related literature and conducting in-depth interviews with experts in the field, the study
extracts critical relevant dimensions and indicators of innovation capital that fit the characteristics of
universities and then categorizes the main types of universities in Taiwan. The proposed analysis method
is in accordance with the Fuzzy Analytic Hierarchy Process (FAHP) and with VlseKriterijumska Optimiza-
cija I Kompromisno Resenje (VIKOR) methods. FAHP is used in determining the weights of the innovation
capital indicators by educational experts; then, the rankings of the types of universities are determined
by VIKOR, based on the result of the weights of indicators.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

The rise of the knowledge-based economy has been attributed
to the increasing importance of intellectual capital, a main re-
source for companies as they seek to sustain competitive advan-
tage (Moon & Kym, 2006; Sonnier, Carson, & Carson, 2007; Tan,
Plowman, & Hancock, 2007). The term intellectual capital has been
widely used in recent times by the research community in the
developed world (Kamath, 2007). Moreover, taxonomies of organi-
zational resources or assets that suggested the resources’ perfor-
mance have been analyzed from the point of view of intellectual
capital (Ng, 2006). Therefore, not only entrepreneurs but also
scholars have turned their attention to intellectual capital (Bontis,
Keow, & Richardson, 2000; Bornemann & Leitner, 2002; Guthrie,
2001; Kaplan & Norton, 2004; Lev & Feng, 2001; Weatherly, 2003).

The latest concern of most organizations, especially universities,
is the creation and diffusion of knowledge, the investments in
which are related to research and development as well as human
resources (Sanchez & Elena, 2006). Thus, the outcomes of uni-
versities’ investments are generally invisible assets; however,
ll rights reserved.
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there is still a lack of instruments available to measure invisible as-
sets precisely (Caddy, 2000; Canibano & Sanchez, 2004; Dzinkow-
ski, 2000). It has been adequate until now for studies to assess
intellectual capital by using a set of innovation capital indicators
that can almost comprehend the value of invisible assets (Ahuja,
2000; Subramaniam & Venkatraman, 2001; Subramaniam &
Youndt, 2005).

In light of above, the study has summarized the literature and
has gone in depth using interviews in order to categorize related
innovation capital indicators. A Fuzzy Analytic Hierarchy Process
(FAHP) is used to determine the weights of the measurement inno-
vation capital indicators by the opinions of educational experts;
then, rankings of the types of universities are determined using
VlseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR)
and based on the results regarding the weight of the indicators.

2. Intellectual capital

At present, the field of intellectual capital lacks a cohesive body
of knowledge, and the construct of intellectual capital is too often
only poorly defined, if it is defined at all (Guthrie, 2001; Kamath,
2007). Several previous studies focus somewhat on identifying,
understanding, and managing intellectual capital (Diefenbach,
2004; Neely, 2002). However, the concept of intellectual capital
has been defined from different management perspectives
(Abeysekera and Guthrie, 2005; Bozzolan et al., 2003; Marr,
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2005; Marr and Chatzkel, 2004; Amanda, 2006). Hence, intellectual
capital is most often defined as the resource of knowledge, in the
form of employees, customers, processes or technology, which
the company can mobilize in its value creation processes (Bukh,
Nielsen, Gormsen, & Mouritsen, 2005). Elements of intellectual
capital differ between different parts of the existing literature
and research. This study summarized a stream of literature and
concluded that the focuses have been as follows: human capital,
organizational capital, customer capital, structural capital, individ-
ual capital, collective capital, relational capital, innovation capital,
and strategic alliances (Allee, 1999; Bontis et al., 2000; Brooking,
1996; Canibano, Garcia-Ayuso, & Sanchez, 2000; Carson, Ranzjin,
Winefield, & Marsdon, 2004; Cascio, 1998; Chen & Lin, 2004; Dav-
enport & Prusak, 1998; Edvinsson & Malone, 1997; Fischer, 2001;
Haanes & Lowendahl, 1997; Kaplan & Norton, 1996; MERITUM,
2001; Mouritsen, Larsden, & Bukh, 2001; Nahapiet & Ghoshal,
1998; Ordonez de Pablos, 2002, 2003, 2004; Petrash, 1996; Petty
& Guthrie, 2000; Sanchez, Chaminad, & Olea, 2000; Stewart,
1997; Sveiby, 1997; Youndt, Subramaniam, & Snell, 2004). Never-
theless, recent research has validated that each of the forms of cap-
ital will be influenced by the newest kind of capital, called
innovation capital, in a drastically changing world such as the
one that we inhabit today (Zeng, 2002; Zeng & Gu, 2003). This re-
search has confirmed that there is a positive relationship between
innovation and intellectual capital (Tsai, 2001; Tung, 2001 cited in
Chen & Chen, 2007). Therefore, for the purpose of the study, inno-
vation capital is used as a basis for intellectual capital analysis.

3. Innovation capital

Since the nature of innovation is not so clear and the existent
literature provides different interpretations of its meaning, a defi-
nition is necessary (Ordaz, Lara, & Cabrera, 2005). Subramaniam
and Youndt (2005) indicate that innovation is about identifying
and using opportunities to create new products, services, or work
practices. Damanpour (1996) points out that innovation involves
the adoption of an idea that is new for the organization that adopts
it. Generally, innovation can be defined in terms of three aspects
(Ordaz et al., 2005): a product new to a business unit (Damanpour,
1996; Tushman & Nadler, 1986), a new process (O’Sullivan, 2000),
or an attribute of organizations (Bantel & Jackson, 1989; Kimberly,
1981). Summarizing the relevant literature, this study has defined
innovation as a process that not only provides new and tangible
products but also provides intangible new ideas. Furthermore,
the indicators of innovation capital for measuring intellectual cap-
ital performance are numerous (See Table 1 which is cited in Chen
& Chen, 2007).

4. University and innovation

In the past, measuring intellectual capital has focused on pri-
vate firms; however, this growing interest has now extended to
public firms such as universities (Sanchez & Elena, 2006). There-
fore, a great number of universities are going through important
transformations in order to increase their level of quality both in
education and research (Sorbonne Joint Declaration, 1998; Bologna
Declaration, 1999; Prague Declaration, 2001, as cited in Sanchez &
Elena, 2006). A stream of studies has also confirmed that universi-
ties now interact with a variety of other knowledge producers
(Gibbons, 1998). Furthermore, intellectual capital has become cru-
cial in order to reinforce universities’ roles in the new economy for
two reasons: firstly, universities’ main inputs and outputs are lar-
gely intangible, and only a small portion of them have a great effect
on the universities’ operation processes (Canibano & Sanchez,
2004); secondly, universities are being forced to be more transpar-
ent and to disseminate more information to stakeholders such as
students, public authorities that fund universities, labor markets,
etc. (European Commission, 2003). In Taiwan, due to an increasing
number of universities, the government has decreased educational
funding support year after year. Hence, universities have called for
developing a closer relationship with industry in order to raise en-
ough administrative funds. Based on these difficulties Taiwanese
Universities can no longer keep their academic freedom or the
independent role that they enjoyed in the past. On the contrary,
they have to employ an effective solution – such as improving
innovation capital – that can strengthen academic competition in
the future.

5. An introduction to Taiwanese Universities

Universities in Taiwan can be divided into two groups, na-
tional and private. Nevertheless, Li (2007), a well-known Taiwan-
ese educational expert, has indicated that universities can be
categorized more precisely. Accordingly, this study summarized
four main types of universities: Research-Intensive (RU), Teach-
ing-Intensive (TU), Communal-Intensive (CU), and Professional-
Intensive (PU). Due to the number of Communal-Intensive (CU)
universities not accepted formally by the Taiwanese government,
only the other three are considered in this study. Detailed
descriptions on these three types of universities are provided as
follows:

5.1. Research-Intensive University (RU)

This type of university emphasizes the development of graduate
programs and focuses on educational research. Today, there are
only seven such universities in Taiwan. The scope of this kind of
university is always expansive. In addition, their budgets are great-
er than those of the other two types of universities. In addition,
nearly complete professional field of department, and full of differ-
ent kinds of teachers and book resources are also Research-Inten-
sive Universities’ advantages.

5.2. Teaching-Intensive University (TU)

This type of university emphasizes the original subjects learned
at the bachelor’s level, which means that the university’s intent is
to focus on enhancing a professional field that students learned be-
fore. Moreover it emphasizes four functions: education, promotion,
service, and fostering full fields of talent. Formally, it includes two
types, normal schools and other universities that do not fit the
classifications of the other three types of universities. The advan-
tage of this kind of university is that, first, students can become
pre-teachers in junior or elementary schools by taking critical edu-
cational subjects; second, some such universities can have the
opportunity to interact with enterprises; and third, some of them
may even develop unique characteristics based on their locations
and educational resources.

5.3. Professional-Intensive University (PU)

This type can be seen as an institute of technology. According to
the higher education macroscopic committee at the highest level of
the executive branch in Taiwan, this type of university should be
separate from normal universities; in addition, it should focus on
developing applied technology and collaborating with industries
so that it may become a professional technology university. The
advantage is that this type of university has almost complete pro-
fessional technology resources that can be used to foster profes-
sional talent.
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From the analysis above, it is clear that each of universities has
its own unique competitive advantages. Nonetheless, with the big-
gest challenge – the fact that birth rates continue to drop – many
universities in Taiwan are facing a crisis of enrollment. Thus, it is
necessary to identify the type of university that will most easily
lend itself to innovation development, and to use this information
for both newly built and existing universities. Here, a fuzzy hybrid
model, combining FAHP and VIKOR, considers the weight of inno-
vation capital indicators in assessing the intellectual capital perfor-
mance of universities.

6. Fuzzy Analytic Hierarchy Process (FAHP)

6.1. Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP) was developed by Thomas
L. Saaty in 1971. The AHP method is known as an eigenvector
method. It indicates that the eigenvector corresponding to the larg-
est eigenvalue of the pairwise comparisons matrix gives the rela-
tive priorities of the factors, and that it preserves ordinal
preferences among the alternatives. This means that if one alterna-
tive is preferred to another, its eigenvector component is larger
than that of the other. A vector of weights obtained from the pair-
wise comparisons matrix reflects the relative performance of the
various factors. Research related to the AHP usually uses the five
measurement criteria listed in Table 2.

However, a growing body of literature now argues that the AHP
has its drawbacks. Studies have concluded that the AHP can be ap-
plied to specific, but not fuzzy, decision-making. They have also
indicated that the AHP evaluates questions using different criteria
for different parts of the test set, that AHP cannot include uncer-
tainty factors regarding the relationship of people to objects, and
that the priorities of AHP are unspecific. The present study used
Table 2
AHP criteria and definitions.

Criterion Definition Description

1 Equal importance Two projects have the same importance
3 Weak importance Experiment and judgment slightly favor one

project
5 Essential importance Experiment and judgment intensively favor one

project
7 Very strong

importance
Reveal intensively toward a project

9 Absolute importance Favor one project absolutely
2, 4, 6, 8 Intermediate

importance
The value of the projects is subject to
compromise

Table 1
Summary of innovation capital indicators.

Indicators Reference

Patent Griliches (1990), Hall et al. (2000), Toivanen
et al. (2002)

R&D expense Bosworth and Rogers (2002); Griliches (1987),
Hall (1999)

Number of new ideas Van Buren (2000)
Number of new products Kelly and Rice (2002), Schoenecker and

Swanson (2002)
Product design and time of

development
Hall and Bagchi-Sen (2002), Van Buren (2000)

New market and customers
development

Dzinkowski (2000)

Innovative culture Dzinkowski (2000), Van Buren (2000)
Number of R&D workers Guthrie and Petty (2000)
Rate of innovative thought Acs et al. (2001)
Copyright and brand Bosworth and Rogers (2002)
Patent income Guthrie and Petty (2000), Van Buren (2000)
Outer tech connection Gambardella and Torrisi (2000)
a modified form of AHP called fuzzy AHP (FAHP) in order to arrive
at more precise results.

6.2. Fuzzy set theory

Professor L.A. Zadeh developed the fuzzy set theory in 1965
while trying to solve problems of fuzzy phenomena existing in
the real world, which refer to situations that are uncertain, about
which the information is incomplete, or that behave in unpredict-
able ways. Fuzzy set theory is much better suited than traditional
set theory to expressing set concepts in human language. Fuzzy set
theory presents unspecific and fuzzy characteristics in relatively
clear language, and it represents a field using a membership func-
tion that permits situations like ‘‘incompletely belong to” and
‘‘incompletely not belong to”.

6.3. Fuzzy numbers

We order the universe of discourse such that U is the whole tar-
get that we discuss, and each target in the universe of discourse is
called an element. Fuzzy eA, which in U states that random x! U
assigns a real number leAðxÞ ! ½0;1�. We call anything above that
level of x under A.

The universe of real number R is a triangular fuzzy number
(TFN):eA, which means x 2 R, assigning leAðxÞ 2 ½0;1�, and

leAðxÞ ¼
ðx� LÞ=ðM � LÞ; L 6 x 6 M;

ðU � xÞ=ðU �MÞ; M 6 x 6 U;

0; otherwise:

8><>:
The triangular fuzzy number above can be shown as eA ¼ ðL;M;UÞ,
where L and U represent the fuzzy probability between the lower
and upper boundaries of evaluation, respectively, as Fig. 1 shows.
Assume two fuzzy numbers eA1 ¼ ðL1;M1;U1Þ and eA2 ¼ ðL2;M2;U2Þ:

(1) eA1 � eA2 ¼ ðL1;M1;U1Þ � ðL2;M2;U2Þ ¼
ðL1 þ L2;M1 þM2;U1 þ U2Þ.

(2) eA1 � eA2 ¼ ðL1;M1;U1Þ � ðL2;M2;U2Þ ¼ ðL1L2;M1M2;U1U2Þ;
Li > 0;Mi > 0;Ui > 0.

(3) eA1 � eA2 ¼ ðL1;M1;U1Þ � ðL2;M2;U2Þ ¼ ðL1 � L2;M1 �M2;

U1 � U2Þ.
(4) eA1 � eA2 ¼ ðL1;M1;U1Þ � ðL2;M2;U2Þ ¼ ðL1=U2;M1=M2;

U1=L2Þ. Li > 0;Mi > 0;Ui > 0.

(5) eA�1
1 ¼ ðL1;M1;U1Þ�1 ¼ ð1=U1;1=M1;1=L1Þ; Li > 0;Mi > 0;

Ui > 0.
1 3 5 7 9

Equally Moderatel Strongly Very Strong Extremel

Fig. 2. Fuzzy membership function for linguistic values for attributes.

( )xµ

L M

1

0 U

Fig. 1. Triangular fuzzy numbers.



Table 3
Definition and membership function of fuzzy numbers.

Fuzzy number Linguistic variable Triangular fuzzy number

~9 Extremely important/preferred (7,9,9)
~7 Very strongly important/preferred (5,7,9)
~5 Strongly important/preferred (3,5,7)
~3 Moderately important/preferred (1,3,5)
~1 Equally important/preferred (1,1,3)
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6.4. Fuzzy linguistic variables

A fuzzy linguistic variable is a variable that reflects the different
levels of human language. Its value represents the range from nat-
ural to artificial language. When one is precisely reflecting the va-
lue or meaning of a linguistic variable, there must be an
appropriate number of ways for it to change. Variables for a human
word or sentence can be divided along numerous linguistic criteria,
such as equally important, moderately important, strongly impor-
tant, very strongly important, and extremely important. This is
shown in Fig. 2, and the definitions and descriptions are shown
in Table 3. For the present study, the five criteria above were used:
equally important, moderately important, strongly important, very
strongly important, and extremely important.
6.5. Calculation steps of the FAHP

The four-step-procedure of the Fuzzy Analytic Hierarchy Pro-
cess (FAHP) is as follows:

Step 1: Comparing the performance score. Assuming K experts,
we precede to decision-making on Palternatives with n
criteria.

Step 2: Construct fuzzy comparison matrix. We use a triangular
fuzzy number to represent the meaning of questionnaires,
and we construct positive reciprocal matrixes.

Step 3: Examine consistency of fuzzy matrix eAi. Assume that
A ¼ ½aij� is a positive reciprocal matrix and eA ¼ ½~aij� is a
fuzzy positive reciprocal matrix. If A ¼ ½aij� is consistent,eA ¼ ½~aij� will also be consistent.

Step 4: Calculate fuzzy evaluation of number ~ri
~ri ¼ ½~ai1 � . . .� ~ain�1=n
Step 5: Calculate fuzzy weight ~Wi
~wi ¼ ~ri � ð~ri � � � � � ~rmÞ�1
Step 6: Defuzzy. The study finds the best crisp value or nonfuzzy
value in accordance with the Center of Area (COA) or the
Center Index (CI), developed by Teng and Tzeng (1993),
which means that we calculate clear weights for each
index. The calculation method is as follows:
BNPi ¼ ½ðURi � LRiÞ þ ðMRi � LRiÞ�=3þ LRi; 8i
Fig. 3. Ideal and compromise solutions.
7. Vlsekriterijumska Optimizacija I Kompromisno Resenje
(VIKOR)

The VIKOR method was developed by Opricovic and Tzeng
(2002). This method is based on the compromise programming
of multi-criteria decision-making (MCDM). We assume that each
alternative is evaluated according to a separate criterion function;
the compromise ranking could be reached by comparing the
measure of closeness to the ideal alternative. The multi-criteria
measure for the compromise ranking is developed from the
Lp �metric used as an aggregating function for a compromise
programming method (Opricovic & Tzeng, 2002). The various J
alternatives are represented as a1; a2; . . . ; aJ . For alternative aj, the
rating of the ith aspect is denoted by fij; i.e., fij is the value of th cri-
terion function for the alternative aj; n is the number of criteria.
The VIKOR method developed with the form of Lp �metric, shown
as follows:

Lpj ¼
Xn

i¼1

½wiðf �i � fijÞ=ðf �i � f�i Þ�
p

( )1=p

; 1 6 p 61; j ¼ 1;2; . . . ; J:

In the VIKOR method, l1;j (represent Sj as follows) and L1j (represent
Rj as follows) are used to formulate the ranking measure. The solu-
tion gained by minjSj is with a max group utility, and the solution
gained by minjRj is with a mix individual regret for the ‘‘opponent”.
The compromise solution is a solution Fc that is the closest to the
ideal F�, and compromise means an agreement established by
mutual concessions, as shown in Fig. 3 by Df1 ¼ f �1 � f c

1 and
Df2 ¼ f �2 � f c

2 .
The VIKOR calculation steps, of which there are five, are shown

as follows:

Step 1. Decide the best f �i and the worst f�i values of all criterion
functions i ¼ 1;2; . . . ;n. If the ith function represents a
benefit, then:
f �i max
j

fij; f�i ¼min
j

fij
Step 2. Calculate the values Sj and Rj; j ¼ 1;2; . . . ; J, by the equa-
tionsSj ¼

Pn
i¼1wiðf �i � fijÞ=ðf �i � f�i Þ, and Rj ¼maxi½wiðf �i �

fijÞ=ðf �i � f�i Þ�, where wi are the weights of criteria,
expressing their relative importance.

Step 3. Calculate the values Qj;j ¼ 1;2; . . . ; J, by the relation
Q j ¼ vðSj � S�Þ=ðS� � S�Þ þ ð1� vÞðRj � R�Þ=ðR� � R�Þ;
S� ¼min

j
Sj; S� ¼max

j
Sj

R� ¼min
j

Rj; R� ¼max
j

Rj

v is introduced as the weight of the strategy of the maxi-
mum group utility; here, v ¼ 0:5.
Step 4. Alternatives ranking, sorted by the values S;R and Q, in
decreasing order. The results are three ranking lists.

Step 5. We propose a compromise solution, the alternative ðdÞ,
which is ranked the best by the measure Q (min) if it sat-
isfies the following two conditions:
1. Qða00Þ � Qða0ÞP DQ , which is called acceptable advan-

tage, where a00 is the alternative with second position
in the ranking list given by DQ ¼ 1=ðJ � 1Þ; J is the
number of alternatives.
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2. Acceptable stability in decision-making: Alternative d
also has to be the best ranked by S and/or R. This solu-
tion is stable in a decision-making process, which
could be: ‘‘voting by majority rule” (when v > 0:5 is
needed) or ‘‘by consensus” v 	 0:5 or ‘‘with veto”
ðv < 0:5Þ. Here, v is the weight of the decision-making
strategy that gives the max group utility.

If conditions could be not fully satisfy above two conditions,
then a set of compromise solutions is proposed, shown as the
following:

1. alternatives a0 and a00 if only condition 2 is not satisfied, or,
2. alternatives a0 and a00; . . . ; aðMÞ if condition 1 is not satisfied; and

aðMÞ is determined by the relation QðaðMÞÞ � Qða0Þ < DQ for Max
M.

The best alternative ranked by Q is the one with the minimum
value of Q. The main ranking result is the compromise ranking the
list of alternatives, and the compromise solution with the advan-
tage rate.

Ranking by VIKOR needs to be performed with different values
for criteria weights, and one must analyze the impact of criteria
weights on the proposed compromise solution. This determines
the weight stability intervals by using the methodology cited in
Table 4
Summary of the selected innovation capital indicators of intellectual capital evaluation.

First level (Dimension) Second level (indicator) Definition

Intellectual property (IP) Innovative reference (IP1) The exploration of undiscov
Innovative culture (IP2) Organization encourages pr
Number of new ideas (IP3) Number of valuable new id

Tangible assets (TA) Number of publications (TA1) Number of reference books

Financial support (TA2) Research fund, monetary d
Research performance (TA3) Number of teachers, and do

Research- 
Intensive 

University  
(RU) 

Teachin
Intensiv

Univers
(TU)

Intellectual C

Intellectual Property (IP) 

Innovative 
Reference 

(IP1) 

Innovative 
Culture 
(IP2) 

Number of 
New Ideas 

(IP3) 

Fig. 4. Hierarchical evaluation structure o
Opricovic (1998). The compromise solution obtained with initial
weights ðwi; i ¼ 1; . . . ;nÞ will be replaced if the value of a weight
is not in the stability interval. The analysis of weight stability inter-
vals for a single criterion is utilized for all criterion functions, with
the given initial values of weights. In this way, the preference sta-
bility of an obtained compromise solution may be analyzed using
the VIKOR program.

VIKOR is a tool that is beneficial in multi-criteria decision-mak-
ing, in situations where the decision-maker is unstable, or when
one has no idea how to express one’s preference (at the beginning
of system design, especially). Decision-makers accept the obtained
compromise solution because of the fact that it provides a maxi-
mum ‘‘group utility,” represented by Min Q, and a minimum of
the individual regret that is represented by Min R.

8. Empirical study of innovation capital indicator assessment
of Taiwanese Universities

In order to assess the intellectual capital of universities by using
innovation capital, the research extracts some of the indicators
listed in Table 1 and tailors them to the features of universities
after in-depth interviews with ten related background experts (Ta-
ble 4). A questionnaire was employed to ascertain from three
groups comprised of 54 experts – nineteen from the Research-
Intensive Universities, seventeen from Teaching-Intensive univer-
sities, and sixteen from Professional-Intensive Universities – their
Reference

ered knowledge Hall and Bagchi-Sen (2002);Van Buren (2000)
oviding original ideas Dzinkowski (2000); Van Buren (2000)
eas Van Buren (2000)

produced Guthrie and Petty (2000);
Schoenecker and Swanson (2002)

onations, and other tuition Van Buren (2000); Guthrie and Petty (2000)
mestic and international journals Guthrie and Petty (2000)

Research 
Performance 

(TA3) 

g- 
e 

ity 

Professional- 
Intensive 

University 
(PU)

apital 

Tangible Assets (TA)  

Number of 
Publications

(TA1) 

Financial 
Support 
(TA2) 

f intellectual capital for universities.



Table 5
Pairwise comparison matrix and global weights of measurement dimension.

Measurement dimensions IP TA BNP Local weight

IP 1.000 1.000 3.000 2.737 3.940 6.003 1.056 0.801
TA 0.167 0.254 0.365 1.000 1.000 3.000 0.262 0.199

Table 6
Pairwise comparison matrix and global weights of measurement indicators (IP).

Measurement indicators (IP) IP1 IP2 IP3 BNP Local weight Global weight

IP1 1.000 1.000 3.000 0.342 0.483 0.737 0.372 0.530 0.880 0.275 0.204 0.163
IP2 1.358 2.069 2.926 1.000 1.000 3.000 0.678 1.246 2.036 0.577 0.427 0.342
IP3 1.136 1.885 2.690 0.491 0.803 1.476 1.000 1.000 3.000 0.497 0.368 0.295

Table 7
Pairwise comparison matrix and global weights of measurement indicators (TA).

Measurement indicators (TA) TA1 TA2 TA3 BNP Local weight Global weight

TA1 1.000 1.000 3.000 0.860 1.605 2.390 0.306 0.455 0.851 0.380 0.275 0.049
TA2 0.418 0.623 1.163 1.000 1.000 3.000 0.246 0.308 0.617 0.264 0.191 0.034
TA3 1.175 2.197 3.268 1.621 3.243 4.071 1.000 1.000 3.000 0.737 0.534 0.096
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ranking of each measurement innovation capital indicator with re-
spect to intellectual capital measurement, utilizing a 5-point scale
ranging from 9 (extremely important) to 1 (no effect), as Table 3
shows, and with respect to the performance of intellectual capital
for each type of university, using a range from 100 (the best) to 0
(the worst). The results of the weight of innovation capital indica-
tors from each dimension were utilized to assess the performance
of the intellectual capital of three main types of Taiwanese Univer-
sities (as Fig. 4).
Table 8
Matrix of performance with best and worse values.

Indicators types of University IP1 IP2 IP3 TA1 TA2 TA3

RU 90.66 91.33 92.66 96.66 96.33 95.66
TU 84.33 76.66 77.33 85.33 86.00 84.33
PU 73.66 78.66 76.00 71.66 67.66 72.66
f �i 90.66 91.33 92.66 96.66 96.33 95.66
f�i 73.66 76.66 76.00 71.66 67.66 72.66
f �i � f�i 17.00 14.67 16.66 25.00 28.67 23.00

Table 9
Result of Sj and Rj.

Indicators/types of University IP1 IP2 IP3

RU 0.00 0.00 0.00
TU 0.06 0.34 0.27
PU 0.16 0.30 0.30
Weights 0.163 0.342 0.295

Table 10
Ranking by VIKOR method.

Types of University Sj Rj Sj � S� Rj � R� S� � S� R� �

RU 0.000 0.000 0.000 0.000 .932 .342
TU 0.756 0.342 0.756 0.345
PU 0.932 0.295 0.932 0.950

C1. 0:600� 0:000 ¼ 0:600=1=ð3� 1Þ ¼ 0:5; acceptable advantage.
C2. v	voting by consensus; acceptable stability in decision-making.
After constructing the hierarchical evaluation structure, local
weights for the dimensions and indicators were calculated first.
All the fuzzy measuring matrices were developed in the same
way. In addition, pairwise comparison matrices and local weights
were also analyzed. The local weights for the dimensions and indi-
cators were calculated in a similar way to the calculation of the
fuzzy measuring matrices (Table 5–7).

Next, utilizing local weights for each dimension, global weights
for the indicators were calculated. Global indicator weights were
computed by measuring the local weight of the dimensions. All
of the global weights are provided in the last column of Tables 6
and 7.

Then, alternatives (universities) were ranked using the VIKOR
method with the data from Table 8 and a set of weight values (Ta-
bles 6 and 7). Values of f �i and f�i were calculated in accordance
with the best and worst value under each column of indicators,
as Table 8 shows. After that, the values of Sj and Rj were found
based on the equations of f �i ¼maxjfij and f�i ¼minjfij; the results
are shown in Table 9. To find out the value Q, we adopted the equa-
tion Q j ¼

vðSj�S�Þ
S��S� þ

ð1�vÞðRj�R�Þ
R��R� , with v ¼ 0:5 (voting by consensus).

The results of Qs and the ranking of alternatives (universities) are
TA1 TA2 TA3 Sj Rj

0.00 0.00 0.00 0.000 0.000
0.02 0.01 0.05 0.756 0.342
0.05 0.03 0.10 0.932 0.295
0.049 0.034 0.096

R� ðSj � S�Þ=ðS� � S�Þ ðRj � R�Þ=ðR� � R�Þ v Q Ranking

0.000 0.000 0.5 0.000 1
0.811 1.000 0.905 3
1.000 0.864 0.600 2



Table 11
The fuzzy AHP and VIKOR results of the study.

First level
(dimension)

Local
weight

Second level (indicator) BNP Local
weight

Global
weight

Prior Types of University v Q Ranking

Intellectual
Property (IP)

0.801 Innovative reference (IP1) 0.275 0.204 0.163 3 Research-Intensive University (RU) 0.5 0.000 1

Innovative culture (IP2) 0.577 0.427 0.342 1
Number of new ideas (IP3) 0.497 0.368 0.295 2 Teaching-Intensive University (TU) 0.905 3

Tangible
Assets (TA)

0.199 Number of publication (TA1) 0.380 0.275 0.049 5

Financial support (TA2) 0.264 0.191 0.034 6 Professional-Intensive University (PU) 0.600 2
Research performance (TA3) 0.737 0.534 0.096 4
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provided in Table 10. The overall results are summarized in
Table 11.

9. Conclusions

With the advent of the knowledge-based economy, there is an
apparent tendency towards promoting intellectual capital in order
for companies to sustain their competitive advantage. In particular,
such tendency has extended from enterprises to higher education
institutions – namely, universities. Universities play a key role
for the creation and diffusion of knowledge in national innovation
systems. Hence, to achieve higher intellectual capital, an increasing
number of universities are focusing on innovation, which is a cru-
cial factor of intellectual capital in affecting the level of quality of
university education and research. Therefore, to achieve a better
quality of higher education, it becomes imperative for existing uni-
versities to effectively measure their intellectual capital against a
set of evaluation criteria and for new universities to set a direction
and decide what type of university they want to be in the future.
Based on several innovation capital indicators proposed by numer-
ous studies, we have gone into depth in our interviews and have
combined the methods of FAHP and VIKOR to construct a hybrid
fuzzy model that serves to assess the performance of the intellec-
tual capital of Taiwanese Universities based on innovation. Future
studies of how universities actually make these improvements will
be useful.
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