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The balanced scorecard (BSC) is a multi-criteria ev aluation concept that highlights the importance of 
performance measurement criteria. Although there is  an abundance of literature on the BSC framework, 
there is not much literature on how the framework s hould be implemented with interdependent 
relationships and linguistic preferences. To deal w ith these issues, this study proposes an original 
approach: the fuzzy network balanced scorecard (FNB SC) method that uses an analytic network 
process (ANP) to analyze a network’s BSC aspects an d criteria to evaluate the uncertainty. Four 
interdependent aspects and forty-four criteria were  evaluated for an international airline firm in Tai wan. 
The empirical result showed that the financial aspe ct is the most influencing aspect and the three 
performance measures are the cost of sales, profita bility, and company growth versus industry growth. 
The managerial implications and concluding remarks are also included. 
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INTRODUCTION 
 
An international airline needs to provide high-quality 
service to its passengers because of growing competition 
in the international airline market. However, international 
airlines realize that basing a competitive strategy on 
service quality alone is not promising over the long-term 
due to the similar levels of service provided by airlines 
(Park, 2007; Wang, 2007; Tiernan et al., 2008; Lu and 
Ling, 2008; Tseng, 2009b). This implies that an 
international airline with a competitive advantage based 
on service quality alone is not sustainable. Hence, the 
assessment of an international airline is an on-going 
process that requires continuous monitoring to maintain a 
high level of internal evaluation across a number of 
aspects. In terms of an internal process evaluation, the 
balanced scorecard (BSC) is a well-known performance 
measurement tool that can incorporate both financial and 
non-financial factors; it captures not only a firm’s current 
performance, but also the drivers of its future 
performance (Banker and Datar, 1989; Dyson, 2000).  

However, in the literature, there are few studies of the 
development and implementation of the BSC in 
measuring the performance of an airline  firm’s  activities.  
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Yet, such studies do exist concerning other industries, 
such as banking, textiles, and pharmaceuticals (Neufeld 
et al., 2001; Li and Dalton, 2003; Bremser and Barsky, 
2004; Cebeci, 2009; Wu et al., 2009). The conceptual 
framework of the BSC has been widely accepted in the 
business community as the best method for investigating 
an issue. For instance, Leung et al. (2006) incorporated a 
wide set of non-financial attributes into the measurement 
system of a firm by using the analytic hierarchy process 
(AHP) and one of its variants, the analytic network 
process (ANP), to facilitate the implementation of the 
BSC. Yuan and Chiu (2009) used BSC design and 
proposed a three-level weighting design to enhance 
case-based reasoning inference performance. A genetic 
algorithm mechanism has been employed to facilitate 
weighting for a BSC and to determine the most 
appropriate three-level feature weights. The approach 
proposed here is compared with the equal weights 
approach and the AHP approach. Cebeci (2009) 
proposed that a decision support system integrated with 
strategic management might be an alternative to some 
methods for ERP selection. The enterprise resources 
plan packages and vendors for textile firm were com-
pared using fuzzy AHP. In view of the interde-pendence 
complexity, evaluating firms’ performances using a BSC 
might   cause   multi- dimensional   difficulties.    Besides, 
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some of the qualitative criteria are vague and uncertain in 
nature, and the quantitative data should be comparable 
to the qualitative information, which makes a FNBSC 
evaluation even more challenging (Tseng, 2011). 

Nevertheless, the BSC is a model for measuring the 
performance of all types of organizations, as developed 
by Kaplan and Norton in 1992. Using a BSC is an 
important activity that helps firms to make continuous 
improvements. It engenders multi-dimensional difficulties 
that involve numerous organizational functions and 
resource integration among the various departments in a 
firm (Tseng et al., 2008; Tseng, 2008). Moreover, the 
BSC categorized evaluation measures four aspects: 
financial, customer, internal business process, and 
learning and growth. With the BSC, firms can evaluate 
their managers in terms of their effectiveness in creating 
value for customers and developing internal capabilities; 
then firms can invest in the people and systems that are 
necessary to improve future performance. Therefore, 
these considerations imply that there are interdependent 
relationships in the BSC. Thus, the traditional statistical 
approach is not suited to evaluate proposed network BSC 
(NBSC), since the traditional approach assumed that the 
aspects are always independent. Evaluation related 
activities have inherent uncertainties and they are difficult 
to perform accurately with qualitative and quantitative 
information. This study proposes utilizing the analytical 
network process (ANP) technique to analyze the 
proposed NBSC. The ANP developed by Saaty (1996) 
takes into account both the relationships of feedback and 
dependence. In addition, the ANP provides a more 
generalized model for decision-making without making 
assumptions about the interdependent relationships 
among the various factors and criteria. 

Fuzzy theory can address situations that lack well-
defined boundaries of activity or observation sets (Zadeh, 
1967; 1975). In many practical cases, human preferences 
are uncertain and can only be described qualitatively, so 
it is not easy to assign exact numerical values to describe 
preferences. Certain linguistic terms have been used for 
approximate reasoning within the framework of fuzzy set 
theory to handle the ambiguity of evaluating data and the 
vagueness of linguistic expression. Hence, fuzzy theory 
can express and handle vague or imprecise judgments 
mathematically (Al-Najjar and Alsyouf, 2003; Tseng and 
Lin, 2008; Tseng et al., 2009c). A linguistic parameter is a 
variable with values (namely linguistic values) that the 
form of phrases or sentences in a natural language (Von 
Altrock, 1996). In particular, linguistic preferences are 
used to evaluate the factors or criteria with values that 
are not numbers but are instead linguistic terms. In 
practice, linguistic values can be represented by fuzzy 
numbers, and the triangular fuzzy number (TFN) is 
commonly used. Moreover, quantitative measures should 
transform into comparable crisp values to compare all of 
the qualitative measures. Therefore, this study adopts fuzzy 
set theory to assess the ability of NBSC to make a 
performance measurement.  

 
 
 
 

This study addresses two important and related 
aspects in the implementation of the BSC: handling the 
dependency between aspects and criteria, especially 
those of a qualitative nature, and transforming the crisp 
values so that they can be compared with the qualitative 
measures. In view of the respective advantages of the 
available methods, this study develops an hybrid 
approach, called the “fuzzy network balanced scorecard 
(FNBSC)” method, to evaluate a performance measure-
ment. The rationale of the proposed approach is to 
combine fuzzy set theory with ANP method, wherein 
fuzzy set theory accounts for the linguistic vagueness of 
qualitative criteria and ANP converts the interdependence 
relationship in the hierarchical structure into intelligible 
weights (Tseng et al., 2009c). 

Four BSC aspects of an international airline in Taiwan 
were evaluated: the financial aspect, customer aspect, 
internal business aspect and learning and growth aspect. 
Moreover, the uncertainty was mainly due to the rapid 
changes of marketing information and human per-
ceptions, while there was interdependence between the 
aspects and criteria.  
 
 
RESEARCH METHODOLOGY 
 
To determine a performance measurement, there are several 
evaluation criteria that are frequently structured into multi-level 
hierarchies. Hence, the first phase is to define the decision 
objectives. After defining the decision objectives, we need to 
generate and establish the evaluation for the current scenario. As 
discussed earlier, four aspects of a FNBSC are to be considered. 
Moreover, the criteria cluster has to consider interdependent 
variables. So, a FNBSC evaluation of a firm can be obtained by:  
 
(i) Assigning weights to the four aspects (AS1, AS2, AS3, AS4) and 
their associated xij criteria (xij, i=1, 2, 3, 4; j=1, 2,…, xj). 
(ii) Assessing the performance rating of each aspect and its 
associated criteria.  
 
This study first introduces fuzzy set theory and the ANP technique 
and discusses the FNBSC approach. 
 
 
Hierarchical structure  
 
The hierarchical structure presents the evaluation aspects and 
criteria for the FNBSC approach. The evaluation framework 
consists of four aspects with forty-four measurement criteria that 
are determined from an extensive literature review. In this study, 
four primary dependence aspects of NBSC were identified and 
evaluated: the financial aspect, the customer aspect, the internal 
business aspect and the learning and growth aspect. The 
hierarchical structure is referred from Kaplan and Norton (1992), 
Kaplan and Atkinson (1998), and Leung et al. (2006). Kaplan and 
Norton (1996) also emphasized that the BSC is only a template and 
must be customized for the specific elements of an organization or 
industry. The BSC presents the knowledge, skills and systems that 
the employees will need (learning and growth aspect) to innovate 
and build the right strategic capabilities and efficiencies (internal 
processes aspect) that can deliver value to the market (customer 
aspect), which will eventually lead to a higher shareholder value 
(financial aspect). Thus, these aspects are interdependent, which 
should be considered in the evaluation process. 



 
 
 
 

Financial aspect (AS1): The financial objectives serve as the 
focus for the objectives and measures of the other criteria. Every 
measure should be part of interdependent relationships that 
culminate in long-term, sustainable financial performance. The 
measures are sales, cost of sales, profitability, prosperity, growth, 
new products and services and industrial leadership.  

Customer aspect (AS2): Financial success is closely linked to 
customer satisfaction. Satisfied customers lead to referrals and new 
business, customer retention, customer acquisition, customer 
profitability, and customer lead-time; these all contribute to the 
financial results of the firm.  

Internal operations aspect (AS3): Customer satisfaction is directly 
achieved through the operational activities of the firm. The 
objectives and measures for this aspect thus enable a firm to focus 
on maintaining and improving the performance of processes that 
deliver the established objectives that are the keys to satisfying 
customers, which in turn satisfies the shareholders. The criteria are:  

 
(i) The service processing time. 
(ii) The cost of a service quality comparison. 
(iii) Finding a low cost provider. 
(iv) Reducing service costs. 
(v) The facilities utilization rate. 
(vi) The safety incident index.  
 
The learning and growth aspect: The ability, flexibility and 
motivation of the staff to support all of the financial results, 
customer satisfaction and operational activities measured in the 
other quadrants of the BSC. The criteria are:  
 
(i) Innovative service measures. 
(ii) Breakeven time, the rate at which new services and products are 
produced per quarter. 
(iii) The number of new services and products successfully 
introduced to the public. 
(iv) The annual increase in the number of new services and 
products. 
(v) The employee capabilities. 
(vi) The employee satisfaction survey.  
(vii) The employee retention. 
(viii) The employee productivity.  
(ix) The salaries compared to the norm in the local industry.  
(x) The percentage of competency deployment matrix filled. 
(xi) The number of promotions from within. 
(xii)The absenteeism rate. 
 
The BSC shows how the firms’ overall strategic objectives are 
translated into the performance measurement drivers that the firm 
has identified as critical success factors (criteria). The performance 
drivers are translated into more tangible measures that allow the 
firm to quantify the performance-measurement drivers. It should be 
noted that this study considers the collective evaluation results, so 
the information of one aspect may be overshadowed by that of 
another aspect. Table 1 presents the evaluation aspects and 
criteria for firms’ BSC in detail. 
 
 
Determining the quantitative number 
 
The quantitative (crisp) numbers of criteria (the last three years of 
data, Table 1) have varying values that cannot be compared; 
instead, the crisp value number must be normalized. The crisp 
number is normalized to achieve criteria values that are unit-free 
and comparable among all criteria. The normalized crisp values of 
Wij are calculated as expressed in the following equation (Karasak, 
2002; Tseng, 2009a).  
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Determining the qualitative measure 
 
To determine the qualitative measures, fuzzy set theory can 
mathematically express and handle vague or imprecise judgments. 
In fuzzy set theory, each number between 0 and 1 indicates a 
partial truth, whereas crisp sets correspond to binary logic [0, 1]. In 
particular, to tackle the ambiguities involved in the process of 
linguistic estimation, it is beneficial to convert these linguistic terms 
into triangular fuzzy numbers. This study builds on some important 
definitions and notations of fuzzy set theory from Chen (1996) and 
Cheng and Lin (2002). Some definitions are as follows:  
 
Definition 1:  A TFN N

~  can be defined as a triplet (l, m, u), and the 

membership function (x)~
N

µ  is defined as: 
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Where l, m, and u are real numbers and uml ≤≤ (Figure 1).  
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Table 1.  Evaluation aspects and criteria of BSC approach 
 

 Aspects Criteria 

B
alanced scorecard fram

ew
ork 

Financial aspect 
(AS1) 

Sales: annual growth in sales (C11) (last three years data) 
Cost of sales: extent that it remains flat or decreases each year  (C12) (last three 
years data) 
Profitability: economic value added (EVA) or return on total capital employed (C13) 
(last three years data) 
Prosperity: cash flows (C14) (last three years data) 
Company growth versus industry growth (C15) 
Ratio of international sales to total sales (C16) 
New service/product: gross profit/growth from new services/products (C17) 
Industry leadership: market share (C18) 

  

Customer aspect 
(AS2) 

Market share for target customer segment (C21) 
Customer retention/percentage of growth with existing customers (C22) 
Customer acquisition: number of new customers/total sales to new customers/actual 
new customers divided by prospective inquiries (C23) 
Customer satisfaction (via satisfaction surveys) (C24) 
Customer profitability (via accounting analyses) (C25) 
Customer lead time (on-time delivery) (C26) 
Service quality: customer complain rates, reworks, percentage of returns (C27) 

  

Internal business aspect 
(AS3) 

Service cycle processing time (C31) 
Cost of service quality comparison (Other international airline) (C32) 
Low cost provider: unit cost versus competitors’ unit cost (C33) 
Reduce service costs: service costs as percentage of sales (C34) 
Service output per hour/facilities utilization (C35) (last three years data) 
Safety incident index (C36) (last three years data) 

Learning and growth aspect 
(AS4) 

Innovation of services/products measures (C41) (last three years data) 
 

Breakeven time: the time from the beginning of services/products development work 
until the services/products has been introduced (C42) 
Rate of new services/products introduction per quarter (C43) 
Number of new services/products with successful introduction to public (C44) 
Annual increase in number of new services/products (C45) 
Employee capabilities (C46) 
Employee satisfaction survey (C47) 
Employee retention: percentage of key staff turnover (C48) 
Employee productivity: revenue per employee (C49)  
Salaries compared to the norm in the local industry (C410) 
Percentage of competency deployment matrix filled (C411) (last three years data) 
Number of promotions from within (C412) (last three years data) 
Absenteeism rate (C413) (last three years data) 

 

Note: the four aspects are with interdependence relationship and self-feedback; the criteria are also self-feedback 
 
 
 
whenever it is necessary. The fuzzy matrix ( )kZ% is called the initial 

pairwise comparison fuzzy matrix of expert k. Now we acquire the 
normalized pairwise comparison fuzzy matrix and let ( )k

ia%  be the 

TFNs, 
 

( ) ( ) ( ) ( ) ( )

1 1 1 1

, ,
n n n n

k k k k k
i ij ij ij ij

j j j j

a Z m u
= = = =

 
= =  

 
∑ ∑ ∑ ∑%% l                         (5) 

and  
 

( ) ( )

1
1

max( )
n

k k
ij

i n
j

r u
≤ ≤ =

= ∑  

 
The linear scale transformation is used as a normalization formula 
to  transform  the   criteria   scales   into   comparable   scales.   The 



 
 
 
 

 
 

Figure 1.  A triangular fuzzy number N
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The fuzzy matrix X% is called the normalized pairwise comparison 
matrix. This study uses the arithmetic mean to aggregate or pool  
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together all of the data from the experts after computing the 

normalized fuzzy pairwise comparison matrix
kX% . This approach 

can make the differences between individuals apparent, which is 
better than aggregating all of the experts’ data after obtaining the 

initial pairwise comparison matrix 
kZ% . 

Now we compute the total pair-wise comparison matrix T%  to 
ensure the convergence of lim 0w

w
X

→∞
= =%  in advance. While 

computing
wX% , this study applies the approximation in Equation 

(2) for the multiplication of two TFNs. Hence, the elements 
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wX% are also TFNs. Let ( ), ,ij ij ij ijX m u=% l and define three 
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The following theorem enables the computation of 
wX% to be 

executed by the multiplication of crisp matrices. The three matrices 
are as follows 
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Goals CriteriaAspects

 
 
Figure 2.  The modified feedback system model. 
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Let ( )uXρ  denote the spectral radius of the matrix uX . Then, 

limit 0w
w uX→∞ →  is a sufficient and necessary condition of 

( )uXρ < 1. According to the crisp case, this study defines the 

total pair-comparison fuzzy matrix T%  as 
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Now that T%  (total- pair comparison matrix) has been acquired as 
an asymmetric matrix, it is easy to decompose the e-vector via 

MATLAB, where x~  is a non-zero e-vector: 
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The normalized weight vectors are  

( )1 2, ,......
T
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where, W is a non-fuzzy number               
 
 
ANP 
 
The ANP must satisfy the characteristic of dependence among the 
criteria before it can proceed to decision making. The ANP, which 
was introduced by Saaty (1996), is a generalization of the analytical 
hierarchical process (AHP). While the AHP represents a framework 
with a unidirectional hierarchical AHP relationship, the ANP allows 
for complex interrelationships among decision levels and attributes. 
The ANP feedback approach replaces hierarchies with networks 
where the relationships between levels are not easily defined as 
higher or lower, dominant or subordinate. Hence, given the 
problems encountered in reality, a dependence and feedback 
relationship is usually generated among the evaluation criteria, and 
this type of interdependent relationship usually becomes more 
complex as the scope and depth of the decision-making problems 
increase (Tseng et al., 2008; Tseng, 2008). A two-way arrow 
among different levels of criteria can graphically represent the 
interdependencies in an ANP model. If the dependencies are 
present within the same level of analysis, a “looped arc” may be 
used  to  represent  such   interdependence.   Figure   2   gives   the 

inter-dependence structure, which shows the intertwined 
relationships in the proposed framework. The following descriptions 
are the equations applied in this approach.  

ANP uses a supermatrix to deal with the feedback and interde-
pendence among the criteria. If no interdependent relationship 
exists among the criteria, then the pairwise comparison value would 
be 0. If an interdependent and feedback relationship exists among 
the criteria, then such value would no longer equal zero and an 
unweighted supermatrix M can be obtained. If the matrix does not 
conform to the principle of a column stochastic, the decision maker 
can provide the weights to adjust it into a supermatrix that conforms 
to the principle of column stochastic, and it will become a weighted 
supermatrix M. Then, the limited weighted supermatrix M* based on 
Equation (12) can be obtained, allowing for the gradual conver-
gence of the interdependence relationship to obtain the accurate 
relative weights among the criteria: 
 

k

k
M

∞→
= limM*                                                        (12) 

 
Moreover, the ANP is a mathematical theory that can deal with all 
kinds of dependences systematically (Saaty, 1996). The ANP has 
been successfully applied in many fields (Shang et al., 2004; 
Yurdakul, 2004). Messey (2008) studied multi-objective resource 
allocation of shared resources for group decision making and 
combined analytic and qualitative modeling, where the subsequent 
phases of the qualitative and the analytic solution of a multi-
objective cooperative resource allocation problem were applied 
within the group decision-making framework of defense 
requirements capability-based planning. The merits of ANP in group 
decision-making are as follows (Dyer and Forman, 1992; Tseng, 
2008; Tseng et al., 2008; 2009a; 2009b): 
 
(i) Both tangibles and intangibles, individual values, and shared 
values can be included in the decision process. 
(ii) The discussion in a group can be focused on objectives rather 
than alternatives. 
(iii) The discussion can be structured so that every factor relevant to 
the decision is considered. 
(iv) In a structured analysis, the discussion continues until the 
relevant information from each individual member in the group is 
considered and a consensus is achieved. 
 
 
Proposed approach 
 
To achieve a favorable solution, group decision-making is usually 
important to any organization. This is because the process of 
arriving at a consensus should be based upon the reaction of 
multiple individuals, whereby an acceptable judgment may be 
obtained. To deal with problems of uncertainty, an effective fuzzy 
aggregation method is required. Any fuzzy aggregation method 
must always contain a defuzzification method, because the results 
of  human  judgments  with   fuzzy   linguistic   variables   are   fuzzy  
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Figure 3.  Network BSC framework. 

 
 
 
numbers (Tseng, 2009b). In summary, to combine the proposed 
FNBSC method in this study, the following procedure was 
formulated: 
 
1. Identify the BSC measures and gather the relevant information to 
evaluate the advantages and disadvantages, and monitor the 
results to ensure that the objective can be achieved. For this step, it 
is necessary to form an expert committee for a performance 
evaluation. 
2. Use the evaluation criteria to develop the criteria for the survey 
instrument; the aspects and criteria can have interdependent 
relationships. To analyze the BSC model with qualitative and 
quantitative measures, the ANP techniques and fuzzy set theory 
are applied. It is necessary to consult a group of experts to confirm 
reliable information of the criteria description.  
3. To measure the qualitative and quantitative criteria, the 
qualitative measures use a pairwise comparison between the 
criteria. The comparisons given by an expert and with the TFNs 
were obtained. In addition, we transformed the quantitative data 
into comparable with quantitative measures using Equation (1). The 
TFNs definitions are given by Equations (2) and (3). Equation (4) is 
used to translate the linguistic preferences using linguistic values 
(TFNs). The normalized pairwise comparison is calculated as 
expressed by Equation (5). To interpret the linguistic information 
into a fuzzy linguistic scale using linguistic information to convert 
fuzzy numbers into pair-wise comparison matrix, the fuzzy 
assessments given in Equations (6) through (9) are defuzzified  and  
aggregated as total-pair comparison matrix T% . Then we 

decomposed the T%  for each pair comparison matrix to obtain the 
eigenvectors using Equation (10). Equation (11) is then used to 
normalize the e-vector.  
4. Analyze the proposed approach using decision objectives, where 
the e-vectors are used to form the unweighted supermatrix based 
on the dependence relationships, as presented in Figure 1.  
5. Equation (12) gives the normalized and unweighted supermatrix 
of the multiplied result and raises it to limiting powers to acquire the 
overall weights.  
 
 
A CASE STUDY 
 

This study attempts to apply the proposed FNBSC 
approach   to   evaluate   a   firm.   The    data    gathering  

technique and the results are presented here. 
 
 
The case study of an international airline firm in 
Taiwan 
 
An international airline firm in Taiwan was used to 
evaluate the performance measurement. This interna-
tional airline has been continuously developing its service 
in recent years. To enhance its competitiveness and fully 
satisfying the market and customer demands, this firm 
can use a systematic BSC evaluation.  

Therefore, this firm used the proposed analytical 
approach, which combined ANP and fuzzy set theory. An 
expert team was then formed, which contained one 
professor and six management professionals with 
extensive experience. After a long interview with these 
experts, the expert group was sure that they fully 
understood the use of ANP and fuzzy set theory to 
analyze the BSC of a weighting process. 

 Figure 3 shows the BSC evaluation framework for this 
case study. 
 
 
Study problem 
 
The international airline firm decided to develop and 
determine the weights of the BSC aspects and criteria in 
an effort to restructure their organization. Any team of 
experts that attempts this task should be familiar with 
performing an evaluation of performance measurement. 
The expert term also needs to know the computational 
approach used for the FNBSC. Therefore, the FNBSC 
expert team consisted of one academic and five 
professionals. The role of this team was to act as a 
system integrator by developing a total approach 
solution.  
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Table 2.  Linguistic scales for the importance weight. 
 

Linguistic preference  Linguistic values 

Extreme importance (EI) (0.75, 1.0, 1.0) 
Demonstrated importance (DI) (0.5, 0.75, 1.0) 
Strong importance (SI) (0.25, 0.5, 0.75) 
Moderate importance (MI) (0, 0.25, 0.5) 
Equal importance (EI) (0, 0, 0.25) 

 
 
 
The results 
 
For this study, we used the five steps of the proposed 
FNBSC approach to measure the data from the experts. 
 
1. The decision objective is aimed at gathering the 
relevant information to monitor the results and the post-
survey discussion is used to ensure that the study 
objective can be achieved. The BSC measures are 
presented in Table 1.  
2. For this case study, the goal, four aspects and forty-
four criteria were defined. The goal is to measure the 
non-financial performance using BSC, ANP and fuzzy set 
theory. The four aspects are the financial aspect, 
customer aspect, internal business aspect and learning 
and growth aspect. Also, the aspects and criteria have 
interdependent relationships. To evaluate the 
interdependent relationships, the ANP can be applied. 
Moreover, the fuzzy set theory is able to handle the 
linguistic preferences. The TFNs are shown in Table 2. 
3. This step measured the defuzzified pairwise 
comparison between aspects. This study interprets the 
linguistic information using a fuzzy linguistic scale. The 
definition of the fuzzy set theory presented in Equation 
(2). Table 3 presents the initial input data from the 
experts.  

Using Equations (4) through (9), we can find a 
defuzzified and aggregated total pair comparison matrix 

T% . To convert the linguistic preferences into a pairwise 
comparison matrix, the linguistic terms need to be 
defuzzified and aggregated into a total-pair comparison 

matrix T% . We decomposed the T%  for each pair 
comparison matrix to acquire the e-vectors. Table 4 
presents the pairwise comparison matrix of the four 
aspects of the goal. Equations (10) and (11) are used to 
normalize the e-vector. The decomposed e-vector is 
(0.210, 0.454, 0.534, 0.682) and the normalized e-vector 
is (0.112, 0.241, 0.284, 0.363).  
4. This step repeated all of the computational procedures 
used to find the total pair comparison matrices. The final 
result can be represented as an unweighted supermatrix. 
Hence, to compose the unweighted supermatrix, the 
notation of Table 5 was used to transform the 
supermatrix so that it would satisfy the column stochastic 
requirement.  

This study assumes that all of the clusters are of equal 
importance. Two adjustments need to be included to 
convert the supermatrix into a column-stochastic matrix. 
Firstly, the influences on the goal by the aspects and 
criteria clusters need to be considered; since there are 
two clusters, each sub-matrix (A and B) is multiplied by 
0.5. Secondly, the influences of aspects to aspects and 
criteria need to be multiplied by 0.5 as well, which is 
given by the sub-matrices C and D. The adjusted column 
stochastic supermatrix is shown in Table 6. The table 
presents the e-vectors decomposed from each 
defuzzified total-pair comparison matrix and composed to 
an unweighted supermatrix based on the 
interdependence relationships.  
5. The analytical result obtained from the unweighted 
supermatrix and the multiplied result is raised to limiting 
powers to acquire the overall weights. Using Equation 
(12), the converged supermatrix calculations can be 
solved using the Microsoft Excel, as shown in Table 7. 
The NBSC aspect’s ranking order is:  
 
(1) Internal business aspect (AS3).  
(2) Financial aspect (AS1).  
(3) Customer aspect (AS2).  
(4) Learning and growth aspect (AS4) with relative 
importance values of 0.0634, 0.0602, 0.0598 and 0.0472. 
The internal business aspect is the most influential 
aspect. 
 
The top-three criteria for each aspect are as follows. The 
top-three weighted financial criteria are: 
 
(1) The cost of sales (C12). 
(2) Profitability, or the economic value added or returned 
on the total capital employed (C13).  
(3) The company growth versus industry growth (C15). 
 
These criteria have relative importance values of 0.0575, 
0.0596 and 0.0517, respectively. The top-three weighted 
customer criteria are:  
 
(1) Customer satisfaction (via satisfaction surveys) (C24).  
(2) Customer acquisition, or the number of new 
customers or total sales divided by the prospective 
inquiries (C23).  
(3) Customer profitability (C25). 
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Table 3.  Initial input data from experts. 
  

Aspects Criteria No.1 No.2 No.3 No.4 No.5 No.6 

B
alanced scorecard fram

ew
ork 

Financial aspect 
(AS1) 

C11 0.12 0.12 0.12 0.12 0.12 0.12 
C12 0.17 0.17 0.17 0.17 0.17 0.17 
C13 0.21 0.21 0.21 0.21 0.21 0.21 
C14 0.26 0.26 0.26 0.26 0.26 0.26 
C15 (0.25, 0.5, 0.75) (0.5, 0.75, 1.0) (0.75, 1.0, 1.0) (0.5, 0.75, 1.0) (0.75, 1.0, 1.0) (0, 0.25, 0.5) 
C16 (0.75, 1.0, 1.0) (0.25, 0.5, 0.75) (0, 0.25, 0.5) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0.75, 1.0, 1.0) 
C17 (0.75, 1.0, 1.0) (0.5, 0.75, 1.0) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.5, 0.75, 1.0) 
C18 (0.5, 0.75, 1.0) (0.75, 1.0, 1.0) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0, 0.25, 0.5) 

        

 
Customer aspect 
(AS2) 

C21 (0.75, 1.0, 1.0) (0.5, 0.75, 1.0) (0.75, 1.0, 1.0) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0, 0.25, 0.5) 
C22 (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) 
C23 (0.5, 0.75, 1.0) (0, 0.25, 0.5) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0, 0.25, 0.5) (0, 0.25, 0.5) 
C24 (0, 0.25, 0.5) (0.5, 0.75, 1.0) (0, 0.25, 0.5) (0, 0.25, 0.5) (0.25, 0.5, 0.75) (0.5, 0.75, 1.0) 
C25 (0.5, 0.75, 1.0) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.5, 0.75, 1.0) (0.75, 1.0, 1.0) 
C26 (0.5, 0.75, 1.0) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.75, 1.0, 1.0) (0.5, 0.75, 1.0) 
C27 (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) 

        

 
Internal business aspect 
(AS3) 

C31 (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.75, 1.0, 1.0) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) 
C32 (0.75, 1.0, 1.0) (0.25, 0.5, 0.75) (0, 0.25, 0.5) (0.25, 0.5, 0.75) (0.75, 1.0, 1.0) (0.5, 0.75, 1.0) 
C33 (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0, 0.25, 0.5) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) 
C34 (0.75, 1.0, 1.0) (0.5, 0.75, 1.0) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0, 0.25, 0.5) (0.5, 0.75, 1.0) 
C35 0.75 0.75 0.75 0.75 0.75 0.75 
C36 0.99 0.99 0.99 0.99 0.99 0.99 

        

 
Learning and growth aspect 
(AS4) 

C41 0.16 0.16 0.16 0.16 0.16 0.16 
C42 (0.5, 0.75, 1.0) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.5, 0.75, 1.0) (0.75, 1.0, 1.0) 
C43 (0.5, 0.75, 1.0) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.75, 1.0, 1.0) (0.75, 1.0, 1.0) 
C44 (0, 0.25, 0.5) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) 
C45 (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) (0, 0.25, 0.5) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0, 0.25, 0.5) 
C46 (0.5, 0.75, 1.0) (0, 0.25, 0.5) (0.5, 0.75, 1.0) (0.25, 0.5, 0.75) (0.75, 1.0, 1.0) (0.25, 0.5, 0.75) 
C47 (0, 0.25, 0.5) (0.75, 1.0, 1.0) (0.25, 0.5, 0.75) (0.75, 1.0, 1.0) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) 
C48 (0.5, 0.75, 1.0) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0, 0.25, 0.5) (0.5, 0.75, 1.0) 
C49 (0.75, 1.0, 1.0) (0.25, 0.5, 0.75) (0, 0.25, 0.5) (0.25, 0.5, 0.75) (0.5, 0.75, 1.0) (0.5, 0.75, 1.0) 

C410 (0.25, 0.5, 0.75) (0.75, 1.0, 1.0) (0.25, 0.5, 0.75) (0.75, 1.0, 1.0) (0, 0.25, 0.5) (0.75, 1.0, 1.0) 
C411 0.97 0.97 0.97 0.97 0.97 0.97 
C412 0.85 0.85 0.85 0.85 0.85 0.85 
C413 0.05 0.05 0.05 0.05 0.05 0.05 
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Table 4.  Defuzzification of linguistic preferences for criteria in goal. 
 

Goal AS1 AS2 AS3 AS4 E-vector Weights 

AS1 1.000 0.5806 0.683 0.481 0.719 0.563 
AS2 0.175 1.000 0.531 0.2 0.219 0.172 
AS3 0.456 0.6333 1.000 0.328 0.253 0.198 
AS4 0.115 0.225 0.403 1.000 0.085 0.067 

 
 
 

Table 5.  Submatrix notation for supermatrix composition. 
 

 Goal Aspects Criteria 
Goal A   
Aspects B C  
Criteria  D E 

 
 
 
These criteria have relative important values of 0.0318, 
0.0288 and 0.0238, respectively. The top-three internal 
business criteria are:  
 
(1) The cost of a service quality comparison (C32). 
(2) The service cycle processing time (C31). 
(3) The service output per hour that the facility is utilized 
(C35). 
 
These criteria have relative importance values of 
0.0.0499, 0.0494 and 0.0484, respectively. Lastly, the 
top-three weighted learning and growth criteria are:  
 
(1) Innovation of services/products measures (C41).  
(2) Absenteeism rate (C413).  
(3) Salaries compared to the norm in the local industry 
(C410). 
 
These criteria have relative importance values of 0.0150, 
0.0135 and 0.0124, respectively.  
 
 
Managerial implications 
 
The results show that the desired goal was to obtain a 
performance measurement. The implications for 
management are as follows. 
 
First, it is well-known that the BSC often emphasizes 
improving a performance measurement. However, the 
evaluation process is dependent on aspects and criteria 
that are both qualitative and quantitative in nature. In this 
study, we found that profitability (C13) was the most 
important criteria. The cost of sales (C12) and company 
growth versus industrial growth (C15) were found to be 
the next most important criteria. This is because 
profitability is the most important for a firm’s survival in 
today’s marketplace. Besides, the firms’ growth versus 
industrial growth is also important to the firm studied 
here.  

Many studies on using a BSC measure for a firm 
suggested that a sound FNBSC should be a hybrid model 
that can integrate the aspects and criteria and indicate 
how to obtain customer satisfaction. According to the 
converged weights, a FNBSC that can indicate that the 
overall top five ranking order are as following:  
 
(1) Internal business aspect (AS3). 
(2) Financial aspect (AS1). 
(3) Customer aspect (AS2).  
(4) Profitability: economic value added (EVA) or return on 
total capital employed (C13). 
(5) Goal: The internal business aspect will be the most 
favorable performance aspects. 
 
Additionally, the expert group remarked on the merits and 
drawbacks of the proposed approach. Unlike a traditional 
hierarchical model based on the linear and piecemeal 
approach, this proposed FNBSC approach is simple. It 
can easily justify the complex interdependent relation-
ships among aspects and criteria. In sum, it is favorable 
to use the FNBSC approach to handle problems with 
interdependences, since it can provide valuable 
information for decision-making. 

Lastly, the management should recognize the benefits 
of implementing a BSC and pay close attention to internal 
business aspects. Moreover, future studies should 
consider that the knowledge of the management could be 
included in the internal business aspect by providing the 
related information and knowledge for preparing 
documents and retains previous knowledge and 
experience learned from past experiences.  
 
 
CONCLUDING REMARKS 
 
A BSC can be used to capture, organize and share data 
to enable an accurate performance measurement. 
Although numerous creditable works have  been  devoted 
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Table 6.  Column stochastic supermatrix 
 

 
 
 
 
to studying how to model a BSC for a 
performance measurement and how to implement 
a BSC successfully, very few studies have 
systematically evaluated and modeled the 
linguistically vague criteria of a BSC. The 
proposed BSC framework adds precision to an 
otherwise subjective decision-making process. 
This approach can be extended to real-world 
applications by considering additional criteria  and  

the comparable of quantitative and qualitative 
values.  

The present study has proposed a novel 
approach, the FNBSC, which can be useful for 
weighting aspects and criteria and identifying key 
aspect or criteria in a complex hierarchical 
system. The firm analyzed in our case study has 
shown that the proposed FNBSC approach can 
successfully  weight   aspects   and   criteria.   The  

results from the case study have shown that the 
internal business aspect is the most influential 
aspect for internal business. 

To the authors’ knowledge, this study is to apply 
the fuzzy set theory with ANP method to 
implement a BSC performance evaluation, where 
the fuzzy set theory method accounts for the 
vagueness of the language used to express the 
qualitative  criteria  and   the   ANP   converts   the  
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Table 7.  Converged supermatrix 
 

 
 
 
 
dependence relationship among the aspects and 
criteria. It is worthwhile to perform more case 
studies improve this proposed FNBSC approach. 
 
 
REFERENCES 
 
Al-Najjar B, Alsyouf I (2003). Selecting the most efficient 

maintenance approach using fuzzy multiple criteria decision 
making. Int. J. Prod. Econ., 84(1): 85–100. 

Banker R, Datar S (1989). Sensitivity, precision and linear 
aggregation of signals for performance evaluation. J. 
Account. Res., 27: 21-39. 

Bremser WG, Barsky NP (2004). Utilizing the balanced 
scorecard    for    R&D    performance    measurement.    RD 

Manage., 34 (3), 229-238. 
Cebeci U (2009). Fuzzy AHP-based decision support system 

for selecting ERP systems in textile industry by using 
balanced scorecard. Expert Syst. Appl., 36: 8900- 8909 

Chen SM (1996). Evaluating weapon systems using fuzzy 
arithmetic operations. Fuzzy Sets Syst., 77: 265-276. 

Cheng CH, Lin Y (2002). Evaluating the best main battle tank 
using fuzzy decision theory with linguistic criteria evaluation. 
Eur. J. Oper. Res., 142(1): 174-186.  

Dyer RF, Forman EH (1992). Group decision support with the 
analytic hierarchy process. Decis. Support Syst., 8(2): 99-
124. 

Dyson RG (2000). Strategy, performance and operational 
research. J. Oper. Res. Soc., 51: 5–11. 

Kaplan RS, Norton DP (1992). The balanced scorecard-
measures that drive performance. Harv. Bus. Rev., 70: 71-

79.  
Kaplan R, Norton D (1996). Using the balanced scorecard as a 

strategic management system. Harv. Bus. Rev., 74: 75. 
Kaplan RS, Atkinson AA (1998). Advanced Management 

Accounting, 3rd edn. Prentice-Hall: NJ. 
Karsak EE (2002). Distance-based fuzzy MCDM approach for 

evaluating flexible manufacturing system alternatives. Int. J. 
Prod. Res., 40(13): 3167-3181. 

Leung LC, Lam KC Cao D (2006). Implementing the balanced 
scorecard using the analytic hierarchy process & the 
analytic network process. J. Oper. Res. Soc., 57: 682–691 

Li G, Dalton D (2003). Balanced scorecard for I + D. Pharm. 
Exec., 23(10): 84–90. 

Lu JL, Ling FI (2008). Cross-cultural perspectives regarding 
service quality and satisfaction in Chinese cross-strait 
airlines. J. Air Transport Manage., 14(1): 16-19 



 
 
 
 
Lin CJ, Wu WW (2008). A causal analytical method for group decision-

making under fuzzy environment. Expert Syst., Appl., 34(1): 205-213 
Messey G (2008). A practical prioritization by multi-level group decision 

Support. Central Eur. J. Oper. Res., 16: 1-15 
Neufeld GA, Simeoni PA, Taylor MA (2001). High-performance 

research organizations. Res. Technol. Manage., 44(6): 42-52. 
Park JW (2007). Passenger perceptions of service quality: Korean and 

Australian case studies. J. Air Transport Manage., 13(4): 238-242 
Saaty TL (1996). The analytic network process-decision making with 

dependence and feedback, RWS Publications, Pittsburgh, PA  
Shang JS, Tjader Y, Ding Y (2004). A Unified Framework for 

Multicriteria Evaluation of Transportation Projects. IEEE Trans. Eng. 
Manage., 51(3): 300-313.  

Tiernan S, Rhoades D, Waguespack B (2008). Airline alliance service 
quality performance—An analysis of US and EU member airlines 
14(2): 99-102 

Tseng ML, Lin YH, Chiu ASF, Liao CH (2008). Using FANP approach 
on selection of competitive priorities based on cleaner production 
implementation: a case study in PCB manufacturer, Taiwan. Clean 
Technol. Environ. Pol., 10(1): 17-29 

Tseng ML (2008). Application of ANP and DEMATEL to evaluate the 
decision-making of municipal solid waste management in Metro 
Manila. Environ. Monitor. Assess., 156(1-4): 181-197 

Tseng ML, Lin YH (2008). Application of Fuzzy DEMATEL to develop a 
cause and effect model of municipal solid waste management in 
Metro Manila. Environ. Monitor.  Assess., 158: 519-533 

Tseng ML (2009a). An assessment of cause and effect decision-making 
model for firm environmental knowledge management capacities in 
uncertainty. Environ. Monit. Assess., 161: 549-564. 

Tseng ML (2009b). A causal and effect decision-making model of 
service quality expectation using grey-fuzzy DEMATEL approach. 
Expert Syst. Appl., 36(4): 7738-7748 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lin et al.          4621 
 
 
 
Tseng ML (2009c). Using linguistic preferences and grey relational 

analysis to evaluate the environmental knowledge management 
capacities. Expert Syst. Appl., 37(1): 70-81 

Tseng ML (2011). Using a hybrid MCDM model to evaluate firm 
environmental knowledge management in uncertainty. Appl. Soft 
Comput., 11(1): 1340-1352 

Tseng ML, Chiang JH, Lan WL (2009a). Selection of optimal supplier in 
supply chain management strategy with analytic network process and 
choquet integral. Comput. Ind. Eng., 57(1): 330-340 

Tseng ML, Louie D, Rochelle D (2009b). Evaluating firm’s sustainable 
production indicators in uncertainty. Comput. Ind. Eng., (Article in 
press) 

Von Altrock C (1996). Fuzzy logic and neurofuzzy applications in 
business and finance, New Jersey: Prentice-Hall.  

Wang RT (2007). Improving service quality using quality function 
deployment: The air cargo sector of China airlines. J. Air Transport 
Manage., 13(4): 221-228 

Wu HY, Tzeng GH, Chen YH (2009). A fuzzy MCDM approach for 
evaluating banking performance based on Balanced Scorecard. 
Expert Syst. Appl., (Article in press) 

Yuan FC, Chiu CH (2009). A hierarchical design of case-based 
reasoning in the balanced scorecard application. Expert Syst. Appl., 
36: 333-342 

Yurdakul M (2004). AHP as a strategic decision-making tool to justify 
machine tool selection. J. Mater. Process. Technol., 146(3): 365-376. 

Zadeh LA (1965). Fuzzy set. Info. Control, l8: 338-353. 
Zadeh LA (1975). The concept of a linguistic variable and its application 

to approximate reasoning. Info. Sci., 9: 43-80. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


