Decision Science Letters 2 (2013) 125-134

Contents lists available at GrowingScience

Decision Science L etters

homepage: www.GrowingScience.com/ds|

A state-of-art survey on TQM applications using MCDM techniques

Yasaman Mohammadshahi”

Department of Industrial Engineering, Faculty of Engineering, University of Tehran, Tehran, Iran

CHRONICLE

ABSTRACT

Article history:

Received October 2, 2012
Received in Revised Format
March 12, 2013

Accepted March 18, 2013
Available online

March 20 2013

Keywords:

Multi criteria decision making
TQM

QFD

Fuzzy TOPSIS

In today’s competitive economy, quality plays an essential role for the success business units
and there are considerable efforts made to control and to improve quality characteristics in
order to satisfy customers requirements. However, improving quality is normally involved
with various criteria and we need to use Multi Criteria Decision Making (MCDM) to handle
such cases. In this state-of the-art literature survey, 45 articles focused on solving quality
problems by MCDM methods are investigated. These articles were published between 1994 and
2013.Seven areas were selected for categorization: (1) AHP, Fuzzy AHP, ANP and Fuzzy
ANP, (2) DEMATEL and Fuzzy DEMATEL, (3) GRA, (4) Vikor and Fuzzy Vikor, (5)
TOPSIS, Fuzzy TOPSIS and combination of TOPSIS and AHP, (6) Fuzzy and (7) Less
frequent and hybrid procedures. According to our survey, Fuzzy based methods were the most
popular technique with about 40% usage among procedures. Also AHP and ANP were almost
20% of functional methods. This survey ends with giving recommendation for future
researches.

© 2013 Growing Science Ltd. All rights reserved.

1. Introduction

Multi Criteria Decision Making (MCDM) is one of the most important branches of operation research
whose aim is to design mathematical and computationa tools to select the best alternative among
several ones with respect to specific criteria by a single decision maker or by a group. This field
consists of two main categories. Multi Attribute Decision Making (MADM) and Multi Objective
Decision Making (MODM). Effective methods were developed for dealing with problems in each of
these two branches. This paper provides a state-of the-art literature survey on MCDM applicationsin
solving quality problems. In order to gain this goal, 45 articles focused on this specific issue were
surveyed. In the rest of the paper, procedures of some MCDM methods are described. Then, frame
work for literature review is explained. In section 4, al the investigated articles are studied in detail.
In follows, section 5 demonstrates frequency of each metods and section 6 presents concluding

remarks.

* Corresponding author. Tel: +989124784598

E-mail addresses: mohammadshahi @ut.ac.ir (Y. Mohammadshahi)

© 2013 Growing Science Ltd. All rights reserved.

doi: 10.5267/j.dsl.2013.03.004



126
2. Most practical MCDM procedures

2.1. Analytic Hierarchy Process (AHP)

AHP was found by Thomas L. Saaty in 1980 and It is a popular and widely used method for multi
criteria decision making, which alows the use of qualitative as well as quantitative criteria in
evaluation of aternatives.

2.2. Analytic Network Process (ANP)

ANP was proposed by Thomas L. Saaty in 1996, which is a more comprehensive decision making
technique is an extension of AHP where it tries to overcome the problem of dependence and feedback
among criteria.

2.3. Decision Making Trial and Evaluation Laboratory (DEMATEL)

DEMATEL was first stated in the Geneva Research Center of the Battelle Memorial Institute (Gabus
& Fontela 1973 ; Fontela & Gabus 1976) . This technique portrays the relationships with matrices or
diagraphs visualizing a contextual relation between the elements of the system and represents the
strength of influence by a numeral.

2.4. Grey Relational Analysis (GRA)

GRA was described by Deng (1982) and it needs grey relational degree calculated based on changing
aternatives into comparabl e sequences and defining an ideal target sequence.

2.5. Vikor

For solving decision making problems with conflicting and non-commensurable criteria, Vikor
method (2004) was devel oped by Opricovic and its goal isto find the closest solution to ideal.

2.6. Technique for Order of Preferences by Similarity to Ideal Solution (TOPSIS)

Hwang and Y oon developed TOPSIS in 1981 and it chooses aternatives having the shortest distance
from positive ideal solution and the farthest distance from the negative ideal solution.

2.7. Fuzzy

Zadeh (1965) is believed to be the first who introduced the concept of Fuzzy logic. This concept
emphasizes on approximate values rather than fixed and exact ones and several applications were
generated by using fuzzy logic in recent years.

2.8. Goal Programming

Goa programming is an MODM tool, which was first employed by Charnes et al. (1955). It can be
thought as an extension of linear Programming to solve problems containing multiple and usually
conflicting objects.

2.9. Elimination and Choice Expressing Reality (ELECTRE)

ELECTRE was expressed by Roy (1991) and his colleagues at SEMA Consultancy Company and
then evolved into ELECTRE |, ELECTRE Il, ELECTRE Ill, ELECTRE 1V, ELECTRE IS and
ELECTRE TRI (ELECTRE Tree). This method consists of two sets of parameters: The importance
coefficient and the veto thresholds.
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2.10. Data Envelopment Analysis (DEA)

DEA is focused on measuring the efficiency of multiple decision making units in the situation of
having multi inputs and outputs. Charnes et al. (1978) are believed to be the first who introduced the
idea of DEA for performance measurement and they extended theoretical framwork, more
comprehensively (Charnes et a., 1994). There are literally various applications of DEA method in
different industries (Lin et a., 2009; Che et a., 2010). Thoraneenitiyan and Avkiran (2009), for
instance, measured the impact of restructuring and country-specific factors on the efficiency of post-
crisis East Asian banking systems

3. Framework for literature review

This literature review was performed to shed light into MCDM methods, which are capable of using
in quality problems. The most important library databases include Science direct, Scopus, Elsevier,
Springer, |IEExplore and Emerald were searched. Text books and theses were not considered in this
review.

4. Application of each MCDM methods in quality problems
4.1. AHP, Fuzzy AHP, ANP and Fuzzy ANP

As mentioned earlier, ANP can be considered as an extension of AHP and these two techniques are
presented in the same category.

Ahire and Rana (1995) proposed an MCDM mode using AHP to identify and to select key pilot of
Total Quality Management (TQM) projects and worked on developing it. This model helps
organizations prioritize and enhance the returns from TQM efforts applied to a hospital environment.

Bhattacharya et al. (2010) explained a concurrent engineering approach unifying AHP with Quality
Function Deployment (QFD) in combination with Cost Factor Measure (CFM) to rank and to select
candidate suppliers under multiple and conflicting criteria environment. Oh et al. (2006) evaluated the
Quality of Radio Frequency Identification (RFID) middle ware in ubiquitous computing systems by
using AHP. The proposed evaluation method is useful for developers implementing RFID middle
ware in areas such as distribution and logistics to choose RFID middle ware suitable for their
environment.

Chang et a. (2008) presented a new approach to select unstable slicing machine to control wafer
slicing quality based on Fuzzy AHP agorithm. Bilsel et a. (2006) assessed the performance of the
websites of Turkish hospitals on the basis of a conceptual framework consisting of seven major e
service quality dimensions. AHP method and fuzzy numbers were exercised correspondingly in
weighting and evaluating process.

Raut et al. (2011) suggested a model including Quality Function Deployment (QFD), Fuzzy
technique and AHP in an attempt to examine the improvement of Indian auto mobile industry. A
developing QFD-fuzzy model as a foundation for comparing the reliability of results of the MCDM
techniques was stated. Eventually, the necessities to improve Indian auto mobiles on various fields
were ranked.

Blylkozkan et a. (2011) examined the concept and factors of service quality. For analyzing the
proposed service quality framework, Fuzzy AHP was introduced. This methodology was conducted
in health care sector in Turkey. Hsieh et al. (2008) investigated on ANP to find the relative weight
and to emphasize on interrelationships among the criteria for evaluating the hot spring hotels service
quality in Taiwan.

Fatchurrohman et a. (2012) described a technique combining Concurrent Network (CE-ANP),
Quality Function Deployment (QFD) and AHP. Selection of wing spar material in the field of
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aerospace was offered as a case study. Tseng (2009a) employed DEMATEL and ANP, Liou and
Tzeng (2007) utilized GRA and ANP, aso Cheng (2012) used Fuzzy ANP and Fuzzy Vikor. These
articles are respectively reviewed in sections 4.2, 4.3 and 4.4.

4.2. DEMATEL and Fuzzy DEMATEL

Wang et a. (2011) explained a method impressed by DEMATEL and Fuzzy set theory to assess
customer perceptions on airline service quality under uncertainty. Effective questionnaire data
provided by 145 customers from China Airlines and EVA Airways were collected. Testing the cause
effect relationships and correlations among the various evaluation criteria became possible by the
means of DEMATEL.

Cebi (2012) proposed a method based on Fuzzy set theory, DEMATEL and generalized choquet
integral techniques in order to evaluate the design quality of online shopping websites. Quality of the
most used shopping websites in Turkey was assessed by this approach. Tseng et al. (2012) focused on
integrated model of hot spring service quality perceptions under uncertainty. Fuzzy set theory helped
evaluate the subjective and objective functions. Evaluation of the model for strategic goas was done
by extenson of DEMATEL. Tseng (2009a) suggested a procedures derived from ANP and
DEMATEL for helping the expert group evaluating the different municipa solid waste management
(MSW) solutionsin Metro Manila.

Tseng (2009b) overcame the objective of the study by a combined grey-fuzzy DEMATEL method.
This study presented a perception approach to deal with real estate agent service quality expectation
ranking in uncertainty. Triangular fuzzy numbers described weights of criteria and alternatives.
DEMATEL was employed to resolve interdependency relationships among the criteria.

Wang and Chen (2012) stated a method, which contains Fuzzy MCDM rooted in Quality Function
Deployment (QFD) integrating Fuzzy Delphi and Fuzzy DEMATEL with linear integer
programming. This procedure was proposed as a means of collaborative product design and optimal
selection of module mix. Moreover, area case study on developing various types of sport and water
digital cameras was provided.

4.3. GRA

Kuo et a. (2007) strongly emphasized on building the criteria of service quality in a real-life
environment, which contains both dependent, independent, interdependent criteria and vague or fuzzy
data. A relationship analysis method combining fuzzy sets and GRA was explained. In empirical,
selection of criteria was applied for bus industries in Taiwan to prove the effectiveness of this
approach.

Kodou et a. (2012) commented on the procedure combining TOPSIS and GRA for improving Airline
service quality. Liou and Tzeng (2007) developed a non-additive model for evaluating and improving
the service quality of Airlines factor analysis to extract some independent common-factors and fuzzy
integral used to integrate the performance ratings of interdependent attributes in each common-factor.
To determine the relative weight linking each independent common-factor ANP was exercised. At
last, airline service quality was found by Simple Additive Weighting (SAW) and GRA.

Liou et a. (2011a) investigated on improving service quality among domestic airlines in Taiwan by
means of modified GRA. A new ranking index to measure the Airline's competitiveness in terms of
service quality was also developed. Manageria improvements were performed to achieve the aspired
level of customer satisfaction were suggested. Kuo (2011a), Kuo and Liang (2011b) combined GRA
and Vikor in their procedures; These articles are brought in 4.4.



Y. Mohammadshahi / Decision Science Letters 2 (2013) 129

4.4. Vikor and Fuzzy Vikor

Chou and Cheng (2012) merged Fuzzy ANP and Fuzzy Vikor to assess web site quality of the top-
four CPA firms and gave some suggestions for boosting web site design and content. The results of
this study helps CPAs know their status among their rivals and enhance their situation. Liou et al.
(2011b) described a modified Vikor method for improving service quality among domestic airlinesin
Taiwan. This model demonstrated the gaps between aternatives and aspired levels in practice.
Managerial implications were also provided for different carriersto achieve aspired levels.

Kuo (2011a) evaluated service quality of Chinese cross-strait passenger Airlines via customer surveys
by combining Vikor, GRA and interval-valued fuzzy sets. According to this method, decision makers
are enabled to measure gaps between options and aspired level. Advantages and disadvantages of an
Airline in specific area of passenger service also can be understood. Kuo and Liang (2011b)
presented a new MCDM method by Vikor and GRA in order to solve evauation of service quality
problems. Evaluating service quality of seven maor Northeast-Asian international airports was
carried out to clarify an application of the proposed model.

4.5. TOPSIS, Fuzzy TOPSIS, combination of TOPSIS and AHP

Tsaur et al. (2002) focused on Fuzzy set theory to assess the service quality of Airline. Fuzzy set
theory was used for measuring the performance. Weighting criteria and ranking were performed by
AHP and TOPSIS. By this procedure, changing intangible attributes in evaluating the service into
tangible ones became feasible. Buyikodzkan and Cifci (2012a) combined Fuzzy AHP and fuzzy
technique for ordering performance by TOPSIS. Electronic service quality used in healthcare industry
was analyzed by this procedure.

Saremi et al. (2009) stated a systematic decision making process for selecting external consultant
based on TOPSIS method in fuzzy environment. Hessami et a. (2012) obtained the most important
factors and sub factors of successful implementation of 1SO-14001 based environmental management
system (EMS) by the means of TOPSIS. Critical sub factors of implementation of 1SO 14001 in
cement industry in Iran were found by this method.

Shahin and Poormostafa (2011) employed an integrated technique of simulation, Fuzzy AHP and
Quality Function Deployment (QFD) for improving and optimizing facility layout design. The
weights of qualitative measures for layout alternatives were determined by AHP. Weights of criteria
and importance of alternatives were proposed by QFD. TOPSIS were selected for ranking the
aternatives and identifying the best one.

Bueyuekoezkan and Ruan (2007) suggested a framework of web site quality evaluation for measuring
the performance of government web sites. Different websites were prioritized concerning to their
overall performance by using Fuzzy AHP and Fuzzy TOPSIS. Mgumdar et a. (2005) determined
quality value of cotton fibre by exercising hybrid AHP-TOPSIS method. Cotton fibre properties were
considered and their relative weight attained by a typical pair-wise comparison. Cotton fibres were
ranked according to the best and worst possible alternatives.

Zhu (2008) modeled web quality by a using web quality model, web QM. Fuzzy TOPSIS helped
evaluate and screen web sources for advanced web application such as data ware housing, OLAP and
data mining. To obtain more objective result an expert-average group evauation strategy was added
to Fuzzy TOPSIS.

Benitzen et al. (2007) carried out a research on evaluating the service quality of three hotels of an
important corporation in Gran Canaria island via survey. Fuzzy numbers based on fuzzy triangular
numbers and fuzzy set theory was explained to overcome some linguistic problems. An overall
service performance index was developed through TOPSIS for each pair hotel-date survey. This
index can be helpful for hotel managers to understand their relative ranking position and provide a
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sufficient option for performance evaluation of hotel services involving subjective judgment of
qualitative attributes. Zhu et al. (2012) judged credit quality. After establishing an indicator system of
quality credit, TOPSIS was mentioned to evauate the credit quality of eight air-conditioning
enterprises in China market.

4.6. Fuzzy

Since fuzzy applications derived from fuzzy concept applied in articles frequently, fuzzy methods
which were combined with another MCDM approach are described in other sections. This section
focused on articles having fuzzy methods independently. Hu and Liao (2011) explained critical
criteria of evaluating electronic service quality by employing fuzzy numbers to measure decision
maker’s subjective preferences. In addition, critical criteria for five domestic files in Taiwan were
determined. Internet banks can enhance their service quality according to the result of this article.

Chou et a. (2011) made an effort to establish a fuzzy weighted SERVQUAL model for assessing the
airline service quality. Taiwanese Airline was evaluated by this model. Lin (2010) used fuzzy sets to
eliminate the subjective judgments in analyzing service quality. Blyukozkan, and Cifci, (2012b)
introduced a new group decision making approach that takes into consideration incomplete
information of decision makers by means of fuzzy set theory. As a result, effectiveness of the
evaluation in Quality Function Deployment (QFD) was enhanced. This procedure demonstrated its
potential in collaborative software devel opment process.

Hu and Liao (2009) measured decision maker’s subjective preference for identifying critical criteria
in assessing service quality of travel websites by fuzzy numbers. Dursan and Karsak (2013) expressed
afuzzy multi criteria group decision making approach using the Quality Function Deployment (QFD)
concept for supplier selection process. The upper and lower bounds of the weights of supplier
assessment criteria and rating of suppliers were computed by Fuzzy Weighted Average (FWA)
method. The final ranking of suppliers was attained by a fuzzy number ranking method based on area
measurement.

4.7. Less frequent and hybrid procedures

Some methods such as DEA, Goa Programming, Entropy and ELECTRE studied in articles rarely
and specia hybrid procedures with several MCDM methods are brought in this section.
Khorramshahgol (1999) added the Delphi method to Shewhart’s quality control technique in order to
attain a methodology for group decision making in the presence of few objects. In empirical, Goal
Programming was selected and tried to eliminate the subjectivity in problem formulation.

Teng and Tzeng (1994) illustrated a methodology for improving and controlling Air quality in a super
city like Taipei city. At the onset, consensus elimination under key criteria was done for recognizing
non-dominated strategies. After that, ELECTRE |11 was applied to prioritize non-dominated strategies
under multiple criteria. Chan et al. (1999) rated the importance of customer needs in Quality Function
Deployment (QFD) by fuzzy and Entropy approach.

Lee and Kim (2012) proposed a method for computing overall service quality and bench marking in
measuring service quality with SERVQUAL by DEA. Chen and Chen (2012) constructed a network
hierarchical feedback system (NHFS) based on the integration of Total Quality Management (TQM)
and innovation to evaluate operation performance. This method including DEMATEL, Fuzzy ANP,
Fuzzy AHP and GRA was applied for all types of universities in Tawan. Huang et a. (2012)
combined DEMATEL, ANP based framework and GRA to provide anew MCDM model for purging
the service quality gap, satisfying customers and maximizing profits. Enhancing the service quality of
a Taiwanese mobile telecommunication firm’s application of cloud consumption as the billing system
was done to validate the model.
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5. Frequency of each MCDM methods

It is interesting to learn more about the frequencies of various MCDM methods in quality
improvement. Fig. 1 shows details of our survey in terms of percentage.

God DEA ELECTRE  roqyency of MCDM methods
Programming 1.37%__1.37%
1.37% |

DEMATEL
9.59%

VIKOR
5.48%

Fig. 1. Frequencies of MCDM methods

According to Fig. 1, Fuzzy was the most frequent method with 40% usage among MCDM methods
followed by AHP and ANP were about 20% of applied methods. TOPSIS also was widely used in
articles. In contrast, DEA, Goal Programming and ELECTRE were not employed very often.

6. Conclusion remarks

This survey explained articles, which were concentrated on MCDM application in quality problems.
There were 45 articles published between 1994 and 2013 investigated to demonstrate effectiveness of
MCDM methods as means for dealing with such problems. Fuzzy, AHP and ANP were widely used
in the procedures, while some methods such as DEA, Goa programming and ELECTRE were not
found very often.

Future researches on this field can be conducted in several directions. One of the aspects which were
not investigated deeply was applying MCDM methods in Statistical Quality Control Problems (SQC).
Also concerning to the existing of various objects in most of the organizations and businesses, thereis
an opportunity for further researches on application of Multi Objective Decision Making in quality
problems.
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